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Abstract

trol group.

Peripheral muscle dysfunction is a well-recognized complication of COPD associated with exercise (in)tolerance
and worse prognosis. The evaluation of peripheral muscle integrity is an attractive marker in COPD patients.

The aim of the study was to identify the correlation between the rectus femoris muscle cross-sectional area (RFCSA)
and the severity of airway obstruction in COPD patients using ultrasound.

The study enrolled 24 outpatients diagnosed with stable COPD (post-bronchodilator FEV1/FVC <0.001*. There

was a significant negative correlation between RFCSA and age only in cases with very severe airflow limitation.
Among COPD patients, there was a significant negative correlation between average RFCSA and mMRC score
(r=—-0.864* p<0.001*), but not with FEV1 (r=0.165, p=0.442). No significant correlation between average RFCSA
and neither CRP nor heart rate in COPD patients (r= —0.169, p=0.431, r= —0.285, p=0.178, respectively. Among
COPD, there was a significant positive correlation between RFCSA and QMVC (r=0.881%, p<0.001%). COPD cases
showed reduced RFCSA, reduced QMVC, shorter 6MWD distance, and higher mMRC score in comparison to the con-

Ultrasound measurement of RFCSA is an effort-independent, radiation-free method that relates to strength
and should be applied as an assessment tool for COPD patients.

Introduction

Chronic obstructive pulmonary disease (COPD) is
defined as a common treatable complex condition, char-
acterized by persistent respiratory symptoms due to air-
flow limitation that is caused by high exposure to noxious
particles or gases and impacted by host factors such as
abnormal lung development [1]. COPD prevalence and
burden are expected to rise in the next decades because
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of continued exposure to COPD risk factors and global
population aging; as people live longer, more individu-
als will experience the long-term impacts of COPD risk
factors [2]. According to World Health Organization
(WHO) estimates, COPD will be the third greatest cause
of mortality by 2030. The most prevalent symptom of
COPD is chronic and persistent dyspnea. In up to 30% of
patients, coughing with sputum production is reported.
These symptoms can change from day to day and can
occur years before airflow limitation develops [3].
Cardiovascular disease, depression, lung cancer, osteo-
porosis, skeletal muscle dysfunction, anxiety, and meta-
bolic syndrome are common comorbid disorders. COPD
also has extra-pulmonary systemic consequences, such as
skeletal muscular dysfunction [4]. Patients with COPD,
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particularly when the disease is severe and during exacer-
bations, have evidence of systemic inflammation, which
is measured either as increased circulating cytokine,
chemokine, and acute-phase protein levels or as abnor-
malities in circulating cells [5]. It is still uncertain whether
these systemic markers of inflammation are a “spillover”
from inflammation in the peripheral lung or are a parallel
abnormality. The systemic inflammation seen in patients
with COPD might contribute to its systemic manifesta-
tions and could worsen comorbid diseases [6]. In a large
population study, systemic inflammation (increased
C-reactive protein, fibrinogen, and leukocyte levels) was
associated with a 2- to fourfold increased risk of cardio-
vascular disease, diabetes, lung cancer, and pneumonia,
although not with depression [5].

Muscle dysfunction is defined as the inability of a
muscle to perform its task, as a result of loss of strength
(muscle ability to create maximum force) or endurance
(the required ability to sustain submaximal force over
time), or both. Dysfunction of the respiratory muscles or
the muscles of the limbs (also known as peripheral mus-
cles) is common in respiratory diseases [7]. Peripheral
muscle dysfunction/weakness and sarcopenia are well-
recognized complications of COPD and are associated
with disease severity, exercise (in)tolerance, and worse
prognosis [8]. As such, the evaluation of peripheral mus-
cle integrity is an attractive marker of disease severity
in patients with COPD. However, routine direct evalua-
tion of this marker is difficult because of the need to rely
on imaging techniques such as computed tomography
or dual-energy X-ray absorptiometry which are expen-
sive, ionizing, time-consuming, and not readily available
at the bedside [9]. In recent years, ultrasonography has
emerged as a point-of-care tool that allows access to a
rapid, simple, widely available and non-ionizing evalua-
tion of many physiological variables, including peripheral
muscle and diaphragm function and integrity. Ultra-
sound-derived measurement of the rectus femoris cross-
sectional area has been shown to be a reliable estimator
of muscle strength in patients with COPD [9]. Rectus
femoris is predominantly made up of type II fibers
[10]. Type I fiber number is lower in COPD patients than
in healthy people, and an increase in type IIb fiber occurs
consequently and might be a factor in increasing limb
muscle endurance and fatigability [11]. In COPD, muscle
fiber atrophy is a severe systemic complication resulting
in diminished muscular function, limited exercise capac-
ity, and poor health conditions. Muscle fiber cross-sec-
tional area (CSA) decrease is a well-acknowledged sign
of muscle wasting and predicts COPD mortality [9]. The
complex etiology of limb and respiratory muscle dys-
function in COPD involves many variables and biologi-
cal processes. Tobacco smoke, hypoxia, hypercapnia, and
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acidosis, metabolic changes of various types, systemic
inflammation, malnutrition, genetics, aging, comor-
bidities, concomitant therapies, and exacerbations are
important etiologic contributing factors to muscle dys-
function in COPD patients through a variety of biological
pathways [12]. Age, malnutrition, and systemic corticos-
teroid therapy may exacerbate COPD-related fast-twitch
fiber loss. Another contributing biological process is a
decrease in capillary numbers and connections, which
might potentially compromise oxygen transport to
myofibers [12]. The limb muscles show a higher propor-
tion of type II fibers (fast-twitch contraction, predomi-
nantly anaerobic metabolism), while the diaphragm and
intercostal muscles seem to show changes in the opposite
direction since patients increase the proportion of type I
fibers (slow-twitch contraction, aerobic metabolism, and
fatigue-resistant) [13].

Ultrasound allows for a quick, easy, widely accessi-
ble, and non-ionizing assessment of peripheral muscle
and diaphragm function. Ultrasound-derived measure-
ments of the rectus femoris cross-sectional area have
been considered a reliable predictor of muscle strength
in patients with COPD [11]. Ultrasound measurement
of rectus femoris muscle cross-sectional area (RFCSA)
is an effort-independent and radiation-free method that
relates to strength [9]. The RFCSA (in mm?) is related
to voluntary quadriceps strength, and this method has
been utilized to characterize peripheral muscle wasting
in COPD patients [9].

Aim of the work

The aim of the study was to identify the correlation
between rectus femoris muscle cross-sectional area and
severity of airway obstruction in COPD patients using
ultrasound as an effort independent and radiation-free
method.

Subjects
This is a case—control study performed at Alexandria
Main University Hospital. The study enrolled 24 male
outpatients diagnosed with stable COPD of the 4 degrees
of airway obstruction, 6 patients for each category: mild
(FEV1>80% predicted), moderate (50%<FEV1<80%
predicted), severe (30%<FEV1<50% predicted), and
very severe (FEV1<30% predicted) [14]. And the con-
trol group of 24 healthy male individuals of the same age
group was recruited from the general population.
Inclusion criteria were a smoking history>20 pack
years, COPD patients confirmed by the presence of post-
bronchodilator FEV1/FVC<0.7 in patients complaining
of chronic cough, sputum production or dyspnea, and/or
a history of exposure to risk factors for the disease, CT
scan done (to exclude other respiratory diseases), NO



Sweed et al. The Egyptian Journal of Bronchology (2023) 17:53

COPD exacerbation or hospital admission within the
past month, and a BMI of 18.5-40.

Exclusion criteria were age<40, patients with organ
dysfunction, malignancies or comorbidities affecting
lower limbs, other respiratory diseases (as interstitial
pulmonary fibrosis, bronchiectasis, etc.), abnormal CT
findings other than findings related to COPD, and prior
history of lobectomy or pneumonectomy.

Methods

The study was approved by the institutional ethics com-
mittee, and an informed consent was taken from all
patients before participation in the study according to
the guidelines of the ethics committee, Alexandria Fac-
ulty of Medicine, IRB NO.00012098 (available from www.
med.alexu.edu.eg/wp-content/uploads /2012/ 04/ ethics-
guide.pdf).

All included individuals were subjected to thorough
history taking, smoking history (pack year index), past
medical history, comorbidities and past surgical history,
and history of previous exacerbation (date, severity, hos-
pital, or ICU admission and use of systemic steroids). A
full clinical examination was done on both the general
and local chest (inspection, palpation, percussion, and
auscultation), and routine laboratory investigations and
radiological studies including plain chest X-ray and CT
chest without IV contrast.

Assessment of dyspnea

According to the Modified British Medical Research
Council (mMRC dyspnea) questionnaire [14], arterial
blood gas analysis (ABG), 6-min walk distance: subjects
walked as far as they can along a minimally trafficked
30-m corridor for 6 min, then the distance, rest times
during the test, oxygen saturation, heart rate and borg
scale of dyspnea, and fatigue were written at the end of
the test. Spirometry: spirometry was done to confirm the
diagnosis of COPD as the presence of post-bronchodila-
tor FEV1/FVC<0.7 confirms the presence of persistent
airflow limitation. A monitor LTD spirometer device
was used to perform spirometry. Then, the selected cases
were classified into 4 groups (mild, moderate, severe,
very severe) according to the severity of airflow limita-
tion. Severity of airflow limitation was classified accord-
ing to post-bronchodilator FEV1 into mild (FEV1>80%
predicted), moderate (50%<FEV1<80% predicted),
severe (30% <FEV1<50% predicted), and very severe
(FEV1<30% predicted) [14].

Measurement of isometric quadriceps femoris muscle
maximum voluntary contraction (QMVC) using a strain
gauge device to quantify quadriceps muscle strength in
each subject [15]. Each subject was asked to sit down on
a high chair with his feet not touching the floor, with hip
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joint flexed at 90°, forearms crossing over anterior chest
and knee joint flexed at 60° to maximize quadriceps mus-
cle contraction. The device was attached posteriorly to a
fixed object and anteriorly to the ankle joint of the dom-
inant lower limb, and the subject tried to extend his leg
straight forward without lateral angulation and without
using other muscles of the body, just using the quadriceps
femoris muscle of the dominant limb (Figs. 1a and b).

Calculation of QMVC/height2 and correlation of the
result to the sex-specific cutoff point (which is 8.3 for
males) for QMVC strength normalized to height squared
(QMVC/height2) were done [16].

The cross-sectional area of the rectus femoris (RFCSA)
was measured using B-mode ultrasonography with an
8 MHz linear transducer array. A sonoscape device with
a digital ultrasound system was used, and the transducer
was placed perpendicular to the long axis of the thigh (of
the dominant lower limb) on its superior aspect, three-
fifths of the distance from the anterior superior iliac
spine to the superior patellar border. This is the highest
point in the thigh where the entire rectus femoris cross-
section could be visualized in a single field in all sub-
jects. Imaging was conducted supine with the rested leg
supported in passive extension. Excess contact gel was
applied to minimize underlying soft tissue distortion.
Oblique imaging is minimized by the operator, using vis-
ual feedback to obtain the smallest cross-sectional image.
Scanning depth was set to where the femur could be dis-
cerned for orientation (Fig. 2) [17].

Gentle contraction-relaxation maneuvers are employed
to delineate muscle septa prior to image acquisition.
RFCSA was calculated by a planimetric technique after
the inner echogenic line of the rectus femoris was out-
lined by a movable cursor on a frozen image. RECSA was
taken as an average of three consecutive measurements
within 10% (Fig. 2) [17].

Statistical analysis of the datacm

Data were fed to the computer and analyzed using IBM
SPSS software package version 20.0. (Armonk, NY: IBM
Corp). Qualitative data were described using numbers
and percentages. The Shapiro—Wilk test was used to ver-
ify the normality of distribution. Quantitative data were
described using range (minimum and maximum), mean,
standard deviation, and median. The significance of the
obtained results was judged at the 5% level.

The used tests were as follows:

Student ¢ test: For normally distributed quantitative
variables, to compare between two studied groups. F
test (ANOVA): For normally distributed quantitative
variables, to compare between more than two groups,
and post hoc test (Tukey) for pairwise comparisons.
Pearson coefficient: To correlate between two normally
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a: Strain gauge device to measure
quadriceps muscle strength in
each subject.
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b: Measurement of isometric quadriceps

femoris muscle maximum
voluntary contraction (QMVC)
using a strain gauge device.

Fig. 1 a Strain gauge device to measure quadriceps muscle strength in each subject. b Measurement of isometric quadriceps femoris muscle

maximum voluntary contraction (QMVC) using a strain gauge device

Fig. 2 RFCSA calculated by a planimetric technique after the inner echogenic line of the rectus femoris was outlined by a movable cursor

on a frozen image

distributed quantitative variables. Mann—Whitney test:
For abnormally distributed quantitative variables, to
compare between two studied groups. Kruskal-Wallis
test: For abnormally distributed quantitative variables,
to compare between more than two studied groups, and
post hoc (Dunn’s multiple comparisons test) for pairwise
comparisons. Spearman coefficient: To correlate between
two abnormally distributed quantitative variables.

Results

A total of 48 participants were included in the study, 24
COPD cases and 24 controls. Their mean age was 55 +7.93.
Both cases and control groups were matched regarding
age, sex, and employment. The mean BMI among COPD
cases was 24.69+4.48 kg/m? while in the control group,
it was 28.57+5.16 kg/m?* and the difference between the
two groups was statistically significant (p=0.008"). No
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statistically significant difference was found among the 4
categories of the studied COPD cases (p >0.05).

The CRP in COPD cases ranged between (1.30-21.0)
mg/dl with a mean of 7.87+4.15 mg/dl and a median of
8.0 mg/dl while in the control group, it ranged between
(1.0-5.0) mg/dl with mean 2.06+1.11mg/dl and median
2.0 mg/dl and the difference between the two groups was
statistically significant (p<0.001**). The mean FEV1 in
cases was 51.92 +24.15 versus 88.67 + 5.54 in controls and
that difference between the two groups was statistically
significant (p <0.001**).

Table 1 shows that there was a statistically significant
difference between the control group and each of the 4
groups of airflow limitation in COPD patients (p <0.001")
regarding average RFcsa. Also regarding QMVC, there
was a statistically significant difference between the con-
trol group and each of the 4° groups of airflow limitation
in COPD patients (p <0.001).

The 6-min walking distance walked by cases
ranged between 140.0 and 330.0 m with a mean of
239.4+55.37 m, while it ranged between 350.0 and
510.0 m and a mean of 441.3 +44.07 m in controls and
this difference was statistically significant as indicated
by ¢ test result (¢£=13.98, p<0.001**). There was no
statistically significant difference among cases with
different airflow limitations.

The correlation between average RFCSA and dif-
ferent variables in COPD cases is shown in Table 2.
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There was only a statistically significant negative cor-
relation between average RFCSA and age in cases with
very severe airflow limitation (r= —0.821, p=0.045").
There was a statistically significant negative correlation
between average RFCSA and mMRC score (r= —0.864,
p<0.001), Fig. 3, but there was no significant corre-
lation between average RFCSA and FEV1 (r=0.165,
p=0.442) among neither total COPD patients nor in
each category of airflow limitation. There was no sig-
nificant correlation between average RFCSA and PYI
(r=—-0.353, p=0.091). Similarly, there was no sig-
nificant correlation between average RFCSA and CRP
(r=-0.169, p=0.431). There was no significant cor-
relation in each category of airflow limitation either.
There was no significant correlation between average
RFCSA and heart rate as well (r= —0.285, p=0.178).

Figure 4 showed that among all COPD cases, there was
a statistically significant positive correlation between
average RFCSA and QMVC (r=0.881", p <0.001").

Table 2 shows a correlation between the average RECSA
and different parameters among the studied cases.

Table 3 presents the correlation between QMVC
and different variables: among COPD cases, there was
a statistically significant negative correlation between
QMVC and age (r=—0.520, p=0.009"), and there
was a statistically significant negative correlation
between QMVC and mMRC score as well (r= —0.896",
p<0.001"). There was no significant correlation between

Table 1 Comparison between the different studied groups regarding RFCSA and QMVC

QMVCand Control (n=24) Patients Total patients
RFcsa (n=24)
Mild (n=6) Moderate Severe (n=6) Very severe
(n=6) (n=6)
Average _RFe, Mean+SD 1163+41.89 867.7+£51.99 732.9+188.8 895.7£155.1 713.9+2296 802.5+178.1
(mm?) Median (Min-Max) 1169 (1093-1233) 8845 (7840-9230) 7793 (4220-9410) 18(6316-10390) 6705(4610-10450) 848.5 (422.0-1045)
o <0001" <0001" <0001" <0001" <0001
o, 0.308 0.994 0.190
p, 0.148 0.999
o 0.082
QMVC (kg) Mean+SD 2338+364 15.75+1.25 12514342 14.53+2.90 13.32+4.09 1403+3.15
Median (Min-Max) 23.50 (18.0-30.0) 160 (14.0-17.0)  1149(9.20-1840) 14.25(11.0-17.90) 11.39(946-19.50) 14.25 (9.20-19.50)
"pq <0.001" <0001" <0001" <0001" 'p<0.001"
fp, 0475 0.971 0.727
o, 0.840 0.994
fp, 0971

SD standard deviation, t Student’s t test, F F for one-way ANOVA test. Pairwise comparison bet. 2 groups was done using post hoc test (Tukey)

p p value for comparing between control and cases

po p value for comparing between control and each other subgroups of patients
p; p value for comparing between mild and each other subgroups of patients

p, p value for comparing between moderate and each other subgroups of patients
p3 p value for comparing between severe and very severe patients

" Statistically significant at p <0.05
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Table 2 Correlation between average RFCSA and different parameters among studied cases

Average RFg,

Mild (n=6) Moderate (n=6) Severe (n=6) Very severe (n=6) Total patients
(n=24)
R P R P P R P R p
Age 0.170 0.748 —0.38] 0456 0663 0.151 —-0.821 0.045" -0.320 0.128
PYI 0.712 0.113 0.071 0.894 —-0215 0.682 —~0571 0237 —~0.353 0.091
mMMRC score -0.824 0.087 —-0.905 0.013" -0.827 0.042" —-0.907 0.013" —-0.864" <0001
Pa0, —-0.147 0.780 0272 0603 0.191 0.717 -0.153 0.772 0217 0.309
6MWT distance 0.593 0.215 0.782 0.066 0.782 0.066 0.864 0.027" 0.795" <0.001"
Heart rate 0.578 0.230 — 0431 0.39%4 —-0.693 0.127 0.187 0723 —-0.285 0.178
FEV1 -0210 0.690 0.601 0.207 —~0402 0429 —~0459 0.360 0.165 0442
BMI 0.752 0.085 0.111 0.834 0494 0319 0.243 0.643 0218 0.305
QMVC 0955 0.003" 0.854 0031 0.784 0.065 0.973 0.001" 0.881" <0.001"
CRP —-0.180 0.732 0.650 0.162 0713 0.112 —-0.625 0.184 —-0.169 0431
r Pearson coefficient
" Statistically significant at p <0.05
5.0
45 -
4.0 -
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=
£ 3.0 -
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2.0 - o000 O [ ]
1.5 . . . . . .
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Fig. 3 Correlation between average RFs, and mMRC score in COPD cases

QMVC and FEV1 (r=0.158, p=0.460). There was no
significant correlation between QMVC and FEV1 in
each category of airflow limitation either.

Table 4 shows a correlation between FEV1 and differ-
ent variables. Among all COPD cases, there was a signifi-
cant correlation only between FEV1 and PaO, (p <0.001).

Regarding total COPD cases, there was a statisti-
cally significant negative correlation between heart
rate and both FEV1 (r=—0.689", p<0.001") and PaO,
(r=—0.600", p=0.002"). The heart rate measured after
6MWT ranged between 90.0 and 120.0 beat/minute in
cases with a mean of 103.0£9.27 b/m and a median of
100.0 b/m while it ranged between 70.0 and 90.0 b/m

with a mean of 81.08+5.41 b/m and a median of 80.0
b/m in controls and that the difference between the
two groups was statistically significant (p <0.001**). In
this study, there was a statistically significant difference
between the control group and each of the 4° of airflow
limitation in COPD patients (p <0.001**) regarding heart
rate following a 6-min walking test.

Discussion

Sarcopenia and peripheral muscular dysfunction are
well-known COPD complications [18] and are linked to
disease severity, exercise intolerance, and critical progno-
sis. As a result, the assessment of peripheral muscles in
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Fig. 4 Correlation between average RF, and QMVC in COPD cases

Table 3 Correlation between OMVC and different parameters among cases
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QMVC (kg)
Mild (n=6) Moderate (n=6) Severe (n=6) Very severe (n=6) Total patients
(n=24)

R P R P R P R P R P
Age 0.384 0452 —~0.559 0.248 0274 0.599 -0.928 0.008" —-0.520° 0.009"
PYI 0.648 0.164 —0409 0421 0.183 0.729 —-0.583 0.224 —~0403 0.051
mMMRC score -0.850 0.068 —-0910 0012 -0.930 0.007" —~0.960 0.002" —-0.896 <0001
Pa0, —-0.037 0.944 0435 0.389 0.541 0.268 -0.173 0.743 0.263 0215
6MWT distance 0628 0.182 0.880 00217 0.867 0.025 0.950 0.004 0.899" <0001
Heart rate 0.689 0.130 —-0612 0.197 -0.753 0084 0078 0.883 —-0.362 0.082
FEV1 0.048 0.928 0.250 0.633 —-0473 0.343 0446 0375 0.158 0.460
BMI 0.551 0.257 —-0.029 0.957 0.391 0443 0.112 0.832 0.133 0.537
CRP —~0.009 0.986 0.666 0.149 0.806 0.053 -0536 0273 —~0.071 0.741

r Pearson coefficient
* Statistically significant at p <0.05

Table 4 Correlation between FEV1 with PaO,, CRP, 6MWT distance, and mMRC score among cases

FEV1
Mild (n=6) Moderate (n=6) Severe (n=6) Very severe (n=6) Total patients
(n=24)

R P R P R P R p r P
PaO, 0.013 0.981 -0.097 0.854 -0.819 0.046" 0.792 0.060 0.665 <0.001"
CRP 0.844 0.035" 0216 0.681 -0.794 0.059 0.784 0.065 -0.128 0.552
6MWT distance -0.119 0.822 0.546 0.262 —-0.707 0.116 -0375 0464 0.193 0367
mMRC score 0.000 1.000 —0.555 0.252 0.736 0.095 0.144 0.786 -0317 0.140

r Pearson coefficient
* Statistically significant at p <0.05
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COPD patients is a promising indicator of disease sever-
ity [19]. Ultrasonography has evolved as a point-of-care
tool in recent years, allowing for a quick, easy, and non-
ionizing assessment of peripheral muscle performance
and size [20].

This study was conducted to identify the correlation
between rectus femoris muscle cross-sectional area and
severity of airway obstruction in COPD patients using
ultrasound as an effort independent and radiation-free
method.

Both cases and control groups were matched regard-
ing age, sex, and employment to avoid confounding fac-
tors that might determine quadriceps strength [21]. The
mean body mass index (BMI) of the cases was 24.69 +4.48
vs 28.57+5.16 in controls according to the findings of
this study, and this could be explained by COPD itself
as shown in a previous study that followed patients for
16 months found that 15% of COPD patients lost more
than 5% of their body weight [22]. In a group of COPD
patients admitted to a pulmonary rehabilitation center,
the prevalence of weight loss was 49% [23]. Patients with
COPD are more likely to develop additional diseases
such as heart failure and cancer [24], which also can lead
to weight loss. Our studied COPD patients have a sig-
nificantly higher baseline CRP level (7.87 £4.15) than the
control group (2.06+1.11) (p<0.001). Previous studies
found that greater levels of CRP, fibrinogen, and leuko-
cytes in COPD patients were linked to an increased risk of
exacerbation, but that there was no significant difference
between COPD patients and controls [25]. Decreased
lung function was linked to higher levels of systemic
inflammatory markers in a preceding meta-analysis
[25], which could have substantial pathophysiological and
therapeutic impacts on people with stable COPD. CRP
is an excellent predictor of acute exacerbations and hos-
pitalization [26]. Individuals with greater levels of CRP
assessed at baseline had a higher risk of early mortality,
according to a previous meta-analysis [27].

Our study also showed that there was neither signifi-
cant correlation between CRP and QMVC, nor between
CRP and RFCSA_Also, there was no significant correla-
tion between CRP and FEVI. In contrast to our results,
a previous work found that quadriceps muscle thickness
(the distance between two fascias of a muscle deter-
mined by M mode-US and significantly correlated to
the cross-sectional area) [28] was reduced more in the
CRP-positive patients than in the CRP-negative patients
and a positive CRP on admission were both significantly
correlated with decreased quadriceps muscle thickness
after acute stroke [29]. Another study reported a positive
correlation between systemic inflammation biomarkers
and quadriceps muscle atrophy in COPD patients with
reduced RFMcg and increased systemic inflammation
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biomarkers such as erythrocyte sedimentation rate (ESR),
CRP, and procalcitonin (PCT) [30]. Waterer et al. as well
have reported a negative association between systemic
inflammation markers and quadriceps strength in stable
COPD patients [31]. The results of the abovementioned
studies [31] do not match our results. This may be due
to the small sample size enrolled in our study or may be
attributed to the fact that we only tested one inflamma-
tory marker.

On comparing COPD patients to the control group
regarding RFMcg,, COPD patients had significantly
lower values of the mean RFMg, (802.54 +178.07 mm?)
than the control group (1163.17 +41.89 mm?) (p<0.001)
which was consistent with the difference reported in
prior studies that found that the mean RF(CSA) was
reduced in patients with COPD by 25% of the mean value
in healthy subjects [17, 32]. Also, quadriceps maximum
voluntary contraction (QMVC) was lower in COPD cases
(14.03 £ 3.15kg) than in the control group (23.38 + 3.64kg)
(p<0.001). Similarly, Shrikrishna et al. reported that both
RFCSA and the quadriceps strength QMVC were low-
ered in all GOLD stages [33].

Regarding 6MWT COPD, patients walked a shorter
distance (239.38+55.37m) than healthy subjects
(441.25 + 44.07m) and this difference was statistically sig-
nificant (p <0.001). This matches the findings of a previ-
ous study that compared the distance walked by COPD
patients to the distance walked by the non-COPD group
[34]. The decline of 6MW T distance in COPD patients
could be attributed to the sedentary lifestyle because it is
a strong characteristic in this group, as suggested by Her-
nandes et al. [35], who found that COPD patients spend
the majority of their time sitting or lying down to avoid
the symptom of dyspnea, as well as walking with less
intensity of movement. Other authors claim that inac-
tivity is a precursor to systemic alterations rather than a
result of illness severity [36].

Regarding RFCSA, in our study, RECSA was corre-
lated with QMVC and 6MW T distance showing a strong
positive significant correlation in both cases and con-
trol groups. In contrast, a previous study found no sig-
nificant relationships between rectus femoris thickness
(which positively correlates with RECSA) and the 6MW T
[37]. On the other hand we found no significant correla-
tion between RFM g and FEV1. In contrast, a previous
work found that forced vital capacity (FVC) and percent-
predicted forced expiratory volume in 1 s (FEV1%pred)
were positively correlated with RF thickness [38]. In our
study, there was a statistically significant negative cor-
relation between the average RECSA and mMRC score
(p<0.001"). These results are consistent with the results
of a previous study that showed that mMRC scores were
negatively correlated with RECSA thickness [38].
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Regarding QMVC, in the present study, there was a
strong significant negative correlation between QMVC
and mMRC and between QMVC and age. A positive cor-
relation was found between QMVC with both RFCSA
and 6MWT distance. There was no significant correlation
between FEV1 and QMVC. These results are inconsist-
ent with the results of previous studies that found a sig-
nificant positive link between FEV1 values and bilateral
quadriceps strength (P<0.05) in a research by Shah et al.
[39] So more studies with a larger number of patients are
needed in this field to correlate FEV1 with the previous
parameters.

There is a lot of debate in the literature about the link
between muscle function and COPD severity. Some stud-
ies show that muscle dysfunction can occur even in the
early stages of COPD. A large number of patients with
COPD in GOLD stages 1 and 2 reported quadriceps
weakness, according to research by Seymour et al. These
percentages increased to 38% in GOLD stage 4 patients
and 43% in those with an MRC score of 4 or 5 [21]. This
demonstrates that quadriceps weakness worsens as the
disease progresses.

In our study, we found no significant correlation
between FEV1 and mMRC dyspnea scale. But FEV1 cor-
related positively with PaO,. This agrees with the findings
of a previous study that showed that PaO,positively cor-
related with FEV1 at rest and during exercise [40].

There were several studies that have linked 6MWD
to spirometry in COPD [41, 42]. In our study, neither
FEV1 nor FEV1/FVC correlated with 6MWD distance
in cases in the current study. These findings contra-
dicted research conducted by Agrawal et al. [43], Ameri
[44], and Asmita et al. [45], who reported a positive
correlation between 6MWT and spirometry param-
eters (FEV1 and FVC). Our findings may be due to the
small sample size enrolled as well as some cases in our
study did not adopt the sedentary lifestyle like others.
One of them was a farmer with severe airflow obstruc-
tion but adopted heavy daily duties, the 2nd was a
marathon runner with severe airflow obstruction, and
the 3rd was a cook with moderate airflow obstruction
but undergoing pulmonary rehabilitation. The three
patients walked a 6MWD distance greater than other
patients with similar degree of airflow limitation. Also,
the three patients showed greater REMCSA and greater
QMVC in comparison to other patients with similar
airflow limitation severity.

In our study, a negative correlation was observed
between heart rate and PaO, and between heart rate and
FEV1. Similar results were reported by Bhattacherjee
[46] who found that arterial oxygen saturation decreased
with increased heart rate in COPD. Our study showed
that the heart rate measured after 6MWT in COPD cases
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was higher than that in the control group and that the
difference between the two groups was statistically sig-
nificant (p<0.001**). These results were consistent with
a previous study, showing that the mean pulse rate was
significantly higher during rest and exercise in COPD
patients compared with the controls [47]. That could
be explained by several hemodynamic factors, such as
hypoxia and decreased stroke volume in COPD. Pulmo-
nary dysfunction in COPD is associated with a decrease
in left ventricular size and stroke volume. When stroke
volume is decreased, cardiac output can be maintained
by an increase in heart rate. Moreover, COPD is addition-
ally known to be associated with autonomic dysfunction
resulting in decreased parasympathetic and increased
sympathetic activity [48].

Finally, it is necessary to point out that the current
study had some limitations. For example, a larger sample
size should be included to confirm our results and to cor-
relate FEV1 and RFMcsa, whether ultrasound assessment
of the rectus femoris could predict exercise tolerance in
healthy subjects is unclear and whether the findings can
be applied to patients with acute exacerbations of COPD,
and those undergoing pulmonary rehabilitation remain
to be determined.

In conclusion, our study indicated that all COPD
patients have lower limb sarcopenia denoted by reduced
RFCSA and QMVC regardless of the degree of airflow
limitation. COPD patients have a higher level of C-reac-
tive protein than the control group which may be asso-
ciated with the systemic effects of COPD. Sarcopenia in
COPD patients correlates positively with reduced 6MWT
distance and higher mMRC dyspnea score. COPD
patients maintaining a degree of daily physical activities
have a greater RECSA with better muscle strength, longer
6MWT distance, and lower m MRC dyspnea score.
Ultrasound measurement of rectus femoris muscle cross-
sectional area (RFCSA) is an effort-independent and
radiation-free method of measuring quadriceps muscle
cross-sectional area in patients with COPD that relates to
strength and should be applied as an assessment tool of
COPD patients.

We recommend that further research with a larger
sample size is needed to confirm the correlation
between the degree of airflow limitation and sarco-
penia. Ultrasound measurement of the rectus femo-
ris muscle cross-sectional area (RFCSA) should be
applied as an assessment tool for COPD patients. All
COPD patients should be involved in a training system
to maintain a good degree of physical daily activities
including a pulmonary rehabilitation program. Serial
ultrasound assessment of (RFCSA) before and after the
rehabilitation program should be applied as a follow-up
tool in COPD patients.
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