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Skeletal Muscle Dysfunction in Patients with Chronic Obstructive
Pulmonary Disease

Ho Cheol Kim, M.D."?, Gi Dong Lee, MD.', Young Sil Hwang, M D,
IDepamnent of Internal Medicine, JGyeongsgng Institute of Health Sciences, Gyeongsang National University School of Medicine,
Jinju, Korea

Patients with chronic obstructive pulmonary disease (COPD) frequently complain of dyspnea on exertion and re-
duced exercise capacity, which has been attributed to an increase in the work of breathing and in impaired of
gas exchange. Although COPD primarily affects the pulmonary system, patients with COPD exhibit significant sys-
temic manifestations of disease progression, These manifestations include weight loss, nutritional abnormalities,
skeletal muscle dysfunction (SMD), cardiovascular problems, and psychosocial complications. It has been documented
that SMD significantly contributes to a reduced exercise capacity in patients with COPD. Ventilatory and limb muscle
in these patients show structural and functional alteration, which are influenced by several factors, including physical
inactivity, hypoxia, smoking, aging, corticosteroid, malnutrition, systemic inflammation, oxidative stress, apoptosis,
and ubiquitin-proteasome pathway activation, This article summarizes briefly the evidence and the clinical conse-
quences of SMD in patients with COPD. In addition, it reviews contributing factors and therapeutic strategies.
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Figure 1, The strength of the quadriceps, pectoralis ma-
jor, and latissimus dorsi muscles in normal subjects and
in chronic obstructive pumonary disease (COPD). The
strength of each muscle was significantly reduced in
COPD patients compared with normal subjects, Values
are mean+SD, *p<0,005, Adapted from Bernard S,
LeBlanc P, Whittom F, Carrier G, Jobin J, Belleau R, et
al, Peripheral muscle weakness in patients with chronic
obstructive pulmonary disease, Am J Respir Crit Care
Med 1998;158:629-34,
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Figure 2, Computed tomography finding of quadriceps muscle found in chronic obstructive pulmonary disease (COPD)
patient and in control subject, Adapted from Bernard S, LeBlanc P, Whittom F, Carrier G, Jobin J, Belleau R, et al.
Peripheral muscle weakness in patients with chronic obstructive pulmonary disease, Am J Respir Crit Care Med

1998;158:629-34,
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Figure 3. Fiber-type composition of the vastus lateralis
muscle found in chronic obstructive pulmonary disease
(COPD) patients and in normal subjects, When it com-
pared with normal subjects, a significant reduction in the
proportion of type | fiber with a corresponding increase
in the proportion of type llb fiber was observed in COPD
patients, Values are mean+SD, *p<0,0005, Tp<0.05.
Adapted from Whittom F, Jobin J, Simard PM, Leblanc
P, Simard C, Bernard S, et al. Histochemical and mor-
phological characteristics of the vastus lateralis muscle in
patients with chronic obstructive pulmonary disease, Med
Sci Sports Exerc 1998;30:1467-74,
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Table 1, Structural and functional changes in COPD, which
were shown in vastus lateralis muscle biopsies

Muscle cross sectional area |

Muscle fiber type change (type I, lla !, type b 1)

Muscle oxidative enzyme (citrate synthase, hydroxyacyl-CoA
dehydrogenase) activity |

Muscle capillary density |

Mitochondrial number and fractional area |

Early increase of lactate during exercise

COPD: chronic obstructive pulmonary disease.

hpst ofufel a4 2] Tl 2eletalel 2
| sl e F2el A oliel ol &
4 EFE AR TR AS e
5 —.«1 Aatel o) ofshs grte] AA| EEe
ZHeA7)AL skl AL "ot} Decramer $°'S 579
Y 5% A S BAE oz S1el
Wi olgoikt ofEeE 2ARGE 1 Akl £
Seuct dEArRe) 29 o) 2ed 22l
2wl i 28] BEd A 45

érﬁi

r&‘l r\o

]_

ﬁ

Qo] a7} AHES SlZSHE 0T SR )
bl 9}\ 2223
SE29 75 oldz HS HE

o wgAel

o

2 (2 o

s B s RS R B o s
(inactivity) &2 18l F-aFzF2F(underloaded) e o]A]
SEF2, 59 # ﬁ‘%k ]vfﬂaﬂﬂ ol ofF s FY
o] S7I= <l
o|Z|3t M B ThE H3} oo 7 ¢laf o] §Lx]._0,] 5
o, 53] FA4E oA 25 oE sk 4 &
2 st A71A "

% BAk] A IollA Hole AR 739
sh= kA S8R vE2A tizTl Hl 3 18 24+

HE-2 OA|AL a2 SolAlE oS Holi, 13
Aol HIES 123t A7 2ot Bdo] =
Ao] Ry, w3 o5 $xte] FZoE nE
Zegote] Fot sksEe] S7HEo vk Aol &
g4 Qe 18 244 w8 Alsbs o] S7kshe A
< RAR BE} ol 29RE 2] gk 2eqt
o8 Az = Qv w3 015 = 37) A¥(air

trapping) 22 Q& & Zute] -84 (sarcomere)©|

EO\

F

o B

FU

127



HC Kim et al: Skeletal muscle dysfunction in COPD

ol sd] oe Lol gd FHel Mske oA
A g wsEe nEs e g ag

=2 T TIEE

T o] Hgulgew Baka ubE| AaE 2k

ol ehhs el sk Aol v 29
3} A7ee §AEI0 FRaA tol Bl ol
Fe] AT 2gold] Rl vl 2Afe] 45
A g_lel) vlal 7hawo] Qi ol ik WHSAE ke
Hol glor], ozt 20 o & SHfREe) 5]

7} gk WA o,
YAvtele] L% vzt o
Sl vigel o Fore L pe FAE 97
w3} v 4 9ue-g B Ao AZEr, deh}
TR S AE el AP 28 el 71w 2
wslols ThE WEE mold Bl

i

Table 2, Difference of structural and biochemical changes
between diaphragm and limb muscles in COPD patients

Diaphragm Limb muscles
Condition Overloaded Underused
Sarcomere Shorten Atrophy
Fiber compositon  Type | T, llb | Type I, lla |, llb 1
Capillary density i )
Oxidative capacity ) I

COPD: chronic obstructive pulmonary disease,
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Figure 4, Proposed mechanisms of skeletal muscle dysfunction in patients with COPD, COPD: chronic obstructive pul-

monary disease; UPP: ubiquitin proteasome pathway.
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Table 3, Effects of oxidative stress in skeletal muscle dys-
function of COPD patients

Lipid peroxidation — membrane permeability T — mitochon-
drial dysfunction and reduction of energy production
Protein carbonylation — susceptibility to proteanase 1 — pro-
tein breakdown 1

Muscle apoptosis — muscle atropy

Muscle mass |

Contractility |

Fatigability T and endurance |

Muscle regeneration capacity |

COPD: chronic obstructive pulmonary disease.
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