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= Abstract =
The Influence of Fat-Free Mass to Maximum Exercise Performance
in Patients with Chronic Obstructive Pulmonary Disease

Yeung Chul Mun, M.D., Hye Jung Park, M.D., Kyeong Cheol Shin, M.D.,
Jin Hong Chung, M.D., Kwan Ho Lee, M.D.

Department of Internal Medicine, College of M edicine, Yeungnam University, Taegu, Korea

Background : Dyspnea and a limitation in exercise performance are important cause of disability in patients
with chronic obstructive pulmonary disease(COPD). A depleted nutritional state is a common problem in pa-
tients with a severe degree of chronic airflow limitation. This study was carried out to assess the factors deter-
mining the maximum exercise capacity in patients with COPD.

Methods : The resting pulmonary function, nutritional status, and maximum exercise performance was as-
sessed in 83 stable patients with moderate to severe COPD. The nutritional status was evaluated by
bioelectrical impedance analysis. Maximum exercise performance was evaluated by maximum oxygen uptake
(VOsmax).

Results : Among the 83 patients, 599 were characterized by nutritional depletion. In the depleted group, a sig-
nificantly lower peak expiratory flow rate(p<0.05), Kco(p<0.01) and maximum inspiratory pressure(p<0.
05), but a significantly higher airway resistance(p<0.05) was observed. The maximurn oxygen uptake and
the peak oxygen pulse were lower in the depleted group. The VOanax correlated with some of the measures of
the body composition : fat-free mass(FFM), fat mass(FM ), body mass index(BMI), intracellular water index
(ICW index), and pulmonary function : forced vital capacity(FVC), forced inspiratory vital capacity (FIVC),
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diffusion capacity (DLCO) : or maximum respiratory pressure . maximurm inspiratory pressure(PImax), maxi-
mum expiratory pressure(PEmax). Stepwise regression analysis demonstrated that the FFM, DLCO and FIVC

accounted for 68.8% of the variation in the VO.max.

Conclusion : The depletion of the FFM is significant factor for predicting the maximum exercise performance
in patients with moderate to severe COPD. (Tuberculosis and Respiratory Diseases 2002, 52 346-355)

Key words : Chronic obstructive pulmonary disease, Maximum exercise performance, Fat—free mass.
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9, HA&H7)S9 (Sensor Medics, Vmax 6200
Autobox DL, YobaLinda, California, US.A.)&
olg3led 7|=A8} (airway resistance, Raw), &3
£2¥(total lung capacity, TLC), I8l F7%
(residual volume, RV)& Tsiith wH@3adH
(single breath method) 0.2 H&s& SAT F
o]& #H¥84 (alveolar volume, VA)d digld] i
A&k Kcoltransfer coefficient of carbon monox-
ide, DLCO/VA)E T899ttt HE71Y (maximal
inspiratory pressure, PImax )& Zt7|3lA 38t
93, FHh37)%t(maximal expiratory pressure,
PEmax) & 2 &304 43l 71 2 374
3E280) A5E 45 A4S dF HE
&2 39

SEH3 )5S AFAAAIA (cycle ergometer,
Sensor Medics Vmax 229, YobaLinda, California, U.
SA.E o83l &Yt 5L HE 3B FY
AAARGA 2 #0552 T F 16 wattsollA A2
o] 30xmit} Bwatts¥ 2FHE FMIIE
Ramp'#d oz 233t} &2t & + e A
3 58 3 F 3B B IR AIIEA FEE
7bAch $£%¢9 £8& Pina 529 71&d Wt 2%
=, FE, A= g}, ¥gsid ¢ 250/130
mmHg o143 ek, 12la teje] A# FFolut
B3] gl o FAANAC. Hoh A HF (maxi-
mal oxygen uptake, VOmax), o]At3leta v &3
(CO; production, VCOQ,), H-2EF3}8 (maxi-
mal workload, Wmax), 2t4&® (oxygen pulse, O,
pulse), HE-5A £FE7|=(minute ventilation
at maximal exercise, VEmax) 5-& 781%t}.

A E-& Inbody 2.0(Biospace, Seoul, Korea) &
o]&3la] KA A7) A3 (bicelectrical impedance
method) 0.2 H|F, AZA|4(body mass index,
BMI{body weight/height*]), Al (fat mass,
FM), #AA%=F(fat-free mass, FFM), AxLA
(FFM index[FFM/height®}), <% (total body
water, TBW), AlZU ¥ (intracellular water,
ICW), A3 $=Eax]4= (ICW index[ICW /height?]),
)3 Al xS 2 (extracellular water, ECW)

52 238900 A ALFE o/MHF
(ideal body weight, IBW)22 hr #& #HiE&
(body weight expressed as percentage of ideal
body weight, PIBW ; fat-free mass expressed as
percentage of ideal body weight, FFMPIBW )&
Vet A4 2AAE Group 1 | AMEHAet
AzdEko] AgPE #AE (under-weight and de-
pleted fat-free mass), Group II ; #MESZ4ae UL
u AR ke ARl 79 (underweight and nor-
mal fat-free mass), Group I ; AF& A Fo]x|vt
A= o] APE A9 (normal weight and deplet-
ed fat-free mass), Group N ; A3} AR Hego
B% AAQl A= (normal weight and normal
fat-free mass) & TE3Ich AA|FZFo] o] BAF
9] 90% olA A$E AAAF, AAFFol o] A
9] 90% "l H$-E AAFo= Fojstint. Al
R dkeke] AAFYE o)A ol di gt AlA =] H
Bgo] i Z2 69%, 67% °ld% AS= 3z,
2 uuel A5 AAWFEY (depleted fat-free
mass) o2 Aelaivh! 9 %29 (nutritional deple-
tion) & A F o]AY, Z& Ax|Hgo] AR B¢
2 s

hgate] dubd EAw #H7)5 AL, 2Bl Ay
B BN A9E g+ EFEAe] JHgE 3715
th GAgo] e A LTS B HADAt
ol9] zjol= EYFE t A (unpaired indepen-
dent t-test) & ©|-&3jd AP, HHEFTHE
el E A 19 #7275 2 4R o AHete

Table 1. Characterization of the study group ac-
cording to the nutritional status

Nutritional status %
Group 1 31
Group I 22
G rohp [ 6
Group IV 41

Group I : underweight, depleted FFM (fat-free
mass) ; GroupIl . under-weight, normal FFM ;
Grouplll : normal weight ; depleted FFM ; Group
IV : normal weight, normal FFM.
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Table 2. Measures of pulmonary function and body compositions characterized by nutritional status

Depletion (n=49) Normal (n=34) p valueb
Age, year 66.7+7.4 68.0+9.2

Pulmonary function

FVC, % pred 59.1+16.6 62.6+194 NS
FEV,, % pred 448+13.3 48611886 NS
PEF, % pred 34.6+10.9 427+154 <0.05
Raw, % pred 413.8+314.5 264.5+159.4 <0.05
DLCO, % pred 65.5+13.5 75.4+20.1 <0.05
Kco, % pred 71.7+234 101.6+245 <0.01
FIVC, L 2.04£0.6 2.06+0.6 NS
Plmax, % pred 40.8+199 58.3+27.3 <0.05
PEmax, % pred 4561109 349+144 NS

Body compositions

Weight, kg 474+6.3 59.8+7.9 <0.01
BMI, kg/m? 176+26 22.8+29 <0.01
FFM, kg 35.9+9.6 449+7.1 <0.01
FFM index, kg/m? 13.6+3.3 16.9+2.3 <0.01
Fat mass, kg 8.3+45 1562+42 <0.01
TBW, L 276+3.9 31.0+49 <0.01
ICW index, L /m? 6.56+0.5 74107 <0.01

Depletion | PIBW <90% and/or FFMPIBW <67/69% : Normal : FFMPIBW 67/69% and PIBW90
% . FFM : fat-free mass ; BMI : body mass index ; FFM index - fat-free mass index ; TBW : total
body water ; ICW ! intracellular water ; ICW index : intracellular water index.

FBEAE Folz FWATE o8l HAFE 3,
HAA A2 AL frol @ B} Qe ZE AHE &
HHTE Sla HUAaAARS FH5EsE sl o
A AR E st 2E FAE SPSSWIN 10.0
(SPSS int., Chicago, U.S.A.)& o]-&38t 1L, pgtol
0.05 mivi}l 398 SAFR fol¥ Aoz iy
3ot

d 3

tdeAe) FEols 67.5+£7.942 4Ezke] 30|
Efge, 157 =84 313 Bage 464
+157% 2 5% & 339 JEdyE Byoh
A& eo] Haghe 68.4+166% 2 Faknc) ozt
250} ot BAES S48 L 2HE Ak
Wel2 FRA 92.8% (77%), HlLWAA 86.7% (76
), 7121 $2UA 25% (2% ) 8 AMgstn Uiet.

hdEte] 59% 7t AR o, dFAY
BAe] 28.6% 9 FdE7 FARA Vel 17.6%
7 E2 1d < AFol 9u) QA A A
3 AAFEGe] Bl ALY A97t 31%, A
5 e A9t 22%, 181 6% & AR wAY
UATH F AR BRLY) 53% I AF ol on, 37
%= AALEgeldcH(Table 1).

FEgE N T2 FFA H Vet L AR BN
27, =84 A8 9 1270 =894 373 g9
el whet 2lolrt glglont Hj sl ek 2 HEg
T2 FEEHEA} Fsh WU (p<0.05). E
YFEHEA] V=AY B%w HPFIIGe @
gter, o2 FAHoz HoalHtHp<0.05)
(Table 2).

thdeate] A48 B da JFagExse A
3 ARPEE, 22| AREee] ol wgto
B, o1& f& BE3} & AAFA S, o|aH S Ul
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Table 3. Measures of peak exercise performance categorized by nutritional status

Depletion (n=49) Normal (n=34) p value
Age, year 66.7+7.4 68.0+9.2 NS
Sex, M/F 40/9 23/11 <0.01
VO;max, ml/min 0.481+0.12 0.78+0.25 <0.01
VO.max, % pred 252+7.6 39.3+12.6 <0.01
Wmax, watts 42.8+19.2 68.8+24.8 NS
VEmax, L/min 33.4+89 304+116 <0.01
0. pulse, ml/beat 36x1.0 63156 NS
Peak TV, L 0.92+0.19 1.07+£0.26 NS
Peak RR, bpm 32.3+4.7 339+53

Depletion : PIBW <90% and/or FFMPIBW <67/69% ; Normal : FFMPIBW 67/69% and
PIBW 90% @ VO.max . maximal oxygen uptake ; Wmax ' maximal work load ; VEmax :
maximum minute ventilation ; peak TV : tidal volume on maximal exercise ; peak RR :

respiratory rate on maximal exercise.

Table 4. Correlation between VQO.max and pul-
monary function and body composi-

tions
7 p value
Pulmonary function
FVC, % pred 0.46 <0.05
FEV,, % pred 0.35 NS
DLCO, % pred 0.53 <0.01
FIVC, L 0.55 <0.01
Plmax, % pred 0.71 <0.01
PEmax, % pred 0.68 <0.01
Body compositions
Weight, kg 0.56 <0.01
BMI, kg/m? 047 <0.05
FFM, kg 0.55 <0.01
FFM index, kg/m* 0.41 <0.05
Fat mass, kg 0.45 <0.06
TBW, L 0.49 <0.05
ICW, L 0.44 <0.05

ICW index, L/m? 0.54 <0.01

& AAH 0 v, AALFRG HA frefstAl ek
tHp<0.01). AAa HEHAR) G5 A4 FF2H
3z} @kt (p<0.01) (Table 2).

o pitelel] we LERaHEsRHAL A, H
A Heke Jopake] ol Flgle]l F AT BF A

9oy, du2ReAse] HYALHTE R H
SER3 an HHEEAl ARuEehe d P
7} A1 Sk E A 9AtHp<0.01) (Table 3).

Ao ragdse HE714(r=0.71), HH357]
SH(r=068), =34 F7|HABE(r=055), 181
g 845 (r=053) 3 F@EA 7 AU e (p<
0.01), HAHE = AALRF(r=055), ADFAF(r
=047), AXEASE(r=041)2 ABTA AU
(p<0.01) (Table 4).

Ao adFHET o3 JRBAVE AAND AE
g =gusa sl HUALAAES FE5UTE
ste] TAHEARME AN A AARF (L=
231, p<0.05), =4 FUAZHF(t=3.22, p<
0.01), # &5 (t=341, p<0.01)°] #+FE 5%
ool Al BAH o2 folsiith(Fig. 1). o2l 2
= AT w84 FYHEY, 28T At
o] AUt JFe X 5HH Ao,
ol A 7tA AEwteg ARG s Z¢ Hd
AadHe] 688%E AEE F ARG (=
0.688, p<0.05) (Fig. 2).
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ZE7]% (minute ventilation, VE), 18l Hj$&
A A EEFF] i A}AH) (dead space/tidal

Fig. 1. Maximum oxygen consumption(VO;max)
related to the fat-free mass(FFM), dif-
fusion capacity of the lung for carbon
monoxide(DLCO) and forced inspirato-
ry vital capacity(FIVC). The correla-
tion coefficient of the relationship be-
tween VO;max and (a) FFM : (b)
DLCO :and (c) FIVC was 055, 053
and 0.55, respectively (p<0.01).

volume on maximal exercise) &} #47} Qlok= A}
A& Husle, i d8A}e] $55He 3
7Fel7] AaiA] EFA] #7155 Bat op el S-B xR
H71% 5 o BEe ) 948 9.
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ofsloll thet At D= e, Schols E7e )
AEE BA31 I AR gdo] 128 E9k Ag 4
A= Aot 43 fejAel o), dYAHY we
Ao Wt Bale) &5 5He 4P = =
LAAE AFPrh= AR & A7)Egeh. 5 A9
He DA B ] HFA HYs 2 HUs
1L, dEibeAs, AdRUI1gAE S A
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Normal P-P Plot of Regression Standardized Residual
Dependent Variable | VO;max(L/min)
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Fig. 2. Independent contributors, including
FFM, DLCO, IVC to the explained
variation in maximum oxygen up-
take on stepwise regression analysis
(r*=0.688, p<0.05).
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