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STUDY ON RELATION OF BODY COMPOSITION,
RESPIRATORY MUSCLE STRENGTH, AND SERUM CYTOKINES TO
ENERGY METABOLISM IN PULMONARY EMPHYSEMA
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Second Department of Internal Medicine, Nara Medical University
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Abstract . Increased resting energy expenditure (REE) in underweight patients with
pulmor_lary emphysema has been previously reported. However, the determinants of REE
have not been clearly demonstrated. The purpose of this study was to investigate the
relations of pulmonary function, respiratory muscle strength (Prmax, Prmax), body compo-
sition (FM/IBW, FFM/IBW), and serum cytokines (tumor necrosis factor &« (TNF-a),
soluble tumor necrosis receptor type I, II (sTNF-R I, II)) to REE in 37 male clinically
stable outpatients with pulmonary emphysema (age : 69.0+6.5 % IBW : 84.7+15.2,
FEV,,:1.26+0.57). Also, I compared them with those in 17 age-and sex-matched healthy
controls (age: 70.0%6.9, % IBW : 98.9+16.3), malnourished patients (% IBW<90; 75.2+
8.8, N=22, group A), and normonourished patients (9% IBW=90; 99.4+38.8, N:-15, group
B). REE was expressed as percentage predicted (% REE), REE/FFM and VO,/FFM.
FFM/IBW, FM/IBW, Pimax, Pemax were significantly lower and % REE, REE/FFM, \./'Oz
/FFM, all cytokines were significantly higher in group A than group B and controls. By
stepwise regression analysis, variables significantly contributing to % REE were FFM/
IBW, TLC, and FEV,, in group A. These data may suggest that increase in REE in
underweight patients with pulmonary emphysema is associated with a decrease in FFM
which is accompanied by decrease in respiratory muscle strength, airway obstruction, and
hyperinflation. (FEEEE. J. Nara Med. Ass. 50, 479~496, 1999)

Key words : pulmonary emphysema, malnutrition, body composition, serum cytokine,
resting energy expenditure (REE)
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TLHRE = 2 L ¥ — 4B E (resting  energy expendi-
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2, XE-RARBBST 5 & ShalE TNF-a, %
DAYEM LV &7 % — sTNF-R I (soluble tumor ne-
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necrosis receptor type IIDEE & 2HEIE L. Fi, &
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RERITEFIKFE 2 AR kBBt o Bz, O
TEwBDINEE L - BUIMSKIEES 37 61, FoER
69.0+£6.5 5%, 2%EE¥E{RE (% ideal body weight @ %
IBW)85.0+14.8, —#& (forced expiratory volume in
one second : FEV,)1.26+0.57 L &#® & & L. K
[EoZWns, HAPRBFEXOMKIUEOLHIELE 12X
b, By v v ERECIEEAEOTIERE L, HR
-CT T low attenuation area % 32 % 1 # % (FEV .,/
FVOD 70 %KD S D & Ute. FBEE B S AR
FREMEV v v BEEECRERRD R, BERH

"oo®

LR, MR RIS EME 17 4, FHER 70.0+6.9
%, % IBW 98.9+16.3 #EERBRL Lic. 7o, 20
RO BEIHERK, FRESERZESORYE - A5W
EE T CERRERECHE YR LIETAMHERROF,

B FES (home oxygen therapy ; HOT) fafT#iix
AL, i, MKREEE COBERSOBFERIZL B
RERRBD LB, BAERREERAH 22 1(% IBW<
90 %, %IBW 75.2+8.8; AR L KEF B 154
(% IBW =90, %IBW99.4+8.8; B#) & 0 _F1csH
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BAETLEERBR L1, BRYOBEFRER CTER
& & (body weight : BW) & & # {k & (ideal body
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BE L 7=, K E S E X% & Golume capacity :
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Table 1. Characteristics of patients and control groups

Patients with emphysema

G " o B Healthy
Toup Toup

Total data o pwogp)  (%IBW=90) controls
Number (male) 37 22 15 17
Age (yr) 69.0+6.5 69.0+7.0 68.0+5.8 70.0+6.9
Height (cm) 162.0+6.1 160.0+5.7 164.0+6.4 162.0+7.7
Body weight (kg) 49.0+10.0%%  42.0+6.1% 59.0+7.9 62.012.0
%IBW (%) 85.0+14.8 % 75.2+8.8% 99.4+8.8 99.0+16.3
Ve (L) 2.87+0.82 2.7340.79 3.09+0.84 N.D.
%VC (%) 87.9+18.6 86.6+19.1 89.6+18.4 N.D.
FEV., (L) 1.26=0.57 1.1940.37 1.47+0.73 N.D.
FEV., % 50.2+9.8 46.8+7.0 53.24+11.4 N.D.
RV/TLC (%) 54.0+8.6 55.1+6.7 52.4410.9 N.D.
%Dyco/Va 45.3+12.2 43.7+10.6 48.2+14.6 N.D.
Pa0, (mmHg) 69.8+10.1 69.3+10.9 70.6+8.9 N.D.
PaCO, (mmHg) 45.8+6.9 47.0+7.4 43.7+5.4 N.D.

Values are means+S.D.

#:p<0.0001 for the difference between group A and healthy controls.
§ : p<0.0001 for the difference between groups A and B.
§§ 1 p<0.001 for the difference between total patients and healthy controls.
§8§ 1 p<0.0001 for the difference between total patients and healthy controls. (unpaired t-test)

N.D. : not detected.

WL, AFEMEE & AR A & DR DB OET
THEOEHAZXRAE, WREhc7r 77 2 CEHE
(fat mass : FM : kg), Kk Jig If &(fat - free mass :
FFM : k@) %EH Lic. BIEE, FHEz2eER, SRR
Bliltolk. EbIE, EHhRSBREEOFELEEL
IBW =53 % HE, FM/IBW (%), FEM/IBW (%) T&F
i L 7.

@rF %550 DRE

% %5771 Vitalopower KH 101(F = & + #:8) C]
EL, EMTRETRANDRARIB 2R it
Ko 0N E (A% P EAE @ maximal inspirator-
y mouth pressure ; Pmmax) F lARE B HE B /oo
Fo W 0 e Py E (R K, 0 B N FE ¢ maximal expir-
atory mouth pressure ; Psmax) & 5 & L. JIE
TEER, BENBELICEFRFRIER I, F
BEREH L.

GmEs R Y — 2 ) —ic X BABERE

LG = R L ¥ — 8 B (resting  energy expendi-
ture : REE) 1%, BER, BENBHEOMEI =Y —2 b
) —(DELTATRAC : Datex #t84 ; 74 v 5 v F)THl
LT, BB, 10 Rl Eofeass, BREiZEE 30
SUTHCL, WU CHRBENEEVO,) & HK
“BLRREREVCO,) & ¥ BE, FEA R b HUE

L, WEHLD Weir® ORX T3 A ¥F-—HBEYEHL
fo. Fh, RIEOEEBYKRN T 5 cdic, Harris-
Benedict® o X THE, F&, F#rbERNAHE
(basal metabolic rate : BMR) %%, BMR % FHI%E
B k¥ — 428 (REEpred) & L ¢, SE#IREE &
» H.(REE/REEpred X100 : % REE)ZEH L. &b
iz, FFM &7 b © REE(REE/FFM) % = X b ¥ — 3
BoEL L, BEFLEEHRIELE CHBL .

F7-, AFET% REE & i AEMVC, % VC,
FEV.,, FEV.,%, RV/TLC, % Dico, % Dico/V 4,
Pa0,, PaCO,), B4 (FFM/IBW, FM/IBW), FE&
%77 (Pmmax, Psmax) & OMBEERHE L 7.

@B E D1 h ORHRAZENEE

RS = U — 4 b ) — 4B EIE L VO,(ml/min)
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DORIE

BERE, BEBEHCREPEERICRMR, Eere
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REE & DB#E ##5 LAz, TNF-« 13 R & D #-8L (RIE
BRA 0.18 pg/ml, Minneapolis, USA)DERKE* v I,
STNF-R I t% Amersham #8 (BIERA 6.3 pg/mb),
STNF-R II ik Amesham f- 8 GAIEE R 7.8 pg/mD @
ELISA # v b CTHIZEL 7.

AP OFEHHAME T, BIEE I FE - EERE
TARL, BERLEENEBE L oXE, ABRE mF
F A b H A VEE ORI unpaired t-test X A 7.
% REE & 4 % otkgsy, Wgkee, RN, mEy A b
H 4 v & DOBIEE, Pearson OMBIRE XA, K
5 %FKiixEEE Lic. % REE oElIERIT, FHEIRE
[E)% 4 7 (stepwise multiple regression analysis, %M
FlEzO % AT,

& xR

1. ¥FERRBO B (Fig. 1)

RS, % IBW 1 A BE0MEERBR L VBB
IEAE %R L 72 53(75.2+8.8vs 98.9:16.3 : p<0.0001),
BRELEERBREIEREYRDT, ABIBHIY
EEDOEMERL 72(75.248.8vs99.4+8.8, p <
0.0001). %7, BMI i A BE#EPMEEXBREI v BRICE
fE&RL7A3(16.6+£2.0vs21.7+3.5: p<0.0001), B
HEEENBREIEEEZ2HEDT, AHIBHIVE
BrEMEER L 6.6+2.0vs21.9%£1.9:p <
0.0001).

FAKES T, FFM/IBW i3, A BrMERHBEEL D
BHBWEME R L 7 23(68.619.1vs84.149.7 1 p<
0.0001), BE LEERBRH L IBEEELRDT, A B
BRI VERBRCEMERL68.6£9.1vs80.2+7.7:p
<0.001), FM/IBW %, A BEAMEE SRR X » AEIE
fE&R L7cp3(7.84+1.8vs15.629.4 : p<0.001), B &
LRERBREIARELRDT, ABIBHIVEER
CARBERR L7 (7.8+£1.8vs18.1+6.3 : p<0.001).

2. WG & ARBIRAE & o bk
Pemax %, A F (Pmax @ 40.4%+15.0,
Pemax : 47.7+17.5), B # (Pmax : 54.3+18.7,
Pemax © 69.5127.2) & @3 BHE (Pimax : 103.6+
11.5, Pemax : 111.2421.2) X h BEEEER Liz(p
<0.000D). XL, ABCTIEBREI) CALBNEEIE
fE%R L7 (p<0.05, p<0.05) (Fig. 2).

% REE 13, A®116.7+11.7), B#101.6+9.6) &
BT RAE(R9.616. D X W AR IEMEE R L
<0.0001, p<0.001). X b, ABTIEBEL Y ZhH
BFREEELXRL(P<0.001), AZE-TIx224H 154
(68 %), BHEETIZ15 414 8 BI(53 %) A7 TT (%

Pmax,

b

REE=110) % ® 7= (Fig. 2).

REE/FFM o W ¢, A BEIMBRESBE L D BB
BEERRL7228(30.144.9vs 24.6+3.2 1 p<0.001), B
ﬁ&%ﬁ—axﬂgﬁ& REBEYRDT, AEIBEIVE

CEfE%RL72(30.144.9vs26.0+£3.1: p<0.05)
(Fig. 2).

VO,/FFM % Hle 5 & A BLEENBREL VAS
%R L7 (4.1440.58 vs 3.75+0.36 : p<0.05).
—75, BRELEERBR L IABZELRD D,
ABIBHIVERCEMEEZ R L 7<(@.14+0.58vs
3.65+0.43 : p<0.005) (Fig. 3).

3. MEY A vhA4v

(VI TNF-o, sSTNF-R 13X 0'sTNF-R II#E

(Fig. O

BEHaAETE, BERBHE X D IE TNF-o, sTNF
-R I 85X OSTNF-RIOEELEE*RD % (TNF-
@ 3.34+0.81vs2.1940.79 : p <0.0001, sSTNF-R
I :1033.53+246.10 vs 816.394121.19 : p <0.005,
STNF - R II : 2022.38+321.53 vs 1675.25+320.48 . p
<0.00D).

Mm% TNF- o (3, AB(4.32+1.84), BEQ.87+
0.6DEDCBRENBHELIVABRCEEELZTLE<
0.0001, p<0.05), ABEIXI BRI v ABCEMBELRLL
(p<0.0D.

% sTNF-R I & sTNF-RII & ik, g & b AR

PEEREHI ) DEBCEMBELYRLAGETNF-R I :
1099.054-264.55 vs 816.394121.19 : p<0.001, STNF-
R II : 2087.00%290.46 vs 1675.25+320.48 1 p <
0.0001). B & o i % sTNF-R T (889.40+108.33) &
STNF-R I1(1880.20:355.76) & i3, 4% AR & 3
NAEBEYRDEoTc. ABFOMEsTNF-R 1 &
STNF-RIT &%, WTFhd BEIVEECEHMHEYRL
72 (p<0.05).

@) TNF-a, sTNF-R I % X 0'sTNF-R [}

& pEIHEM: (Fig. 5)

BEBLGTIMmE TNF-2 13, M sTNF-R I,
SINF-RII : FhFhEEREOHBEEZR L k=
0.64, p<0.0001, r=0.50, p<0.005). ¥7z, M1 TNF
-R I & sTNF-RII & GIED#MBI %R L7 (=0.49, p
<0.005). A FFTiL, IyEF TNF-o &, M sTNF-R I
ESINF-RILEFNZFhEBLEOHBEZRLE=
0.74, p<0.0001, r=0.47, p<0.005), M1 TNF-R I
L STNF-RII & RIEDMBI %R Lic@=0.51, p<
0.05). BR Tk, M1y TNF-a %, 0§ sTNF-R I,
sTNF-RII & i3#B % R» ¥, MEsTNF-R I &
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(unpaired t-test)

: Healthy control. B : Malnourished patients with pulmonary emphysema.
[ : Normonourished patients with pulmonary emphysema.
Values represent means®S.D. N.S. = not significant.

Fig. 1. Nutritional status in patients and healthy controls.
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p<0.0001 p<0.05
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20" 901
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Pimax PEmax

p<0.001 N.S.

p<0.0001 p<0.001

I

p<0.001 p<0.05

1

(%) (kcal/day/kg)
120- 30
20
10
T i
Healthy o\ 5y < 90 %iBW=90 Healthy o B\ <90 %IBW=90
control control
o)
%REE REE/FFM (unpaired t-test)

: Healthy control. B : Malnourished patients with pulmonary emphysema.
: Normonourished patients with pulmonary emphysema.
Values represent means+=S.D. N.S. = not significant.

Fig. 2. Respiratory muscle strength and metabolic status in patients and
healthy controls.
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(unpaired t-test)

: Healthy control. [ : Malnourished patients with pulmonary emphysema.
[ : Normonourished patients with pulmonary emphysema.
Values represent means+S.D. N.S. = not significant.

Fig. 3. Oxygen consumption of fat-free mass in
patients and healthy controls.

STNF-R II & ofic AR nh o e

4. ABED%REE & BhHSRE - WRE I & OBIE #
(Table 2)

% REE & £ i e &l & 0 BE Tix, FEV,,
FEV 0%, % Dico/Va, % Dico DIECHTE st O AHE
%, PaCO,, RV/TLC & DR iXBE IEDHEZRD
72 (p<0.05). Fiz, FEHAH L TE Pmax L FRRE
DOHBI(P<0.05) %R 7A, Pemax & IMHE®RD s
Do To.

5. ABED% REE & AES, MY A b s A v EDB
ik (Table 3)

% REE & k@4 & oBSE iz, FFM/IBW (p<0.01D) &
BERAOHE YRS, FM/IBW & 3HEBI %D 7o
ote. MEFA bhAvEE WTFhbHEBEIERD
7. '

A B 22 BIRRBITTHERE 15 #1(% REE=110), JETiAE
B 7 H1(% REE<110) & el U551, REITE
BEMME TNF-o, R I, RITEEOEE LRELRD
(3.84+0.8vs3.1+0.5, 1133.5+257.9vs1025.3%
283.6, 2101.3+307.1vs2056.3+271.3, p<0.05).
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p<0.05
p<0.0001 p<0.01
(pa/rm) I I |
4.07]
3 T
1
T8
=z
|_.
Healthy %IBW<90 %IBW=90
control
N.S.
, p<0.001 p<0.05
(pg/mi 1 I
Healthy %1BW<90 %IBWZ90
control
N.S.
p<0.0001 p<0.05
(pg/mi) - 1 1
I
o 1750
1
TR
1250
b4
'_
» 750
Healthy %IBW<90 %IBWZ90  (ynpaired t-test)
control

: Healthy control. E : Malnourished patients with pulmonary emphysema.
D : Normonourished patients with pulmonary emphysema.

Values represent meanstS.D.  N.S. = not significant.

Fig. 4. The concentrations of serum cytokines in
patients and healthy controls.

B # 15 % REITHERE 8 6, FETTERE 7 fl & T
B L7, s TNF-o, R I, RIIBEOEEZXEZR
Do,

6. % REE &R - s & o BIEE (Fig. 6)

% REE 1%, Pimax (r=—0.452, p<0.05), FFM/IBW
G=—0.571, p<O0.0D:EFE LA OHBE %R D,
Prmax, FM/IBW & (3MBIZFR D Inds - 7.

7. AFOEES LIRS « RGTT & OB M

(MRS & & e EE

FFM/IBW 2 VC, % Drco(p<0.005), % Dico/Va,
Pa0,, % VC, FEV,,, FEV,,% (p<0.05) DIHHEE It
FEoMEE% R L. Fi, FFM/IBW & PaCO, RV/
TLC L BB RADMHEE%FR®» 7= (p<0.05)(Table 4).
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1300 7 * °e . 24007 ....
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L 11007 © " op00] °
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Data from malnourished patients (%IBW<90) are represented by closed circles, and from normonourished patients (%IBW=

90) by opened circles.

The continuous line shows the regression line in total patients with pulmonary empysema.

® : %IBW<90
0 : %IBW=90

Fig. 5. Relationships between serum TNF-«, sSTNF-R I and sTNF-RII in patients.

(ERL S & R

FFM/IBW (% Pmax, Pemax & EE7cIEOMHE%»F
7z (Pimax | r=0.48, Pemax : r=0.44, p<0.05). FM
/IBW & B 5 & DRI X HBI 2 b fe b » o
(Table 4) (Fig. 1.

8. ABEOMKES LMBEY A b 24V & OBERE
(Table 5)

R & MIES A A v ieowTiy, FEM/IBW i
Wit & S AEESR 3, FM/IBW X TNF-a, sTNF-R
I, RILHEERADHEBZR L (p<0.05).

9. AFEDOMFEY 1 + A v & HSAE « RRGH & D

B9:#E M (Table 6)

TNF-a & FEV,,& D%, BERAOHEZRLiz(p
<0.05).

10. A #2313 %% REE o [EFE (Table 7)

A# D% REE o EIRR 2 ikkeE, &ks, R,
MEY A P74 VD ERBREERS P& HVRD
#ER, % REE 13.(—0.495X FFM/IBW +4.968 X TLC—
11.871XFEV,,+133.31D) Tk b iz,
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Table 2. Correlation coefficients between %REE and
lung function, respiratory muscle strength
in patients with body weight loss

%REE

%REE

vC @ —.345
%VC (%) —.324
FEV., (LD — 525 **
FEV., % —.501*
RV/TLC (%) 439 *
%DLco — 462 %
%Dico/Va —.492 *
Pa0, (mmHg) —.355
PaCO, (mmHg) 529 *
Pmax (cmH,0) — 452 %
Prmax (cmH,0) —.116
* p<0.05, **p<0.01

(%)
1457 L4 L4
° Y=-0.38X+132.65
1351 r=-0.45
) p<0.05
1257
1157
1057 °
20 40 60 80
(cmH20)
Pimax
(%) _
1451 o0 Y=-0.842X+175.05
P =-0.57

FFM/IBW

N.S. = not significant.
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Table 3. Correlation coefficients between %REE and
body composition, serum cytokines in pati-
ents with body weight loss

%REE

%REE

FFM/IBW (%) — 571 **
FM/IBW (%) .148
TNF-a (pg/ml) 314
sTNF-R1 (pg/mD) .143
sTNF-RII (pg/mD .069

*p<0.05, **p<0.01

(%)
1457 e o
o N.S.
1357
* .
1257 o
°
(1 ]
1157 .. L4 Pars
< b )
] e
105 . o
10 30 50 70 90
(cmH20)
PEmax
(%)
1451 ° .
o N.S.
1357
d I
1257
. * ..
1157 . .
... e
° ™
1051 o ¢
1 T T T T 1 T %
2 6 10 14 -
FM/IBW

Fig. 6. Correlation between %REE and respiratory

tion in patients with body weight loss.

muscle strength, body composi-
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Table 4. Correlation coefficients between body com-

position and lung function, respiratory mus-
cle strength in patients with body weight
loss

FFM/IBW FM/IBW

vCc @ 573 ** 172
%VC (%) 478 % .090
FEV,, (L) 475 % .354
FEV., % 456 * 231
RV/TLC (%) —.433 % —.452
%DLco 531 ** .198
%Dvico/Va .509 * .340
Pa0, (mmHg) 488 * —.064
PaCO, (mmHg) — 440 * —.033
Pmax (cmH,0) 480 * 012
Prmax (cmH,0) 442 % .289
*p<0.05, **p<0.005
emrz0l| -y —0.794x—14.03 .
r=0.48
607 p<0.05 P
x
= .
£
o 407
207
60 70 go (*
FFM/IBW
(cmH20) L]
8071 Y=0.849X—10.49
1 r=0.44 ...
x 601 P<0.05 ®
(3]
uE.l e @ ° .
o 407
] ° ®
° [ J
207
-1 [ ]
T T T T T T %
60 70 80 )
FFM/IBW

N.S. = not significant.

Table 5. Correlation coefficients between body com-
position and serum cytokines in patients
with body weight loss

FFM/IBW FM/IBW

TNF-a (pg/mD —.100 —.430 *
sTNF-R1 (pg/mlD) —.195 — 403 *
STNF-RII (pg/ml) —.005 — 419 %
*p<0.05
(cmH20)
| [
¢ N.S
6071 . o
5 . °
£ o ® * o
o 407 L4
[ ] ® [ ]
] o s
207 . e°
2 6 10 14 (%)
FM/IBW
(cmH20) ¥
807
1 ° N.S.
. e ° ..
x 607 ] g °
£ 1 8eee -
2407 .
o n [ )
[ J
207
; L)
2 6 10 14 %
FM/IBW

Fig. 7. Correlation between body composition and respiratory muscle strength in

patients with body weight loss.
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Table 6. Correlation coefficients between serum Table 7. Results of stepwise multiple regression anal-

cytokines, lung function and respiratory ysis for %REE in patients with body weight

muscle strength in patients with body loss

weight loss

B
TNF-a STNF“R I sTNF-RII FFM/IBW (%) —0.361
Ve L —.373 —.379 —.321 TLC (L) 0.374
%VC (%) —.341 —.312 —.184 FEV,, (LD —0.356
FEV,, (M —AT5* —.322 —.301 B=standardized partial regression coefficient.
FEV.,, % .078 .135 .391
RV/TLC (% 345 .192 .014
‘/D/ . 020 049 010 %REE=—0.495X FFM/IBW+4.968 X TLC
ol/Lco . . .
9%Dico/Va — 367 — 252 032 11;3823 FEV.o
Pa0, (mmHg) .233 —.050 .017 .
PaCO, (mmHg) 060 —.018 175 By stepwise regression analysis, variables significantly
Pmax (cmH,0) 004 065 331 contributing to %REE was FFM/IBW, TLC, and
Pzmax (cmH,0) .028 .179 .113 FEV,, in group A.
* p<0.05
Airway obstruction Overinflation Diffusing capacity
FEV1.0y jJ«——>{RV/TLC A  [%DLco/Vay

A %DLCO ¥
\ i L

Respiratory muscle dysfunction
Respiratory muscle weakness

¥

v Reduced ventilatory efficiency
Cytokines in serum *

Increased oxygen

¢ ‘o, consumption of respiratory muscles
l’.'

STNF-R T4 “A

sTNF-R ]1+ Hypermetabolism

Increased resting energy expenditure

Fm/Bw y | [FEm/iBW |

Body weight loss Reduced lean mass

Fig. 8. Possible mechanism underlying malnutrition in pulmonary em-
physema. “Pulmonary cachexia”
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% %=

IR0 D18 ¥ EAZE M IfiZ & (chronic obstructive pul-
monary disease ; COPD), Bicfi&EEZ T, SHEE
BEBRDPFET L LA TE D, B
FEFRDO—>& T h, COPD Db %2 ¥H (A #) sy
FIRTWw3Y. EHiZ, CODP A3 ClEEH fhiskee,
RG], EERELBEE LY, My LATFEEFTH
LD ERHE IR T B.

(P SRIE & ST

COPD BE D HEEEIC ST, 747 3 VIdfi
T\~ % 23 rapid turnover protein DR T8, Hk s+l
T _ERE=BE AR K T HE B E (triceps  skinfold  thick-
ness . TSF), ERgfHB (arm muscle circumferance :
AMO) DEABIBHI N T 52, T, FeEEED H 2
BETIHERREEEOE T /n KIPRGEES A Lic
JRRR & OBIEMAHE X hT\wB. ZhET, COPD D
BEED CHEHEC X s XBFMCRA ST
ToOT1s2028 N, MR BN, BEMCER - BIAY,
DXA® BRI T b IEME IR S O I 23T BE &
7sb, COPD B3 T Lo MBI X % ST DR
3173 238 5. Schols 530 1%, BIA CHIE L 74 4 Dk
B BEKR R AV HIEEE BB, A
X, BIA TRD ARG HIEEL B EHES DXA i X
SRS RIEE LR HBI AR L& L, BIA 3%
EHOMSIEEE DURSSHCERTH S &dh~<Tu
5. Eio, MPH® I, MSEEEIMERY KI8T
BHEANEERFFM & FM oA % RDHi- EHEL, &
5320k, MSESE DXA X 5ERE A E R C
s\, REELL EoERERADEE (% IBW<80) DEEHERR
B hEIFE B IBW 290)1c it L TFAT &
LEAN & oA #50, #ic LEAN O kel
LOFEFHCELL, KEOLE/IDOMICHE 4« DER L
DEALEFET 2 DER BTV 3. SEIOBETIE,
FSIESE B REEE SRR & ST, SRS AR
ZIRDT, RERIOD 5 HE AR DL, FFM/
IBW & FM/IBW & 0B BIE T 2@Bd 7. FFM iz,
B, MEEE, BREL, AflERENESETh, =
ELTHREDIFE L Xh, Nishimura 534 13 DXA ©
K7z lean body mass(LEAN) & FEIET & D IFE DA
BIaHE LT\ 5. SEOMETS, AT BIA TR
72 FFM/IBW %% Pimax, Psmax & B 7t IF OB %2 7R
THE,DL, FFM BZIFRFEOHA &4 L TERGHE
TEBIEL T AAEEENRB I N S, £, FFM/
IBW OEF LI ABED, EFLCWERWBEIVEAEE

Ho®

1Z Pmax, Pemax 2METFLTW5%.

)P KIED = % 1 ¥ — 3

SH, MEHr Y -2t ) —CEECERESNAS SR
ETREL T Y, MKERL CRERBL XEREL D
HMEN IR T 5. Goldstein 5, £ 59, KM LW,
Sridhar 5% 1K EA#E < REE 2 HIE L, #10-40
N ORBTTERZRE L T\ 5. SEIOKETY, BER
&4k T% REE 2358 111.1+13.1 £ #in L, WSES
FEORETERBC D5 2 BRI W5, E1,
AR, BEAFIEENBHI VAELENYTL, X
LDILAFABRIVAERLEMERLTW5. ZoX
%, FREEE CHRERA & RBTTERE L 2 ERcE
L, BEisREAMREHE TRBIZSH 5 0 & IIRR
BTH%. REE 1%, BERCHREOIESoX1c L 58
BREWZ L2 D, % REE LIStz FFM CHIET % - &
BEELWEIRTW3. £, FRI L2 REE %
FFM T % #1E L7 (REE/FFMD#& SR, % REE & R#Eo
FERHEHE T\ 5. Cherniack 5% 1%, COPD & Tk
WD =% ¥ —MEEOTTHERIH% L, Donahoe H3
%, COPD BE R HGHEFZMNEED REE 0K &4
BAL, REE 0K B EB CHEI N =31 F —D
WRICEET 5 &li_T\5. %7 Shindoh 539 13,
COPD & TR OBEH K L CRRGERE
HEENS L, FRLSECTT 5 PR GHRREER N
BN ER=RAF-HRYEL L, BECTRGEY
FRILLTVWELTWS, S0, HEEESORHRE
O FFM %7 ) OBRHBEYRE T 27125, By =
) — % b ) —CEE L% VO, % BIA THIE L 72 FFM
TERLUIAER, AR BEHRBFCRESBRE L D 4 FFM
OPRREMEEOERELERLRD, IOICABNBE
LD BERC FFM OBREEEOHEA LD T\ 5.
ZOFEI, KEFEDOD B EE T FFM/IBW 284 L,
FFM 23 BRHEANM L TV 5B E 2 5be5 &
Donahoe 5" OB D X 51, REBEEED b 5 HKES
FECTRBSEHHE R E S 7 5 PRI E BRI
LTWBed BEEFETREAIL D 3B =R LF -4
BEYEL, =3 AF-LBERBERE =i ¥ —fit
Mo WBER, RERD R FFM O 53k & 2 iTEE
HEHRRBEE 5.

(3) TNF-o & 3l

TNF-a &, SECHREBIEYS LLSERERAYET S
PIEREY A b H 1 VT, EREWYHES TS L EREY
KT ENDLTEERI 7 F v ELHITH T3, ©
THEEO RRIEMRAED, BELRLEY KEoFR1C
TNF-a oB5E238E X h T\ 5. Francia 5, &
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593, COPD BE*KRERIVOEETH T, KERED
DHBHEETE, KERISOLEE LD IME TNF-o
BEMEECEBETHSZ EwREL, Godoy b9 11,
COPD E#E DKM IMBEER D LPS ##ic X 5 TNF-a,
IL-1 8 EERHRA L, REFHA DD BBETIE TNF-«
DEEEAEMYRD, COPD BEOER ORI
TNF-a 2’4 7 75 v & LTS LT Al REE ZHE
LTw5b. SEOKEFTH, ME TNF-« BEWRZ, K
BEEEHLATRENBHEI VERCEEYED, A
ABEHEIVAEBECEMER2RT. COFRLUIMOH
141549 L EREI, TNF-a b0 7 7 v & LUSE
BEOGERACEEL TV ATEESTREL TV 5.
B#E, TNF ¥ sfifaEm Eove 72— LT
BENLAOR, HFESS5kDaDVv 7% — 3 TNF-R
1 ¥71X TNF-R55* &, 5 TE B kDapLr €7 % —
X TNF-R Il #7213 TNF-R 75% LIEiEh T3, £h
Ehove7F —OMifsMAERR D R55 LR
BE LT WG MRS, R75 GEMER HiciE
AL T fifas B iR S BT 5 L Sh T 5.
TNF-o4%iE#0 %1%, Ml bcFETH v 7%
— N LTHEETHEELLR TV 5. SEOKRHTY
CHEESTHFERE LT, TNF-o BE L RFC AR
NBE-EENBELID, TNF-RI, RIBEDCHE
nEfEZ RS, TNF-a BELZOVvE7 % — TNF-R
1, RIIEE L 3ARERIEOHBBEFRYAD V5. &
bz, TNF-a 13 TNF-R 1 &4 %R, |k
ROKRM»D, MSKMEEEORERE, il wimE
TNF-a & #Dv+e7%—TNF-R I, RIA»EET 5
WA RET 5. ¥, MKEEE T TNF-a &£ 20
Va7 z -k b REEE B RRE, BEREEEN
W HHHEE TR EATIERE 2 bR b.
Schols &® 13 COPD Z m i1 IL-8, TNF-a v+ 7
Z—HHEL, THR=IAF —EEELRTIEL TV
BERIME IL-8, TNF-a vt 72 —DBEmMALLR
RBTTECHKIEMEY A b h 1 v OEMBEELTW5 &
WMEL TS, BENE, Tredget 5 IEWERTRRE
& TNF-a #8EL L 25, BENEEL REE Lo
BRETDT L4 L, Van der Poll 59 i3 2MATES
BrififE © TNF-a 23N L T h TNF-a OHEM &
REE ok & e BEEM:#52%, TNF-« HE2 REE %
IS BEAEAET S EMEL T 5.

(@)= 1 — 38 & AR - (RBG « D

% REE & FiBSHE, AR5, W & BEEC, %
REE 3, BAZetk-fhifi#gefEs, FFM/IBW, Pmax &
BEELADOHE, MoBR SKR®BY A ME & 3EE
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7RIEDHBE%ERYD, & bic, FFM/IBW (X Pmax L BE
RIEOMEBEZRD T 5. DIENCKE B 1L, ikESR
#TREE & FEV . B EoBFRREOHBI L, %RV A
200 % LA EDFEBULE, 200 Y% KEE O & B L THE:
REE o&EfE%, % REE & HEHOHETH 5% AMC
EREERAOHEBEERDI EHEL TV B, BT,
ISUEEE D% REE 2 fiigsietd b, PAZEMESE, i
IR, dhEE & BE IcBIE %Y, Schols H49 1%, 80 #
DCOPD EE D=1 ¥ -5 v %KL, REE/
FFM (% FEV,,%, Pmax & IEDHEEI® D, FEV,,,%
DIETFIC & d 72\ % IBW, % AMC, Pimax O{ET %7
Blc LHEL T B, SEIOFKERD UEToHME & FARET,
g D BEAL, Pmax DETIC & % 7e\% REE 0K
R, REREDO D HMITELE D REE BX & ik
BEOEATRRETH 5 ARMRSES, Mg TRG
TETEDOBENRREEI RS, b, BEATIEY
IBW ® FFM o#Einic & % 7a\~ REE 2388 K3 %505 23,
MSKERZ T, FFM/IBW ® Pmax D{ETICE b7
W% REE A ALTWBZ &%, SEFAERL T
5. 4KHE, e FFM oA Ic X 5 5RElEE & s
X ARG OET & BT B 5T % PR 235
z2bh, MRKIEBREECEENIORRBEE 2LObRS. Ll
CKRELD N, MKRIEEECBXREEDHEAED
AMC) » 7 3 VA v A5V ADIRETH 55T <

7 B2 (branched chain amino acid : BCAA)/F&RIET

7 B8 (aromatic amino acid : AAA) & REA DB %,

RETLEESIZ EHEARIBSL, 73 /BAvA~7

VADHEKERDIZ LD, KERE TR LF
—RFVARARMEL =3 A F—HE L TFIHIhR

CFWEIERBIE S h, SLIRADATVARETTS L

HERADEADIAEE Y, HTHE&Fo BCAA =%
AF—JRE L THEIhWERGIMETL, bR
#® mechanical work load Z#ik X% REE ZJT# &
BHAREMERHE L T 5. F7, COPD BEOFRL
DT Ty, fhdlgRc X % F %5 O mechani-
cal disadvantage 2°B85- L ¥ b *?, COPD &%& o
TLHEDREE LT, FHEIFRFGDO=F ¥ —HEOHEK
FEHEL 5. SEOERD, JEMAZEIC X 3KEE
MOHEACHERGINE T CRIMAFEOHE AN L
SHEDE T &% L REE #HA X%, Zhs FFM ©
BABEE LT3 REE BT /R TH 5.
% REE & [fif5 TNF-o BE, ZoOvE7 % — sTNF-R
I, RIEE L OBEEIIMHEBIIRD o 7ehs, AR
22 Bl EARBITTERE, FEITER Lo B LR, KR
BILER TNF-o, R I, R IOFELEELZRD, &
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DOFERE, TNF-a © REE JTH#ER™® BEE5 L T\
DEREME D HERI S R B,

(S)THERE - FEREG T & ARRLS « SRR & OBSE

SEIIH 7oz FFM/IBW -FM/IBW &, fiikse, =k
B aRBE L C\5. COPD B 0N IRAE & ik,
MR ) & OBSEME TI1E, Wilson b 13K & FEV,,,
% TLC, % Dico & D#B8%, Openbrier 5 131% IBW
E% FEV 1o, % Dico & DHHBAZ#E L, FE L air flow
limitation & OMBIIFRFGEDOEA, HKE & FiikLkE
& OB RERE T X 5 B OB &S  TTREM:
ZBNT%, SEOFERTH UFIOHRE & Ak, %
IBW % Pimax, Pemax, VC, % VC, FEV.,, Dico,
Dico/Va EERBILIEDHHEI%, RV/TLC, PaCO, L FH
RADOHBERRD T\ 5. SH BB & FilksE &
BE I DT, KH B 13% AMC & FEV,,/FVC &0
EoMEBEZHmEL, F)I 521, DXATHEEL -
LEAN 23% VC, FEV,,, MVV, RV/TLC & #Bi%=
L, kEFHA DB 5 COPD B 0EEREXHET 2RTF
LB EVEREL TS, HhH® 13 BIA CHIE
L7z FFM %5, VC, FVC, FEV,,, FEV,,/FVC, Dico,
Dico/Va EIEDHBI%, RV/TLC AR R LI &
HELT%. SEOKRTE, LiToHE & ARk,
FFM/IBW (3£ fiB$AEfEEE & Pimax, Pemax & &7
HBIZRD, REEEL Q CHAEDOIRETH S FFM
DWW BFRFGIOETE b L, Fhhfigisicy
BERIELTOWAAEENE 2R S, BWERCE
RENM=2v 7547 v ADHEN, SR INEE D o
KT, MlaBERE s X OKREDIEYR 7= L%, e &R
KEREENMOKEORRE 025 2 LAHfEIh

THY, SEOBKH T FEM/IBW 2 HiksEEnieE T

%% Dico, % Dico/Va EEVHEBEIRRLEZ &1,
FFM oA TRB I h - REEE & il kEE & »8
HLTWBARENENE 2 bh b, BERMMEBAD o f
BHRBIRIE T, BEDY% VC, FEV,, D{ETF & RV/
TLC K7 & DFEERT 2378 b h, HEBH T
BT % VC ME S i LA™ ShC\h 5. &
DT L, MRESRED FFM ofELBEIES LD 5
ZET, BEOREBTREED L LTS EET
EHAREMEZREL T\ 5.

(6)FERE - PRI & TNF-a

WA & B A b A v & OBIEE, DEncik
MIEW X 2 RGREH HBER S THE, PRI
D=V F ¥ vR7 Y -3 pa, TNF, IFN (inter-
feron)-y I EDFA b h 4 v O« oG ERYE
THET B EE 2B TW5. Shindoh H i3, BEHE

w"oo=

BTy M=V F o vaBE L, 5% 1 -2 B
B HREMS K TNF-0 mRNA oRBE»39, #E
[EAFIHE ST 28 3 - 4 BRI ICE F L7225 TNF-a ©
FRGEF~NOBESEHREL T3, Lirl, SHEHOK
AT FFM/IBW &R &3, WTFho gy A
P4 ELBRBHEBEARED LR, Shil, ME
VASLTOYA b A VERBRA Tl MRS gy
DEREZRBLICL 2o fcDTREWHEE L LRD.
4E, FM/IBW %, TNF-¢ Lt 2D v 7% — L FER
ADOMBEERD, LA 0HED X 5ic, TNF-a ©
BER R & B Rl S R EER C X 5 D &8
zbh, MKEAE CO TNF-a OEERINIMEIEEE
DOBD % S 7e b LR BT B ITEERE 2 &
ha.

BEBEDODLMETEEE COMBY A L b4 v L
Bge, WD L OBIBERHE LicER, ME TNF-«
MNFEV,, EDHZERELAOHEBERRLE. ZoHE, L
Bz Keatings 5% 23 COPD & 0¥ # - » TNF -«
HMEFE L DV ABIE L, TNF-a 2MEMESE LA
HEL T3 &0, BUESERETRITC TNF-a 23
SBREL Sh, KB L - fifla bR O Mg 5 WaR
ZHEIL, ThiKEECH/NML, Tihbb&itHEY
BILTWBAHEERE 2 bhi. LaL, TNF-a v
72— FEV,, LBIEREZRD T, v 72— iR
HOKEMAELY R LW EHE LT, SERELLY
78—, KB LMD OB S FHE L T
B ATREME DS HER X 7z,

(NS Eo REE peE R T

Moore 5% 13, FEIRIER 2 22E L7 COPD B3 67 i
ERRIC, MEHI= ) —2 + ) —¥CREE #BIEL
Harris-Benedict 2 o Wilmore®® © 7 £ 7 5 A
RD7FHRMEE B L, FHMEIXERME X D 300-400
kcal (2 FIE <, B COPD &3 o REE o F I %,
REE(kcal) =11.5 X K& (kg) +952 &G L 72, L
L, ZoHER, BEXEERLOEECSTTRIL
TWisWRTHEZR DS LE 2 bhl. SEOKRH T,
I SRIEEE 4T, REE (3AE L 55V IEDMHEB AR L
7225, AR, BRECIMHELZR D7, &6, #E
WA DB 5 MEEELE D% REE ¥ IRET 5 RAF 2H
T oHicd, MR, kRS, WRED, mEYA s A
YO LEHERERR SN & B Z e kiR, % REE
DEFERIE, % REE=—0.495X FFM/IBW +4.968 X
TLC—11.871XFEV,,+133.311 &R hi. Tibb,
& ERE D% REE #5kicit, TNF-a L xDv &7
% —nB5 X v %, FFM/IBW 04 & A E#KI X
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%BIZE - AEMEEORE L A5RBEE L TV 55
MR X e, BRI X % % D mechanical
disadvantage ARG OMBEEELHEINZ R, ThH
Fk&ioh REENTLEL, FRFOBIEATEREL
FFM %A &8, FFM oA 23 & b1z REE oK%
FlERITARENELE 2 bhie. i, SEOKREHTE,
TNF-a &MY « REE ok & OB/ 7cHEEIR
Bohinsofed’, TNF-a BSPRE Y 2 REE 0%
KIZBAEF 517485060 LIFEI N T\ B Z &b, R
Bz REE O AEE L TWAREELBEETE o
LEz bRl

DE»D, MREAEOHRERIOERFERLE LT
REE OJT# 22 bh, REE LRGN, —BE-ES
R JLEE & OB EHEBENED bh, T hIXEEkE
E . fBEE « IBEEE TR & b 78 5 KR OE T 25,
R GAREEEOE R LR L, KR REE 0
RIEFEODWeEE 2z bhk. KREBAETE, 0Tt
ELIe=F N F—HEBRE > o=k ¥ -5l
W & 33EfE S (pulmonary cachexia) % X 7= L, Fh AR
WAL DEBIAEO O FRRENE 2 b, Fi, %
EFEEC X 5 FFM OB 233 bR G & T 25
LCREE #EX I 5 BERHSKILL T 578 EDH
LVaReEi. —7F, E TNF-a, zove7 % —
TNF-R IR 11, FM O CEERES T 5720 Tl
75 <, REE 0#K &N L TISKE O SR E 0 T 12 B
o T B A REME TR & huic (Fig. 8).

S, XEBEEODHHBUETRBEEEZOTER
EDtcd, KD FFM ##inse 50 +457%r = )
— & 5 SREFE OWENL & W) R AR T 5 R
VALY T —>a VOIRELBRAIRES 2 bhi.

& B

ITRIEEECRD b5 HREE & REEE & BT
%, =X AF—RBEOBEHLENT 5 BT, KEHM
SKEEE 2 RERVRF LI FE LT, BERR
LR, TR0, RBHRRE, WEY A v
& & IR L T, SR8 BIA Be % o R 45
¥, fRBIRARE% REE, REE/FFM, VO,/FFM <3F
ffiL, b, FERDEZEF % REE &ikERE
&, B, R, MmEYA x4 v EOBEEY
Bt L, % REE oEIEARZ KD,

WVGERD BER T, GERRD BERCRETIR
Bz b, FFM/IBW, FM/IBW OB E E T 28D
7z,

QFERAD BERFF T, FREIRED BEHECETE R
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BN, FREHOFERETEZRD .

QFERDBEEFF CIL, FEFBVEEFHCEERR
BEICH~, % REE, REE/FFM, VO,/FFM 0% /i
E%FD, R LG OBRHEEE L OTLEY
DT,

WBEFHEE T, BESREICEXME TNF-a,
sTNF-R I, RIBEOCHEELEEXRD, HKERHIE
ERTIL, REIFRSBERLRENERICES, W
I FELRELZRDT.

(BMEERAD BERCIZ, FFM/IBW »iiEmR4(E,
Pmax, Pemax & BERIEOME%TD, % REE 3
FEMEE . ASEE, Pmax L EERADOHBEYED
7o,

OFERVBEHTE, WThoMEr A+ a4 v E
FM/IBW & 2V e & DM AR 1.

(NEBERABERCIE, ME TNF-« BER—BEL
FRIRADOHEZRD .

QFEERA BERE T, % REE oERUFARE, FFM/
IBW & fi@lgiE « ESEEOREC L Y HES i

BlEosb, FSIERE O $EEE I TNF-a, STNF
R I-RIUNBEET 5 LV HaRaB. b, ff
SMEAE TR AZERESE - BRI X 5 mechani-
cal work load #Kic X v REE 23t L, 4E, Hic
FFM oA %2 b, LI REE ¥ s w5 &8
AR I .

(KD AEDO—IIE, R 10 FE B AR A
SRS BEA, FH 11 F£E HARRBFERS - HikE
LO7 2 2 EBFSEREKE - Vv T4 =T TH
EL&.D)

i 2

Raxsbenich, HiEE - AEMHED E LLRE
BRI BEREREEER 2 R EE B BB 0 A b R
DEXRLETLLbI, HEHM- - HEEEHD LK
1 IR L IERE B e b O SR 3 R B ERRH
BEECEEBR L TR, ¥, EECHEE, H#%
AR RE & LICKHMBABDBEE, +)1IERIB)F i e
W LET. S LIAPRICEBII IR W75 2 R
FHEFH LR L £ T
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