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Normal Values of the Forced Vital Capacity Maneuver and Effect
of Smoking in Korean Young Adults
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It is of an utmost importance that the normal values of the forced vital capacity(FVC) maneu-
ver for Koreans be established. This study was aimed to establish the normal values of the FVC
meneuver for Korean young adults aged around 20 vears and also to elucidate the effect of smok-
ing on the mancuver. The FVC maneuver was performed by 93 healthy male and female college
students in groups of smokers and nonsmokers using o spirometric computer, and FVC, FEVq.;,
FEVws%, FEV., FEV.1%, FEV., FEV.%, PEF(peak expiratory flow), FEFoz1.2z, FEFz-15,
FEFms_ss%, FEFus, FEFss FEFus, and PIF(peak inspiratory flow) were measured.

The conclusions derived from the results obtained are as follows:

The male sraokers showed lower values compared with the male non-smokers in all of the
paramecters, but there was no statistical significance.

The female non-smokers showed significantly (p<{0.01) lower values compared with the male
non-smokers in all parameters except FEVo:s%, FEV% and FEV.%.

Parameters which showed significantly(p<0.05) positive correlations with the height, body
weight or body surface area were FVC and FEV; in the male nonsmokers, FVC, FEV.; FEV,,
FEV; and FEF;; in the male smokers, and FVC, FEVas, FEV,, FEV., PEF and PIF in the
female non-smaokers.
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B oy Bl Vet iy Suface SO,
lcm) (k) Area( nz Cocfficient of " Case

e o SOV Height & Weight %
I\LIL Nonsmoker 20, 05(0 14) 171, 74(0.80) 59.40(1.08) 1. 69900, 017) 0. 487## 31
Smoker 20.80(0.15) 171.33(0.88) 60.00(1.01)  1.7C4(0.017) 0.555%# 2
Female Nonsmoker  19.70%% 158.51%* 49, 577 1,485%* 0. 668%# 37

(0,12 (0. 61) (0. 64) (0.011)

Values are means with standard crrors in parentheses,
**Significantlv{p L 0.01) diffcrent from the male nonsmokers.
#+Significant{p-J0. 01) correlations,
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Table 2. Forced expiratory volumes in male and female subjects
Male Female

T\onsmol\er(n = 31) Smoker(n=23) Nonsmoker(n=:37)
FVC() 4.366£0, ()4)1 4,3104-0. 002 2, 84240, 080**
FEVas(L) 3.11140,084 2,990+0.075 1. 86140, 087**
FEVo.52(%) 71.00+1. 49 69,081, 28 64,952, 54
FEV (L) 4. 06640, 083 3.953+0,0%0 2,528 £0. 089**
FEV(95) 92,9040, 93 91.4041.04 88.54+2.07
FEV,(L) 4.3644-0,091 4,301+0,093 2.840+40, 081**

FE V)ﬁ}(/:'v,) 99, 94-+0, 06

99,760, 17 099,84+0. 16

Values are means =+ standard errors.

#*Significantly (p<0.01) different from the male nonsmokers.



Table 3. Expiratory and inspiratory flow rates during FVC

Values are means -+
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manecuver in male and female subjects

(L/sc(t)

chn‘f

Nensmoker \n~ 31)

PEF +0.345
FEFo.2-1.2z 7.567 0,293
FEF -5 5.32640.214
FEF 75859 2, 62840, 158
FEFasx 8.016+0.319
FEF 505 5. 89640, 236
FEFzz4 3.306-0.184
PIF 5. 710+o.

standdrd errors.

364

\oncmom o1

Smoker(n=25)

65\J“’ 0. "78**

8. 1824:0. 262 4.

6,983 40,223 4. 1540, 255%*
4.954+0.195 3.283:£0. 1867+
2,22140.126 L GRG0, 007+
7.751+0. 255 4. 43810, 272+
5. 6694-0. 237 3. 646 =0, 223**
2.916+40. 157 2,167 0. 1267
5. 3.22140. 199%*

189+40.373

**Significantly (p- 0.01) different from the male nonsmokers.
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Fig.2. Expiratory and inspiratory flow rates
during FVC maneuver in male and
female subjects.
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0.628, p<0.01; u!

the male nonsmoker.
PEF: peak cxpiratory flov.,
PIF: peak inspiratory flow.
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Table 4. Correlation analysis of physical char-

acteristics and parameters of FVC
maneuver in male subjects
Regression equation E“’f}‘-(‘ila»ti on
coefficient
Nonsmoker
FVC (L) 0.983+1.991 X BSA 0. 361*
FEV,; (L) 2.580+0.03003xXBW 0. 356*
0.9394-2.016 X BSA 0. 365*
Smoker
FVC (L) —0G.87240.06526 X HT 0, 628**
—0.085+4-2.580x BSA G, 464*
FEVos (L) —4.528--0.04388xXHT  0.516%
FEV, (I —6.405+-0. 06046 X HT (. 593%*
FEVs (L) —7.016-+0,06606 < HT 0, 627%*
0.013+2,517 <X BSA 0. 446*

FFFEM(L/%CC) —12.723--0. 1673 X KT 0. 401*

Only 31gmt1(“mf (*p\O 05, **p\O Oﬂ ICSUIYS
arc listed.

HT: height(em), BW: body weight(ke).
BSA: body surface area(ms2).

FEVs, ¥ fMar(r=0.326, p<0.05)cj 9o}
2] PEF, JiFUff(r=0.401, p<0,05)¢ 9o 4]
®] FEFsowst Z0FFEMMR: (r=0.395, 170.05)4]
ol Aol PIF gleh. &8l Slo] Al ficsl FVC,

FEVa.5, FEV; 2l FEVashel Bt Mbkigi-o
OB 3,04, 51 6ol B owpst ;g»

WHES RS HWEGE 2 LT R
Heeell o] FVC(r=0.457, 1)\’0.(,)) yl FEV,
(r=0.359,  p<0.08)5} YIFIRULLES(r=20. 356,
p<0.05) ¥ ZrFIRIIERE(r=0.451, p< 0.01)e] o
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Table 5. Correlation analysis of physical char-
acteristics and parameters of FVC
waneuver in female subjects

- ; ion
Regression equation Correlatio

cocfﬁclcnt

FVC (L) ~10. 210 } 0 08234/\ HT 0. (322**
0.015-+0, 05704 BW 0. 457**
—2,948+3. 899X BSA 0, 554**

FEVes (L)  —6.625+40.05353<HT 3, 374*
FEV (L) —9, 05240, 07873 HT 0, 536%*
0. 063—0. 04975 BW 0, 359*

—2,689--3,514x BSA 0, 450%*

FEVy (L)  —10.838-0,08313<HT 0, 6227*
0. 0160, 05695 < BW 0. 451**
—-2,067-3.811 x BSA 0, 850**

PEF (L/sec) —14.031+-0, 1494 < HT 0. 326*
PIF (L/s(,c) —-17.3474-0. 1‘)98,\’HT 0, 395*

) 01) r(‘;ul

Ox‘ly ms;mtm:mt (Fp. 0. .05, **n
are listed.

HT: hcigh"(cm) BW: body weight(kg),
BSA: hodv surface area(m?),
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Fig.4. Regression lines with mean values of
height and FEVy.; in male and female
subjects.

Significant (*p-{0,05) correlation.

WEREH A ET AEBEHEE 2 e HWFE
V}L(;k?’é??ri(r:l).Shl, p<0.08), FJE’F&’E"&E\EG:O.%&
p<0.08) T A FHuRAEAE(r=0.554, p<0.01)4]
Aol A8 FVC, Z-FHfdEm(r=0.450, p<0.01)
of sle]Aje] FEV; 3t HFIElMB(r=0.365 p<
0.05), "MTWHMRE(r=0,446, p<0.05) ¥ LT
W FERE(r=0.550, p<{0.01)q) 3lo]l A& FEV;4lc),

o Male Nonsmoker

6L~ ~~&— Male smoker
=4 Female Nonsmoker
5
4}
2
= 3
2F
1..-
1 1/ 1 L C
R T R T R V VR T M - R i
Height’
Fig.3. Regression lines with mean values of

height and FVC in male and female
subjects,
Significant (**p<0,01) correlation.
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Significant (**p<0.01) correlation.
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anle S Cnx,mdlhon of imcc(‘ prlratov Volumes w1th szVlom btudw

H\ nt., R. E.“ }\orcan authors L’r(,sent a
Ranges for average  Valucs predicted from \[om~ -
e - adult male age or age & height =

FVC (L) — 4.582(3. 200)3" 4.56502, 842)
41,5715

FEVes (L) 2,8--3.2 — 3. 111(1.861)

FE Vs ( 53—66 - 7100084, 05)

FEV; (L) 3.0—4.0 4, 047(2, 98973 4.065(2.520)
1, 0539

FEVis (%) 30—85 8. 86(91. 53)% 92, 40( 38, 54D
0()' 1935)

FEV, (L) % 5—4.8 - 4.364(2. 840)

FEVs(75) 17— 00 49, 80(100, 20)29 09, 0440, 1)

Values are for male sulbjocis

with values for fc‘malc in parentheses.

Table.7. Comparison ol expiratory and inspiratory flow rates with previous studie

quie
(I /sec
Hyotr, RUELY horezm duthor: Prex ent smhov
Ranges for average  Values predicted from
B ~acult male age or age & height
PEF 2,23-10.4 10. 587(7. 070y

FEFo2-1. 21 5.8—0.2 7. 53230

FEFas 754 T—4.5 5. 20(4. 09)!
5, 051

FEF 254 4,8—8.4 4, 226(6. 553)% £.01674, 438

FEF 504 2.5—5.3 6, 053(4. 728)% 5, 80872, 6460

FEF:& 0.0—2a.1 2,915(2. 35")7“

\alues are ior nulc subjects w

values ifor fcmzx]( in pavcm‘u $es.



LHE - ST M - SRR

5% B FEFnget v] Eote

, BOFIEREAE] sl

AAE BE RE] Kk + galeh el 2
e 20@EH: el L} & R st
Yo A% A% e —Mel fmel m R FlmH

ol gk WL HiALer b
sbd 7 A Zgleh

FUTL L 20,00, FORLIN 516
L FRIBA HFA GRS K
BT, SIS ) FEV.5, FEFin, FEFuse o
FEFmwyrl frisbl stebm st sh K Bigee] sled
A Bygainee] PHags-e 20, 80%;1_} FHINY
7% Ww # 3420] wlm, W O3GkeE 15
el fEsepel Rl S BHFEE o) QRAR =
T K 3ol Moz A 9 g
BHEel A MRS FEML IR Abo] o
gl Al = e
Hed, g3 WAERel B pwte] glel A degiiEa
B2l o SR sk i A i

50147 o) Eeol

o) 5o}

st

oK \
o7 Aol U T MEE g Aol
Ay REE A A
KTPRIRS TR He) FEVes,

FEV.% @ FEV%E IR BE BREE) glel A
FHESHA (p<0.01) W& 718 vhehf gy o]
O Fimol A FRek Arkins 89 9@ Miller 458
WEet & —Febr el zEdl LTk
°‘oM Kifsore] pibtEol Sk, W, WSERY

TR HRT B AE Hola 9, o E
vl g EREPE DT R o frEskal (p<
0.01) =hotebts iz vlde) ¥ o, % j' “‘»’-’Hm*’?}'
HES BEtl A vhebd ol wlal WiVER = fi
Hilisyel Mkge] eME L] RILY ‘ 7:!9.
2 Azhee,

‘:
Fo®
R o

E N

Zhb AR MhEREERER AR Shbel BN
SRR B A WAE RETlE e

ol ssleror I sl
A pRgeel M 208k here] Rl olef A
EWEE Fshn gelo] ole) vlal HEE ot
51_12} BT T KB M 03400 R
ghripe o B [R4>3he] spirometric computer B2
‘V‘U?" bpsank-s A Pers FVC, FEVas,
FEVa:%, FEV,, FEV,%, FEV.,
FEFo.oo1.0z. FEF e, FEFws g, [EF2e. FEF
sos. FEF:z 9 PIF & Hsrobedch.

FEV.%, PEF,

REHE Byl ok gk

EogsEdel glel A MFREa e DT IRgE
PEo] e whe M-S RQont Y ERe
ot g et

SE it ST

FEV,% ¥ FEVs@e] glof A& wb-g S
Y g ERE ohdm, oE ZE le"ﬁﬁ,f'pﬂ
gled A= *"‘%‘"}?ﬂ( p<(0.01) %gku}

el A FEVos%,

Lz, T BAEFEEE FES(p<0.05) M
HHR B A Lﬂ_d 78 JJT%?&'M?M glel A FVC
g FEV, WBrimaes]l gels FVC, FEVos,

FEV,, FEV; ¥ FEFsusst ZFIERMMA Slo1 A
FVC. FEVes FEV,, FEV., PEF % PIF g+l

% £ X K

-

. Hutchinson, J.: On the capacity of lungs
and the respiratory function with view of
establishing a precise and easy method of
detecting  diseases by spiromcter. Trans.
Med-Chir. Soc. Lendon, 29 : 137—252, 1846.

. Tiffencau, R. and Pinelli:
¢t air captif dans Pexploration de la fonc-

Paris Med.,

%]

Air circulant

tion ventilatrice pulmonaire.
133 : 624—628, 1947,
3. Gaensler, E.A.:
atory defect by timed capacity measure-
Am. Rev. Tuberc., 64:256—278,

Analysis of the ventil-

ments.
1951.
4. Hyvatt, R,E.: Dynamic lung volumes. In:
Sec.3, Fenn, W.
0. and Rahn, H. (Eds), Washingten, D.
C.. Am. Physiol. Soc., 1965,, pp.1381—
1397,
5. Arkins, J.A., Glaser, M.R.

R.J.: The maximal expiratory flow rate

Handbook of physiology,

and Trettel,

of normal individuals, Diseases Chest, 371
496—498, 1960,

6. Kory, R.C., Callahan, R., Boren, H.G.
and Syner, J.C.: The Veterans Administ-
ration-Army cooperative study of pulmon-
ary function, Am. J. Med., 39:243—258,

1661,

W.S.: Maxi-

Am. Rev. Tuberc.

Pulmonary Diseases, 72: 783—800, 1655.

7. Leuallen, E.C. and Fowler,

mal midexpiratory flow.



=70 =

HHBN &

L oy L g 1082

8. Miller,

. Lockhart, W.,

SJi

p—at

W.F., R.L., Jr.
Wu, N.: Relationships between fast vital

Johnson, and
capacity and variations timed expiratory
capacities. J. Appl. Physiol., 14 157—163,
1859,

Vital

capacity and timed vital capacity in normal

. Pemberton, J. and Flanagan, E.C.:

men over forty. J. Appl. Physiol.,, 91291
—296, 193¢,

. Goldsmith, J.R.: A simple test of maximal
cxpiratory flow for detecting ventilatory
obstruction. Am. Rev. Tuberc. Pulmonary
Diseases, 73 :180—190, 1958,
LT.T.:

and

Higgins, Respiratory symptoms,

bronchitis, ventilatory capacity in

randem sample of an agricultural popul-
ation. Brit. Med. J., 2:1198—1203, 1957.
Smith, D.H.. Mair, A.
and Wilson, W.A.: Practical experience
with the peal flow meter. Brit. Med. J.,
I 237—33, 1460,
Selbs, T. and Read, J.:
tl Australian  adults.
40—51, 1961.

. Tinker, C.M.: Peak expiratory flow me-

Maximal expir-
atory flow rates in

Australasian Ann. Med., 10 :

asured by the Wright peak flow meter.
Distribution of values in men aged 30—59
who denied respiratory symptoms. Brit.
Med. J., 1:1365—1366, 1961,

March, H.W. and Lyons, H.A.: A study
of the maximal ventilatory flow rates in
health and disease. Diseases Chest, 37 : 602
—614, 1960.

. Strang, L.B.: The ventilatory capacity of
normal children. Thorax, 14:305—310,
1959,

Ashferd, J.R., Duffield, D.P.
J.W. ot A search for simple combinations
of FEV(l second) and FVC independent
of age and physique in coalminers.
Occup. Hyg., 4:68-—-81, 1961.
Carpenter, R.G., Cochrane, A.L., Gilson,
J.C. and Higgins, I. T. T.: The relationship

between ventilatory capacity and

and Fay,

Ann.

simple

pneumoconiosis in coal workers. The effect

of population sclection. Brit. J. Ind. Med.,

19,

137 166—176, 1956.
Gandevia, B.: Normal standards for single

breath tests of ventilatory capacity in chil-

dren. Arch. Disease Childhood, 35: 236—
239, 1460,

20, Needham, C.D., Rogan, M.C. and Me-
Donald, 1.: Normal standards for lung

O

23.

25, Bl

28,

29,

. Engstrom,

volumes, intrapulmonary gas-mixing, and
maximum breathing capacity. Thorax, 9:

313—325, 1954,

. Shephard, R.].: Some observations on peak

expiratory flow. Thorax, 17 :32—48, 1862,
Lyons, H.A. Tanner, R.W. and Picco,

T.: Pulmonary function studics in children,
Am. J. Diseascs Children, 100 : 186-—207,
1960,

Cherniack, R.M.: Ventilatory function in
normal children. Can. Med. Assoc. J., 87
: 8031, 1%62.

24, Carc, C.G. and DuBois, A.B.: Pulmonary

function in kyphoscoliosis. Thorax, 16 232
—250, 1961.

AT ¢ BRI R RAY fuE R
PAGE WF%E 1. 50iMErPEEhERe] s
o7, KEWEBGHE, 23715720, 1980.
I., Escardo, F.E.,

P. and Kraepelien, S.: Respiratory studies

Karlbverg,
in children. V. Timed vital capacity in
healthy children and in symptom-free asth-
mwatic children. Acta. Paediat., 48 :114—
120, 1959,

. Wright, B.M. and McKerrow, C.B.: Ma-

ximum forced expiratory flow rate as a
With a
description of a new portable instrument
for measuring it. Brit. Med. J., 2: 1041 —
1047, 1959,
Cander, L.

method for

measure of ventilatory capacity.

JJH., Jr.: A

the objective evaluation of

and Comroe,

bronchodilator drugs. Effects of dapanone,
isuprel, and aminophylline in patients with
bronchial asthma. J. Allergy, 26 : 210218,
1955,

ranklin, N.R., Mead, J. and Ferris, B.
G., Jr.: The mechanical behavior of the

lungs in healthy elderly persons. J. Clin.



SHE i AN - SR BBURAT L8] B ) ERMSE BfEel olo) PAe g — T 1 —

Invest., 36: 16301687, 1957. JERE HVH #%bé‘%—ﬂ HEERE. AT
. Hyatt, R.LE.: The interrelationships of SmEtmel e o B, KEPRR S

pressure, flow, and volume during various iE, 231 146—153, 1980.

respiratory maneuvers in normal and em- 34, BELES O ERER AR, B o rPuksSwisn,

physematous sabjects. Am. Rev, Respirat. 261 2735, 1979,

Diseases, 83: ¢76-—0683, 1961. 35. aAA - o E 0 A4 Aoty HEek o

UHE) - 2R PR - AR BRIBE Al THEY RSB WO, 30 357—364,

2] iiﬁ‘ul-m{wl Bk B 0. BRI 1977.

Wgagiel pTE thosm. AREREEIL, 36, sokxb e 27 r Al 2 A TEAEs

23 1 985--990, 1980, Al EE. AR R W, 30 365—

GeaUHT o AMEE] el BB HEEIE 372, 1977,

B B M R PLo R, KEAR S 37. BIEE) - WAUH) - TROK - FMNED - ERRE

wHRE, 220726730, 1979, o] ME . KBMWERet, 21:321-328,

- TERNER - SRR - RMEVEY - BT - BRI - Hb 1978,



