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== Abstract =

Assessment of the Relationship between Pulmonary Function Test and Dyspnea Index
in Patients with Bronchial Asthma.

Se Kyu Kim, M.D., Seon Hee Cheon, M.D., Joon Chang, M.D., Jong Won Ha; M.D.
Chein Soo Hong, M.D., Sung Kyu Kim, M.D. and Won Young Lee, M.D.

Department of Internal Medicine, College of Medicine Yonsei University, Seoul, Kovea

Background: Despite dyspnea is a predominant complaint of patients with respiratory disease, the
mechanisms contributing to the sensation of breathlessness are poorly understood. Traditionally,
physicians have measured objective pulmonary function to assess severity of dyspnea. But it will be
also useful to measure subjective dyspnea index because dyspnea probably depends on a complex
interplay of mechanical, experimental, emotional and other factors.

Method: We measured breathlessness at rest, after Methacholine challenge and then bronchodilator
inhalation using a Visual Analogue Scale (VAS) and Borg Scale Dyspnea Index (BSDI) in stable
asthmatic patients. Spirometry was performed concomittently.

Results: There was no correlation between dyspnea index and FEV1. There was also no correlation
between the change in dyspnea index and change in FEV1. The change in dyspnea index after
methacholine and bronchodilator was greater in clinically mild asthmatic patients than clinically
severe symptomatic group.

Conclusion: In asthmatic patients, there was a wide variation in sensory response for any given
FEV1, and the change in perception of dyspnea was greater in those with clinically mild symptoms.
The measurement of dyspnea index may vield information complementary to that obtained by
spirometry.

Key Words: Bronchial asthma. Dyspnea index. Spirometry. Visual Analogue Scale (VAS). Borg
Scale Dyspnea Index (BSDI).
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FAolnz FHHq] “2FFeA4 (dyspnea index)”
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42 n]3-F-243] (American Thoracic Society:
ATS, 1962) A A% £35]& 509 9 7@AH4 3=
o] Fado] 24 Aylo] AAE Agsigda, A
o] A A= dA4el det AF (mild), F55F
(moderate) ¥ % (severe) (Fig. 1) 2.2 T¥3lgi o},

FAE A e Al 248 & HA4E 103 o4
FAL RS st om AAA 3§52 A=E 5
e BAY 4 U=E A4egdd, Visual
analogue scale (0]31 VAS)*"& ‘A3 £aA ¢
I} FEEZ Fol A'E ol 100mme] 44 o] At
A8 3 Ax o} E¥sE Ay $¥o AL AxE
sleo]l ol & Z A8 9w, Modified Borg category
scale® 2 O(A3 34 %L)Fe W0(F=2 AsHA
o) 7R 1253418 22 $¥H 43 scaleZ A7)

e 1) ZE oA A, of AlEgle] E 3 &
(mild) 2) 9 1~23] "z, §olodoz 4A ¥
3) ¥ 1~23 ¥, 2~347 FUdy HE
55 1) F1~23] W, oz & 38 o
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2) & 1~28 U, AL <k wjojof sta
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3) F& AL Hoizm F 1~23) iz, 9
s A%
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Fig. 1. Clinical severity of bronchial asthma.

Add €3 A5 ddstE £2-F Borg Scale
Dyspnea Index (¢) 3} BSDI) 2 331+,

VAS % BSDI®} spirometry® AAHA 7= A=,
Methacholine F4AlollA FA& ey, 5%
H AR g FoA % 27 Z A5,

#71% AAE Gould system 218 ARg8e] 127t
x8A 37| (forced expiratory volume in 1 sec-
ond; o1& FEV1), =4 &=k (forced vital capac-
ity; ¢} 3} FVC) ¥ #HolFE71%571%-4% (maximal mid
expiratory flow rate; o} 3 MMFR)& %4 8%t
20psi =375 ¥ 5L2 A4 De vilbiss 646
Nebulizer & ¢] 8 slo] | & % (vital capacity; °] 3
VO)7tx AelAd4E 53] §YA7n 5 AAF &
A3 FEV1E va7|FA) 2 dlo], methacholine 34
-8 0.075, 0.15, 0.31, 0.62, 1.25, 2.5, 5.0, 10.90,
25.0mg/ml £2.8 27 5314 VC7hA F4419)a 5
¥ 73% FEV1 A& 343 FEV1e] vlar]EX 2
t} 20% ol A 7b450% methacholine A+ ¥ o2 3
Astglon, FEV1e] 20% %43} methacholine ¥
EE PC20% 3ltoich, olF 7|ahAl 849l isoproter-
enol$ Z& oz Y4712 58 HAF FEVIE
&34,

%4 A2l & Student’s t-testd o} &8k},

- | B
L ®7|s#Atet 3 E2RXT

AAR FAAEHAA F4F A4 @9 VASE
14+16.3, BSDI& 1.0+1.08¢]9l:, FEV1 2.9
+0.72L, FVC 4.0£1.09L, MMFR 2.4+1.23Lo}g}
t}, Methacholine ¥ AbollA 4A& veld %
VAS #i3}ek2 38+22.2, BSDI #l3}ek2 2.4+1.650]
% i FEVYI ¥ &3 —-30+9.2%, FVCH 3=
—14%+9.1%, MMFR #H3}a ~51+12.8%°ll o,
AGA HAH FolFE VAS Hsteke —34123.3
BSDI ® 38 —2.1+1.580) Q4 & FEV1 4 & &
42+23.2%, FVC &3} 19+15.0%, MMFR ¥ 3=k
1031+61.0%°] & t+(Table 1), F 4 A &} 9} metha-
choline ¥ 7|#=| 844 £4% 283 FEV], FVC
o MMFR 7 VAS 5l BSDI 7tel] A2tadAdl & glgle
v, FEV1, FVC % MMFR 43}tz VAS 9 BSDI
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Table 1. Dyspnea Index an8 Spirometry Results (mean + SD)

After Methacholine After Bronchodilator
Baseline .

Data Change* Data Change**
VAS 14£16.3, 53+25.0 38 * 22.2 231244 -34 £ 23.3
BSDI 1.0£1.08 3.3+1,66 241,65 1.6 1,74 ) -2,1.¢ 1.58
FEV1 (L) 2.9+0,72 2,1 2058 -30 £ 9.2 (%) 2.9 +0,70 42 +£23.2 (%)
FVC (L) 4,0+£1,09 34+098 ~14 & 9.1 (%) 4.1 +1.00 19 £ 15.0 (%)
MMFR (L/s) 2.4+1.23 1.1 £ 0.55 —51 £ 12.8 (%) 2.2+1,01 103 + 61,0 (%)

* base is baseline data
BSDI : Borg Scale Dyspnea Index

*¥ base is after methacholine data
{%) means percent change
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Fig. 2. Visual Analogue Scale (VAS) plotted against
premethacholine FEV1.

e ghol e AuaAlE AUcH(Fig. 2 & 3),

2. F1ExIMAle] il oHE O[S HAISY &
HoE x|

7B 9 QA4AE ol w2} FAE AT, TF
Y F5o2 78 348 FA 4 VASE 35 E,
ZTzp Zzz o7tz 11412.9, 16219.8, 17+16.9
°|9i 2, BSDI¥ #4 7 0.61+0.69, 1.1+1.23,
1.311.2801 ¢ &, FEV1¢ 727 3.1+0.56L,
2.5£0.59L,3.1£0.90 L8 2% &9 90%e°] A

# VAS: Visual Analogue Scale )
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Fig. 3. Change in Visual Analogue Scale (JVAS)
plotted against change in FEV1 (JFEVY1)
after methacholine.

olglon, TETUAS4Q VASH BSDIE F5T22
42 o] & A%E igo @y sAA +AE o8
A 5}7] 9keh(Table 2). Methacholine PC20& 73
2, £5%7, F37T 44 0.74£3.737mg/ml,
0.501+6.898 mg/ml, 0.48%+3.327mg/mle] &l &},
Methacholine A} 4 WAl VAS Wishke A%
*, FEFTF, FFT, A7 48123.6, 33122.5,
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Table 2. Baseline Dyspnea Index and Spirometry Results in Groups Divided by Asthma Severity (mean ¢ sD)

Mild {n=20) Moderate {n=15) Severe {(n=15)
Age 3313 3315 35+ 14
PC20 {mg/mi)  0.74 £3.737 0.50 t 6.898 0.48 + 3,327
VAS 11+12.9 16 £ 19.8 17+ 169
BSDI 0.6 £ 0,69 1.1 +£1.23 1.3+1.28
FEV1{L) 3.1 £0.56( 95+ 12.1%) 2.5+£0.59( 92 210%) 3.1 £0.90 (100 + 24.6%)
FVC{L) 4,3 £1,04 (105 + 12.6%) 3.6+ 0.75(101 £ 5.5%) 4,0 £ 1,35 (110 + 16.8%)
MMFR (L/s) 2.5 £1,28( 69 + 32,8%) 2,1 £ 1.22( 63 = 33.4%) 2.4 +1.21( 68 £30.1%)

Table 3. Changes of Dyspnea Index and Spirometry Results in Groups Divided by Asthma Severity (mean £ 5D)

Mild {n=20) Moderate {n=15) Severe (n=15)

After Methacholine*

VAS 48 + 23,6 33 +22.5 32162

BSDI 29184 2.1£1.62 1.9+ 1,31

FEV1 —-30% 9.8 (%) -32+ 9.1 (%) 27+ 8.6 (%)
After Bronchodilator**

VAS -37 £27.0 -27 £ 18.1 ~31£21.3

BSDI ~21+ 191 -1.8 ¢ 1.21 -2.1+ 1,32

FEV1 40 £19.1 (%) 43 £29.6 (%) 41 £21.5 (%)

* base is baseline data

32+16.2, BSDI wst=& 27 2.9+1.84,
2.1+1.62, 1.9%1.310|9low, FEV1 #isigke 7z}
—30%£9.8%, —32+9.1%, —27+8.6%°Ick, 713

** base is after metacholine data

# (%) means percent change

Table 4. Baseline Dyspnea Index and Spirometry Resu-
Its in Groups Divided by VAS Changes After
Methacholine Challenge {mean + SD)

A gAA T3 VAS Hstge Az —37+27.0, VAS > 40 VAS <40
—27%18.1, —31+21.3, BSDI # stk & 27 (n=24) (n=26)
—2.1%1.91, —1.8%1.21, —2.1%1.320] gl o v, Age 3012 3615
FEV] #l 8}2t & 7t 7 40£19.1%, 43+29.6%. PC20 (mg/mi) 0.64 +3.936  0.52£4,943
11£21.5%2 J4aelo}t AYEel $YE wek vas VAS 112128 17187
= BSDIe} w87} ekzk of 2 A3 Moo} FEVI BSDI 0.6 0,77 1.3+£1.23
42t S Aol 7k UgicH(Table 3). FEVILL) Coseinsm  (onszbiomy
3. ZEBUXF szl BE HIlSHAY 5§ Fve () (14-1’0;16-?;%) (?691;03&)
28 A MMFR (L/s} 2.6+1.34 22+1.12
{ 70£33.2%) ( 64£30.6%)

Methacholine 9k4 HF-E-A] VASS| = 31gko] 40 o] 4
AdF7 40v)ukel Feoz FRI Rokew FAAE Y
VASE VAS #steko] 40 ol Abel #3 40viute]l 7 7+
7} 11+12.8, 17£18.7, BSDI+ Z 7 0.6+0.77,
1.3+1.23, FEV1& 247+ 3.1+0.76L, 2.8%0.67L

oleit}(Table 4). Mathacholine PC20-& VAS =3}
gkol 40 o]4ol F3 40 wl=kql ¥ #7t 0.64£3.936
mg/ml, 0.52+4.943mg/ml ]t} Methacholine
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Table 5. Changes of Dyspnea Index and Spirometry Re-
sults in- Groups Divided by VAS Changes After

Methacholine Challenge (mean + SD)

VAS > 40 VAS <49
{n=24) (n=26}
After Methacholine*
VAS - 574131 21£11.7
BSD1 3.5£1,53 1.3:0.86
‘ FEV1 —30+10.8 {%) —29+7.8 (%)
After Bronchodilator** ‘
VAS —46+23.6 -20+13.7
BSD! —~2.821.65 —1.2+0,89
FEV1 41+18.7 (%) . 40%26.6 (%)

* base is baseline data
*¥ base is after methacholine data
# {%) means percent change

A kA4 wbEA VAS €Wz 57+13.1,

21+11.7, BSDI #3lzk2 72t 3.5+1.53, 1.3
+0.86, FEvVidi st e #7472 -30+10.8%,
—29+7.8%°19d2H, @A AAA FoF VAS 3}

22 747 —46+23.6, —20+13.7, BSDI #3lgke
Z7k —2.8+1.65, —1.240.89, FEV1 w3lepe 717}
41+18.7%, 40126.6%% EF-TUA 49 wshgko]

& Fol s1AZH E%%ﬂ-% ﬁé?& e 2t
(Table 5),

| ot
AR Aol A 3F AAH S Balo] A 91’313}
2] o} “go] A}, £ “wa| YEPEo
HAAE WHel 3FAUY 3529 (dyspnea) :9:35
Alg ER G = olvt 847 $A A A BajeA] &
L E22ow v 4 9l E748 589 (respiratory
effort) & 4abch, 3 EEahe Ads FaA 7o
w AAlel geldel st g 2 $e 4= 9ol
AA 2 dadollA] 7}75‘ @:—31 A sle 34 o=

£ dibeted 252 Eo0. @4 A ed e A

A2E 5§
nglovz A% #
23 ofn]E 7MA 2 gl _

1 BARA 828 ez FELY Axe &4
& FFEAe] & 77 FPlE ok WS
wjFol] folslx] gror, FAE AL T4 A%

AL 9SS 9T THAAD o|F ABS ATIE
ot & AFNAE 40l 243 ABAWA BA

% 9422 methacholine F4AAE AHdle] 7|4
A4%e QoA oz A7l isoproterenolS &
QA A ] 712 BA4-E dogla AAelA EEEe
o Wstied A sFTD 49 ABAY
spirometry® &3t Zhabaql sE-eute] Axe
FEV1 2.2 diud & 9+ 7| ¥4 (airflow obstruc-
tion) A= zte] AAAAE vlmsigict, FAA e
methacholine ¥ 7]%=] 44 FoJ& =43 spir-
ometry Z3<¢] FEV1, FVC o MMFR# 3§t

49l VAS ¥ BSDI 7ol 4834 glglon 242
watek gl s dagAlE ¢igla, FEVILSZ 344
7279 71254 A 2o wtelA] obF vhokdt 3§kl

z3 Aol TEFTIA45E b g o (Table 1, Fig
2 & 3), Burrows®!®, Woolcock$'?, Leiners'?,

WolkoveE¥%. A8 A2 ¥ a8lgglen] F4
o SFEZFAF} spirometry’t FH A dE A
ZEgate] F|Ed oz s Eol4st i) gidte R
ol AL ohn T FEed Jl el o] A} &
Zsle] =38 71413 (mechanical), 7% % (experimen-
tal), 7+3= (emotional)ql o2 =& 8¢lo] HAddln
zi“"" JAE A shgde}l, Campbell5 92 2§22

£ BE%9 ¢4 (length-tension) o] v} 7} A =
(mechanical) %-# 7 & (inappropriateness)ol - 7| g1 &
Aolels stglen], BakerE'¥& A4 alo] x4 4 ¢
L 5522 Aol B4 (resistive or elastic
load) & 7189} o] E2]A 59| Frtbetk Halo] 9
& Aolgtz 3%l Gottiried 519 =t A H A
2} (Chronic obstructive pulmonary disease) 3=} oj
Al oj#l gt 7|2 A7 Bt i3t 7R 7%l =il
o] gle}m stgc}l, Mahler§”2 E§239 40 7
%A 42 (functional impairment), 8% % (mag-

i
wo o
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nitude of task) ¥ X2 #& T (magnitude of effort) &
1 2 & Baseline dyspnea index (BDD)E A} £ 3} o
BDIoA A& A&} w75 Abolell & Aol wje} o}
G AL 2o 2 JAAE V=5 4G
AA G M FAH o2 YA QI (r=08), 7
St Al A A H A8 GRlel Al PolA (r
=04) A% 7|AAHA 2 atd A AAR L A7)

ol FEe-E Fisted ohE Yejde]E o) o
o33 Aolelm st

T dTolA 1 BAAA RS JAA e we) A
» T5% Y FFoE TR ed A4 52§
2249l VAS @ BSDIE #AFRch 570l o} 2
FE 9o} spirometry AFE FAF shglew,
methacholine W 713x) 844 5o} %2} VASs BSDI
o) wisteke abael sl Aggo] 8 Fuch o 2 9
& 2glev FEVL wigtake 3 ol giglth
(Table 2 & 3), =3 HA8=}74 methacholine %
34l VASe] wisheo) 40 o)Akl 73 mlgkel Fo
2 s WE 3 F 19}7‘]‘?9] w3yl & 7ol 7
AAele] 3EFEL AL AL 2ci(Table 4 &
5). Burdon$'72 ZIHAAA HAE gale z
Borg scaleg ©]-§38 4k dFellA AALA] 75 5
A7t & ARl A Zlmsdds) gl BAE B
o 2399 W IFTUA4E Rgew histamine
PC 205 FEV,0] 20% 7243-¢ o] s§=atx4 A
olefl 4APAE ¥Qlrk o] o] 5 “temporal adap-
tation”e| 2k A sle] w3 7| H4 5 Loy E 3t
e F4 ‘ﬁ”"%"] ZEEAL A3 7= (sensory
intensity) & Z4A71A] Sl oj=Ax el WA (toler-
ance)o| 44 gt 3lgirh, Altose?, KillianVg &h4
ot A5 37 A shel A & ol g} A ke
) AEe ol weld dopd FEu} s E |45
Zro 2 s o] % 24 ste AR F) 24T
9 d7 %, 3EVAY 48 2, 9 (distor-
tion)+-7, o2l THF 7o) 43 AE, F Ak wle
ot A7), AAA qk-e ohopd WESS dFsich
Burkig'¥= HAZAtEo] 93Hog sgaE A
Holl slo] olF therdl 74z (detection thresh-
old) & ®oletz 3t 71HAAA A4S st
g ¥ QATolAE 717 FEV1 % oluig} Methacholine
o2 sl FEV1Y zhdo] disie #2458 chofgl

okt ofN

N

ZEETY AAE Beon, HAgA) HAle FAsT L
7b 7wn|g Fapro] FAT47) AR A2 T metha-
choline ¥ 7} @A &a# Tl 7z o4 Hilol| ue}
A1 VAS ¥ BSDIZ} o] 24 #dsle 7ds 2o, 2
Bz} AbEEE g AFL FAl6l AR Ax (per-
F M LE S E 4 U

i
o|)l

Y

ceived magnitude) &} 74
=},
21 BA A4 BAE A g et JlolA #Abe] F
2l Ak o] & A (¢linical examination) o} E_/l
AZehn & 4 3ok, A Adz =
©_ 2 gpirometry s Al-§3le] 7l 3|S5
o1} FEV1S) 24% Sapwieh oj2jrhx)
Ae&el gqld) 7igldlnzg Fidq =
sl ol 4TAEE A 2L o
. ShimE'9-& A4l gAe) FAYAA) ] e &=
34 o] Z4 ZAo| AL E okl S a5cba

slglom, Vesbo5?¥s & &Fglol] #d 5L ALE

L R
§ e

o )
rir

>4
P

e
;:S_l}'.

4
off, r‘l\"
&

o oox o o NP
-

-‘;‘aiimi"rﬁri
rg‘

&

3t Zde] spirometryol] 529 $83 ARE AL
T+ 3 =G CFE AN £ A7 H 4 QUkan
3loith, Mahlers®2 T F2ke] dArdagl £4o] &
23 ol % 3FTE At BAY HE T8 F4
(complaint)eln], TEFa2 AL 7 F3|+= glefA
e, Q] 2qlE B¥H oz 83, 28 5 F
g Ao o] Huo a3F S FL¢ 2

o) Aol 7] wllFoleha 3lodch,

¥ AT vl A A A FATHG A
A 9] spirometry7} £8=7 ko v g gpirometryel
Yot BFEAA4Y A0l FaaH, ole Fu
ol Hal FHo|m 2 AAE Fhof HlaH sz AEH
ot 238 YA E 2 gsHuE 3 g

oA o] Aot AE ANE A E B8
23 A¥sL Helel A4E, 5§20l 4lsle
T+ g Rl ME 3F528 A
ZAel otz 5L 9)13)4)

N

spirometry% A& &
9 &AL 7peEhd,

spirometryol] H M3E-E Ho|z ot A 5 &
TR o] HEE 2 5 Qo] FaAg] FAY A
< shebstE Zlo] FEV1S &4 B %A 23 9¢
£ A B ATl 4l 249 @A HA B
#pukg thAhe 2 sl methacholine © 2 7| Z o4&
S A EE2e AxE vastge 1,} u} A 9] ) Bho]
v AR S B3-S ez AAR Fafe] og B9l
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< 9o} A5 3 A9 Eu)o) spirometrys} TEEY
A4E vlmws v A7) o etz A=,

2 o

AT EFTHE TEV1AG A AR 2 F
aolut ol A S A 71 AL obA & g4 Q)
2 gt A Bol A B EEae] A8 Ao} Azl o
32 FAsE o Yol ARAQ s 5E o] &3
o govt SFFAL A 7|5 B oz A, A
F, AAA 29] T8 W E H A Aoz T
Ho2 A3 3§ %A 4 (dyspnea index) & AHE
Sted ol T4 AEE YHoz EANE AE #
4% Aoz A7,

U F4e] 243 WA H4 FAE daen
Visual Analogue Scale(VAS)Y Borg Scale
Dyspnea Index (BSDI)%} Spirometrys ZAAMa #4
/¢el, methacholine -+ 43 Alol Al RS el
o, 71 AR G344 F4F 47 289,

E-E

1) 71A A€} Methacholine ¥ 7] %= &ala] Fof
F Al #7534 Aol VAS 9 BSDI 7t Al
A Hsith,

2) FEV1, FVC 9 MMFR ¥l &&3 VAS 9 BSDI
waek 7o e A glglh

3) AA 9 FAILS) AulF BAFol ALY
A% $AF 2o} methacholine ¥ 7184 &4 A4 Fof
%9 VAS 9l BSDI¢ w37} o gt}

4) 352944 4F VASe| BSDI ¥} =22 &
g ugom £ 24 7k AAAAE £ 4+ 9l
AHR=0.82),

HE Z1BAAA g2 A A3 Y Metha-
choline F-47A Ao Al 7% A4 419 &
A% Aolsl glgols £75kn FAH 3324
€ iS4 e von, ol AF AAFIA o
5 TG, 3ETUAASE 82 7 wmyse
€ AHE & glovt 3 BAA AFdgo} Naa
g Aol spirometry} ¥4 £8% xF5}
H Aoz gzgd,

s
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