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ABSTRACT: In studies of asthma prevalence bronchial responsiveness has 
usually been measured as the provocative dose of bronchoconstrictor causing 
a 20% fall In FEV

1 
(P0

10
FEV

1
). This i.s relatively Lnsenslth•e and only 

10-20% of subjects in a gener al population sample will show such a re
sponse. Attempts to Increase sensitivity, such as the use of the provocative 
dose causing a 10% fall in FEV

1 
(PD

10
FEV ), have not demonstrated any 

overall advantage, due to poorer repeatabUlty. It has been suggested that 
measuremen t of bronchial reactivity using flow at low lung volumes 
measured from a partial flow volume cur ve Is a more sensitive index of 
bronchoconstriction than P0

20
FEV

1
• If equally repeatable, it would have 

advantages in epidem.iological pr11ctlce. In 20 subjects with astbma, we 
compared the sensitivity and repeatabill ty of PD10FEVI' P0

10
FEV1, and 

the provocative dose cnuslng a 40 % fall in now at 30% of vital capacity 
(PO 

40 
V 

30
P) following methacJtoline cha llenge. P0

40 
V 

30
P was more sensitive 

than botb P0
20

FEV
1 

and PD10Fl~V1 by 1.48 and 0.3.5 doubling doses (DD) 
of methacholine, respectively. PD

10
FEV

1 
and PD,

0
V

30
P showed equal r e

peatablllty, tbe 95% range for a single es tim ate of botb being 2.02 DD. 
PD

10
FEV

1 
was less repeatable, with a 95 % range of 2.35 OD. Values for the 

lntraclass correlation co-efficient, which measures the ability of a test to 
dl.scriminnte between ~ubjects, were 0.63, 0.79 and 0.69 for PD

1
qFEV

1
, 

PD20FEV., and P0,
0
V30P, respectively. The Increased sensitivity and 

comparable repeatablllty or measurement of bronchial reactivity for 
PD.

0
V30P suggest that th.is method may be useful for studies or asthma 

prevalence. 
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Measurement of bronchial reac tivity is frequenlly used 
as an epidemiological tool in studies of asthma preva
lence [1- 5]. Most studies have measured the airway 
response to constrictor chaUenge as the provocative dose 
of bronchoconstrictor causing a 20% fall in the forced 
expiratory volume in one second (PDufEVJ This is a 
relatively insensitive index of bronchoconstriction how
ever, since a measurement can only be obtained in 
IC~-20% of a random population using doses considered 
acceptable for epidemiological studies [1-5]. A more 
sensitive index of bronchoconstriction would increase the 
amount of information available, if it was equally repeat
able. PDuf EV1 has been used and shown to be more 
sensitive but less repeatable than PDJEV1 [6]. 

Measurement of now at low lung volumes from a partial 
now volume curve is a more sensitive measure of air
flow obstruction. Previous workers have shown that this 
method gives a more sensitive measure of bronchocon
striction to histamine or carbachol in normal and asth
matic subjects [7-12]. It has the additional advantage of 
not being preceded by a full inspiration, a manoeuvre 
that can increase bronchoconstriction prior to challenge 

in some asthmatic subjects and can conversely reduce 
the magnitude of induced bronchoconstriction in other 
asthmatic and nonnal subjects [7, 13]. However, for thjs 
method lO be useful, it must also be repeatable. DEJ!Aur 
et al. [9]. using the method of COCKRo~T et al [14], found 
that now at 40% vital capacity (PC40 V.?) taken fTom a 
parliaJ flow volume manoeuvre was more sensitive than 
PDufEV 1 but slightly less repeatable. The aim of the 
present study was to try to determine whether it was 
possible to increase the sensitivity without loss of re
peatability using the method of YAN et a/ [15] for the 
chaUenge since this is used most widely for epidemiol
ogical studies. We compared the repeatability and 
sensitivity of PD20FEV 11 PDI(fEV1 and PD40Y3? (pro
vocative dose of histamine causing a 40% reduction in 
V

3
?) in twenty asthmatic subjects. 

Methods 

Subjects 

Twenty asthmatic subjects (11 male) aged 19~6 years 
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were studied. To be included, all subjects had to have an 
FEV1>60% predicted, an improvement in FEV1>15% 
after 200 Jig inhaled salbutamol, a PDwf'EV1<4 J.lffiol 
histamine, and to be clinically stable on inhaled therapy 
only. Thirteen subjects were taking inhaled corticoster
oids, and all were taking inhaled beta agonists which 
were withheld 6 hours prior to the commencement of 
each measurement (table 1). Sixteen subjects were atopic. 
Nine of the 20 subjects who entered the study had prior 
experience of challenge test procedures. Written consent 
was obtained from all subjects. The study was approved 
by the Nottingham City Hospital Ethics Committee. 
Table 1. - Baseline subject characteristics 

Parameter Mean Range 

Age yrs 42 19-66 
Height cm 168 152-191 

Duration of asthma yrs 15 1-50 
FEV

1 
l 2.6 1.4-5.2 

FVC l 3.9 2.0-7.2 

FEV/FVC ratio % 68 44-91 

Experimental procedure 

FEY 1 was measured on a dry bellows spirometer 
(Vitalograph®) taking the higher of two me~urements 
within 100 ml. Flow at 30% of vital capacity (V3i) was 
measured on a rolling seal spirometer (Ohio) with sub
jects performing a forced expiration from approximately 
50% of vital capacity to residual volume followed by 
inspiration to total lung capacity and a forced expiration 
to residual volume. Values of V3i were calculated by a 
microprocessor attached to the spirometer. The mean of 
two technically correct procedures was used in all calcu
lations. The initial forced vital capacity was used to 
determine the lung volume 70~ below total lung capac
ity from which all subsequent V3i measurements were 
determined as recommended by PRIDE [16]. 

Protocol 

Subjects attended the laboratory on four days at the 
same time of day. The tests were performed at least one 
and not more than seven days apart in random order. 

After resting for 15 minutes, baseline FEY 
1 

was meas
ured. Subjects then performed a methacholine challenge 
test using a modification of the method of YAN et al. 
[15), using DeVilbiss hand held nebulisers with an out
put ranging from 2.5-3.5 J.Ll per activation. After base
line measurement, subjects inhaled 3 puffs of saline 
followed by cumulative doses of methacholine over the 
dose range 0.048-24.5 J.LffiOI. The airway response was 
measured one minute after each dose of methacholine. 
On two occasions response was measured as FEV

1 
and 

on two occasions as V3;. 'fhe test was continued until 
FEV 1 had f~en by 20% or V "JO? had fallen by 40% fi:om 
the post-saline values. PD1/'EV 1, PD20FEV1 and PD40 V liJP 
values were calculated by interpolation on log dose 
response plots. 

Statistical analysis 

Baseline values of FEY 1 on the four study days were 
compared by analysis of variance (ANOV A). Log trans
formed PD values were used in all analyses. Student's 
paired t-tests were performed on the two PD20 and two 
PD40 values to look for any other effect. Differences in 
sensitivity were assessed by two way ANOV A on the 
mean logPD10, PDw and PD40 values for each subject 
The standard deviations of the differences between the 
two values ofPDwfEVI' PD1;EV1, and PD40VJ were 
calculated with in inter-subject deviation of these esti
mates was calculated by dividing the standard deviation 
by the square root of two [17]. This was used to con
struct 95% ranges for a single measurement by each 
method (formula: 95% range=to.os x within subject so). 
The intraclass correlation co-efficient, a dimensionless 
measure of repcatability, was calculated for each method 
by dividing the between subject variance by the total 
variance in a one way ANOV A [18). 

Results 

One subject was unable to perform the partial flow 
manoeuvre satisfactorily and had to be withdrawn. The 
remaining subjects all had a measurable PD value in all 
tests. When asked, all 20 subjects found the PDwfEV1 
manoeuvre easier to perform. 

Table 2. - Measures of repeatability for the three methods 

PD1aFEV1 
PD

20
FEV1 PD4oV3aP 

Diff between 1st and 2nd mean 0.1 -0.014 -0.012 
test (log10 units) so 0.48 0.41 0.41 

Within subject so 0.34 0.29 0.29 
(log10 units) 

95% range for a single measurement 2.35 2.02 2.02 
(doubling doses) 

lntraclass correlation coefficient 0.63 0.79 0.69 
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Table 3. - Geometric mean PO values for the three 
methods 

1st reading 2nd reading 

PDIOPEVI 0.36 (1 .95) 0.28 (1.76) 
PD

20
FEV1 0.67 (2.18) 0.65 (1.97) 

PD•o"<Y'Jop 0.24 (1.66) 0.23 (1.79) 

Values are geometric mean (so in doubling doses) 

a) 100 

........ 
~ 10 

> w 
u.. 

0 c 
Q. 

01 
. 01 

b) 100 

§: 10 

c) 1oo 

........ 10 
~ 
Q. 

i 1 
·> 
0~ 
Q. 

I 0 100 

I 10 100 

PD20FEV1 (1) 

. 1 I 0 100 

Fig. I.- Plot of fi1St and se9ond PD values (f.UTlol} for (a) PD,jEV1, 

(b) PD20FEV1 and (c) PD,0V,J' with lines of identity. 

Baseline spirometry 

Mean (so) FEV
1 

values were alm?st identical on the 
four study days, 2.6 (0.2) and 2.6 (0.2) litres in the two 
days when PDFEV 1 values were measured and .2.5 (0.2) 
and 2.6 (0.2) litres on the two days when PD40V3cf was 

measured (p=0.9). Mean (so) baseline V
3
cf values were 

0.96 (0.14). l·s·• and 0.85 (0.12) /·s·• on the two days 
when PD40V3tf was measured (p=0.2). 

Sensitivity 

Geomelric m~ PD values for the 6 readings arc given 
in table 2. PD40V3cf was more sensitive than PD

20
FEV

1 
by 1.48 doubling doses of methacholine (1><0.001) and 
more sensitive than PDufEV1 by 0.35 doubling doses of 
methacholine (p=0.09). 

Repeatability 

There was no evidence of an order effect for any of the 
measurements. PD20FEV1 and PD40V30P were equally 
repeatable, and both were more repeatable than PD1j!EV

1
• 

The mean (so) differences between repeat measurements, 
the within subject standard deviations and the intraclass 
correlation co-efficients are shown in table 3. Fig. I shows 
plots of the data. 

Discussion 

We found no difference in repeatability between 
PDJEV1 and PD40V3cf, the 95% range for a single 
measurement being equal at 2.02 doubling doses of 
methacholine. The equal repeatability of these tests 
probably reflects the fact that although FEV 

1 
has been 

shown to be a more repeatable measurement than flow at 
low lung volumes taken from flow volume curves [19, 
20], the PD40V3cf is measured on a steeper part of the 
dose response slope than PD

20
FEV

1
• PD

10
FEV was 

slightly less repeatable with a 95% range of 2.3S dou
bling doses. The repeatability of PD

10 
and PDwffiV

1 
in 

our study are very similar to that found by CHINN et al. 
[6] in a community population using the Yan method. 

The only previous study which has compared the 
repeatability of PD2aFBV1 and of flow at low lung vol
umes is a study by DEHAUT et al. [9], in which histamine 
was given by the method of COCKRoFT et al. [14], and 
flow at 40% of vital caP,acity (PC40 V3cf) was compared. 
They found that PC40 V30P was less repeatable than 
PCJEV

1
, the 95% ranges for a single estimate being 

1.83 and 1.59 respectively. The slightly better repeatabil
ity of PCJEV

1 
in Dehaut's study compared to ours is 

unEkely to be due to differences in methods, as the only 
study to compare the Cockroft with the Y an method 
directly showed the repeatability of the Y an technique to 
be marginally better [21]. Measurement of repeatability 
depends on within subject variation in airway calibre and 
on the repeatability of the technique, and there is no easy 
way to separate the two. The difference in repeatability 
between Dehaut's study and ours may be due to differ
ences in subjects. Dehaut et al. do not mention the pre
vious experience of their subjects, but only nine of our 
subjects had previous experience of challenge test proce
dures. The fact that the previous experience of these nine 
was with PD20FEV1 would tend to bias repeatability 
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towards PDfiVl' and the same may have been true in 
Dehaut' s study. 

Flow at low lung volumes has been shown to be more 
sensitive th~ PD20FEV1 in several studies [8- 13]. fn our 
study, PD40 V3l was more sensitive than both PD2.0 or 
PD10FEV1, by 1.48 and 0.35 doubling doses respectively. 
In population studies this would be likely to increase the 
number of responders by approximately twofold, if the 
maximum dose of methacholine used was 25 J.UllOl as in 
the present study. 

We used the intraclass correlation co-efficient as a 
dimensionless index of repeatability. This measure gives 
the proportion of the total variance which can be 
accounted for by between subject differences, and there
fore indicates how good a test is at discriminating be
tween subjects. The intraclass correlation co-efficiem for 
PD40 V 30P was 0.69 compared with 0.79 for PD20~V1 
suggesting that the increased sensitivity of PD40V3l 
is achieved with some loss of discrimination of between 
subject differences. The intraclass correlation for 
PD

11
,FEV1 was the lowest at 0.63, suggesting that this 

measure is least able to detect between subject 
differences. 

Other factors must be taken into account when consid
ering the use of partial Oow volume manoeuvres for 
epidemiological studies. The time taken to obtain 
PD40V3l was similar to that taken for PDfiV1 meas
urements (usually 10 to 15 minutes). One subject, 
however, was unable to perform the partial manoeuvre 
satisfactorily, and, when asked, all subjects thought that 
the partial manoeuvre was more difficult to perform. 
Another drawback is that the equipment required is gen
erally less portable than a bellows spirometer. This prob
lem is likely to be overcome with the introduction of 
more portable computerized equipment for recording ex
piratory flow volume loops. 

The use of flow at low lung volumes taken from partial 
flow volume curves may prove a useful technique to 
assess bronchoconstriction in future studies of asthma 
prevalence in the community. This would need to be 
tested in a randomly selected community population and 
more portable equipment would be needed. 
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Comparaison de 3 mesures de la reponse a la methacholine en 
inhalation. AJ. Knox, H.E. Coleman, J.R. Britton, A.E. 
Tattersfleld. 
RESUME: Dans les etudes de prevalence de l'asthme, la reac
tivitc bronchique est mesuree par la dose de broncho
constricteurs provoquant une chute de 20% du VEMS 
(P0

10 
VEMS). Cette technique est relativcment pcu sensible cl 

10 a 20% seulement des sujets d \m echantillon d 'un popula
tion gcnerale ont une reponse de ce type. Des tentatives pour 
augmenter la sensibilite, comme par exemple !'utilisation de la 
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dose provocatrice d'une chute de 10% du VEMS (PD
10

VEMS) 
n'ont pas prouve qu'elles soient globalement avantageuses en 
raison d'une plus faible reproductibilite. On a suggere que la 
mesure de la reactivite bronchique par l'etude des debits a petit 
volume puhnonaire, mesuree a partir d 'une courbe debit
volume partielle, pourrait etre un indice plus sensible de la 
broncho-constriction que la PD20VEMS. Si elle etait aussi re
productible, elle aurait des avantages dans la pratique epidemi
ologique. Chez 20 sujets atteints d ' asthme, nous avons 
compare la sensibilite et la reproductibilite de PD

10
VEMS, 

PD20 VEMS et de la dose provocatrice, provoquant un-: chute 
de 40% du debit a 30% de la capacite vitale. (PD40VT3l). 
apres une provocation a la methacholine. PD40 VT3l est plus 

sensible que les deux autres mesures (PD
10 

VEMS et PO 
1 0 

VEMS 
de 1.48 et 0.35, doses de doublement de la methacholine, 
respectivement. PD10VEMS et PD40VT30P ont une reproducti
bilite egale, la marge a 95% pour une estimation isolee des 
deux etant de 2.02 DD. PD1 VEMS est moins reproductible 
avec une marge a 95% de 2.3S DD. Les valeurs du coefficient 
de correlation intra-classe qui mesurent la capacite d'un test de 
discrimination enlre sujets etaient respectivement de 0.63, 0.79 
et 0.69 pour PD10VEMS, PD20VEM~ et PD40VT1l )· La mesure 
de la reactivite bronchique par PD40 VT30P semble une methode 
utile pour les etudes de la prevalence de l'asthme, en raison 
d'une sensibilite accrue et d'une reproductibilite similaire. 
Eur Respir J., 1989, 2, 736-740 


