
Changes in peak expiratory flow indices as a proxy for
changes in bronchial hyperresponsiveness

W.R. Douma*, H.A.M. Kerstjens*, C.M. Roos**, G.H. KoeÈ ter*, D.S. Postma*,
and the Dutch Chronic Non-Specific Lung Disease study group

Changes in peak expiratory flow indices as a proxy for changes in bronchial hyper-
responsiveness. W.R. Douma, H.A.M. Kerstjens, C.M. Roos, G.H. KoeÈter, D.S. Postma, and
the Dutch Chronic Non-Specific Lung Disease study group. #ERS Journals Ltd 2000.
ABSTRACT: Guidelines for asthma management advocate home peak expiratory
flow (PEF) monitoring. It is commonly stated that PEF variability is a good proxy of
bronchial hyperresponsiveness (BHR), a hallmark of asthma. However, this has
hardly been tested longitudinally, as required to monitor asthma. This study assesses
which PEF index correlates best with BHR longitudinally and whether the correlation
improves when correcting PEF values for the known nonlinearity of mini-Wright PEF
meters.

Every 6 months, for a period of 2 yrs, PEF diary cards were filled in and BHR to
histamine was tested in 104 patients with BHR and reversible airways obstruction,
who started treatment with bronchodilators with (n=33) or without (n=71) inhaled
corticosteroids. Within each subject, PEF indices and BHR were correlated longi-
tudinally.

The highest median correlation coefficients were obtained in the group of patients
using inhaled corticosteroids. The PEF indices providing the best correlation with
BHR were: mean PEF bronchodilator response (r=-0.50) and within-day variation (%
mean or % maximum) (with postbronchodilator values, r=-0.50; without postbron-
chodilator values, r=-0.40). Using PEF data corrected for the nonlinearity of the PEF
meters did not result in higher correlation coefficients.

Since current guidelines on asthma management recommend only bronchodilators
on demand, the most useful peak expiratory flow index for reflecting bronchial
hyperresponsiveness longitudinally is mean within-day peak expiratory flow variation
(% mean or % maximum) (without postbronchodilator values). Since the correlation
coefficients are not very strong, the authors suggest that peak expiratory flow meas-
urements are not used as a proxy for bronchial hyperresponsiveness longitudinally
but as a measurement in its own right. The use of corrections of peak expiratory flows
for the nonlinearity of mini-Wright peak expiratory flow meters does not improve the
correlation between peak expiratory flow and bronchial hyperresponsiveness.
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Peak expiratory flow (PEF) measurements are broadly
advocated as a tool for monitoring asthma [1], being useful
as an indicator of the diagnosis [2, 3], state of the disease
[3], necessity to start or change therapy [4], and response
to treatment [5]. Increased PEF variation is thought by
many experts to reflect the degree of bronchial hyper-
responsiveness (BHR) [6]. Several cross-sectional studies
have indeed shown moderate-to-strong correlations be-
tween PEF indices and BHR [2, 7, 8]. However, if serial
PEF measurements are to be used in patients to reflect
BHR in order to monitor asthma severity, the measure of
PEF variation should correlate with changes in BHR
within patients longitudinally, instead of between patients
cross-sectionally. Hardly any such longitudinal analyses
have been performed [9, 10].

Although the performance of repetitive home PEF meas-
urements is recommended in all guidelines for asthma
management, there is little clarity as to which time of day
and how frequently PEF should be measured or how to

express the results. Mean PEF variation over the day ex-
pressed as percentage of the maximum, the mean, and the
personal best are but a few of the expressions encountered
[8]. In this study, the longitudinal relationship between
these and other PEF indices and BHR were investigated
in a 2-yr study including the effects of different treatment
regimens, i.e. the combination of inhaled bronchodilators
(BDs) and corticosteroids or inhaled BDs alone [11].

An additional point which was addressed is the recent
insight provided by MILLER et al. [12] that conventional
PEF meters such as the mini-Wright PEF meter consis-
tently overread in the midflow ranges and underread at
lower and higher levels. The relationship between PEF
indices and BHR could be influenced by this. Therefore,
the correction factor for this nonlinearity of the PEF me-
ters was also used [13].

The aims of the study were: 1) to determine which PEF
index correlates best longitudinally in two different groups
of patients: patients with BHR and reversible airways
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obstruction treated with BDs in combination with inhaled
corticosteroids (ICS+) and patients treated with BDs alone
(ICS-); 2) to determine whether the correlation between
PEF and BHR is better when correcting PEFs for the non-
linearity of the PEF meters; and 3) to determine whether
the PEF index that correlates best with BHR longitudinally
is different from that which correlates best cross-section-
ally.

Methods

Data from a randomized double-blind multicentre clini-
cal study initiated by the Dutch government were used.
The main goal of this study was to compare the effect of
three treatment regimens (b2-agonist plus either placebo,
anticholinergic agent or corticosteroid, all by inhalation) on
the long-term course and outcome of chronic nonspecific
lung diseases (asthma and chronic obstructive pulmonary
diseases (COPD)) [11]. Two hundred and seventy-four
patients, 18±60 yrs old, with moderate-to-severe bronch-
oconstriction and BHR were included at six university
pulmonary outpatient clinics. The forced expiratory vol-
ume in one second (FEV1) needed to be >1.2 L, and 4.5±
1.64 residual standard deviation (RSD, being the SD of the
prediction equation) below the predicted value, or the
FEV1/inspiratory vital capacity >1.64 RSD below the pre-
dicted level. The provocative concentration of inhaled
histamine producing a 20% fall in FEV1 (PC20) needed
to be <8 mg.mL-1. Patients with a history of occupational
asthma or other serious diseases (e.g. tuberculosis, myocar-
dial infarction or malignancies) were excluded. Subjects
were not allowed to use oral corticosteroids, b-blockers,
nitrates, anticoagulants or antibiotics on a maintenance
base. The study protocol was approved by the Medical
Ethics Committees of all participating centres. All pa-
tients gave written informed consent.

For the analyses presented in this report, those patients
with BHR and significant reversibility to a b2-agonist (cha-
nge in (D)FEV1 $9% pred) were selected from the total
group to reflect asthmatic patients [14]. The results in the
patients receiving BDs in combination with inhaled cor-
ticosteroids were compared with the results in patients
receiving BDs alone.

Measurements

FEV1 and PC20 were measured at baseline and every 6
months during the study. During a period of 2 weeks be-
fore each visit, patients recorded PEF values at home, three
times daily. Measurements were made only during clini-
cally stable periods and not within 4 weeks after termina-
tion of a course of prednisolone. BDs were discontinued 8
h before each test (no long-acting BD treatment was used).
Because of the known diurnal variation in FEV1 and PC20,
measurements were scheduled within 2 h of the measure-
ment time on the first day.

Allergy

Atopy was assessed at baseline by intradermal skin test-
ing using 12 common aeroallergens. Patients were categor-
ized as allergic when they showed a positive reaction to
one or more allergens [15].

Lung function

FEV1 measurement was performed with calibrated wa-
ter-sealed spirometers according to standardized guidelines
[16]. At least three reproducible values (i.e. with <5%
difference among the recordings) were obtained; the high-
est value was used in the analyses. At baseline, BD re-
sponse measurement was performed by FEV1 testing
before and 20 min after administration of 1,000 mg ter-
butaline from a metered dose inhaler through a 750-mL
spacer device (Nebuhaler; Astra Pharmaceuticals, Rijs-
wijk, the Netherlands). The BD response was expressed
as a percentage of the predicted value.

Histamine challenge test

Histamine challenge tests were performed using a 2-min
tidal breathing method [17]. Aerosols were delivered from
a calibrated DeVilbiss 646 nebulizer (DeVilbiss Health
Inc., Somerset, PA, USA). The solution output was 0.13
mL.min-1. Results were expressed as PC20. For analysis,
a value of 0.015 was assigned to each patient who respon-
ded to saline or the lowest concentration of histamine (0.03
mg.mL-1). During the follow-up, a value of 64 mg.mL-1

was assigned when FEV1 decreased by <20% from base-
line using the highest concentration of histamine (32
mg.mL-1).

Peak expiratory flow measurements

After standardized instruction at the outpatient clinic,
patients recorded PEF at home, 14 days before each visit,
using a mini Wright peak flow meter (Clement Clarke In-
ternational Ltd., London, UK). PEF measurements were
performed three times daily, directly after rising (both
before and 10 min after study medication) and in the after-
noon (before the evening meal) and the highest value of
three was recorded at each time.

Peak expiratory flow indices calculated for each period
of 2 weeks

The PEF indices calculated for each period of 2 weeks
with the different means of expression are presented sche-
matically in table 1.

Correction of peak expiratory flow values

Because of the inaccuracy of the PEF meters, the PEF
values were corrected using the following formula:
0.0009PEF2+0.373PEF+47.4 [13]. All above PEF indices
were also determined with the corrected PEF values.

Data analysis

Peak flow cards were used only when at least nine of the
14 days were filled in. The analyses were limited to those
patients with acceptable diary cards at baseline and with
a follow up of $2 yrs. Calculations with PC20 were per-
formed using base 2 logarithmic values since this reflects

221CHANGES IN PEF INDICES AS A PROXY FOR CHANGES IN BHR



doubling concentrations and normalized distributions. Nor-
mality of distributions was assessed with Kolmogorov-Smi-
rnov tests in order to decide whether to apply parametric
(Pearson correlation, unpaired t-test) or nonparametric tech-
niques (Spearman rank correlation, Mann-Whitney U-test).
Chi-squared tests were used for dichotomous variables. Two
sided p-values of <0.05 were considered significant. For the
longitudinal analysis over a period of 2 yrs, individual
Spearman rank correlations between BHR and each PEF
index were calculated. These correlation coefficients are
summarized as medians within the interquartile ranges.
The cross-sectional correlation coefficients for the different
PEF indices with BHR are presented as Pearson corre-
lations.

Results

Of the 274 patients who were enrolled in the study, 91
were randomly assigned to the ICS+ group, and 183 to the
ICS- group. For this 2-yr study, patients with BHR and sig-
nificant reversibility to a b2-agonist (DFEV1 $9% pred),
and a complete set of PEF diary records, were selected.
The baseline characteristics of patients treated with BDs in
combination with inhaled corticosteroids (n=33) and pa-
tients treated with BDs alone (n=71) are presented in table
2. There were no significant differences between the 33
subjects of the ICS+ group and the 71 subjects of the ICS-
group.

Longitudinal analyses

Table 3 shows the median (within-subject) correlation
coefficients and their interquartile ranges of the PEF in-
dices and BHR to histamine. These correlation coeffi-

cients are weak to moderate. Groups of PEF indices with
even weaker correlation coefficients are not presented:
post-BD morning PEF (PEFa.m.), afternoon PEF, day-to-
day variation, and the SD of 2-weeks PEFs.

In the ICS+ group, the highest correlation coefficients
were obtained with the PEF indices reflecting BD response

Table 1. ± Peak expiratory flow (PEF) indices calculated for each period of 2 weeks*

PEF indices
Means of expression

Absolute % pred % mean % max*
(2 weeks)

% recent
best**

% max
day value

% pre-BD
PEFa.m.

Pre-BD PEFa.m., post-BD PEFa.m. and
PEFp.m.

Mean x x x
Minimum x x
Maximum x

Bronchodilator response+

Mean x x x x
PEF variability

Within-day variation#

Mean x x x
DTD1 Pre-BD PEFa.m., post-BD PEFa.m.

and PEFp.m.

Mean x x x
SD

Pre-BD PEFa.m. x
Post-BD PEFa.m. x
PEFp.m. x
PEFday

{ x

*: each day three PEF measurements were recorded (in the morning (a.m.), before and after bronchodilator (BD) use, and in the
afternoon(p.m.)). *: measured at a specific time of day pre-BD; **: highest pre-BD PEFa.m. value of the 2 weeks (only measured for the
pred-BD PEFa.m.). +: post-BD-pre-BD PEF; #: highest-lowest daytime PEF (with or without post-BD values); 1: PEF of day (x+1)-PEF
of day x; {: both pre-BD PEFa.m. and PEFp.m.. % pred: percentage of the predicted value; max: maximum; DTD: day-to-day variation.

Table 2. ± Baseline characteristics of patients according
to treatment and reversible airways obstruction

ICS+ ICS-

Patients n 33 71
Male sex n (%) 21 (63.6) 45 (63.4)
Age yrs 40�12.3 37�12.8
Smoking habit n (%)
Neversmoker 8 (24.2) 30 (42.3)
Exsmoker 11 (33.3) 25 (35.2)
Current smoker 14 (42.4) 16 (22.5)

Allergic n (%) 26 (78.8) 58 (81.7)
Pre-BD FEV1 % pred 63.4�13.3 60.6�15.3
DFEV1 post-terbutaline % pred 17.3�5.5 17.5�6.0
Log2PC20 mg.mL-1 -1.94�1.90 -2.54�2.24
Geometric mean PC20 mg.mL-1 0.26 0.17
Pre-BD PEFa.m.L.min-1 403�141 376�98
Post-BD PEFa.m.L.min-1 476�131 447�101
PEFp.m.L.min-1 465�135 434�97
PEF amplitude % mean 17.8�11.2 17.5�9.0
PEF amplitude % max 15.5�8.9 15.4�7.2

Data are presented as mean�SD. ICS+: group treated with
inhaled corticosteroids and a b2-agonist; ICS-: group treated
without inhaled corticosteroids, but with a b2-agonist and/or an
anticholinergic agent. BD: bronchodilator; FEV1: forced expira-
tory volume in one second; D: change in; % pred: percentage of
the predicted value; PC20: provocative concentration of inhaled
histamine producing a 20% fall in FEV1; PEFa.m.: morning peak
expiratory flow; PEFp.m.: afternoon peak expiratory flow; max:
maximum; amplitude: within-day variation (highest-lowest).
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(% mean) (r=-0.50) and within-day variation (% mean)
(r=-0.50 with post-BD values, r=-0.40 without post-BD
values). In the ICS-group, the highest absolute correlation
coefficients were 0.30, also for the three above-mentioned
indices.

The last column of table 3 shows the median correla-
tion coefficients between PEF indices and BHR, obtained
with PEF data corrected for the nonlinearity of the PEF
meters, in the 33 subjects of the ICS+ group. These cor-
relations were no better than those obtained with the "un-
corrected" PEF data (first column).

Cross-sectional analyses

Table 4 shows the correlation coefficients of the cross-
sectional analyses at the end of the 2-yrs treatment. The
same indices as for the longitudinal analyses are present-
ed, again the indices with the best correlations with BHR.
In the ICS+ group, the highest correlation coefficients
were obtained with mean pre-BD PEFa.m. (0.50), and
both minimum and maximum morning pre-BD PEFa.m.

(0.49). PEF indices reflecting within-day variation seem-
ed to be suitable as an indicator of BHR in both groups.

Discussion

This study shows that, in subjects with BHR and re-
versible airways obstruction, longitudinal correlation co-
efficients between different PEF indices and BHR are
weak to moderate. This applies to patients who are treated
with BDs in combination with inhaled corticosteroids and
those treated with BDs alone. Indices of diurnal PEF
variability calculated with or without post-BD values seem
to be the most useful indices for reflecting BHR longi-
tudinally. Cross-sectionally, these indices also correlated
well with BHR. Using PEF data that were corrected for the

known nonlinearity of mini-Wright PEF meters did not
improve the correlation between different PEF indices and
BHR.

Guidelines on asthma management recommend the per-
formance of repeated home PEF measurements, being use-
ful for evaluating changes in asthma severity and treatment
response. As BHR is a key feature of asthma, it is an im-
portant parameter to follow up. It has recently been de-
monstrated that asthma management plans including BHR

Table 3. ± Within-subject Spearman's rank correlation coefficients for longitudinal relations between peak expiratory flow
(PEF) indices and bronchial hyperresponsiveness by treatment

ICS+ ICS- ICS+ Corrected PEFs*

Mean pre-BD PEFa.m. 0.40 (-0.25±0.60) 0.22 (-0.30±0.60) 0.33 (-0.25±0.65)
% pred 0.33 (-0.25±0.65) 0.10 (-0.50±0.60) 0.33 (-0.25±0.65)
% max 0.30 (0.00±0.69) 0.30 (-0.20±0.50) 0.30 (0.00±0.70)

Min pre-BD PEFa.m. 0.32 (-0.23±0.68) 0.30 (-0.21±0.67) 0.30 (-0.20±0.68)
% recent best 0.30 (-0.12±0.70) 0.30 (0.00±0.70) 0.30 (-0.12±0.60)

Max pre-BD PEFa.m. 0.40 (-0.38±0.75) 0.05 (-0.40±0.67) 0.30 (-0.33±0.70)
Mean bronchodilator response -0.40 (-0.60±-0.05) -0.30 (-0.70±0.08) -0.30 (-0.45±0.10)

% mean -0.50 (-0.80±-0.10) -0.30 (-0.63±0.10) -0.50 (-0.75±-0.10)
% pred -0.40 (-0.70±-0.09) -0.30 (-0.60±-0.08) -0.30 (-0.60±0.20)
% pre-BD PEFa.m. -0.50 (-0.80±-0.10) -0.30 (-0.60±0.10) -0.50 (-0.70±-0.10)

Mean PEF amplitude (-BD)
% mean -0.40 (-0.89±-0.10) -0.30 (-0.70±0.20) -0.33 (-0.84±-0.10)
% pred -0.33 (-0.80±0.05) -0.30 (-0.70±0.10) -0.33 (-0.80±0.15)
% max -0.40 (-0.89±-0.10) -0.30 (-0.70±0.20) -0.50 (-0.84±-0.10)

Mean PEF amplitude (+BD)
% mean -0.50 (-0.70±-0.05) -0.30 (-0.70±0.10) -0.40 (-0.70±-0.05)
% pred -0.40 (-0.60±-0.10) -0.30 (-0.67±0.00) -0.30 (-0.70±0.10)
% max -0.50 (-0.70±-0.09) -0.30 (-0.70±0.10) -0.40 (-0.70±0.09)

Data are presented as median (interquartile range). *: for nonlinearity of mini-Wright PEF meter. ICS+: group treated with inhaled
corticosteroids and a b2-agonist; ICS-: group treated without inhaled corticosteroids, but with a b2-agonist and/or an anticholinergic
agent. BD: bronchodilator; PEFa.m.: morning PEF; % pred: percentage of the predicted value; max: maximum; min: minimum; -BD: not
including post-BD PEFs; +BD: including post-BD PEFs; amplitude: within-day variation (highest-lowest).

Table 4. ± Pearson correlation coefficients for cross-
sectional relations between peak expiratory flow (PEF)
indices and bronchial hyperresponsiveness in subjects
treated with bronchodilators (BDs) with (ICS+) or without
(ICS-) inhaled corticosteroids after 2 yrs of treatment

ICS+ ICS-

Mean pre-BD PEFa.m. 0.50* 0.25
% pred 0.40 0.37*
% max 0.42 0.40**

Min pre-BD PEFa.m. 0.49* 0.34*
% recent best 0.45 0.57**

Max pre-BD PEFa.m. 0.49* 0.15
Mean bronchodilator response -0.27 -0.46**

% mean -0.43 -0.48**
% pred -0.35 -0.42**
% pre-BD PEFa.m. -0.43 -0.47**

Mean PEF amplitude (-BD)
% mean -0.47* -0.53**
% pred -0.45 -0.53**
% max -0.47* -0.53**

Mean PEF amplitude (+BD)
% mean -0.47* -0.54**
% pred -0.44 -0.52**
% max -0.47* -0.55**

PEFa.m.: morning PEF; % pred: percentage of the predicted
value; max: maximum; min: minimum; amplitude: within-day
variation (highest-lowest); -BD: not including post-BD PEFs;
+BD: including post-BD PEFs; *: p<0.05; **: p<0.01.
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are superior to plans without BHR [18]. Although PEF has
repeatedly been advocated as proxy for BHR [5], the data
to support this notion are scarce. Moreover, there is little
clarity as to which PEF index should be used as an in-
dicator of BHR longitudinally. Cross-sectional studies
showed that diurnal variability correlated well with BHR
[7, 19]. REDDEL et al. [8] recommended minimum pre-BD
PEFa.m. (%recent best) as the most useful index, because
it strongly correlates with BHR in patients with stable
asthma and does not require the use of BDs. In the present
study, several PEF indices were evaluated with regard to
BHR, both longitudinally over a period of 2 yrs and
cross-sectionally, in patients treated with BDs with in-
haled corticosteroids or without inhaled corticosteroids.
All patients showed an increased bronchoconstrictor re-
sponse to histamine and reversible airways obstruction
and can therefore be considered asthmatics.

The present data from cross-sectional analyses, after 2
yrs of treatment, are in accordance with the data of REDDEL

et al. [8]. In the present study, minimum pre-BD PEFa.m.

(%recent best) also correlated well with BHR cross-sec-
tionally in all groups, irrespective of medication and ir-
respective of the prevalence of reversibility at baseline.
Cross-sectionally, PEF variability, expressed in terms of
within-day variation (% mean or % maximum) (with or
without post-BD PEF values), also showed significant
correlations with BHR in the two groups. PEF indices
reflecting BD response do not correlate as closely with
BHR in patients treated with inhaled corticosteroids as in
patients treated without them (table 4). This could be
expected as treatment with inhaled corticosteroids impro-
ved airways obstruction and, as a consequence, decreased
the BD response in the 33 patients with significant re-
versibility at baseline [20].

To monitor both asthma severity and treatment response,
it is more relevant to know the longitudinal correlation
between changes in PEF indices and changes in BHR
within patients than the cross-sectional correlations at one
point in time within a group. In this study, PEF indices and
BHR were evaluated over a period of 2 yrs after starting
different treatment regimens. Changes in PEF indices re-
flecting BD response and within-day variability provided
the best correlations with changes in BHR (median r -
0.50± -0.40) in the ICS+ group. This group reflects the
majority of asthmatic patients seen in clinics. In a similar
group of patients (ICS-), the median correlation coeffi-
cients were lower, but the same indices showed the best
correlations with BHR. Longitudinally, indices based on
several measurements a day seem to be more informative
(i.e. show a better correlation with BHR) than a single
PEFa.m. measure. Unfortunately, these indices are not sim-
ple to use in self-management plans. Furthermore, PEF
indices reflecting BD response and indices of within-day
variability (with post-BD values) are less useful since, with
these indices, patients should use BDs on a regular ba-
sis, whereas, in current guidelines on asthma management,
short-acting BDs are recommended on demand only.

From this study, it can be concluded that in patients with
asthma, mean pre-BD within-day variation in PEF (both %
mean and % maximum) was the most useful PEF index for
reflecting BHR longitudinally. Notwithstanding this, the
correlations were still not very strong. Since the correlation
coefficient between PEF and BHR longitudinally was
maximally 0.5, it follows that only 25% of the variability in

BHR is explained by PEF. The authors, therefore, believe
that PEF measurements at home have their place and role
[6], but not as a proxy for BHR [10].

Since it has been shown that PEF readings are inaccurate
in certain flow ranges, it had been hoped that the generally
weak correlation coefficientsbetween PEF indices and BHR
would improve as a result of correction for this nonlin-
earity. Unfortunately, there were no differences of any im-
portance in the correlation coefficients.

In conclusion, peak expiratory flow with-day variations
(either % mean or % maximum) are the most useful peak
expiratory flow indices for reflecting bronchial hyperres-
ponsiveness longitudinally inpatientswithasthma, irrespec-
tive of treatment with or without inhaled corticosteroids;
however, correlations are modest. Using peak expiratory
flow data corrected for the known nonlinearity of mini-
Wright peak expiratory flow meters did not improve the
correlations. Cross-sectionally, the same indices can be
used, but the minimum prebronchodilator morning peak
expiratory flow (% recent best) is at least as effective and
more simple. Since the longitudinally obtained correlation
coefficients between peak expiratory flow indices and bron-
chial hyperresponsiveness are only moderate, the authors
suggest that the role of repeated home peak expiratory flow
measurements is not suitable as a proxy for changes in
bronchial hyperresponsiveness. This statement does not
influence the proven usefulness of peak expiratory flow
home monitoring in self-management plans [1, 5].

The Dutch Chronic Non-Specific Lung Disease
(CNSLD) study group. The Dutch CNSLD study group
consists of a steering committee (K.F. Kerrebijn, Ph.H.
Quanjer, H.J. Sluiter{), and of members from the de-
partments of pulmonology of the University Hospital of
Amsterdam (E.M. Pouw, D.F.M.E. Schoonbrood, C.M.
Roos, H.M. Jansen), Groningen (P.L.P. Brand, A. de
Gooyer, H.A.M. Kerstjens, D.S. Postma, Th.W. van der
Mark, H.J. Sluiter{, G.H. KoeÈter), Leiden (P.M. de Jong,
P.J. Sterk, A.M.J. Wever, J.H. Dijkman), Nijmegen (P.N.R.
Dekhuijzen, H.T.M. Folgering, C.L.A. van Herwaarden),
Rotterdam (S.E. Overbeek, J.M. Bogaard, C. Hilvering)
and Utrecht (S.J. Gans, H.J.J. Mengelers{, B.A.H.A. van
der Bruggen-Bogaarts, J. Kreukniet), the departments of
pediatric pulmonology at the Sophia Children's Hospital,
Rotterdam (E.E.M. van Essen-Zandvliet, K.F. Kerrebijn),
the Juliana Children's Hospital, the Hague (E.J. Duiver-
man, J.M. Kouwenberg, J.E. Prinsen), University Hos-
pital of Groningen (H.J. Waalkens, J. Gerritsen, K. Knol),
the department of allergology, University of Groningen
(J.G.R. de Monchy), the department of general practice,
Leiden University (F.W. Dekker), the department of psy-
chiatry, University Hospital Leiden (A.A. Kaptein) and
the department of physiology, Leiden University (P.J.F.M.
Merkus, Ph.H. Quanjer), the Netherlands.
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