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Circadian change in bronchial responsiveness and
airflow obstruction in asthmatic children
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From the Departments ofPaediatrics and Pulmonology, University Hospital, Groningen, The Netherlands

ABSTRACT To throw light on the question of whether the increase in bronchial responsiveness seen
during the night is due to increased airflow obstruction, nine asthmatic children with increased
airflow obstruction at night (group 1) were compared with nine without (group 2). The mean fall in
forced expiratory volume in one second (FEVI) between 16.00 and 04.00 hours was 21-9% in group 1

and 2-3% in group 2. Selection of patients was based on the amplitude ofchange in peak expiratory
flow (PEF) measured every four hours for three consecutive days at home. The study was performed
in hospital on four consecutive days. Medication was withheld for three days before and during the
measurements at home and in hospital. On the first day in hospital (day 4) FEV1 was measured every
four hours for 24 hours. On day 6 inhaled histamine provocation tests were performed at the same
times as the FEV, measurements on day 4. Both groups showed a nocturnal fall in the provocative
dose ofhisamine causing a 20% fall in FEV, (PC20). The mean change in histamine PC20 from 16.00 to
04.00 hours was 1-I doubling doses of histamine in group 1 and 1 5 doubling doses in group 2. The
results indicate that the increase in nocturnal bronchial responsiveness that occurs at night is not due
to an increase in airflow obstruction.

Introduction

Nocturnal and early morning dyspnoea is a common
symptom in a third of patients with sudden attacks of
reversible airflow obstruction (asthma).' One mechan-
ism that has been proposed to explain the fall in air
flow at night is the increased bronchial responsiveness
seen during the night. De Vries and coworkers2 and
Reinberg and coworkers3 observed a significant
increase in bronchial reactivity at 04.00 hours in the
morning.

In allergic patients with asthma, however, the
degree ofbronchial responsiveness as measured by the
provocative concentration of histamine or acetyl-
choline causing a 20% fall in FEV, (PC,)2 3 correlates
with the degree of airflow obstruction. The increase in
airflow obstruction would therefore be expected to be
associated with an increase in airway responsiveness.
As both are known to increase at night, the increase in
bronchial responsiveness overnight might simply be
the result of increased airflow obstruction.
The aim of the present study was to investigate

whether the increase in bronchial responsiveness
during the night might be the consequence of a
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reduction in airway calibre at night. We therefore
selected two groups of asthmatic children on the basis
ofpeak expiratory flow (PEF) measurements at home,
group 1 with a fall in PEF during the night and group 2
with no decrease. Spirometry and inhalation provoca-
tion tests with histamine were carried out every four
hours for 24 hours in both groups.

Methods

PATIENTS
Asthmatic children from the paediatric asthma out-
patient clinic were selected to participate in the study.
They were asked to withhold all prophylactic medica-
tion and bronchodilators for six days at home (days 1-
6). The children were assigned to two groups on the
basis ofPEF measurements (best of three) performed
every four hours on the final three days (days 4-6).'
Selection criteria were:
1 PEF amplitude measured at home on three con-
secutive days of >20% or < 15% (amplitude defined
as the difference between the highest and the lowest
PEF measurement expressed as a percentage of the
highest value);
2 daytime FEV, of > 70% predicted (FEV, % pred)
(normal values ofZapletal and coworkers were used4);
3 a history of episodic wheezing on exposure to
allergens and non-allergic stimuli;
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4 increased serum total IgE and at least a positive
intracutaneous skin test response to house dust mite
extract (Diephuis Laboratories, The Netherlands);
5 increased bronchial responsiveness to inhaled his-
tamine, defined as a histamine PC20 value of < 16 mg/
ml (see below under "Histamine inhalation
provocation").
So that we would have an otherwise homogeneous

group of patients, the only difference in selection
criteria between the two groups was the difference in
amplitude in circadian PEF values.
Asthma symptoms were well controlled by mainten-

ance medication. No child had had a respiratory tract
infection in the three months before the study and
none had taken oral corticosteroids for at least six
months before the study.

Informed consent was obtained from the children
and their parents. The study protocol was approved by
the ethical committee of the University Hospital of
Groningen.

STUDY DESIGN
Children in group 1 had an amplitude ofPEF values of
over 20% on three consecutive measurements days,
and children in group 2 an amplitude of less than 15%
on the three days. The children were admitted to
hospital for three days, having stopped prophylactic
and bronchodilator treatment for three days
previously.
The study was performed during two three month

periods (September-November) in 1986 and 1987, to
avoid seasonal influences. Fixed times were set for
meals and sleeping in hospital. On day 4, the first day
in hospital, FEV, (best of three values) was measured
at four hourly intervals for 24 hours. When the 24 hour
amplitude in FEV, values in hospital was not in
accordance with the amplitude in PEF values at home
(that is, 15% change), the child was excluded from the
study.
On day 6 histamine inhalation provocation tests

were performed. FEV, measurements on day 4 and
histamine inhalation provocation tests on day 6 were

performed four hourly at the same times as the PEF
measurements at home.

HISTAMINE INHALATION PROVOCATION

FEV, was measured with a water sealed spirometer
(Lode, The Netherlands). The best ofthree efforts was
used as the baseline value. Histamine acid phosphate
concentrations ranged in doubling concentrations
from 0-03 to 16 mg/ml. After inhalation of phosphate
buffered saline increasing concentrations of histamine
were delivered from a gauged Devilbiss 646 nebuliser
connected directly to an inspiratory-expiratory valve
box.6 The nebuliser output was 0-13 ml/min and the

particle size (mass median aerodynamic diameter) was
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smaller than 4 gm.' Each concentration was inhaled
for two minutes during tidal breathing. FEV, values
were measured 30 and 90 seconds after the end ofeach
inhalation. The inhalations were stopped when FEV,
had fallen by 20% from baseline FEV,. The exact
provocation concentration required to produce a fall
in FEV, of20% was calculated from the dose-response
curve (PC20). A previous study had shown that
repeated histamine provocation studies did not affect
airway function and bronchial responsiveness.8

STATISTICAL METHODS
The mean PEF value for each day at home was
calculated and the PEF value at each time point
expressed as a percentage of this mean value. FEV,
was expressed as FEV, % predicted. Histamine PC20
values were log,0 transformed.
Comparison between groups I and 2 was carried out

by Student's t test for unpaired observations. Com-
parison of intraindividual observations was carried
out by Student's t test for paired observations.

Unless stated otherwise, all values are expressed as
means with standard errors of the mean in paren-
theses.

Results

Eighteen patients participated in the study. The nine

Table 1 Data on the 18 children participating in the study

Patient Age FEVI% PC2, Maintenance
no Sex (y) pred (mg/ml) * medication

Group 1: anplitude of variation in PEF > 20%
1 M 9 72 200 IC
2 M 11 70 0-32 IC
3 M 13 75 2-00 IC
4 F 13 82 0-37 IC
5 F 13 79 0-78 SCTt
6 M 10 101 0-26 IC
7 M 12 75 1-62 IC
8 M 14 84 2 75 SC
9 M 10 75 0-37 SC
Mean (SEM) 117 (0-6) 78-1(3-4)

Group 2: Amplitude of variation in PEF < 15%
I M 8 77 0-88 IC
2 M 10 97 152 SC
3 M 12 80 1-83 SC
4 F 13 90 1-70 SC
5 F 12 90 0 41 IC
6 F 10 97 6-15 SC
7 M 13 65 2-00 IC
8 M 14 95 3-56 B
9 F 10 100 4-37 SC
Mean (SEM) 11-3 (0-6) 88 5 (3-9)

The 0800 h values obtained in hospital, on day 4 for FEV, and on
day 6 for PC2.
tThis patient used beta adrenergic drugs regularly, but all patients
used them intermittently.
FEV, % pred-forced expiratory volume in one second as
percentage of the predicted value; PC2-provocative concentration
of histamine (mg/ml) causing the FEV, to fall by 20%:SC-sodium
cromoglycate; IC-corticosteroids by inhalation; T-theophylline;
B-beta2 adrenergic drugs.
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Circadian change in bronchial responsiveness and airflow obstruction in asthmatic children
children in group 1 (seven boys and two girls, aged 9-
14 years) had a PEF amplitude of more than 20%
(mean (SEM) % 37 6 (2a 1). The nine children in group
2 (five boys, four girls aged 8-14) had a PEF amplitude
ofless than 15% (mean % 9'0 (0 7). The characteristics
of these patients are given in table 1.

PEF VALUES AT HOME
In group 1 amplitude was significantly higher (p <
0 05) on the third day ofmeasurement (day 3) at home
(mean (SEM) % 45'0 (2.9)) than on day 1 at home
(mean 33-0 (3-2)). The increase in amplitude at home
from day 4 to day 6 was caused primarily by a decrease
in nocturnal and early morning PEF values. The mean
PEF (% predicted) at 0400 hours on day 4 was 83'4
(1-2) and on day 6 74.8 (3'4) (p < 0'05; fig 1, upper
panel).
The children in group 2 had no significant fall in

nocturnal and early morning PEF values. The mean
amplitude (%) on day 4 at home was 8'9 (1-5) and on
day 6 9-6 (14).

FEV, VALUES IN HOSPITAL
The mean FEV, % predicted at 0800 hours on day 4,
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Fig 1 Circadian change in groups I and 2 in peak
expiratoryflow (PEF) at home, as a percentage of the day's
mean value (upper panel) and in FEV, % predicted in
hospital (lower panel). Continuous line: day 4; interrupted
line: day 6. *p< 0.05; tp< 0 01; $p <O-Ol.

FEV,% pred
100-

log PC20

90- I
80-

70 .0

100-

90 -

80 -

70-

60 -

50 - I I I I I I I

-1

-o

--1

8- 1 2- 16- 20- 24- 4" 8"
Time

Fig 2 Baseline FEV, values (continuous lines) and log,0
transformed PCQ values (columns) for group I (upper panel)
andgroup 2 (lower panel). PC26-provocative concentration
(mg/ml) ofhistamine causing a 20% fall in FEV,.

the first day in hospital, was 78-1 (3.4) for the children
in group 1 and did not differ significantly from the
values for group 2 (88'5 (3'9); p > 0'05). FEV, %
predicted in group 1 was significantly lower than that
in group 2 at 2400 h (p < 0'01) and at 0400 h (p <
0 001). FEV, before histamine provocation was higher
at night in the children ofgroup 1 on day 6 than on day
4 (fig 1). (FEV, % predicted, day 4 v day 6: at 1200 h-
79-0 (4-3) v 85'1 (3'7) (p < 0'02); 2400 h: 69'7 (3-9) v
79.4 (4-2) (p < 0'02); 0400 h: 63-1 (3'0) v 72-6 (2.7) (p
< 0'01)). In group 2 FEV, did not differ significantly
on days 4 and 6.
Although the FEV, in group 1 was higher on day 6

than on day 4 mean FEV, was still significantly higher
in group 2 on day 6 at 2400 (p < 0-05) and 0400 hours
(p < 0'001).

HISTAMINE PROVOCATION TESTS
The two groups showed a similar and significant
decrease in PC20 histamine values during the night (fig
2). There were no significant differences in PC20 values
between the two groups at any time (table 2).

Table 2 Geometric mean PC2 histamine values (mg/ml)
from groups I and 2 throughout day 6 in hospital

Time (h)

Group 0800 1200 1600 2000 2400 0400 0800

1 0-82 0-82 0-55 0-44 0-39 0 25 0-93
2 1-90 1-70 1-38 1-15 0-66 0-43 1-20
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Discussion

We investigated two groups of children with allergic
asthma, one group with and the other without
increased airflow obstruction during the night. Al-
though FEV, and PC2,0 values did not differ significan-
tly between the two groups, the mean FEV, and PC2,,
values were lower in group 1 than in group 2 and more
children in group 1 were inhaling corticosteroids,
indicating that this group had more severe asthma.

Despite substantial differences in the fall in FEV, at
night, the two groups showed a similar fall in PC2,
histamine values. These data indicate that the increase
in nocturnal bronchial responsiveness is not depen-
dent on an increase in airflow obstruction.

Repeated histamine inhalation tests may cause

tachyphylaxis.9 Although our repeat tests at four hour
intervals were within the period in which tachy-
phylaxis was observed, we did not observe this in our
study. The 0800 hour PC20 values on days 6 and 7 were
similar in the two groups.

After withdrawal of maintenance medication we

observed a greater PEF amplitude at home on day 6
than on day 4 in the group that already had a large
amplitude (group 1). After withdrawal ofmaintenance
medication and after admission to hospital the FEV,
amplitude diminished in the same children. We did not
observe any change in amplitude in PEF values at
home or in FEV, in hospital in group 2. The results
suggest that environmental stimuli are contributing to
the increase in the amplitude in circadian PEF in the
patients of group 1, and that they are less relevant in
group 2.
De Vries and coworkers and Tammeling and

coworkers first found an increased bronchial respon-

siveness after histamine challenge at night in patients
with allergic asthma and bronchitis with nocturnal
dyspnoea.2"' The airway susceptibility to histamine in
these studies was greatest at 2400 and 0400 hours.
Using acetylcholine, Reinberg et al3 confirmed this
circadian rhythm in bronchial responsiveness, and
showed that the nocturnal increase in bronchial
responsiveness at night is a general characteristic in
these patients. In these studies the selection of patients
was not based on the magnitude of change in airflow
obstruction during the 24 hours. They did not
therefore determine whether the increase in bronchial
responsiveness during the night is a consequence of
increased airflow obstruction or independent ofit. Our
study shows for the first time that the airway respon-
siveness at night is independent of the increase in
airflow obstruction.
Ryan and associates observed a poor correlation

between PC20 and diurnal amplitude in PEF values
unless post-salbutamol values were considered. They
suggested that PC20 measured in the morning may be a
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determinant of the diurnal amplitude in flow rates."
All but two children in our study had a PC20 value
below 4 mg/ml, but nine showed large fluctuations in
PEF and FEV, and nine showed little change. The
patients studied by Ryan et al were less responsive
than our children. Differences in results may also stem
from a difference in study design. Our patients were
investigated every four hours for 24 hours, whereas
Ryan et al performed only two measurements a day.
Almost invariably, bronchodilatation is associated

with reduced bronchial responsiveness, irrespective of
whether bronchodilatation occurs spontaneously'23
or after drugs.'""6 Bronchoconstriction by contrast is
usually associated with increased bronchial respon-
siveness.'718 The relation between change in airway
calibre and change in bronchial responsiveness has led
to the suggestion that changes in bronchial smooth
muscle tone could influence the degree of bronchial
responsiveness.'9
Our study indicates that the increase in bronchial

responsiveness seen during the night is independent of
airflow obstruction. Mechanisms other than an
increased bronchial responsiveness must therefore be
responsible for the nocturnal fall in FEV, values in
some patients. Why patients with similar low PC2,
histamine values at 0400 hours do not all have the
same low FEV, values is not clear.
The children with a small PEF amplitude (group 2)

had results similar to patients with emphysema,20 with
an increase in bronchial reactivity at 2400 and 0400
hours despite stable FEV, values throughout the 24
hours; but the patients with emphysema differed in
having severe and, more importantly, irreversible
airflow obstruction. A circadian swing in PC20 values
may, however, occur in everyone.
The recognition that house dust mite faecal pellets

are the source of the antigen causing house dust mite
allergy2' led to the suggestion that intensive contact
with mites in bedding might precipitate airflow obs-
truction at night. Strict exclusion of house dust mites
has been shown to decrease bronchial responsiveness
and morning dyspnoea.22
The children with a large circadian PEF amplitude

(group 1) showed a significant increase in PEF
amplitude at home after stopping all medication,
mainly due to a fall in nocturnal PEF values, daytime
values remaining normal. When the same children
were admitted to hospital the amplitude of FEV, %
predicted values decreased significantly over the same
time in relation to stopping treatment. Exposure to
inhaled allergens during the day at home might have
led to symptoms of dyspnoea at night as a result of a
late asthmatic response.23 Allergen avoidance during
the day while they were in hospital might then have led
to less symptoms overnight. Possibly the group with
the large amplitude (group 1) was more exposed to
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Circadian change in bronchial responsiveness and airflow obstruction in asthmatic children

allergic and non-allergic stimuli at home, so that after
withdrawal of medication they showed greater chan-
ges in PEF and FEV, amplitude in different environ-
mental conditions. Barnes et al24 showed an increase
in nocturnal plasma histamine concentrations in
adults with allergic asthma, and put forward the
hypothesis that this nocturnal increase could con-
tribute to nocturnal dyspnoea. A difference in his-
tamine production at night between the two groups
could be another explanation for our observation.
We conclude, therefore, that increased bronchial

responsiveness during the night is not in itself respon-
sible for nocturnal dyspnoea in children with allergic
asthma.

We thank Mrs A Teuben-Tanja for performing pul-
monary function tests, Mrs C N Leever-Hilarius for
typing, L Martijn for making the diagrams, and F G
Sluiter for translating the manuscript. The work was
supported by a grant from the Nederlands Astma
Fonds.
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