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ABSTRACT:  There have been few longitudinal studies of bronchial responsive-
ness.  We wanted to assess the long-term variability and associations of bronchial
responsiveness in the general population.

Spirometry, bronchial provocation tests, skin-prick tests for allergy, and respi-
ratory symptom questionnaires were repeated every 4 months, for 2 years (August
1987–August 1989), in 122 volunteers recruited from a cross-sectional survey of popu-
lation.  Provocation dose producing a 20% fall in forced expiratory volume in one
second (PD20FEV1) and dose-response slope (SL), which gives values for methacholine
responsiveness, were measured in all subjects.

SL correlated well with PD20FEV1 but repeatability was impaired in those sub-
jects with unmeasurably high PD20FEV1.  The 95% range for repeatability of
PD20FEV1 was ±3.12 doubling doses and ±4.52 doubling slopes for SL.  Bronchial
responsiveness increased in those with self-reported colds and reduced FEV1 in win-
ter 1987–1988,  and in males in winter 1988–1989.   Bronchial responsiveness
increased during the summer (June–August) of both years, significantly in year 1.

We conclude that bronchial responsiveness showed minor seasonal variability and
that colds were the strongest predictors of increased bronchial responsiveness over
the 2 yr period.
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The prevalence of asthma in the population is uncer-
tain, owing to the absence of "gold standard" diagnostic
criteria for the disease.  Initial observations suggested
that airflow limitation in response to cholinergic agents
and histamine was specific to asthma [1, 2].  Such bronchial
hyperresponsiveness is now known to occur in a num-
ber of other respiratory diseases [3–5].  Community sur-
veys have also shown a high prevalence in apparently
asymptomatic individuals [6],  and there appears to be
an inherited component [7].  In keeping with a multi-
factorial aetiology, bronchial responsiveness follows a
unimodal distribution in the population [8, 9].

The significance of bronchial hyperresponsiveness as
an isolated finding is uncertain.  Our previous cross-
sectional general practice survey showed associations
with symptoms of wheezing, recent attacks of rhinitis,
diurnal variation in peak expiratory flow rate (PEFR),
atopic status, resting forced expiratory volume in one
second (FEV1) histamine skin weal area, smoking and
female gender [9].

There have been few longitudinal studies of bronchial
hyperresponsiveness [10].  CLOUGH et al. [11] found no
correlation between exacerbations of asthma symptoms
and changes in bronchial responsiveness over one year.
Lung function decline has been shown to be accelerat-
ed in asthmatics [12], and in patients with bronchial

hyperresponsiveness and chronic airflow limitation [13].
It may also be accelerated in nonasthmatics with bronchial
hyperresponsiveness, although a recent study was not
strictly prospective [14].

BRITTON et al. [15] showed that bronchial responsive-
ness to histamine increased in a sample of patients from
a community-based adult population during July and
September, and this increase correlated with mean aller-
gen skin weal area and airflow obstruction.

The purpose of this study was to follow subjects from
a normal population for 2 yrs in order to investigate the
variability of bronchial responsiveness in the population
in relation to symptoms, atopy, cigarette smoking and
season.  We used methacholine, which is tolerated at
higher dose than histamine [16], in order to characterize
a wider range of bronchial responsiveness than in pre-
vious studies [15].

Subjects and methods

Preceding cross-sectional survey

Between 1984 and 1986, 366 subjects aged 18–75 yrs
were recruited as a representative sample of the list of a
general practice.  The method of recruitment has been



described previously, but was essentially a systematic
1:12 sample drawn from the practice age:sex register [9].
All subjects had completed a questionnaire on respirato-
ry symptoms.  Spirometry, bronchial provocation testing
with methacholine, and skin-prick testing to six common
allergens had been performed in 318 individuals.

Selection of participants for follow-up study (fig. 1)

In the above study, 23% of the patients (n=74) record-
ed a provocation dose (PD20FEV1) of methacholine <11
µmol and were regarded as demonstrating bronchial
hyperresponsiveness, based on the results of a previous
study of asthmatics [17].  All were invited to take part
in the follow-up study and 41 agreed.  A further 98
patients recorded PD20FEV1 in the range >11–247 µmol,
the maximum dose; of these, 40 agreed to take part.  A
further 41 patients were selected from the database as a
control group.  These patients were those in whom a
20% fall in FEV1 was not reached at the maximum dose
of methacholine.  They were matched as closely as pos-
sible to those with bronchial hyperresponsiveness for age,
sex, resting FEV1, smoking history and atopic status, in
order to minimize the effect of other variables associat-
ed with bronchial hyperresponsiveness.  Current smok-
ers were those who had smoked tobacco in the preceding
month.  Ex-smokers were those who had smoked tobac-
co up to a month previously.  A total of 122 subjects
agreed to participate in the follow-up study.  The study
was approved by the Ethics Committee of Kingston Health
Authority and signed informed consent was obtained from
each patient.

Subject characteristics (table 1)

The low proportion of men reflects the original 2.4:1
preponderance of women among those with bronchial
hyperresponsiveness.  Subject characteristics only dif-
fered significantly from the original population sample

for gender among those with PD20FEV1 >247 µmol, due
to matching for gender to the group with bronchial hyper-
responsiveness.  Bronchial hyperresponsiveness was asso-
ciated with low resting FEV1 atopy and smoking.

Only 26 subjects had bronchial hyperresponsiveness
at the first test of the follow-up study, 18–36 months
after the original survey. They were significantly older
(mean age  ±95% confidence interval (CI) 51±6 yrs) than
the remainder of the subjects (44±2 yrs) (p<0.05).

There were some differences between the males and
females.  Resting FEV1, was significantly higher in men
than women, as would be expected (p<0.001).  Percentage
predicted FEV1 was significantly lower in men (p=0.049),
because more were smokers (42 vs 25% of the women;
Chi-squared 5.99;  p=0.05; 2 degrees of freedom).  Inclusion
of smoking in a linear regression of resting FEV1 on
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1:12 cross-sectional survey of general practice population (n=366)
318 underwent bronchial provocation tests

Group 1
BHR (n=74)

Group 2
Intermediate (n=98)

Group 3
Unresponsive (n=146)

41 agreed to follow-up 40 agreed 41 (matched to Group 1) agreed

Follow-up survey (n=122)
1987 1988 1989
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Fig. 1.  –  Scheme demonstrating the process of subject selection for the study and the study design.  BHR: bronchial hyperresponsiveness.  All
tests performed four monthly for 2 yrs.  Patients tested in either Block A or Block B of each 4 month period; see Method section "Study Design".
Tests included: methacholine bronchial provocation tests, allergy skin-prick tests, and questionnaire.

Table 1.  –  Subject characteristics

PD20FEV1 µmol

<11 11–247 >247
Group 1 Group 2 Group 3

Subjects  n 41 40 41
Age  yrs† 43±5 45±4 41±4
Age range  yrs 21–71 24–69 19–67
Sex ratio  M/F 10/31 14/26 10/31
FEV1 % pred† 96±4 99±6 103±5*
FEV1 % pred †† 70–119 72–158 70–129
Smoking habit

Current  % 39 37 17*
Ex-smoker  % 32 24 26
Nonsmoker % 29 39 57

Atopic  % 53 38 29*

†: mean±95% confidence interval; ††: range.  % pred: percent-
age predicted for age and height.  *: significant difference
(p<0.05 between Group 1 and 3 (two sample t-test for FEV1,
Chi-squared test for smoking status and % atopic).  FEV1:
forced expiratory volume in one second; PD20FEV1: provoca-



gender showed that the association was dependent on
smoking.  The mean reduction in FEV1 was 8.4% (SD

3.6%) in those who had ever smoked.
Twenty seven subjects withdrew from the study.  Four

complained of adverse events after the first attendance:
one asthmatic woman reported a deterioration in symp-
tom control for a week after bronchial provocation tests;
one woman complained of chest pains; one man had a
persistent cough for 1–2 weeks after the tests; and one
man said that his eczema had been exacerbated by the
tests.  Seven subjects moved from the district, and a fur-
ther 16 subjects were unable to continue to give their time
for the study.  There were no significant differences in
the withdrawal group compared to the remainder, although
withdrawal was greater among smokers, females, atopics
and those with bronchial hyperresponsiveness.  Ninety
five subjects completed the 2 yr follow-up study.

Methods

Bronchial provocation testing with methacholine.  FEV1

was recorded using a dry bellows spirometer (Vitalograph
Ltd, Buckingham, UK) as the best of three reproducible
attempts.  Where resting FEV1 was within 70% of pre-
dicted value for age and height [18], inhalation challenge
proceeded, using a standard tidal breathing method, which
has been described and validated previously [17].  A
DeVilbiss 646 nebulizer (DeVilbiss Health Care Ltd,
Poole, UK) driven by air at 6 l·min-1 was used.  The
aerosol was inhaled tidally for 2 min using a mouthpiece
and noseclip.  Phenol saline diluent (0.5% NaCl, 0.275%
NaHCO3, 0.4% phenol) was inhaled as a control.  FEV1

was recorded as the best of two reproducible attempts
30, 90 and 180 min after inhalation. This was followed
by doubling concentrations of methacholine (acetyl-beta-
methacholine chloride, Sigma Chemical Co. Ltd, Poole,
UK) from 0.03 to 32 mg·ml-1 at 5 min intervals, pro-
vided that FEV1 did not fall by more than 15% follow-
ing control.  Challenge was terminated at >20% fall in
FEV1 from the post-control value, or at the maximum
concentration.  Two hundred micrograms of salbutamol
was then administered by metered dose inhaler.  Nebulizer
output was determined by weighing before and after oper-
ation with 5 ml of phenol saline in the chamber on 20
occasions.  The PD20FEV1 was calculated by linear inter-
polation of the last two points on the logarithmic dose
response curve as the cumulative dose of methacholine
required to provoke a 20% fall in FEV1.  The dose-
response slope (SL) was also calculated as the maximum
percentage fall in FEV1 divided by the cumulative dose
of methacholine administered [19].  This parameter can
be calculated for individuals with less than 20% change
in FEV1.

Skin prick tests (Bencard, Brentford, UK): House dust
(150% w/v), Dermatophagoides pteronyssinus (1.2%
w/v), B2 grass pollen (2.5% w/v), Aspergillus fumigatus
(5% w/v), cat fur (150% w/v), dog hair (150% w/v) his-
tamine (10 mg·ml-1), and normal saline (0.9% w/v) as
control.  Skin tests were regarded as positive if the mean
weal diameter was at least 1 mm greater than that of the

saline control, as in our previous study [9].  Atopy was
defined by one or more positive skin-prick tests.

A written questionnaire.  A written questionnaire con-
cerning respiratory symptoms was completed for the pre-
ceding 6 weeks, a time period in which changes in
bronchial responsiveness may persist after respiratory
tract infection [5].  Questions were obtained from a pre-
viously validated computer administered questionnaire
based on the Medical Research Council (MRC) Respira-
tory Symptoms Questionnaire [20].  Subjects were also
asked to keep a diary card, on which they recorded the
number of days on which they had experienced respira-
tory symptoms during each month.  Categories included
asthma; wheezing; bronchitis; colds; cough; early morn-
ing or night-time cough, wheeze or breathlessness;
rhinitis; sneezing, nasal blockage, runny nose.  Peak expi-
ratory flow monitoring was not requested, as compliance
is often poor and would deteriorate over 2 yrs.

Study design

Subjects were seen on six occasions at the medical
centre where all tests were performed at 4 month inter-
vals (fig. 1).  Tests commenced on 15th August 1987,
patients being seen between 15th August and 14th Decem-
ber 1987.  Tests were repeated between 15th December
1987 and 14th April 1988; 15th April and 14th August
1988; 15th August and 14th December 1988; 15th December
1988 and 14th April 1989; and 15th April and 14th
August 1989.  Subjects were randomly allocated to two
groups: Block A comprising those tested in the first 2
months, and Block B those tested in the second 2 months,
respectively, of each 4 month period.  Block A indicates
subjects studied between August 15th and October 14th;
December 15th and February 14th; and April 15th and
June 14th.  Block B indicates patients studied between
October 15th and December 14th; February 15th and April
14th; and June 15th and August 14th, of each year.

Analysis of results

Chi-squared tests were used to compare categorical
variables (atopy, bronchial hyperresponsiveness, gender,
respiratory symptoms and smoking).  Age and FEV1 were
compared using a two sample t-test, following a normal
probability plot and the Shapiro-Wilk test.

PD20FEV1 and SL values were logarithmically trans-
formed.  A constant of 0.04 was added to SL in all cases
before logarithmic transformation to accommodate the data
of three individuals with a rise in FEV1 during challenge.
(Negative values cannot be log-transformed).  Variability
of PD20FEV1 was assessed by two-way analysis of vari-
ance (ANOVA) [21] for individuals in whom methacholine
provoked a 20% fall in FEV1 at every visit.  For SL, val-
ues were available for all cases.  Neither PD20FEV1 nor
SL values were assigned for patients who responded with
>15% fall in FEV1 on inhalation of control solution, as
a saline response cannot be assumed to represent height-
ened methacholine responsiveness. Arbitrary methacholine
PD20FEV1 or SL values appeared as outliers from the
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normal distribution of the remaining data.  Changes in
PD20FEV1 and SL were calculated in terms of doubling
doses of methacholine or doubling slope, respectively,
(logarithmic value divided by log10

2).  These values are
more readily interpretable in confidence intervals than
logarithmic dose or slope.

The intraclass correlation coefficient (ICCC) was cal-
culated for PD20FEV1 and SL from a one-way ANOVA
[22].  The repeatability of PD20FEV1 and SL was assessed
by two-way ANOVA.  A 95% confidence interval and
95% range for the difference between the mean values
of any two tests were calculated, using the error mean
square from two-way ANOVA [22].

Stepwise multiple linear regression (SMLR) [23] and
repeated measures analysis of variance (RMAOV) [24]
(General linear models program, SAS statistical software
inc., USA) were used to determine the associations of
change in bronchial responsiveness (logarithmically trans-
formed) over time, with age, resting FEV1, atopy, ciga-
rette smoking, colds, and month of test.  Each variable
was classified into two categories.  Age was divided by
the median (46 yrs).  Resting FEV1 was divided at 90%
predicted, on the basis that use of the median of 100%
would be relatively insensitive to the influence of low
FEV1, whereas a lower cut-off point would include very
few cases.  Atopics and smokers were defined as in the
Methods section.  Colds were defined by a positive response
to the question "Have you had a cold in the last six weeks?"
Virological data were not collected.  The influence of
month of test was assessed by dividing each 4 month peri-
od into 2 month blocks, as subjects studied early in each
four month period would be subject to different environ-
mental influences than those studied late.  

Results

Variability of bronchial responsiveness

Twenty six subjects had bronchial hyperresponsive-
ness (PD20FEV1 <11 µmol), 54 had intermediate bronchial
responsiveness (PD20FEV1 in the range >11–247 µmol)
and 42 had unmeasurably high PD20FEV1 (>247 µmol) at
the first test of the follow-up survey.  Forty five patients
recorded a measurable PD20FEV1 at each attendance in
the first year, and 40 in the second year.  Only 27 sub-
jects recorded a measurable PD20FEV1 at every attendance
over 2 yrs.  In these selected subjects, two-way ANOVA
showed no significant seasonal changes in bronchial respon-
siveness.  The ICCC for repeatability was 0.48 (95% CI
0.34–0.65).  The 95% CI for variability of PD20FEV1

between any two time periods was ±0.61 doubling doses
(DD) of methacholine, with a 95% range of ±3.12 DD
(two-way ANOVA: error mean square 0.109, F5,130=1.03).

In comparison, analysis of SL for 67 complete data sets
showed no significant seasonal changes.  SL was log-
normally distributed. ICCC was 0.75 (95% CI 0.67–0.82).
95% CI for variability was ±0.34 doubling slopes (DS),
with a 95% range of ±4.52 DS.  Log10 PD20FEV1 and log10

SL showed a strong negative correlation (r=-0.953) (fig.
2).  The 95% CI for paired readings was ±0.49 DS for

those with corresponding PD20FEV1 values compared to
±0.92 DS for those without, indicating impaired repeata-
bility in individuals with minimal responsiveness.

Results for each year were analysed separately, to use
more PD20FEV1 data.  Again, no significant seasonal vari-
ation was shown.  The ICCC was 0.56 (95% CI 0.45–0.70)
for the first year, and 0.68 (95% CI 0.58–0.78) for the
second year.    The 95% CI was ±0.52 DD for year 1,
and ±0.43 DD for year 2, with 95% ranges of ±3.71 DD
and ±3.43 DD, respectively, (two-way ANOVA year 1:
error mean square 0.171, F2,88=0.39; and year 2: error
mean square 0.083, F2,78=1.71).

Factors contributing to variability in bronchial respon-
siveness

Each year's data were analysed separately to use the
maximum available data (37 complete PD20FEV1 and 72
complete SL data sets each year).  The numbers are
slightly reduced by exclusion of individuals who moved
from block A to block B because of repeated failure to
attend.

SMLR for both PD20FEV1 and SL (fig. 3) showed that
low age and low resting FEV1 were independently asso-
ciated with increasing bronchial responsiveness between
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Fig. 2.  –  Inverse relationship between log10 PD20FEV1 and log10 SL.
(Measurable range of PD20FEV1 only).  PD20FEV1: provocative dose
producing a 20% fall in forced expiratory volume in one second; SL:
dose response slope, calculated as maximum percentage fall in FEV1

divided by cumulative dose of methacholine delivered.
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Nil Nil FEV1, age
cold (SL) Cold Nil Nil

Nil Nil Male (SL) NilNil Atopy(-) 
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Fig. 3.  –  Summary of significant associations of variability of bronchial
responsiveness on stepwise multiple linear regression.  Only indepen-
dently significant (p<0.05) factors included.  (SL): factor only associ-
ated with SL variability and not with PD20FEV1 variability; (-) negative
association.  For abbreviations see legend to figure 2.
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Table 2.  –  Summary of significant factors entered into
repeated measures analysis of variance of PD20FEV1

F-statistic p-value

A.  Year 1
Time×FEV1 F2,68=5.23 0.008
Period 1–2 F1,34=7.92 0.008
Period 2–3 F1,34=0.06 0.816 (NS)

Time×cold* F2,68=4.23 0.021
Period 1–2 F1,34=8.10 0.008
Period 2–3 F1,34=1.80 0.188 (NS)

B. Year 2
Time×block* F2,68=4.41 0.019
Period 4–5 F1,34=0.82 0.372
Period 5–6 F1,34=3.45 0.071

Cold: self-reported cold within six weeks of tests during peri-
od 2.  Block A and B: first and second two months, respec-
tively, of each four month time period.  "Time" refers to the
effect of four month time period during which tests were per-
formed.  NS: nonsignificant.  For further abbreviations see leg-
end to table 1.

Table 3.  –  Summary of repeated measures analysis of
variance for dose-response-slope

F-statistic p-value

Year 1
Time×block F2,140=2.94 0.060
Period 2–1 F1,70=0.02 0.894
Period 3–2 F1,70=5.29 0.025

Time×FEV1 F2,140=3.74 0.026
Period 2–1 F1,70=5.34 0.023
Period 3–2 F1,70=0.01 0.935

Time×cold F2,140=2.44 0.092
Period 2–1 F1,70=4.05 0.048
Period 3–2 F1,70=3.06 0.085

Year 2
Time×block F2,138=3.04 0.052
Period 5–4 F1,69=1.58 0.213
Period 6–5 F1,69=1.28 0.261

Time×gender F2,138=5.15 0.007
Period 5–4 F1,69=9.88 0.003
Period 6–5 F1,69=4.40 0.040

Cold: self-reported cold within six weeks of tests during peri-
od 2.  Block A and B: first and second two month block, respec-
tively, during each four month period.  "Time" refers to the
effect of four month time period during which test were per-
formed.  For abbreviations see legend to table 1.
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Fig. 4.  –  Variability of PD20FEV1 with time period.  There was a
trend toward an increase in bronchial responsiveness (decrease in
PD20FEV1) in Block B (June–August) of each year.  Significance:
p=0.07, year 2 (repeated measures analysis of variance).  Data are pre-
sented as mean±95% confidence interval.  For abbreviations see leg-
end to figure 2.

December 1987 and April 1988,   predominantly in those
studied in Block A (p<0.05).  Additionally, self-report-
ed colds at this time were associated with increased
bronchial responsiveness (p<0.01).  The effect of colds
was predominant in Block B for PD20FEV1 and block A
for SL.  SMLR for SL showed a reduction in bronchial
responsiveness in April–June 1988 (Block A) associated
with grass pollen (GP) skin-prick test positivity (p<0.01),
contrary to the expected increase with the pollen season.
The effect of house dust mite (HDM) positivity was only
significant in association with GP positivity, and had the
opposite influence (p =0.05).  Few subjects had positive
tests during this time period (8 GP and 10 HDM).  Although
35 of the 122 volunteers had positive HDM and 21 indi-
viduals had positive GP skin-prick tests at recruitment,
numbers were subsequently reduced by withdrawals,
non-attendance and saline responses.  In year 2, SL was
significantly reduced in atopic individuals between
April–June 1989 (Block A).  SL was also significantly
reduced between February–April 1989 (Block B) in atopics
(positive grass pollen, dog and house dust skin-prick
tests).  Atopy was not independently significant on SMLR,
being outweighed by the effect of male gender, which
was associated with reduced bronchial responsiveness
between February–April 1989.  The findings are sum-
marized in figure 3.

RMAOV showed that colds and low FEV1 were sig-
nificantly associated with reduced PD20FEV1 in the first
year of the study, the effect being limited to winter
1987–1988.  For SL, colds were only associated with a
trend towards increased responsiveness at this time.  Tables
2 and 3 show the interaction of time of test with spe-
cific factors.  In table 2A, the effect of FEV1 on PD20FEV1

shows a significant association with time (time×FEV1),
and this effect is shown to be accounting for variability
between Period 1 and 2 (p=0.008) but not between peri-
od 2 and 3.  Likewise,  self-reported colds are associat-
ed with PD20FEV1 variability between Period 1 and 2.
SL was also significantly influenced by male gender in



the second year but not by atopy.  In both years, there
was a trend towards increased bronchial responsiveness
in block B between June–August.  This was significant
for the first year for SL.  The effect of time block in which
the subjects were studied (time×block) is shown for both
PD20FEV1 and SL in tables 2 and 3.  Figures 4 and 5 show
the variability of PD20FEV1 and SL with season.

Discussion

In this study, we have shown an increase in bronchial
responsiveness in winter months, associated with colds
and low FEV1, and a trend towards an increase in bronchial
responsiveness in late summer not associated with grass
pollen skin-prick test positivity.  The association with
colds was only present in one winter, suggesting that a
specific viral epidemic may have been implicated.  Colds
were not virologically proven, but they were not associ-
ated with rhinitis or atopy, making it unlikely that the
subjects were reporting allergic rhinitis as a cold.  Cold
viruses have previously been shown to increase bronchial

responsiveness and are strongly linked with asthma exac-
erbations [25–27], particularly with rhinoviruses [28,
29] which bind to intercellular adhesion molecule-1
(ICAM-1), a receptor for rhinoviruses and inflammato-
ry cells [30].  Low FEV1 is weakly associated with bronchial
hyperresponsiveness [9], increasing the likelihood of
variability in response to environmental influences.

BRITTON et al. [15] have also shown increased bronchial
responsiveness in summer months.  The increase was
associated with atopy, but not with grass pollen skin-
prick test positivity.  They were only able to measure
PD20FEV1 up to 4 µmol histamine, owing to its adverse
effects [16].  This is equivalent to the same dose of
methacholine [31].  We measured bronchial responsive-
ness up to PD20FEV1 247 µmol methacholine and cal-
culated SL for all subjects, but our findings on atopy and
grass pollen skin-prick test positivity were paradoxical
and probably artefactual.  This may be because allergen
exposure is less relevent to those with minimal bronchial
responsiveness.  It should be noted that the data of BRITTON

et al. [15] were analysed using a one-way ANOVA includ-
ing different subjects at each time-point: some of the sea-
sonal change may be artefactual.  However, they were
able to perform tests on all subjects during a single month,
rather than 4 months, so that their subjects were exposed
to similar environmental influences at the time of study.
Our study design had the advantage of collection of data
throughout the year by a single observer.

PD20FEV1 analysis was unsatisfactory because of the
large number of individuals with minimal responsive-
ness.  Variability was greater than in laboratory studies,
in keeping with the findings in other community surveys
[31].  Dose-response slope calculation [19] allowed us
to include data on all subjects, but variability was greater
than for PD20FEV1.  It is likely that magnification of the
technical random error is responsible for some of the
variability when a small change in FEV1 is logarithmi-
cally transformed.  This effect shows in the 95% range
(±4.52 DS) but not the 95%CI,  as the CI has as its
denominator the square root of sample size (SL n=67;
PD20FEV1 n=27).  The impaired repeatability of SL
accounts for the reduction in significance of some asso-
ciations of bronchial responsiveness.  However, it was
possible to confirm that the association with colds and
summer months applied to the whole group of subjects
and not just those with measurable PD20FEV1.  Additionally,
the effect of male gender was identified.  This may be
explained by seasonal exacerbations of mild airflow lim-
itation experienced by smoking males.

In longitudinal studies of bronchial responsiveness,
the variability of the test may lead to difficulty detect-
ing the signal from the noise.  SL analysis contributes
more data on the least responsive tail of the distribution,
but its poorer repeatability indicates that it may be best
applied in cross-sectional surveys, where a high level of
repeatability is not required [32].

In conclusion, we have found seasonal variability of
bronchial responsiveness to methacholine in a normal pop-
ulation sample.  Bronchial responsiveness increased in
summer months.  We were not able to identify any sig-
nificant associations of this seasonal variability.  There
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Fig. 5.  –  Variability of log10 SL with time period (effect of 2 month
block of study).  There was a trend towards increasing bronchial respon-
siveness (increase in SL) in Block B (June–August) of each year, which
reached significance (p=0.025) in year 1 (repeated measures analysis
of variance).  Data are presented as mean±95% confidence interval.
For abbreviations see legend to figure 2.



was, however, an increase in bronchial responsiveness in
winter months in subjects with colds, but only in the first
winter of the study.  There was also an effect of low
FEV1 at this time, and of male gender during the second
winter of the study.  Both PD20FEV1 and SL were poor-
ly repeatable, owing to the high technical random vari-
ability of the test and the large number of normal individuals
with minimal bronchial responsiveness in the sample.
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