
Thorax 1990;45:860-865

Bronchial hyperresponsiveness in young students
of southern China: relation to respiratory
symptoms, diagnosed asthma, and risk factors

N S Zhong, R C Chen, M 0-yang, J Y Wu,WX Fu, L J Shi

Abstract
A cross sectional study was carried out
to determine the prevalence of bronchial
hyperresponsiveness and asthma in 3067
students aged 11-17 years in an urban
and a rural area of Guangzhou (Canton),
China. The methods used included a self
administered questionnaire, a histamine
bronchial provocation test, and allergen
skinprick tests. Bronchial hyperrespon-
siveness was defined as a 20% fall in
FEV, and peak expiratory flow at a
provoking dose of histamine (PD20) less
than 7-8 pmol on two occasions four
weeks apart. The response rate was
98 0% and 99-2% in the two areas. The
prevalence of bronchial hyperrespon-
siveness was 4-1% and of diagnosed
asthma 2-4% in the total population.
There were no significant differences in
prevalence between the urban and the
rural area or between boys and girls. The
11-12 year group had a higher prevalence
of bronchial hyperresponsiveness (7-6%)
than the older groups. Of the 125 with
bronchial hyperresponsiveness, 12-0%
were defined as having severe or
moderate (PD20 < 0-8 pmol), 26% mild
(0-9-3-2 pmol), and 62% slight bronchial
hyperresponsiveness (3-3-7-8 pmol). The
severity of bronchial hyperrespon-
siveness was closely related to diagnosed
asthma, wheezing, and cough, though
half the students with bronchial hyper-
responsiveness were symptom free. The
most common allergens were house dust
and house dust mite in the city, and hay
dust, pollen, and feathers in the rural
area. The odds ratios for having respec-
tively slight, mild or moderate, and
severe bronchial hyperresponsiveness
were 5-9, 21-0, and 30 4 for atopy; 1'9, 1 9,
and 7-3 for early respiratory infection;
and 3-1, 2-5, and 5-6 for a history of
parental asthma.

Bronchial hyperresponsiveness is recognised
as a characteristic feature of asthma.' It has
been suggested that the prevalence of bron-
chial hyperresponsiveness in a community
could be used as an objective marker of the
prevalence of asthma.2 Nevertheless, although
there is a fairly close relation between asthma
and bronchial hyperresponsiveness, subjects
with bronchial hyperresponsiveness do not
necessarily have asthma or vice versa.3 There
are no reports of the prevalence of bronchial

hyperresponsiveness in China; the reported
prevalence of asthma in China is based on
questionnaire surveys.' Questionnaire based
figures for the prevalence of asthma may
underestimate the true prevalence because
some asthmatic subjects, especially children
and adolescents, may not have typical
wheezing.7 In this paper we describe the
prevalence of bronchial hyperresponsiveness,
diagnosed asthma, and respiratory symptoms
in two areas of southern China. We explore
the relation between bronchial hyperrespon-
siveness and several potential risk factors,
including atopy, upper respiratory tract infec-
tion, family history, early respiratory illnesses,
age, sex, and area of residence. We also
evaluated the use of peak expiratory flow in
the measurement of bronchial hyperrespon-
siveness in an epidemiological setting.

Methods
POPULATION
All students aged 11-17 years attending the
Hua-Chiao Secondary School in an urban
area of Guangzhou (Canton), and the Cong-
Hua Secondary School, in a rural area 63 km
from the centre of Guangzhou, were enrolled
in the study. There were 1547 students in the
urban group and 1564 students in the rural
group. Studies were carried out during the
winter in December 1987 and January 1988.
The mean (SD) temperature during the
survey was 15°(4°)C in the urban and 14°(4°)C
in the rural area; humidity during the survey
was 60-90% in the urban and 50-90% in the
rural area. Approval for the study was
obtained from the director of the Guangzhou
Department of Education and the Guangzhou
Health Bureau.

QUESTIONNAIRE
We used a modified version of the children's
questionnaire (78-C) compiled by the
American Thoracic Society and the US
National Heart and Lung Institute, Division
of Lung Diseases.8 The questionnaire was
translated into Chinese and then translated
back into English as a check. A question about
nocturnal dry cough was included. Subjects
who had wheezing or nocturnal cough were
considered to have respiratory symptoms.

LUNG FUNCTION MEASUREMENTS
Peak expiratory flow (PEF) was measured
with a Guangdong peak flow meter. The
maximum accepted variation in PEF for
repeat blows was 10% for values of 200-350
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1/min and 7% for values of 360-680 1/min.
Each measurement was therefore repeated
until two successive readings were within 30
1/min for the former or 50 1/min for the latter
and the higher of the two values was recorded.
The forced vital capacity (FVC) and one
second forced expiratory volume (FEV1) were
measured with a dry spirometer (Vitalo-
graph). Each measurement was repeated until
a second value within 100 ml of the maximum
FEV, was obtained and the higher value was
recorded. Baseline FVC, FEVy, and PEF
values were compared with the predicted
values for normal Chinese children and
adults." 12

HISTAMINE INHALATION TEST
Histamine inhalation tests were carried out by
the method of Yan et al,9 except that response
was measured as change in PEF.'0 Subjects
were taught to inhale from a DeVilbiss No 40
glass nebuliser containing normal saline. PEF
was measured before and one minute after an
inhalation of normal saline and after each
challenge dose of histamine. Four stock solu-
tions (0-3%, 0-6%, 2-5%, and 5%) of hista-
mine were used to give an incremental
cumulative dose from 0 03 to 7-8 umol of
histamine. The challenge was stopped when
the PEF had fallen by 20% or more or when the
highest dose of histamine had been adminis-
tered. For those undergoing a second histamine
inhalation test (see below) both PEF and FEV,
were measured. Salbutamol by metered dose
inhaler was given to aid recovery when neces-
sary. All tests were performed in the afternoon,
between 1430 and 1830 hours. A dose-response
curve was obtained for each test by plotting
PEF or FEV1 against the logarithmic dose of
histamine. The dose of histamine that caused a
20% fall in PEF or FEV, (PD20PEF or PD20-
FEVI) was obtained by linear interpolation.
PD20FEV, from the second test was used to
categorise the severity of bronchial hyper-
responsiveness.

BRONCHODILATOR RESPONSE
The bronchodilator response was determined
in subjects whose baseline FEV, was less than
60% predicted. After the baseline lung func-
tion was obtained, 200 /ig salbutamol was
administered from a metered dose aerosol.
FEV, was measured 10 minutes later. An
increase of 15% or more in FEV, was con-
sidered to be a positive bronchodilator re-
sponse.

SKINPRICK TESTS
Atopy was assessed using the skinprick test as
described by Pepys."' The 13 most common
skinprick tests (that is, house dust, Dermato-
phagoides pteronyssinus, cat fur, horse hair,
sheep wool, rabbit fur, dog hair, hay dust,
kapok, mixed feathers, maye pollen, Aspergillus
fumigatus, and Alternaria tenuis; Bencard,
Brentford, Middlesex) were carried out. Hist-
amine 0-5% was used as a positive control and
normal saline as a negative control. Allergens
were placed on the volar aspect of the forearm
and the skin was pricked through the droplet.

Weal size was recorded after 15 minutes. A
mean weal diameter (mean of two diameters
perpendicular to each other) more than 2 mm
greater than the saline control was regarded as a
positive response. Subjects with one or more
positive responses were classified as atopic. An
atopy index'4 was used to relate the degree of
atopy to the severity of bronchial hyper-
responsiveness. The atopy index is the sum of
the number of the four allergen groups (house
dust mite, pollen, animal fur, and mould) that
gave a positive response plus the size of the
largest reaction (1 = < 4 mm and 2 = >4 mm).
STUDY DESIGN
Four physicians and three technicians carried
out the tests in each area at the same time.
Subjects completed the respiratory symptoms
questionnaire8 under the supervision of
medical staff; the questionnaire was then re-
viewed by a parent of the student. For children
under 13 years old the questionnaire was com-
pleted by the parents. Histamine inhalation
tests were performed by a modification of
Yan's method9 as described by Zhong et al,'0
the only difference being that a minipeak flow
rate meter was used instead ofa dry spirometer.
Subjects with a peak expiratory flow rate below
60% predicted underwent spirometry; those
with an FEV, below 60% predicted then
underwent a bronchodilator test. One month
later subjects who had had a greater than 20%
fall in PEF during the initial histamine inhala-
tion test underwent a second test, during which
both PEF and FEV, were measured in random
order.9 Skinprick tests were performed in all
subjects with a positive response to the hista-
mine inhalation test and in 656 randomly
selected age matched subjects who did not
develop bronchoconstriction in response to
histamine. Those who were absent from the
initial study owing to upper respiratory tract
infection completed the questionnaire and
underwent a histamine inhalation test three
weeks after recovery.

DATA ANALYSIS
Subjects with a fall in PEF and FEV, of20% or
more in both the initial and the repeat study
were defined as having bronchial hyper-
responsiveness. Subjects were also grouped
arbitrarily according to the PD20FEV, value'5
as follows:
Degree of bronchial
hyperresponsiveness: PD20
Severe < 0 1 ymol (0-03 mg)
ModerateO- 1-0-8 umol (0-03-0-23 mg)
Mild 0-9-3-2 umol (0-24-0 90 mg)
Slight 3-3-7-8 pmol (0-91-2-0 mg)
Normal None obtained for either PEF or FEV,
Subjects who had a bronchodilator test because
of poor baseline lung function were not in-
cluded in the analysis or in the figures for
prevalence and severity of bronchial hyper-
responsiveness.
Asthma was defined by the criteria recom-

mended by the Chinese Thoracic Society"-
recurrent wheezing, chest tightness, or re-
current dry cough at night relieved sponta-
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neously or after treatment with a bron-
chodilator. Asthma was defined as current
when one of these symptoms had occurred
within the last month; subjects with respiratory
symptoms or bronchitis before the age of 2
were defined as having early respiratory illness.
The prevalence figures given for diagnosed
asthma and respiratory symptoms are the
cumulative prevalence from birth to the
interview time, expressed as percentages of the
study sample.
Chi squared analyses of contingency tables

were used to determine the associations be-
tween various variables. The risk of bronchial
hyperresponsiveness (PD20 value) in relation to
associated factors was expressed as an odds
ratio.

Results
Complete data were obtained from 1515
(98-0%) subjects (788 boys, 727 girls) in the
urban area and from 1552 (99-2%) subjects
(790 boys, 762 girls) in the rural area. Parents
of non-responders were interviewed. Three
students who were absent from the initial study
owing to an upper respiratory tract infection
completed the questionnaire and had a hista-
mine inhalation test three weeks after recovery.
At the initial study 176 subjects had a PD20

PEF value of 7-8 pmol or less. In the second
study, in which both PEF and FEVy were

measured, 125 of the 176 subjects had a

measurable PD20 value for both PEF and FEV1
and were thus classified as having bronchial
hyperresponsiveness. At the first study 61
subjects reported a recent upper respiratory
tract infection (2% of 3067), ofwhom 54 (89%)
had bronchial hyperresponsiveness. This is
much higher than the proportion in subjects
without a respiratory infection (4%; x2 test, p
< 0-001). Only 15 of the 54 subjects (28%),
however, had bronchial hyperresponsiveness
in the second test (p < 0-05).

Baseline lung function in the 125 subjects
with bronchial hyperresponsiveness is shown
in table 1. There was a close positive correlation
between the PD20FEV1 and PD20PEF in the 125
subjects with bronchial hyperresponsiveness.
The regression equation is:
ln (PD20PEF) = 0 163 + 0.870 ln (PD20FEVI);
r = 0 857
Only four subjects received a bronchodilator
because their FEV1 was below 60%. All
showed an increase in FEVy ofmore than 15%.

of
group

100-

80-

60

40-

20-

0 Moderate to Mild Slight No BHR
Moderate to Mild Slight No BHR

severe

Severity of bronchial hyperresponsiveness (BHR) in
relation to atopy, early respiratory illness, and parental
asthma. Moderate to severe BHR-PD20
< 0 8 pm; mild BHR-PD20 09-3 2 pm; slight
BHR-PD20 3-3-7-8 pm; no BHR-no PD20 obtained.
O atopy; a early respiratory illness; parental
asthma.

The prevalence of bronchial hyperrespon-
siveness and diagnosed asthma in relation to
area of residence, age, and sex is shown in table
2. The prevalence of bronchial hyperrespon-
siveness was 4- 1% and of asthma 2 4%. There
was no significant difference between students
in urban and rural areas or between boys and
girls. The prevalence of bronchial hyper-
responsiveness was higher in the 11-12 year old
age group (7-6%) than in the other two age
groups (p < 0 05). There was no significant
difference in the prevalence of diagnosed
asthma in the three age groups, though the
trend was towards a higher prevalence in the
younger group.
When the severity of bronchial hyper-

responsiveness was classified according to
Woolcock'5 only one subject had severe bron-
chial hyperresponsiveness; 14 (11 %) had
moderate, 32 (26%) mild, and 78 (62%) slight
bronchial hyperresponsiveness. For the pur-
poses of analysis the severe and moderate
groups were combined. The severity of bron-
chial hyperresponsiveness was closely
associated with current asthma, previous
asthma, symptoms of wheezing, and nocturnal
cough (table 3; p < 0-01 in each case). Of the
125 students with bronchial hyperrespon-
siveness, 59 (47%) were defined as having
current asthma and 35 (28%) as having had
asthma. None of the 2942 students without a

measurable PD20 had current asthma; 0-4%
were defined as having had asthma. The pre-
valence of bronchial hyperresponsiveness
(4-1 %) was much higher than the prevalence of
either current (1 92%) or previous asthma
(1 6%). Among the 125 students with bron-

Table I Lungfunction in relation to age and height in 125 students with bronchial hyperresponsiveness (mean (SD) values, with percentages of
predicted values in square brackets)

Boys Girls
Age
(y) n Height (cm) FVC (1) FEV, (1) PEF (I/min) n Height (cm) FVC (1) FEV, (1) PEF (I/min)

11-12 9 153 (6 4) 2 59 (0 45) 2 29 (0 48) 360 (71) 8 151 (8-2) 2 53 (0A46) 2 18 (0 44) 340 (42)
[96 (15)] [99 (18)] [98 (18)] [108 (18)] [102 (20)] [97 (12)]

13-15 30 159 (9 5) 3 35 (0 59) 2-89 (0-55) 420 (82) 31 154 (5 9) 2 90 (0 42) 2 61 (0 44) 370 (40)
[108 (17)] [101 (19)] [96 (16)] [110 (14)] [106 (17)] [97 (11)]

16-17 21 167 (6-8) 4 13 (0-47) 3-42 (0-48) 507 (67) 26 156 (5 7) 3 16 (0 50) 2 66 (0-36) 400 (42)
[103 (11)] [95 (14)] [97 (13)] [100 (15)] [96 (13)] [101 (10)]

FVC-forced vital capacity; FEV,-forced expiratory volume in one second; PEF-peak expiratory flow.
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Table 2 Prevalence (No (%) of subjects) of bronchial
hyperresponsiveness (BHR) and asthma

n BHR Asthma

Total 3067 125 (4-1) 74 (2-4)

Area of residence:
Urban 1515 59 (3-9) 40 (2-6)
Rural 1552 66 (4-3) 34 (2-2)

Age (y):
11-12 197 15 (7.6)* 8 (4-1)
13-15 1418 64 (4-5) 36 (2 5)

Sex:
Male 1578 58 (3 7) 42 (2 7)
Female 1489 67 (4-5) 32 (2-1)

*p < 0 05 in the comparison with both older groups.

chial hyperresponsiveness, those without any
respiratory symptoms or asthma had a geo-
metric mean (SD) PD20FEV1 of 6-28 (2 80)
imol, which was higher than that in subjects
with respiratory symptoms or current asthma
(PD20FEV1 4-11 (2.42) ,umol; p < 0-05).
The severity of bronchial hyperrespon-

siveness was correlated with three risk factors:

Table 3 Percentages of students with bronchial hyperresponsiveness (BHR) of varying
severity* with diagnosed asthma and symptoms

Severity ofBHR

Moderate to
severe Mild Slight None Total
(n = 15) (n = 32) (n = 78) (n = 2942) (n = 3067)

Current asthma 93-3 56-3 35 9 0 1-9
Previous asthma 73-3 37-5 15-4 0 5 1-6
Wheezing 66 7 31-3 11-5 2-0 2-8
Recurrent cough 40.0 43 8 24-4 7-3 8-2
Night cough 46-7 31-3 21-8 4-6 5-2
Any respiratory
symptom 100 56 3 35 9 11 5 12-9

*Degrees of bronchial hyperresponsiveness: moderate to severe: PD20 < 0-8 pm; mild:
PD20 0-9-32 ,um; slight: PD., 3-3-7-8 pm; none: no PD2,, obtained.

Table 4 Risk of bronchial hyperresponsiveness (BHR) in students divided into groups
according to their history of atopy, early respiratory illness, and parental asthma (odds
ratios with the 95% confidence limits in parentheses)

Severity ofBHR

Moderate to
severe Mild Slight
(PD20 < 0 8 pm) (PD20 09-3-2 pm) (PD20 3 3-7-8 pm) p

Atopy 30.4* (4 0, 233-0) 21.0* (6-3, 69-8) 5.9* (3-5, 10-0) <0 01
Early respiratory

illness (ERI) 7.3* (2-6, 20 7) 1-9 (0-9, 4-2) 1.9* (1-2, 3-2) <0 01
Parental asthma 5-6* (0 7, 43-7) 2-5 (0 3,19 0) 3.1** (1-0, 10-4) <0 01
Atopy plus ERI or

parentalasthma 35-5*(11-5,110-0) 8-1* (3.5,18-5) 7.9* (4 3,14-4) <0-01

*p < 0-01, **p < 0 05 in the comparison with the non-BHR group (the p values in the
table refer to the comparison of the whole BHR group with the non-BHR group).

Table 5 Common allergens in students with bronchial hyperresponsiveness (No (%) of
groups)

atopy (p < 0-01), early respiratory illness (p <
0-01), and parental asthma (p < 005) (figure).
Comparing the group with normal bronchial
responsiveness to the group with moderate or

severe bronchial hyperresponsiveness showed
an increase in the number of subjects with
atopy (from 32% to 93%), of those with early
respiratory illness (from 16% to 60%), and of
those with a history of parental asthma (from
1-2% to 6-7%). Odds ratios for the severity of
bronchial hyperresponsiveness in relation to

the three risk factors are shown in table 4. The
risk of bronchial hyperresponsiveness was

greatest in subjects who were atopic and it
increased further in those with atopy plus early
respiratory infection and parental asthma.

Results of skinprick tests from 122 subjects
with bronchial hyperresponsiveness (table 5)
showed that the predominant allergens in the
students in the urban area were house dust and
house dust mite. Positive reactions to hay dust,
maye pollen, and feathers were much higher in
the students from the rural area.

There was a positive correlation between the
atopy index and the severity of bronchial
hyperresponsiveness as measured by the
PD20FEV1 (r = 029, p < 001).

Discussion
We modified Yan's method9 for histamine
inhalation challenge by using peak expiratory
flow rate to measure bronchial responsiveness
rather than FEV1 and have measured bronchial
responsiveness in a large population ofchildren
aged 11-17 in two areas ofsouthem China. The
prevalence ofbronchial hyperresponsiveness in
this population was 4-1%. The prevalence of
bronchial hyperresponsiveness was not affec-
ted by sex or area of residence, but was slightly
higher in younger children. Atopy was the most
significant risk factor for bronchial hyper-
responsiveness. The prevalence of diagnosed
asthma was 2-4%. The severity of bronchial
hyperresponsiveness was closely but not com-
pletely associated with respiratory symptoms
and a diagnosis of asthma.
The study population was an unbiased

sample with a very high rate of compliance;
3067 out of 31 1 1 students in the two secondary
schools completed the survey (98-6%).
Reasons for non-response were established by
interview with the parents ofabsent students to

determine whether it was due to respiratory
illness. The survey was carried out simulta-
neously in urban and rural schools, during the
winter months to minimise seasonal effects.
Measures were taken to ensure the reliability

of the data collection methods. All staff
members taking part in the study received
one week's technical training, including the
correct use of the peak flow meter and De-
Vilbiss nebuliser. The GD peak flow meter

(Guangzhou Institute ofMedical Instrumenta-
tion, Guangzhou, Guangdong, China) was

used to measure lung function in the initial
study. We have shown previously'0 that there is
a close linear correlation between change in
PEF and change in FEV, during the histamine
inhalation test, and a close correlation between

Group n House dust Mite* Hay dust Maye pollen Feathers

City 59 33 (55-9) 33 (55 9) 5 (8 4) 9 (15-2) 10 (16-5)
Rural 63 25 (39 7) 23 (36 5) 23 (36 5) 26 (41-3) 21 (33-3)
p >0-05 <0-05 <0.001 <0-01 <0-05

*Extract of Dermatophagoides pteronyssinus.
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PD20FEV, and PD20PEF was found in the
present study. Being simple, cheap, and easy to
use, the peak flow meter is a useful tool for
measuring response in histamine inhalation
tests in large populations and gives results
similar to those obtained with the FEVy.

Bronchial hyperresponsiveness was defined
on the basis of a reproducible response to two
histamine inhalation tests. Students with a fall
in PEF of20% or more with the first histamine
challenge received a second histamine chal-
lenge test four weeks later. Only those who had
a fall in both PEF and FEV, of 20% in the
second test were considered to have bronchial
responsiveness. Of the 176 students who had a
fall in PEF of20% in the initial test, 125 had a
fall in both PEF and FEV, of20% in the second
test. Mean baseline FVC, FEVI, and PEF
values in these 125 children (table 1) were
within the predicted range for Chinese chil-
dren.11 12 Of 51 children without a 20% fall in
FEV, and PEF in response to histamine in the
second study, 39 had had an upper respiratory
tract infection within two weeks of the initial
study. In contrast to the results of Peat et al,'4
who found no relation between recent upper
respiratory tract infection and bronchial
responsiveness, our data suggest that an upper
respiratory tract infection increased bronchial
responsiveness. Of the 61 students with an
upper respiratory tract infection at the first
visit, 54 had bronchial hyperresponsiveness,
compared with 15 at the second visit. Burney et
al 7 and Josephs et al 8 have shown that bron-
chial responsiveness will vary within subjects if
measured on more than one occasion. The
present criteria may lead to an underestimation
of the prevalence of bronchial hyper-
responsiveness in relation to the results ofother
studies, but our study has shown that upper
respiratory tract infection is an important fac-
tor interfering with prevalence figures. To
reduce the number of false measurements of
bronchial hyperresponsiveness, the "natural"
bronchial responsiveness of those subjects was
determined by repeating the histamine
challenge at least three weeks after the upper
respiratory tract infection.'9
The prevalence of bronchial hyper-

responsiveness in our population was 4-1%,
which is considerably lower than that reported
in children by Salome et al (17 9%),' Sears et al
(25 %),20 and Weiss et al (21 %).21 The methods
used to measure and define bronchial hyper-
responsiveness differed, however, though there
may also be differences due to race, environ-
ment, and age. The prevalence measurements
in the previous studies were obtained in chil-
dren aged 8-11 years. In our study the pre-
valence of bronchial hyperresponsiveness was
higher in the 11-12 year group (7 6%) than in
those aged 13-15 (4-2%) and 16-17 years
(3-2%). The prevalence of bronchial hyper-
responsiveness may be higher still in the 8-11
year age group in southern China.
The prevalence of diagnosed asthma in our

population was 2-4%, which is much lower
than that found by Salome et al (12-8%)' and
Dodge and Burrows (6.6%)22 but similar to that
found by Lee et al2 and Alanko.24 The

prevalence in the 11-12, 13-15, and 16-17 year
age groups (4-1%, 2-5%, and 21%) did not
differ significantly, possibly owing to the small
sample size (197) in the 11-12 year age group.
There was a trend towards a decreased
prevalence of both bronchial hyperrespon-
siveness and asthma in the older groups, as
noted by others.25
The severity of bronchial hyperresponsive-

ness was closely associated with the prevalence
of current or previous asthma, wheezing, and
night cough. Among the 125 students with
bronchial hyperresponsiveness mean PD20
FEV, was lower in those with any respiratory
symptom or diagnosed asthma. Sixty six out of
125 students with bronchial hyperresponsive-
ness (53%) were symptom free, however, and
12 students previously diagnosed by a doctor as
having bronchial asthma had normal bronchial
responsiveness. Thus we agree with the com-
ment of Salome et al3 that there is an in-
complete association between bronchial
hyperresponsiveness and diagnosed asthma.
Possibly those with symptom free bronchial
hyperresponsiveness are at higher risk for the
development of asthma, but there is so far no
evidence to support this.
The prevalence of bronchial hyper-

responsiveness and diagnosed asthma did not
differ between the urban and rural groups, or
between boys and girls. Although the air con-
centrations of suspended particles (mean (SD)
226 (120) ug/m3) and sulphur dioxide (78 (58)
Yg/m3) in the urban resident area ofGuangzhou
were slightly higher than those in the rural
Conghua area (153 (92) ig/m3 and 35 (30)
ug/m3),26 the outdoor temperature, humidity,
and lifestyle are similar in the two areas. The
prevalence of asthma and bronchial hyper-
responsiveness also did not differ between boys
and girls. Coultas and Samet, by contrast,
found a higher prevalence of asthma in boys
than girls.27
Atopy was the most important risk factor

associated with bronchial hyperresponsive-
ness. Welty et a128 and Woolcock et al 29 failed to
find any correlation between atopy and bron-
chial hyperresponsiveness in their adult
population surveys. In the present study,
however, more than 80% of subjects with
bronchial hyperresponsiveness were atopic-a
very much higher proportion (p < 0 001) than
in those with no bronchial hyperresponsiveness
(31 5%). Odds ratios for atopy increased from
5-9 to 30 4 in those with slight to moderate (and
severe) bronchial hyperresponsiveness. In
addition, the severity of bronchial hyper-
responsiveness was correlated with the atopy
index, as in the study of Peat et al.0 Seventeen
of the 125 subjects with bronchial hyper-
responsiveness (13-6%), however, had negative
skin test responses.

Early respiratory infection was also a risk
factor for bronchial hyperresponsiveness, the
odds ratios being 1 ~9 for those with slight and
7-3 for those with moderate bronchial hyper-
responsiveness. This result is in accordance
with the data ofGurwitz et al." The odds ratios
for a parental history ofasthma ranged from 3- 1
in those with slight to 5-6 in those with
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moderate and severe bronchial hyperrespon-
siveness, in keeping with the data of Peat et al.
Inherited factors may play a part in the
development ofasthma32 and may be concerned
in the development of bronchial hyperrespon-
siveness. The risk of bronchial hyper-
responsiveness was further increased in those
with atopy in addition to early respiratory
infection or parental asthma (odds ratios rang-
ing from 7-9 in those with slight to 35 in those
with moderate and severe bronchial hyper-
responsiveness.
The allergen skinprick tests showed dif-

ferences in responses depending on the area of
residence. Students in the urban area were
more likely to have a positive response to house
dust mite allergen than those in the rural area,
whereas a positive response to hay dust, feath-
ers, and pollen were much more common in the
rural area. These differences probably reflect
differences in the type of aeroallegen in the two
aras. Students reactive to both mite and pollen
allergens had an increased risk of bronchial
hyperresponsiveness.
Thus a modified Yan histamine inhalation

test has been shown to be simple to use for
measuring bronchial responsiveness in a large
population. In 11-17 year old students in
southern China the prevalence of bronchial
hyperresponsiveness was increased in younger
students. The severity of bronchial hyper-
responsiveness was closely associated with
diagnosed asthma, atopy, early respiratory
infection, and parental asthma; about half of
these students with bronchial hyper-
responsiveness were symptom free.
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