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Comparison between two districts of the eVects
of an air pollution intervention on bronchial
responsiveness in primary school children in
Hong Kong

C M Wong, T H Lam, J Peters, A J Hedley, S G Ong, A Y C Tam, J Liu, D J Spiegelhalter

Abstract
Study objective—This study examined the
impact on children’s respiratory health of
a government air quality intervention that
restricted the sulphur content of fuels to
0.5% from July 1990 onwards.
Design/setting/participants—This study
examined the changes, one and two years
after the introduction of the intervention,
in airway hyperreactivity of non-
asthmatic and non-wheezing, primary 4,
5, and 6, school children aged 9–12 years
living in a polluted district compared with
those in a less polluted district. Bronchial
hyperreactivity (BHR) (a 20% decrease in
FEV1 provoked by a cumulative dose of
histamine less than 7.8 µmol) and bron-
chial reactivity slope (BR slope) (percent-
age change in logarithmic scale in FEV1

per unit dose of histamine) were used to
estimate responses to a histamine chal-
lenge. The between districts diVerences
after the intervention were studied to
assess the eVectiveness of the interven-
tion.
Main results—In cohorts, comparing
measurements made before the interven-
tion and one year afterwards, both BHR
and BR slope declined from 29% to 16%
(p=0.026) and from 48 to 39 (p=0.075)
respectively in the polluted district; and
from 21% to 10% (p=0.001) and 42 to 36
(p>0.100) in the less polluted district.
Comparing measurements made in 1991
(one year after intervention) with those in
1992 (two years after intervention), only
the polluted district showed a significant
decline from 28% to 12% (p=0.016) and
from 46 to 35 (p=0.014), for BHR and BR
slope respectively, with a greater decline
in both responses (p=0.018 and 0.073) than
in the less polluted district.
Conclusion—Bronchial hyperresponsive-
ness tests can be used to support the
evaluation of an air quality intervention.
The demonstrated reduction in bronchial
hyperresponsiveness is an indication of
the eVectiveness of the intervention.
(J Epidemiol Community Health 1998;52:571–578)

Air pollution is a major and increasing health
hazard in rapidly expanding urban areas in the
Asia Pacific rim. In 1989, Kwai Tsing district
was one of the most air polluted areas in Hong
Kong with about 8000 industrial outlets1 (giv-

ing rise to multiple point sources of air
pollution) and a residential population of
441 000 (8% of the total Hong Kong
population)2 living mostly in high rise, low cost
housing. Southern district (population
257 000), with a similar type of housing to that
of Kwai Tsing was mainly residential. A respi-
ratory health study, carried out over a two year
period in 1989 and 1990 with surveys using self
completed questionnaires, showed an excess of
respiratory symptoms (sore throat, cough,
wheeze, and phlegm) in primary school
children in Kwai Tsing compared with those in
Southern district, which had better air quality,3

although there were no diVerences in FEV1 and
FVC measured by spirometry between the two
districts.4 To provide an objective indicator of
any adverse health eVect resulting from air pol-
lution, in 1990 a histamine challenge test was
carried out in April to May on a sub-sample of
the children. A higher prevalence of bronchial
responsiveness was found in those children liv-
ing in the more polluted district.5 This finding
suggested that urban pollutants could induce
bronchial constriction as well as increase the
likelihood of a bronchial constriction response
to allergens in both healthy and asthmatic
subjects.6

In Australia bronchial hyperresponsiveness
has been found in infants after they inhaled low
concentrations of histamine and it was postu-
lated that this was an inborn characteristic that
would be lost as they grew older, depending on
individual genetic or environmental factors.7

Exposure to low concentrations of sulphur
dioxide (SO2) during infancy has also been
related to bronchial hyperresponsiveness in
schoolchildren 7–13 years of age.8

In July 1990, new Government fuel regula-
tions were implemented that restricted the sul-
phur content of fuels to 0.5%.9 SO2 levels
measured in Hong Kong Government Envi-
ronmental Protection Department air monitor-
ing stations fell rapidly by 84% in Kwai Tsing
district whereas those in Southern district
remained stable (fig 1).10–12 A greater reduction
in SO2 level was observed in Kwai Tsing
district as expected because there were more
factories there than in the Southern district
and the fuel regulation aVected the sulphur
contents of fuel used by factories. There were
smaller reductions in total (TSP) and respir-
able suspended particulates (RSP) (<10 µm) of
23% and 18% respectively. During the period
of the fieldwork in April and May of each year,
SO2 concentrations in Kwai Tsing fell from
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124.5 µg/m3 (1990) to 24.5 µg/m3 (1991) and
25.0 µg/m3 (1992); in Southern the levels were
lower and stable and averaged 7.7 µg/m3 (range
2–13). The fall in sulphate in respirable
particulates ranged from 38% in Kwai Tsing to
25% in Southern (fig 1). Nitrogen dioxide lev-
els remained unchanged.10 After the introduc-
tion and implementation of the fuel regulations
there was a greater decline in the polluted
compared with the less polluted district for
reported symptoms of cough or sore throat,
phlegm and wheezing.13

This study, using the histamine challenge
test, examined the between district diVerences
for changes in bronchial responsiveness in chil-
dren aged 8–11 years living and attending
schools in a more polluted district, compared
with those from a district with better air
quality, before and after the implementation of
the fuel regulations.

Methods
STUDY DESIGN, SCHOOLS, AND SUBJECTS

Because the fuel regulations were implemented
across the Territory, it was not feasible to use
an experimental design to study the eVect of
this intervention on respiratory health. A
before and after design was used in two
districts: Kwai Tsing, which showed a reduc-
tion in pollutant levels after the intervention,
and for comparison, Southern district, with
lower stable air pollutant levels both before and
after the intervention.

Details of the first year of the respiratory
health study in 1989 and the 1990 baseline
study on bronchial responsiveness have been
reported elsewhere.3–5 In 1989 11 schools, five
in Kwai Tsing and six in Southern were
selected and all primary 3 and 4 students (age

8 to 10 years) were included. Selection was
based on the assessment of school sites that
were considered by local district board officials
and the Environmental Protection Department
to be representative of the air quality in each of
the two districts.

In 1990, before the fuel intervention, a sub-
set of four schools, two in each district, was
chosen in which to perform histamine chal-
lenge tests. One class was randomly selected
from each of primary 4 and primary 5, in both
morning and afternoon sessions, in each of the
four schools. All 522 children on the school
register were asked, through their parents, to
participate and 423 were eventually measured.
In 1991, the same children measured in 1990
(now primary 5 and 6 students) were re-
measured. In addition, a new class of primary 4
children was recruited from each of the same
four schools. Of the 721 children invited, 20%
refused and 573 were measured. In 1992, the
1991 primary 4 and 5 children who had
become primary 5 and 6 were re-measured and
a new class of primary 4 was added, from each
of the four schools. This resulted in measure-
ment of a sample of 524 children and a refusal
rate of 15%. The 1990 primary 5 children, who
had become primary 6 in 1991, could not be
followed up in 1992 because they had com-
pleted their primary education and moved on
to secondary schools elsewhere (fig 2).

The study design had two parts. Part 1 com-
prised a descriptive (cross sectional) study, in
two districts, of all primary 4–5 children in
each of the three years as follows. (Primary 6
children were not included for the sake of
comparability and some children participated
in more than one year) (fig 2). (a) 1990:pre-
intervention year, primary 4 and 5 children; (b)
1991: one year after intervention, primary 4
(new), and primary 5 (first measured in 1990
as primary 4); (c)1992:two years after interven-
tion, primary 4 (new), and primary 5 (first
measured in 1991 as primary 4).

Part 2 is a comparison between districts of
three cohorts of children. (The most polluted
district, Kwai Tsing, was regarded as the index
group; and the less polluted district, Southern,
was the control group) (fig 2). (a) 1990–91
cohort, to show the eVect one year after the
intervention; (b) 1991–92 cohort, to show the
late eVect two years after the intervention; and
(c) 1990–92 cohort, to show the changes in
histamine challenge test responses in three
successive years.

Written consent to participate in the hista-
mine challenge test was obtained from the
child’s parent or guardian. Ethical approval for
the study was obtained from the Ethics
Committee of the Medical Faculty of the Uni-
versity of Hong Kong. Children with a history
of either asthma medication use or wheezing on
the day of test were not included in the
histamine challenge test. To have a homogene-
ous group of well subjects, children who
reported ever having asthmatic and/or wheez-
ing symptoms (8% in Southern and 11% in
Kwai Tsing on average over the three years)
were also excluded from the study.

Figure 1 Trends in air pollution as shown by levels of
sulphur dioxide (SO2 ) and sulphates in respirable
particulates (SO4 RSP) at monitoring stations in Kwai
Tsing (solid line) and in Southern (dotted line) districts
measured by the Hong Kong Environmental Protection
Department 1988–92, before and after the introduction of
regulations restricting the sulphur content of fuels.
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QUESTIONNAIRES

Students completed a structured question-
naire, developed after reference to the Medical
Research Council Questionnaire on Respira-
tory Symptoms and other internationally
recognised standard questionnaires,14–16 in class
under the supervision of a trained field worker.
No teachers were present. The questionnaire
asked for information on the children’s respira-
tory symptoms, their smoking behaviour,
exposure to smoking at home, and demo-
graphic factors including sex, age, and place of
birth. Parents also completed a questionnaire,
which was brought home by the children and
returned to the school when completed in a
sealed envelope. The parent’s questionnaire
asked for information on respiratory symptoms
and common respiratory diseases in both chil-
dren and parents, type of housing, type of
domestic fuel, use of incense and mosquito
coils, parents’ education levels, occupation and
smoking history, and details on others smoking
in the family home.

PHYSICAL EXAMINATION

The children had their heights and weights
measured using standard methods.17 Children
with a current upper respiratory tract infection
or a history of one in the previous 10 days, and
those with a history of either asthma medica-

tion use or wheezing on the day of examination
were excluded from the histamine challenge
test.

HISTAMINE CHALLENGE TEST

The histamine challenge test was carried out in
a designated room in each school using the
method of Yan et al.18 Before administration of
the test, the output of the nebullisers was
checked and the subject’s ventilatory function
was measured using a portable dry wedged
spirometer (Vitalograph). Children with a
forced expiratory volume in one second (FEV1)
of less than 60% of expected were to be
excluded but none was eventually excluded by
this criterion. The challenge test was carried
out for, at most, nine histamine doses (starting
dose saline, second dose 0.03 µmol and
systematically doubled for each subsequent
dose) up to the end dose (cumulative 7.8
µmol). The test was terminated at 7.8 µmol or
at an earlier dose in all cases where there was a
20% drop of FEV1 from the baseline.

OUTCOME VARIABLES

Two outcome variables for bronchial respon-
siveness were calculated from the results of the
histamine challenge test.

(1) Bronchial hyperreactivity (BHR): a
dichotomous variable, based on observation of
the cumulative dose of histamine that provoked
a 20% decrease (PD20) in FEV1. BHR was con-
sidered to be present if PD20 <7.8 µmol and
absent if PD20 >7.8 µmol.19

(2) Bronchial reactivity (BR) slope: a con-
tinuous variable defined as the percentage
change (logarithmic scale) in FEV1 from the
first to last dose per cumulative dose of
histamine. Higher positive values indicate a
more adverse reaction.19

STATISTICAL ANALYSIS

Descriptive study
Descriptive statistics with adjustment for age
for the two outcome variables were obtained
for each sex separately and also for all children
adjusted for sex and age. The outcome
variables were compared by districts for each of
the three years of the study.

Age and sex were adjusted by the method of
direct standardisation using the age by sex dis-
tribution for all primary 4 and 5 children for
the three years as standard. Other potential
confounding variables and any learning eVect
that might be acquired in performing the test
repeatedly are referred to in the analysis of the
follow up cohort.

Cohort study
Crude prevalence rates for BHR and mean
responses for BR with 95% confidence inter-
vals were derived for each of two district
cohorts in each year of measurement.

The changes in the responses between
calendar years of measurement, that is (a) the
second year (1991) compared with the first
(1990); (b) 1992 compared with 1991; and (c)
the second year (1991) and the third year
(1992) compared with the first year (1990),
were examined within each district cohort

Figure 2 Study design and classes of primary school children by year and grade. Double
line indicates the introduction of the fuel regulations. Part 1: Cross sectional comparison of
primary classes over three years 1990 (primary 4 and 5), 1991 (primary 4 and 5), and
1992 (primary 4 and 5) shown in the columns. Part 2: Analysis of three cohorts 1990–91,
1991–92, and 1990–1992 is shown in the diagonal enclosures. Cohorts are indicated by
broken lines.
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using statistical modelling based on generalised
estimating equations (GEE) procedure,20 with
adjustment for correlation between repeated
measurements and for the six characteristics
listed: sex (boys compared with girls); age (at
the first year of measurement); years of exami-
nation (dummy variables for 1991 and 1992
compared with the baseline year); school
session (afternoon compared with morning
sessions); father’s education level (regarded as
a continuous variable and coded as 0, 1, 2, 3
and 4 for no formal education, primary, lower
secondary, upper and post secondary educa-
tion respectively); number of categories of
smokers in the family home (one, two or more
compared with none with categories defined as
mother, father, sibling and others, such as
grandparents or lodgers); FEV1 (regarded as a
continuous variable).

The variables selected for the adjustment
were similar to those in our previous studies.5 13

The changes were then compared between
cohorts in the two districts to investigate if
there were greater changes in the district that
had a greater improvement in air quality.
Greater changes in terms of improvement in
bronchial responsiveness would provide sup-
portive evidence that the intervention was
eVective. Logistic regression and multiple
regression, with adjustment for correlation
between years of measurements using the
unstructured working correlation assumption
in the GEE procedure, were performed for
BHR and BR slope by a sub-routine21 in the
statistical package S-Plus. GEE is considered
the best method for analysis of longitudinal
data and is more robust to occurrence of any
imbalance in numbers between diVerent levels

of the independent variables, than by other
multivariate methods, such as multivariate
analysis of variance method. All significance
tests were two sided.

For analysis on data for the two districts
together a district variable (Kwai Tsing com-
pared with Southern) and a district by year
interaction variable (defined as the cross-
product of the calendar year and district
variables) were created and included in the
modelling. If the intervention was eVective we
would expect the changes in Kwai Tsing to be
greater than those in Southern as only the
former had a marked improvement in air qual-
ity after the intervention.

Any learning eVect from repeated tests and
aging eVect per year was expected to aVect the
cohorts in the two districts by a similar amount
so that a comparison of the eVect between any
two years and across the two districts would
not be biased.

Finally all the three cohorts (represented by
broken lines in fig 2) were modelled simultane-
ously. Dummy variables that defined the three
cohorts; age at 1990; and period variables for
1991 and 1992 with 1990 as reference; 1991
and 1992 year by district interaction variables
together with the potential confounding factors
including the six characteristics, as defined in
the previous analyses, were included in same
model.

The prevalence of current smoking in our
sample of children was similar in both districts,
and on average three children (0.5%) were
current smokers (smoked more than one ciga-
rette per week). No additional adjustment was
made for this in the modelling.

Table 1 Histamine challenge results for non-asthmatic and non-wheezing primary 4 and 5 children by age and by district

Year of measurement

1990 1991 1992

(a) BHR (95% CI): % % %
Girls <10.6 y: S 30.0 (17.3, 42.7) 15.0 (3.9, 26.1) 3.5 (−1.3, 8.3)

KT 18.2 (6.8, 29.6) 28.2 (14.1, 42.3) 13.5 (4.2, 22.7)
>10.6 y: S 18.2 (8.0, 28.4) 9.1 (−0.7, 18.9) 11.8 (0.9, 22.6)

KT 22.0 (9.3, 34.6) 19.4 (6.5, 32.4) 9.5 (−3.0, 22.1)
Boys <10.6 y: S 20.8 (9.3, 32.3) 24.4 (11.9, 37.0) 5.9 (−2.0, 13.8)

KT 38.1 (23.4, 52.8) 26.7 (13.7, 39.6) 8.1 (−0.7, 16.9)
>10.6 y: S 20.3 (10.1, 30.6) 14.3 (5.6, 22.9) 21.7 (11.2, 32.1)

KT 31.4 (18.6, 44.1) 21.9 (7.6, 36.2) 16.7 (1.8, 31.6)
Standardised*: S 22.6 (16.9, 28.3) 15.8 (10.5, 21.1) 10.9 (6.5, 15.2)

KT 27.4 (21.0, 33.9) 24.2 (17.3, 31.1) 12.2 (6.3, 18.1)
(b) Mean BR slope (95% CI): 10−2 10−2 10−2

Girls <10.6 y: S 40.1 (32.6, 47.7) 32.0 (22.0, 42.0) 23.6 (17.7, 29.4)
KT 49.8 (39.5, 60.2) 45.5 (35.9, 55.1) 31.1 (23.4, 38.8)

>10.6 y: S 44.7 (34.4, 55.1) 33.3 (24.1, 42.4) 35.7 (18.9, 52.5)
KT 37.9 (28.7, 47.2) 44.9 (31.2, 58.6) 34.5 (22.6, 46.4)

Boys <10.6 y: S 44.6 (37.4, 51.7) 49.6 (39.3, 60.0) 32.1 (24.5, 39.7)
KT 50.7 (42.8, 58.7) 46.5 (38.3, 54.8) 41.1 (32.5, 49.7)

>10.6 y: S 39.3 (33.4, 45.3) 40.9 (33.7, 48.1) 39.8 (31.5, 48.1)
KT 52.4 (41.8, 63.0) 42.1 (30.9, 53.3) 38.0 (28.7, 47.3)

Standardised*: S 42.0 (38.1, 45.8) 39.0 (34.3, 43.6) 32.7 (27.8, 37.6)
KT 48.3 (43.4, 53.1) 44.7 (39.3, 50.0) 36.1 (31.5, 40.8)

(c) Sample size
Girls <10.6 y: S 50 40 57

KT 44 39 52
>10.6 y: S 55 33 34

KT 41 36 21
Boys <10.6 y: S 48 45 34

KT 42 45 37
>10.6 y: S 59 63 60

KT 51 32 24

BHR = Bronchial hyperreactive response (that is PD20 <7.8 µmol); BR slope = bronchial response slope; S = Southern; KT = Kwai
Tsing. *The standard was a 2×2 sex by age (young or older than 10.6 years) distribution for the total number of observations in the
three years for both districts (n=1042).
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Results
The following results were obtained from the
sample with all asthmatics and wheezers
excluded.

DESCRIPTIVE STUDY

Table 1 shows the prevalence of BHR and the
mean value of BR slope with 95% confidence
intervals (95% CI) for non-asthmatic and non-
wheezy children in the two districts over three
years by sex and age group before and after
standardisation according to the sex by age
distribution for all the subjects in the three
years. From 1990 to 1992, in both districts,
consistent trends of decreasing bronchial
responsiveness were seen in the standardised
rates or means, with the children in Kwai Tsing
tended to be more responsive than those in the
Southern district.

COHORT STUDY

Table 2 shows the crude prevalence with 95%
CI in the years 1990–91, 1991–92, and the
1990–92 for cohorts in the Southern and Kwai
Tsing districts respectively.

1990–91 (primary 4/5–5/6) cohorts
In the year before the intervention (1990), the
point estimates of both response variables of
the histamine challenge test showed that
children (primary 4/5) in Kwai Tsing per-
formed worse than those in Southern.

One year after the intervention (1991) the
children (now primary 5/6) in each district
showed improvements in both histamine chal-
lenge responses compared with the previous
year and the observed diVerences between the

two districts became smaller in both challenge
test responses.

1991–92 (primary 4/5–5/6) cohorts
For the new primary 4/5 cohort in 1991 (one
year after the intervention), children in South-
ern performed better than those in Kwai Tsing
as shown in the point estimates of both
histamine challenge responses. However, in
1992 (two years after the intervention) children
in Kwai Tsing improved on their performance
in both responses over the previous year, to the
extent that children in Kwai Tsing showed
similar responsiveness as those in Southern.

1990–92 (primary 4–6) cohorts
For the cohorts of children who were followed
up and measured successively in all of the three
years when they were primary 4, 5, and 6
respectively, the point estimates of both
histamine challenge responses showed a de-
cline over the three years in both districts, with
the rate of decline in reactivity for children in
Kwai Tsing being faster than that for children
in Southern.

MODELLING FOR CHANGES AFTER INTERVENTION

For estimating the changes between years in
histamine challenge responses and the between
districts diVerences in the changes, none of the
potential confounding factors were found to be
statistically significant except father’s educa-
tional attainment and FEV1. The changes over
years for cohorts within districts and the diVer-
ences in changes between districts are as
follows:

Table 2 Histamine challenge results for non-asthmatic and non-wheezing primary school children in cohorts measured in years 1990 (primary 4/5)–1991
(5/6); 1991 (4/5)–1992 (5/6), and 1990 (4)–1991 (5)–1992 (6)

Years of measurement (primary classes)

1990 (4/5) 1991 (5/6) 1991 (4/5) 1992 (5/6) 1990 (4) 1991 (5) 1992 (6)

(a) BHR (95% CI) % % % % % % %
Southern 21.1 (14.9, 27.2) 9.7 (5.2, 14.2) 14.1 (8.6, 19.6) 13.1 (7.9, 18.4) 22.7 (13.2, 32.1) 11.1 (3.9, 18.4) 12.0 (4.6, 19.4)
Kwai Tsing 28.9 (21.6, 36.1) 15.7 (9.9, 21.4) 27.9 (19.3, 36.5) 11.8 (5.5, 18.0) 30.6 (17.7, 43.5) 17.8 (6.6, 28.9) 10.9 (1.9, 19.9)

(b) BR slope (95% CI) 10−2 10−2 10−2 10−2 10−2 10−2 10−2

Southern 42.2 (37.7, 46.7) 36.4 (31.6, 41.2) 37.6 (32.7, 42.5) 35.4 (30.6, 40.3) 41.7 (36.6, 46.9) 37.9 (31.7, 44.2) 35.5 (30.0, 41.0)
Kwai Tsing 48.2 (43.1, 53.2) 39.0 (33.8, 44.3) 45.7 (39.2, 52.1) 35.2 (30.8, 39.7) 52.8 (43.2, 62.4) 41.0 (31.2, 50.7) 34.6 (28.6, 40.6)

(c) Sample size
Southern 171 165 156 160 75 72 75
Kwai Tsing 149 153 104 102 49 45 46

Abbreviations as shown in table 1.

Table 3 Changes in bronchial challenge responses for the non-asthmatic and non-wheezing children between 1990 (before
intervention) and 1991 (one year after intervention) for the 1990–91 (primary 4/5–5/6) cohort; between 1991 (one year
after intervention) and 1992 (two years after intervention) for the 1991–92 (4/5–5/6) cohort within Southern and Kwai
Tsing respectively as well as diVerences between the two districts, with adjustment for confounding factors*

Histamine challenge
response

District DiVerences between
districts in changes over
two years†Southern Kwai Tsing

(a) BHR OR (95% CI) p value OR (95% CI) p value z value p value
1990 v 1991 0.45 (0.24, 0.83) 0.001 0.51 (0.28, 0.92) 0.026 0.422 ‡
1991 v 1992 1.07 (0.56, 2.06) ‡ 0.46 (0.24, 0.87) 0.016 −2.363 0.018

10−2 10−2

(b) BR slope CoeV (95% CI) p value CoeV (95% CI) p value z value p value
1990 v 1991 −4.94 (−11.33. 1.45) ‡ −6.23 (−13.11, 0.65) 0.075 −0.592 ‡
1991 v 1992 −2.19 (−8.78, 4.43) ‡ −7.92 (−14.25, −0.96) 0.014 −1.790 0.073

*Confounding factors in the models include sex (male v female), age in the first year (every year older), session of class (pm v am)
education attainment of father (regarded as continuous and code as 0–4 for not formal, primary, lower secondary, upper secondary,
and post-secondary), housing type (public v others), number of smoker categories in family home of child (1 and 2 categories v 0),
forced expiratory volume in one second. †Estimated by the district by year interaction term in each model. ‡p Value >0.100. OR =
Odds ratio, Coef = regression coeYcient. Other abbreviations as table 1.
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1990–91 (primary 4/5–5/6) cohorts (table 3)
There were decreases (that is, negative
changes) in BHR within each of the two
districts (p=0.001 in Southern; p=0.026 in
Kwai Tsing), but there were no diVerences in
the decreases between them (p>0.100).

1991–92 (primary 4/5–5/6) cohorts (table 3)
There were declining trends in both histamine
challenge response measures within Kwai
Tsing (BHR p=0.016; BR slope p=0.014) but
not in Southern (p>0.100). Between the two
districts there were greater decreases in Kwai
Tsing in both responses (p=0.018 for BHR;
p=0.073 for BR slope).

1990–92 (primary 4–6) cohorts (table 4)
From 1990 (before intervention) to 1991 (one
year after intervention) the BHR and BR slope
declined (that is, negative changes) to a smaller
extent in Kwai Tsing than in Southern but the
between district diVerence was not significant
(p > 0.100). From 1990 to 1992 (two years
after intervention) there were declines in Kwai
Tsing in both responses (p=0.070 for BHR;
p=0.048 for BR slope) and the decreases were
greater in Kwai Tsing than in Southern
(p>0.100 for BHR; p=0.056 for BR slope).

In an analysis of all the 1990–91 (P5–6),
1990–92 (P4–5–6), and 1991–92 (P4–5) co-
horts simultaneously with adjustment for
cohort eVect there were decreases in BR slope
(p=0.000), after two years, which were greater
in Kwai Tsing than in Southern (p=0.086)
(data not shown).

Discussion
The analysis of both the cross sectional and
cohort data showed that, overall, reductions in
bronchial responsiveness occurred after imple-
mentation of the fuel regulations, which in turn
were associated with a marked reduction in
both SO2 and sulphate in RSP levels in Kwai
Tsing district. These improvements occurred
in children who did not have a previous history
of asthma or wheezing.

The results from measurements made two
years after the intervention provided the
strongest support for the eVectiveness of the
intervention in terms of reducing levels of
bronchial hyperresponsiveness. In the descrip-
tive analysis, the children in the more polluted

district, Kwai Tsing, experienced greater de-
clines in both outcome measures and therefore
benefited more than those in Southern. A
similar response was seen in the 1991–92
cohorts with the children in Kwai Tsing expe-
riencing significantly greater declines in both
histamine challenge responses and in the
1990–1992 cohorts a greater decline in BR
slope occurred within the more polluted
district two years after the intervention. These
findings suggest that the adverse eVects of sul-
phur related pollutants on bronchial respon-
siveness are reversible, but that the improve-
ment may only be measureable at least one year
after the air quality intervention.

The observation that, to a lesser extent than
in Kwai Tsing, the declines in BHR and BR
slope were also found in the less polluted
Southern district may be accounted for by a
number of residual confoundings such as
longitudinal aging eVect (cross sectional age
eVect was adjusted for in the modelling) and a
learning eVect in that children may have over-
come psychological stress and acquired better
skill in performing the histamine challenge test.
Some additional benefit to the children in
Southern District from a general improvement
in air quality, which is not necessarily reflected
in levels of specific pollutants, also cannot be
excluded.

We acknowledged that caution should be
exercised when interpreting data obtained
from measurements on the same subjects on
more than one occasion. In the descriptive
analysis, to estimate the histamine challenge
responses across the three years using the
maximum number of available measurements,
observations on the same subjects in two
successive years were included. Our conclu-
sions however have been mainly based on
analysis of the cohort measurements where
adjustment has been made for any correlation
arising from repeated measurements.

In the analysis, as we did not have complete
addresses and codes for the residence of the
subjects, we were not able to take the autocor-
relation within districts into account. We
acknowledge this may be a limitation of the
study. However, there should be no autocorre-
lation between the two districts as they are far
apart and separated from each other by several
kilometres of sea and hills (fig 3).

Table 4 Changes in bronchial challenge responses for the non-asthmatic and non-wheezing children from 1990 (before
intervention) to 1991 (one year after intervention) and to 1992 (two years after intervention) for the 1990–92 (primary
4–6) cohort within Southern and Kwai Tsing respectively as well as diVerences between the two districts, with adjustment
for confounding factors*

Histamine challenge
response

District
DiVerences between districts
in changes over two years†Southern Kwai Tsing

(a) BHR OR (95% CI) p value OR (95% CI) p value z value p value
1990 v 1991 0.41 (0.17, 0.98) 0.044 0.68 (0.24, 1.95) ‡ 0.594 ‡

v 1992 0.53 (0.17, 1.64) ‡ 0.37 (0.13, 1.08) 0.070 −0.675 ‡
10−2 10−2

(b) BR slope CoeV (95% CI) p value CoeV (95% CI) p value z value p value
1990 v 1991 −4.14 (−11.00, 2.72) ‡ −3.09 (−13.05, 6.87) ‡ −0.674 ‡

v 1992 −5.45 (−14.25, 3.35) ‡ −7.89 (−15.73, −0.05) 0.048 −1.909 0.056

*Confounding factors in the models include sex (male v female), age in the first year (every year older), session of class (pm v am)
education attainment of father (regarded as continuous and code as 0–4 for not formal, primary, lower secondary, upper secondary,
and post-seconary), housing type (public v others), number of smoker categories in family home of child (1 and 2 categories v 0),
forced expiratory volume in one second. †Estimated by the district by year interaction term in each model. ‡p Value >0.100. Abbre-
viations as in tables 1 and 3.
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The respiratory challenge technique has
been used in clinical studies of child
asthmatics,22 atopic children,23 24 and in surveys
of populations of children who are well.25–29

However, it has not been used in well
populations to measure the health eVects of an
air quality intervention that resulted in a
reduction of ambient air pollutants. The preva-
lence of BHR in our children living in the less
polluted district was similar to that found in
other studies25 26 but for those children living in
the area with high pollution, the BHR fell to
such levels only after the air quality had
improved. The BHR prevalence in both
districts was slightly higher than that reported
in China28 but the children in that study were
older.

After implementation of the fuel regulations
in Hong Kong, the decline in SO2 was accom-
panied by a reduction in excess risks for
reported respiratory symptoms cough, phlegm,
and wheeze in Kwai Tsing compared with
Southern District.13 Thus these subjective
health measures are corroborated by the objec-
tive data of the histamine challenge test and
taken together the results suggest that this type
of air quality intervention can result in measur-
able gains in the respiratory health of young
children.

The health eVects of diVerent components of
mixed urban air pollution are diYcult to define
but the current focus is on the eVect of fine
particulates of less than 10 µm. Seaton et al30

have postulated that ultra fine particulate aero-
sols cause alveolar inflammation and the
release of mediators that provoke acute respira-
tory illness. Forced vital capacity (FVC) and
FEV1 have been shown to improve after an
improvement in air quality.31 Our findings also
suggest that bronchial hyperresponsiveness
associated with air pollution, in well popula-
tions of children, is reversible after a reduction
in levels of air pollutants for one year and, more
eVectively, for two years after implementation
of air quality controls. In this setting the reduc-
tion in bronchial hyperresponsiveness followed
restrictions in the sulphur content of fuels and,

as expected, the major reductions were in SO2

and sulphates in RSP, with smaller but unsus-
tained reductions in total RSP. The observed
change in bronchial responsiveness seen in the
children in this study is more probably associ-
ated with the reduction in fine particulates (fig
1) but the fall in SO2, may also be important if
it acts synergistically with particulates to cause
adverse respiratory health eVects.32–34 In this
study the observed relations were weak, some-
times below the 5% significance level, so inter-
pretation of the results should be cautious.

The results from this study, demonstrating a
reduction in bronchial responsiveness and res-
piratory symptoms after an air quality interven-
tion, provide documented evidence of a
government intervention to control air quality
and can be used by the Government Environ-
mental Protection Department to support an
evaluation of the change in regulations. Gov-
ernment policy makers and planners in rapidly
developing urban environments in the Asia
Pacific region need good quality local data to
demonstrate the impact of poor air quality on
health. This study shows the feasibility of using
tests for bronchial responsiveness in epidemio-
logical surveys to detect apparent subclinical
pathophysiological changes in young children
and to measure the potential health benefits of
interventions designed to improve air quality.
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