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AIR POLLUTION AND RESPIRATORY HEALTH IN PRIMARY SCHOOL CHILDREN

IN HONG KONG,
1989-1992

EXECUTIVE SUMMARY

INTRODUCTION
This report presents the results of a four year study of the respiratory health of primary school
children in two districts of Hong Kong, Kwai Tsing and Southern, which have differing air quality.

OBJECTIVES
The objectives of the study were to;
1. determine if there were any measurable differences in the respiratory health of
children living in Kwai Tsing and Southern Districts
2. identify the most important risk factors for respiratory health problems in these
children,
3. assess the impact of the implementation of the Air Pollution Control (Fuel
Restriction) Regulations in July 1990 on the respiratory health of these children,
4. predict future patterns of respiratory health problems of children living in Kwai
Tsing and Southern districts,
5. provide information to support policy-making related to the improvement of the

health of the Hong Kong community.

SUBJECTS AND METHODS

Study population: All children in primary 3 to primary 6 classes, attending fifteen schools in
Kwai Tsing and Southern Districts. Schools were selected primarily on the basis of their location
in an area of low, medium or high air pollution and their proximity to an air monitoring station.
Methods of enquiry: The research techniques included questionnaire surveys of all children and
their parents, and lung function and histamine challenge tests on a subgroup of the total
population studied.

Analysis: Data analysis was conducted using standard statistical techniques; chi square tests, t-
tests, logistic regression and modelling. Confidence intervals and levels of significance are quoted

for statistical tests.
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RESULTS
1. Risk factors for respiratory health:
A number of socioeconomic and demographic factors were associated with respiratory health
problems in these children. These risk factors included
younger age,
being a boy,
having parents with a lower educational attainment,
living in Kwai Tsing,

living in a home where family members smoke.

2. The ‘District Effect’:
After adjusting for socioeconomic and demographic factors there was an excess risk of cough for
three months, sore throat, nasal symptoms, and wheeze in children living in Kwai Tsing District

compared with children living in Southern District.

3. The ‘Intervention Effect’

The effect on respiratory health of the improvement in air quality in the territory, the ‘intervention
effect’ was studied. Following the implementation of the Air Pollution Control (Fuel Restriction)
Regulations in July 1990, the excess risks of subjective respiratory health problems found for those
living in Kwai Tsing, were reduced. In 1991/92, there was a residual risk for one symptom only,
wheeze, if the children lived in Kwai Tsing District.

The histamine challenge test, used as a non-specific indicator of bronchial reactivity, showed a
decline in bronchial reactivity in non-wheezing/non-asthmatic subjects tested before and after the
introduction of the low-sulphur fuel regulations. These findings support the results of the
questionnaire-based enquiries on respiratory symptoms of a reduction in respiratory health

problems.

4. The ‘Exposure to environmental tobacco smoke effect’:

There are excess risks to children of experiencing a range of respiratory health problems if they
live in a home where at least one of the family members smokes. For the individual child who is
exposed these excess risks are greater than those from air pollution alone. In contrast to the risks
of living in Kwai Tsing, the risks associated with environmental tobacco smoke did not decline

during the four year period of the study.

5. Population Attributable Risk:
For children living in Kwai Tsing, the population attributable risk, that is, the fraction of the total

health problem in the population, was as high as 27% for cough. for three months in 1989/1990 but
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reduced to 8% for morning cough, after the air pollution control, in 1991/1992.

Given a reduction in exposure prevalence of 50% to air pollution of the type existing in Kwai Tsing
before July 1990, cough would be prevented in 431 children aged 8-11 years living in Kwai Tsing,
and 5660 children of the same age, living in Hong Kong. For children aged 0 to 11 years, using the
same estimates of risk, (a conservative approach because children tend to shed their risk as they
get older), a symptom such as cough could be prevented in 1,152 children living in Kwai Tsing and
15,218 in Hong Kong.

For children living in a home where members of the family smoke, the population attributable
risks were as high as 28% for phlegm for three months in 1989/1990 and similarly 24% in
1991/1992 for morning cough indicating the potential health gains if families ceased to expose

young children to tobacco smoke in the home,

CONCLUSIONS
The findings from this study suggest that there are two important avoidable hazards for childhood
respiratory health problems in ambient air (industrial and other pollutants) and indoor air

(environmental tobacco smoke) in Hong Kong.

The overall weight of evidence includes these salient features:

e the strength of the association between exposure to the hazard and the presence of
respiratory health problems,

o the decline in the estimated risk of living in a polluted area following the July 1990
intervention in the form of low-sulphur fuel regulations

+  the decline in estimates of bronchial reactivity, as measured by the histamine challenge test

«  the persistence of the risk associated with exposure to environmental tobacco smoke

throughout the pre- and post-intervention period.

The low-sulphur fuel regulations are associated with a reduction of estimated excess risks, for
cough, phlegm production, sore throat and wheezing, of the order of 29%. When these findings are
applied to the child population of Hong Kong, aged 0-11 years, then it is postulated that
respiratory complaints and doctor consultations would be avoided in 7,675 (for a 20% reduction in
exposure) up to 18,384 (for a 50% reduction in exposure), if air quality controls were maintained.
There is scope for further improvement in that some residual excess risk associated with residence
in Kwai Tsing is observed after the intervention.

For the children who are exposed to environmental tobacco smoke by household members,
additional health gains would be achieved by cessation of smoking in the home. The population

at risk (and therefore the preventable fraction) is large in that between 44% (Southern) and 50%

(Kwai Tsing) of children live in smoking families.



xvii
RECOMMENDATIONS
The prevention of respiratory health problems in primary school children in Hong Kong requires
an intersectoral approach embracing:
. air quality control
and prevention of exceedances of air quality objectives by SO,, NO, and
particulates,
. health promotion in the home
and prevention of the exposure of young children to environmental
tobacco smoke
. tobacco control and effective health education for young people

and the prevention of active smoking by children aged 7 to 14 years.
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INTRODUCTION



T durst not laugh, for fear of opening my lips
and receiving the bad air’.
Shakespeare, (1599-1600), Julius Caesar

“The government’s main policy objective is to achieve a set of air
quality goals established to protect human health for seven major

air pollutants.’

Environmental Protection Department 1993



1. INTRODUCTION

L1: AIR QUALITY IN HONG KONG

People need a continuing supply of food, air and water in order to exist, but they need
uncontaminated food, pollutant-free air and clean water if they are to remain alive and healthy.
Assorted chemicals are emitted into the air from both natural and man-made sources and many
of these are potentially detrimental to health. The impact of air pollution is broad, ranging from
the direct clinical manifestations resulting from the inhalation of chemicals in an individual to
contamination of the biosphere which affects the health of whole populations.\

Hong Kong like a number of other cities in south east Asia, such as Bangkok, Manila and Tokyo,
and centres in China and eastern Europe, has an air quality problem. Recognition of the problem
resulted in the declaration of the first two air pollution control zones in 1986, followed by the
Statement of Air Quality Objectives (AQO) for these two zones, which came into effect in 1987.
At the end of 1992, Hong Kong had thirteen air quality monitoring stations, with one more in the
process of being set up*.

To safeguard the health and well-being of the population AQOs have been established for seven
urban air pollutants: sulphur dioxide (S0O,), nitrogen dioxide (NO,), carbon monoxide (CO), ozone
(Oy), total suspended particulates (TSP), respirable suspended particulates (RSP) and lead'.
Acceptable permissible levels of these air pollutants both in the short term, i.e. within one hour,
and in the long term, a period of one year, have been specified. These levels are for individual
pollutants considered in isolation, but some combinations of these chemicals in ambient air can
have additive, synergistic or antagonistic effects on health. Exceedences of these AQOs are,
unfortunately, not uncommon although there has been some considerable improvement in the last
two years. SO, levels fell dramatically (by 84%) after the enactment of the Air Pollution Control
(Fuel Restriction) Regulations® in July 1990. TSP and RSP levels also fell by 19% and 23%
respectively’. Finally, although objectives have been set, there is also a problem in determining
concentrations of these pollutants below which no significant health effect occurs.

Many people appear to be concerned about the effects of the environment upon their health. In
1991, the EPD received 6480 complaints about pollution of the environment, 2578 of these (40%
of all complaints received that year) related to air pollution. A similar number, 2634, were
received in 1990 although this was only 30% of the total. In addition, the number of complaints
relating to vehicular emissions increased from 767 in 1990 to 1161 in 1991"*. However, in a study
on health perceptions of members of the general population, carried out by telephone questionnaire
in 1990, only 4% stated that a change in the ‘environment’ would allow them to enjoy better
health®.
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1.2: THE POLLUTANTS

Particulates

Airborne particulates are a complex mixture of organic and inorganic substances and are defined
according to size and composition. Large particles, those above 100um in diameter, tend to settle
out and produce dust but particles smaller than 100um remain suspended in air, giving rise to the
fraction TSP. Particulates smaller than 10um in diameter are known as RSP and these are further
subdivided into: coarse particulates, 2.5-10pm in diameter, such as those producing black diesel
smoke and dust; fine particulates, less than 2.5um in diameter, which contain secondarily formed
aerosols, combustion particles, recondensed organic and metallic vapours. Particulates 0.1-1um are
responsible for visibility-reducing hazes.

In general, the main sources of particulates are natural and include volcanic activity, salt aerosol
from the sea, soil blow off, pollen grains, fungal spores, and other organic matter. With no area of
Hong Kong being more than 2km from the sea, salt spray is a major source of particulates in Hong
Kong. However man-made activities in construction, mining, earth moving and use of carbon-based
fuels, especially for motor vehicles, contribute considerably to airborne particulate levels. In Hong
Kong, in 1991, motor vehicles contributed 51% of the overall emissions of TSP, with diesel vehicles
emitting 98% of these'. In addition, in places where leaded fuel is still used, and Hong Kong is one
of these, lead particulates produced by the combustion of alkyl lead, an additive in petrol,
contribute 80-90% of all lead emissions in the atmosphere. Other major products of vehicle
combustion include hydrocarbons.

Sulphur dioxide (SO,)

The major source of SO, in air is man-made from the burning of high sulphur content fuels (coal,
oil) in industrial furnaces and power plants (for energy generation) and in motor vehicle
combustion (primarily diesel powered). SO, in the presence of certain metal catalysts and cold
moist air forms sulphuric acid and under certain weather conditions, particulates and SO, give rise
to industrial or winter-type smogs.

Nitrogen dioxide (NO,)

The major sources of nitrogen oxides are natural and include bacterial and volcanic action and
lightning. Man-made emissions are from the combustion of fossil fuels in power plants, gas-fueled
appliances, e.g. domestic cookers and heaters, oil stoves, and motor vehicles, primarily diesel

powered ones. Last year, vehicles in Hong Kong were responsible for 75% of NO, levels, with diesel

vehicles producing 82% of this'.

Carbon monoxide (CO)

This is produced from the incomplete combustion of carbon containing materials and in some
industrial and biological processes. Total emissions of CO to the atmosphere equal or exceed those
of all other pollutants combined®. Petrol-fueled vehicles are a major source of CO. Indoor CO

sources include unvented combustion appliances, such as water heaters.



Ozone (Oy)

Ozone is produced, at ground level, from the atmospheric reaction of hydrocarbons and nitrogen
oxides (mainly from vehicle exhaust emissions) stimulated by the action of sunlight. It is one of
the more biologically active pollutants in photochemical smogs. These smogs are common in
summer in places which have sunny climates and high levels of dense traffic, e.g. Los Angeles,
Athens, and Sidney, although both industrial and photochemical smogs can co-exist in a given area
at the same time. Ozone exposures in summer-type episodes usually follow a typical diurnal
pattern with peak concentration in the afternoon and low levels during the night and early
morning.

Ozone also plays an important role in accelerating the photochemical conversion of SO, into
sulphuric acid in sunny conditions in the presence of nitrogen oxides and hydrocarbons.
Factors affecting pollutant levels

Ambient pollutant levels are affected by rainfall, wind speeds and currents, atmospheric inversion,
and man-made activities. Low wind velocities hinder horizontal dispersion and high pressure and
temperature inversions limit vertical dispersion. Local geographical features are also a contributor.
Hong Kong’s weather patterns result in elevated levels of pollutants in the winter months because

of reduced rain and wind and increased build up of inversion layers in the atmosphere.

1.3: HEALTH RISKS

Air pollutant effects

Concern over levels of pollutants arises because of the adverse health effects demonstrated both
directly on the airways and indirectly, by their presence in ambient air. Most individuals will react
with significant symptoms to the challenge of large amounts of dust, high levels of water-soluble
gases, e.g. SO,, or extreme temperature changes. The symptoms produced include nasal irritation,
sneezing, moderate discharge and some mucosal congestion®.

All of these air pollutants not only constitute independent risks, they also act synergistically with
other factors. For example, gaseous acid pollutants can be adsorbed onto the surface of particulates
and carried into the lungs. It is difficult to separate out the effects of individual pollutants upon
health but collectively an increased risk of respiratory symptoms has been demonstrated for young
children living in a city with high levels of air pollutants’ and a correlation with increased hospital
admissions for asthma with exposure to any of several of the major air pollutants®. As further
confirmatory evidence of the ill effects of air pollutants upon health, lung function has been shown
to improve following a sustained reduction in air pollution levels®.

Particulates

Particulates are inhaled into the respiratory system and, depending upon size, penetrate to a
greater or lesser extent as far as the lower respiratory tract (TSP) and into the alveoli (RSP). In
normal breathing, particulates larger than 10um are deposited in the proximity of the glottis, 2-
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10pm in the bronchioles, and smaller than 2um in the alveoli, although mouth breathing, as in
exercise or when speaking, produces greater deposition of larger particles in the bronchioles.
Materials that dissolve the mucus of the airways or the surfactant layer in the alveolar region
diffuse into the underlying epithelia and blood stream, thereby gaining access to other body tissues
where they may cause chronic damage, e.g. in the liver, spleen, kidneys. In addition, any
particulates carried by ciliary action up out of the upper respiratory tract may be swallowed and
pass into the body via the gastrointestinal tract.

The effects of particulates on respiratory health are both short and long term. In children, they
cause local irritation, with cough, bronchitis and chest illness'®! and higher admissions to
hospital for bronchitis and asthma in preschool children'®. High levels of TSPs are associated with
increased mortality'®. Pulmonary changes include reduced lung function in both children and
adults*®,

Some particulates have specific effects on the body, e.g. lead. Thirty to 50% of inhaled lead
particulates are ultimately absorbed by the body and pass into the blood stream. High levels of
lead in blood can result in reduced haem synthesis in adults and children® and have been shown
to reduce children’s IQ by 4.4 points®™.

In addition, some other specific particulates are probably or possibly carcinogenic; the sources
include diesel and petroleum exhausts (lung'™*®, bladder’®), chromium dust (lung), and asbestos
(lung cancer, mesothelioma).

Sulphur dioxide

SO, is a respiratory irritant. An increased prevalence of pneumonia, asthma and respiratory
infections in the first two years of life has been found in children living in areas with higher levels
of SO,*. In addition, increased levels of SO, are associated with increased mortality', specifically
respiratory deaths® and a reduction in SO, and an improvement in ambient air quality has been
followed by a subsequent decline in mortality figures®.

Observed effects of winter-type smog (primarily SO, and particulates) include transient changes
in pulmonary function, increased morbidity among chronic bronchitics, increased hospital
admissions due to respiratory and cardiovascular conditions and depending upon the severity and
nature of the exposure, an increase in mortality®, as demonstrated in the London smog of 1952%.

Nitrogen dioxide

Exposure to NO, is associated with reduced pulmonary function®® but it has proved difficult to
determine respiratory effects from the low levels of NO, which exist in ambient air. Therefore a
number of studies have considered the respiratory health effects from exposure to higher levels of
NO, which exist inside buildings, where combustion of fossil fuels occurs, e.g. use of gas appliances.
The effects on respiratory health of indoor levels of NO, have produced conflicting results ranging
from no health effects®* to increased prevalence of respiratory symptoms and respiratory illness

in children®.



Carbon monoxide

Health effects associated with CO include decreased physical performance, increased angina
attacks in angina sufferers, diminution of visual perception, manual dexterity, ability to learn and
perform sensorimotor tasks?.

Ozone

This is the main source of the health effects of summer type smogs which cause irritation of the
eyes and chest discomfort®, increased bronchial reactivity® and impaired lung function®.
Indoor air pollutants

The air pollutants already discussed can be found both outside and within a building. There are
a number of additional gaseous irritants which are predominantly present indoors. These include
volatile organic compounds such as epoxy-resins, formaldehydes, benzene, solvents, radon, and
tobacco smoke. Symptoms associated with these pollutants include headaches, drowsiness, nausea,
eye and upper respiratory tract irritation, dizziness, skin itching and eruption, difficulty with
breathing, and sinus congestion®. Also present in indoor air are biological agents including
viruses, bacteria, fungal spores, animal dander, and arthropod droppings, all of which may act as
allergens and promote a respiratory response. A study of the air quality in street level shops and
offices in Hong Kong found levels of CO, RSP, and CO, which exceeded the AQOs and may be a
hazard to health®.

However, in many domestic and commercial premises the most important source of indoor air
pollution is environmental tobacco smoke (ETS). Sidestream smoke produces one hundred times
as many toxic compounds as main stream smoke. These include CO, acrolein, ammonia,
nitrosamines, naphthylamine, cadmium, nickel, and polonium. The detrimental health effects of
ETS, which have been comprehensively reviewed recently®, include: cancer of the lung in adults;
and in children, increased risk of lower respiratory tract infections, such as bronchitis and
pneumonia, increased prevalence of fluid in the middle ear, respiratory tract irritation, a reduction
of lung function, and increased severity of symptoms in asthmatics besides being a risk factor for
asthma.

Long-term effects

If respiratory health is compromised in childhood, the effects have been shown to continue into

adulthood®*".

1L4: THE EPIDEMIOLOGICAL APPROACH

Epidemiological studies are useful tools for identifying areas of need and for evaluating the
effectiveness of preventive measures, such as legislative control of air pollutants, on health. It is
not easy to establish cause and effect relationships in the field of environmental pollutant impact
upon health. Large scale well-planned epidemiological population studies can be used to address
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this problem. To this end, they can collect evidence on factors which are major causes of ill health
thus helping to identify areas where effective interventions may be implemented.

However, there are both practical and analytical problems in carrying out epidemiological studies
on a sufficiently large scale to assess risk. First, practical problems include resource issues such
as number of subjects required to take account of number of people exposed and variation in
exposure levels, and gaining access to suitable subjects. A further problem which arises in the
assessment of the detrimental effects of air pollution on health is that these effects may be masked
in people who smoke or who are exposed to ETS. Second, analytical issues include the
methodology employed to estimate the effects of air pollutants on health in population studies.
Epidemiological studies are helpful in providing evidence to assess the health effects associated
with exposure to air pollution in a population, although currently most of the studies originate in
the west and in other areas of the world, where the pollution mix may be different from that in
Hong Kong. The consequent effects on health in response to pollutants in south east Asia remains
to be fully documented. All countries need a system of surveillance of both the levels of pollutants
and their effects on health. Given this information, the preventable fraction of health problems
can be targeted by the health professionals.

To collect such information requires collaboration. A multisectoral approach is needed between
regulatory agencies, such as the Environmental Protection Department, which collects and
monitors air quality in the territory, public health physicians and other scientists from the
Department of Health who collect and monitor health status in the community and academic
research units, which can contribute the epidemiological expertise. In every case continual
monitoring is needed to obtain good quality intelligence, to identify trends and to evaluate the
effectiveness of any controls. Finally the last two steps in the chain of action are education, and

legislation where necessary, to establish and enforce the practice of a sound air quality policy.

1.5: EPIDEMIOLOGY, RESPIRATORY HEALTH AND AIR POLLUTION

In the 1970’s work began on a series of respiratory health studies in children living in areas with
varying levels of air pollution. Occupational risks and active smoking are usually considered to be
either absent or at relatively low levels in children and therefore do not confound the results of the
investigation to the same extent as they might do in adult studies. This makes the analysis and
isolation of the effect due to air pollution more feasible. The WHO European Regional Office
initiated the studies on children in 1972 and the report on this work still provides useful guidelines
on the approaches which can be taken®. They chose populations which were exposed to contrasting
levels of air pollution, grouped into high, intermediate and low categories. Children under the age
of eleven years were studied to minimize the effects of active cigarette smoking. These studies used
a parental questionnaire in the self administered form, together with tests of lung function and

a clinical examination of the chest. Objective tests of ventilatory function had previously been
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shown to be easy to measure and provided a reliable estimate of respiratory health. They can be
used to assess the validity of questionnaire responses and to detect evidence of pathological
changes in lung function.

The WHO studies concluded that there was a strong association between air pollution and
respiratory problems in children. They identified particulates such as smoke and carbon as the
most important pollutants together with sulphur dioxide. In those studies it was not possible to
identify a threshold in countries with great variation in both type and levels of pollutants.
However, in ’clean air’ countries no effects of air pollution on the prevalence of respiratory
problems were found.

In contrast to the stated advantages of studying children it is also important to recognise that
health surveys in well-populations require very large numbers of subjects in order to detect real
differences, at a stated level of confidence, in the health status of different groups within the
population. Although health problems may affect relatively large numbers of individuals and are
therefore important in a social, economic and ethical context, they are likely to comprise only a
small proportion of the whole population. This rule applies to most causes of ill health. The
demonstration of public health problems, as opposed to the diagnosis of diseases in individuals, is
usually therefore a difficult and laborious task to which rigorous epidemiological and statistical
methods need to be applied. These studies require adequate resources and support for staff,
fieldwork and equipment. Unfortunately too little priority has been given to this type of work and
resources are often difficult to obtain for preventive health enquiries in contrast to biomedical
science and curative medicine. The studies described in this report are therefore important in that
they indicate what can and should be done at relatively low cost, to measure and monitor the

health of important and vulnerable social groups in our community.

1.6: BACKGROUND TO THE STUDY

Baseline study 1989-1990
The increasing number of media reports in recent years on the pollution of the environment in

Hong Kong reflects the growing concern of ordinary citizens about the impact which pollution has
on their quality of life. In 1988, 66% (2046) of all complaints to the EPD were about air pollution®.
The Kwai Tsing District Board also received many complaints throughout the 1980s about the air
quality in several constituencies of the district. The level and frequency of the complaints led to
a decision that the Board’s Environmental Sub-Committee would undertake to examine possible
detrimental effects of poor air quality on the health of the population.

After discussion with the Department of Community Medicine, the University of Hong Kong,
outline proposals were drawn up for a population-based enquiry into the respiratory health of

people living in Kwai Tsing District, to be conducted over two years.
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Earlier studies on air pollution in different countries showed that both high peaks of pollution and
long term exposure to lower levels have important effects on mortality and morbidity from
respiratory disease. In adults several other factors including cigarette smoking and type of
occupation influence the risk of developing respiratory disease. This increases the difficulty of
interpreting the data on possible causal associations between respiratory disease and exposure to
air pollution. Studies on children provide an opportunity to avoid some of these problems in that
relatively few children smoke and occupational exposure will not have occurred.

It was therefore decided that for the baseline study the population would comprise primary school
children living in Kwai Tsing District who would be compared with children living in another
district with better ambient air quality.

Follow-up study 1991-1992

The Air Pollution Control (Fuel Restriction) Regulations? became law in July 1990 and levels of
certain air pollutants fell immediately by 84% (SO,), 23% (TSP) and 18% (RSP) in specific areas
of Hong Kong? although levels of other air pollutants, i.e. NO, did not change (Figures 1.1to 1.6).
Following the report of the results for the first year of the baseline study, discussions were held
between the EPD and the Department of Community Medicine. The EPD, as monitors of air
quality in the territory and instrumental in developing air pollution control legislation, were
interested in the impact of such legislation upon respiratory health, particularly in those districts
where pollutant levels had, prior to the legislation, been high. The two year follow-up study was
therefore designed to answer the question as to whether the improvement in air quality was
associated with a reduction in the difference in respiratory problems, between the districts and

with an overall reduction in respiratory health risks.

1.7: AIMS AND OBJECTIVES
The principal aim of the initial study was to determine whether residence and schooling in Kwai
Tsing was associated with greater adverse respiratory health profiles than in another district of
Hong Kong with better air quality.
The study was designed to test the null hypothesis that

‘there is no difference, in the prevalence of respiratory symptoms, lung function tests

and other indicators of respiratory health, between children living in Kwai Tsing and

those living in Southern District’.

The objectives of the follow-up study, were threefold:
1. to identify the most important risk factors for respiratory health problems in

children and their parents



to assess the impact of the implementation of the Air Pollution Control (Fuel
Restriction) Regulations® on the health of the primary school children living
in Kwai Tsing and Southern Districts

to attempt to predict future patterns of respiratory problems of Kwai Tsing

and Southern primary schoolchildren.
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2. METHODS

2.1: STUDY POPULATION
Baseline study
Selection of study areas and schools: Kwai Tsing District comprised the ‘index’ survey area
and a ‘comparison’ area was selected on the basis of the following criteria:

the air quality objectives were less frequently exceeded,

it was accessible,

it would be logistically feasible to carry out a survey of school children.
After consideration of several options Southern District was chosen for this purpose.
The sampling frame was defined from a complete listing of all the primary schools in the two study
areas, obtained from the Education Department. To this source, information was added on the
numbers of children, classes, and daily sessions. In Kwai Tsing, members of the District Board
Environmental Working party were invited to rank and group areas of different constituencies in
terms of their air quality. This was done using an ordinance map and grid. Schools were then
identified in the different levels identified by the ranking procedure. A further selection was made
on the basis of schools which were situated close to mobile or fixed monitoring stations operated
by the Environmental Protection Department. In Southern District, general enquiries suggested
relatively little difference in subjective reaction of residents to variation in air quality between
different constituencies. The initial selection of the schools was made on the basis of their
representativeness of all schools in the different constituencies of the district, and secondly, in
terms of their proximity to the monitoring stations, as far as this was possible. The list of schools
selected is shown in Table 2.1.1. On completion of the baseline study and before the details of the
study were released, a list of the schools was sent to the EPD Air Policy Group, whose members
ranked the areas in which the schools were situated on a three point scale from 1 (low pollution)
to 3 (high pollution). Schools in the study from Southern District were all in the low pollution
category; in Kwai Tsing, one was in the intermediate category, and the remainder were in areas

with high levels of pollution.

Recruitment of the schools: A letter was written to each head teacher explaining that the
purpose of the study was to carry out a general health survey of children in classes primary 3 (P3)
and primary 4 (P4). A meeting was arranged with each head and other staff to discuss practical
aspects of the study. All schools agreed to discuss the proposal and eventually all agreed to
participate after clarification of safety, confidentiality and ethical issues.

In the second year of the baseline study all the same children, now in P4 and primary 5 (P5), were

recontacted and remeasured.
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Follow-up study

In the follow-up study the same schools were contacted and the original cohort of children, now
in P5 and primary 6 (P6) were remeasured in 1991. In 1992, the final group of these children, now
in P6 were measured. In addition, in 1991, all children in P3 and P4 in the original schools were
measured. These children were remeasured in 1992, along with the new intake into P3.

The study population was extended in 1991 by adding a further thirty P3 and P4 classes from each
of the two areas. This was achieved by recruiting an additional five schools into the study.
Selection of these additional schools was on the basis of their location, i.e. those schools which were
geographically closest to those already included in the study, thus in an environment of
approximately similar air quality. The children from these schools were also remeasured in 1992
along with the new P3 intake.

Letters outlining the aims of the 1991/2 follow-up study and a summary of the results from the
first year of the baseline study were sent to headteachers of all the participating schools at the
beginning of 1991. This was followed up with site visits by the project leader and research
assistant to all headteachers. In 1992, all schools were contacted by telephone and letters of
confirmation and information sent subsequent to this.

Figures 2.1 and 2.2 give the location of all schools involved in both studies in Southern and Kwai
Tsing districts respectively.

Prior to commencement of the study, formal ethical approval for the study was obtained from The

University of Hong Kong, Faculty ethics committee.

22 PILOT STUDY

A pilot study was carried out one month before the main survey using all children in P3 and P4
in one school in Southern District. The use of the questionnaire, examination procedures and
acceptability of the methods to the children and their parents was reviewed. As a result of the pilot

study, several modifications were made to both the instruments and the protocol.

2.3 STUDY DESIGN

The study has both cross-sectional and longitudinal components. The cross-sectional approach
treats each calendar year of the study as an independent event and the measurements on all the
children measured in each of the four years, i.e 1989, 1990, 1991, or 1992, as independent of those
of the other years. This assumption is justified as the repeated measurements are separated by
a full year so that the within subject correlations are expected to be small.

The cohort approach comprises all those children who have been measured more than once over
the four years of the study. This group includes the children who formed the original subjects in
the first year of the baseline study in 1989 when they were in P3 and P4, and who have been

followed for a further three and two years respectively. Also included in the cohort are the children
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recruited in 1991, from both the ten original schools and the five additional schools, who were also
followed up in 1992.

The matrix of classes and measurement events can be represented as follows:

1989 1990 1991 1992
P3 P3 P3
P4 P4 P4 P4

P5 P5 P5
P6 P6

2.4: METHODS OF INVESTIGATION

Questionnaires

Parent’s and children’s questionnaires: Information was collected by self-completed
questionnaires, one of which was administered to the parents (PQ) and another to the children
(CQ). Both were maintained in a similar format over the four years of the study although a few
modifications were made in 1990 and further modification and additional questions were included
in the 1991 and 1992 versions.

Teacher’s questionnaire: During the fieldwork session in each school, all teachers whose classes
were included in the study completed questionnaires covering such topics as class absences and
personal smoking habits.

Administrator’s questionnaire: A questionnaire designed to document any problems with the
class and/or specific pupils, and number of students present during the administration of the
questionnaire, was also completed by the administrator of the children’s questionnaire, at the
completion of each classroom session.

Choice of questionnaire: The CQ and PQ were constructed after reference to internationally
recognised standard questionnaires. These included the Medical Research Council (MRC)
Questionnaire®, the United States National Heart and Lung Institute (NHLI) Questionnaire, the
combined American Thoracic Society and Division of Lung Disease (ATS-DLD-78) version for
adults*! and the European Community Children’s Questionnaire (CEC)*. Also consulted were
questionnaires from the Brigantia study*? and from the Glasgow study of children’s health,
knowledge and behaviour®.

The PQ and CQ were designed to compare the responses of the children with those of their
parents. In both sets of questionnaires, questions on the children’s respiratory symptoms and
perception of the air quality of the home and district were asked. In the CQ it was also decided

to explore the smoking habits of the child, his friends and relatives, and his attitude towards
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smoking in general. In addition, the PQ had sections on parent’s education, parent’s health,
household size and type, nature of fuel used, and smoking habits of the parents and other
household members.

Appendix 1 includes copies of all questionnaires used for parents, children, teachers and
administrators, for all four years of the study.

Physical health examination
In all four years of the study, two anthropometric measurements were taken on all children: height

and weight. In 1989 and 1990, height was measured using a stadiometer, and in 1991 and 1992
using an anthropometer (Holtain) attached to a base built by the University workshop. Standard
techniques for measurement were employed throughout the study*. Weight was measured using
aset of beam balance scales (Detecto-Medic) in 1989 and 1990, and a set of battery-operated digital
readout electronic scales in 1991 and 1992. All measurements were recorded with the children
wearing light clothing only and no shoes (Figure 2.3 and 2.4).

In 1989 each child was given a full chest examination. (Appendix 2 includes copies of the health
check form and parental consent form).

Lung function tests

In 1989 lung function measurements were taken using a peak flow meter (Mini Wright) and a
spirometer (Vitalograph) for forced vital capacity (FVC) and forced expiratory volume in one second
(FEV,) (Figure 2.5).

Histamine challenge test

In the second year of the baseline study, a histamine challenge test was performed by children in
one class from each of P4 and P5 in four schools, two in Kwai Tsing and two in Southern District
(Figure 2.7 and 2.8). For the follow-up study in 1991/2 a similar format was used, with follow-up
measurements on the original cohort of histamine tested children from 1990, plus one additional
year P4 class recruited, randomly, from all P4 classes in each of the same four schools. Appendix
3, provides details of the histamine challenge test procedure, protocol form, initial and follow-up

(after an initial refusal) parental consent forms.

2.5: DATA MANAGEMENT

Data collection

The PQs, with an accompanying letter and envelope for a confidential return, were delivered to
all the schools approximately one month before the fieldwork commenced in each school, giving
each headteacher flexibility to dispense and collect the questionnaires from the relevant pupils at
a time most convenient for the staff.

The CQs were administered by a trained research worker in a classroom setting. Questionnaires
were completed in a uniform and standard fashion and at the same rate by all members in the

class. There was no collusion between children. Time was spent explaining the structure and
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content of the questions to the children, either using the questionnaire sheet or by displaying the
information on a screen from an overhead projector (Figure 2.6). Any problems or queries about
questions were answered by the questionnaire administrator. With one or two exceptions, the class
teachers were not present when the questionnaire was administered enabling the children to feel
that they could answer the questions frankly, especially those on personal smoking habits. Most
questionnaires were checked by the fieldwork personnel before completion of the fieldwork in each
school and any problems or missing answers were followed up with additional questions to the
child.

Across all four years of the study a few people only were involved in the administration of the CQs
to all the schools and classes concerned and all were trained by the same person.

Coding

On completion of the fieldwork each year, the three sets of data for each child ie. PQ, CQ,
histamine form, and health check form where relevant, were matched. All questionnaires were
scrutinised and a number of the answers in both the PQs and CQs were coded. An individual
identification number was allocated to each child, based upon district, school, primary level, class
number and position on the class register, and this was added to each questionnaire. In addition,
for all those children who were followed for more than one year, the previous year(s) identification
numbers were added to the current questionnaire after identification was established.
Checking

Over the four years of the study a number of strategies were adopted to ensure completeness and
quality of the data, including individual manual checking of the scripts, software based checks, and
specific computation routines. In 1989, each questionnaire and clinical assessment form was
individually scrutinised before the data were coded. In 1991, every tenth set of questionnaires was
checked for coding errors and additional checks were run on five scripts either side of any
incorrectly coded questionnaires. If no further errors were found, checking then reverted to one in
every ten scripts. But if further errors were found, every script was checked until ten sequential
scripts were found to be error free (Military check). In 1990 and 1992, manual checking before data
entry was replaced with checking after data entry.

Data entry

In 1989 and 1990, data were keyed into a nondocument file on Wordstar software and then every
tenth script was checked for random keying in errors. In 1991 a DBase programme was developed
for the data entry. After being keyed in, the data were checked again, by scrutinising the input
on the computer screen for data entry errors, employing similar checking techniques to those used
for the coding, i.e. the data entry for one in every tenth set of questionnaires was checked against

the raw data, and additional checks run on five scripts either side of any incorrect entry.
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For 1992, a Foxbase software programme was used for data entry and additional error checks
incorporated into the programme. Checking of every tenth questionnaire, after data entry was also
performed, as in the previous year.

Cleaning

Programmes were written to check for errors in the data input, in terms of looking for impossible,
inapplicable and unlikely values. All such values were identified back to the individual
questionnaire and checked for accuracy. Where answers to questions were conditional on answers
to previous questions, logic routines were developed to check for consistency and possible errors.
Finally, correction programmes were written and run to correct all errors found.

At the end of the normal cleaning procedures, for each year’s data set, the data bases for the four
years were combined into a single data base with the names of all variables standardised. Subjects
were given an unique identification number. The data was then join matched across the different
years to facilitate further checks for consistency and for the generation of various data sets for
cohort analysis. All inconsistencies identified were checked back to the original questionnaires for
confirmation and corrections made when necessary to the data set.

Overall, the data quality in terms of completeness, accuracy, and internal consistency is considered

to be good.

2.6: ANALYSIS

Initial examination

For each year of data, where relevant, frequency distributions, descriptive statistics including
means and standard deviations and crude prevalence ratios were calculated.

The respiratory, socioeconomic, anthropometric and demographic variables from both the parents’
and the children’s questionnaires were examined for differences between the two districts, using
nonparametric tests such as the chi square test and parametric tests, such as a t-test or analysis
of variance, as applicable.

Adjustment for covariates

For all study variables where statistically significant differences occurred between the two
districts, further analyses by multivariate methods were employed to estimate the risk of
respiratory problems associated with several potential independent explanatory factors.

For the analysis of this data set we employed logistic regression. In multiple linear regression the
mean value of the dependent variable is expressed as a linear function of a set of explanatory
variables. For an observed value of the dependent variable there would be an error term. The error
terms are assumed to be independently and normally distributed with zero mean and constant
variance. The concept of a relationship between the distribution of a dependent variable and a
number of explanatory variables is just as valid when the dependent variable is qualitative as

when it is continuous. ‘For example, consider a binomial variable representing presence or absence
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of disease. For a homogenous group of individuals the number with the disease would be
distributed according to the binomial distribution with a constant probability of having the disease.
That is, there would be a relationship between the probability of disease and a set of explanatory
variables. This relationship would not usually be linear since a straight-line relationship would
imply probabilities outside the legitimate range of 0 to 1 for some values of the explanatory
variables. In order to fit the relationship into the framework of linear regression it is necessary
to apply a transformation and this leads to the method of logistic regression™’.

The initial aim of this study was to provide baseline data, by identifying the most important risk
factors for respiratory health problems in children and their parents, by isolating these risk factors
from other potential causative factors. To do this, comparison was made between groups who have
or have not been exposed to the risk factor of special interest, e.g. air pollution, smoking in the
home. A measure of the increased risk (of a bad health effect) in the exposed group, compared with
that in the non-exposed group, was then calculated. The measure which is usually employed is the
ratio of the incidence of the bad health effect in the groups which are being compared. This ratio
is called the relative risk. But, unless a full history of occurrence of a bad health effect and
exposure is obtained through a prospective follow-up study of the subjects being studied, the true
incidence of the relevant risk effect is not known. Therefore a mathematical approximation to the
relative rigk, the odds ratio is employed. The odds in one group compared to the reference group
can be considered as the ratio of the odds in favour of having the bad health effect.

The basic analysis can be represented by a simple 2 x 2 table:

Health Problem (respiratory symptom)

Disease present Disease absent
Group exposed to a factor pl p2 pl + p2
Not exposed (reference) p3 pd p3 + p4
pl + p2 p3 + p4

where pl, p2, p3 and p4 are the proportions of the population who fall into the categories:-

pl Exposed/Disease present p2 Exposed/Disease absent

p3 Not Exposed/Disease present p4 Not Exposed/Disease absent
The expression pl * p4 is the odds ratio;

p2 + p3

i.e. the ratio of the odds of having the disease when exposed, to the odds of having the disease

when not exposed.
The odds of having respiratory disease, for example, because of residence in Kwai Tsing compared

with Southern District, calculated by the above method, is an unadjusted estimate which may be
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biased because of some other differences between the populations in the two districts, such as
socioeconomic status, educational attainment, smoking, and use of specific cooking fuels. Logistic
regression analysis was used to adjust for the effects of co-existing but potentially independent risk
(or confounding) factors by including the covariates together with the main risk factor in the same
model. Only the main effects of the factors are included, as interaction and higher order terms
were found not to be significant in the baseline data in preliminary analysis.

Modelling for composite respiratory symptom scores

It would be expected that some reported symptoms may be highly correlated, and hence analysing
them individually may lead to replication in the conclusions. A method is required to summarize
the twelve respiratory symptoms into a smaller number of independent factor scores to reflect how
likely one is to have a certain underlying problem. Factor analysis was employed for this purpose.
To each factor, weights are given to each symptom (recoded as 0 for absent, 1 for present) to reflect
their contribution to the score and how correlated they are to each other in the factor. After some
transformation (rotation) the weighting will become clear-cut with the highest coefficients given
to the most important and highly correlated symptoms and the lowest coefficients to those less
important symptoms. A relatively smaller number of factors is obtained with a calculated
proportion of variation being explained in this way.

Further, groups of highly correlated symptoms identified by the factor analysis are used in defining
another indicator variable, that is, whether or not a subject has any of the symptoms from each
of the symptom groups. Similar statistical analysis methods are employed as in the other
respiratory health models, but this time using the composite scores of factors as dependent
variables.

Adjustment for time dependency

Data sets for each of the four years of the study were combined and matched by the identification
numbers of the children. The new data set was then reorganised to form different cohorts of
children, each of which was analyzed using an extension of the above statistical modelling

techniques, to determine

(@) time effects with respect to respiratory symptoms and histamine challenge
Tesponses,
(b) to address the question raised by the aims of the study outlined above, i.e.

whether the 1990 low sulphur fuel legislation and the subsequent
immediate fall in sulphur dioxide levels and, to a lesser extent, those of
particulates, have had any impact on respiratory health.
The modelling techniques are developed from generalised linear modelling, including logistic
regression for binary data and multiple regression for continuous data. This technique incorporates
a procedure which takes account of time dependence for the same subject, i.e. the within-subject

correlation between measurement occasions, in each cohort. The procedure is called generalised
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estimating equations (GEE) which can be regarded as an extension of the generalised linear

modelling procedure.

QOutcome measures

Three important outcome measures are determined in the analysis, a district effect, an occasion

effect and an environmental tobacco smoke effect.

1. The district effect is a measure of excess risk of experiencing respiratory ill health
attached to living in Kwai Tsing when Southern District is taken as reference.

2. The occasion effect is the change observed in risk estimated from data collected from
measurement sessions which took place over the four years of the study. Because of the
time sequence, the occasion effect, as estimated in this analysis, can be regarded as an
intervention effect, when the occasion straddles June 1990 and the implementation of
the sulphur fuel regulations.

3. The environmental tobacco smoke effect is a measure of the excess risk of living in a
home where family members smoke with non smoking families taken as reference.

Adjustment for the clustering effect

As the sample is based on students in schools, this may lead to a so-called design effect, or

correspondingly, a cluster effect, which affects the independence between subjects. Because of this,

standard statistical modelling techniques cannot be used. The effects due to the clustering of
students in classes, a subdivision of children in schools, are examined using the GEE approach.

Data handling of original and additional schools subjects

All crude prevalence data have been calculated from the total data set from all fifteen schools, but

for the modelling analysis; respiratory symptom and factor models, where cohorts of children are

followed across a number of years, the data set comprised children from the original ten schools

only.
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3. DATA SET
3-1: DEMOGRAPHICS
Table 3.1.1 records the number of children on the school register for each of the four years of the
study, the number of absences and the final number of children who participated in the study and
completed questionnaires. There were no refusals and the only missing data sets are from children
absent on the day on which their class completed the fieldwork.
Table 3.1.2 provides a summary of the number of schools visited, primary grades covered, and the
number of children who completed questionnaires, across all four years of the study. It also
includes the number of children who took part in the histamine challenge test in the last three
years of the study.
Table 3.1.3 indicates the percentage fraction sampled of the total district population * of that age
and gender for each of the four years of the study. Table 3.1.4 provides the breakdown of the final
data set of child responders by their district of residence, school attended, and primary grade, over
the four years of the study. Table 3.1.5 is similar but gives the subject numbers by gender and
primary grade in each district. Finally, Table 3.1.6 gives the subject numbers by year of age, as
well as by gender and district of residence.
Overall the tables demostrate that the numbers in the data sets in the two districts are very

similar.

3.2: MISSING SUBJECTS

Children’s questionnaires

Table 3.2.1 provides the number of absences on the day of the fieldwork by school and by primary
grade, for each of the four years of the study. Once again, there are few differences between
districts, or between primary grades, and only small differences between schools.

Parents’ questionnaires

In 1989, the final data set for the PQs comprised 96.6% of the total sample population and the
percentage returned in the other three years, 1990, 1991 and 1992 was 94.0%, 95.7%, and 95.5%
respectively. There is little variation between districts in the percentage returns for the four years,

1989, 1990, 1991 and 1992, with 96.9%, 95.7%, 95.4% and 93.4% in Southern District and 96.0%,
94.5%, 96.0% and 97.9% in Kwai Tsing.

3.3: MISSING MEASUREMENT DATA

Children’s questionnaire

In spite of considerable effort, both in the classroom during the completion of the questionnaire and
afterwards during the checking of the questionnaires, there were inevitably some children who

omitted to answer one or more questions. Table 3.3.1 presents the percentage of missing answers
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for each variable on the CQ, by district. For all variables, the highest percentage of missing
answers for any one question is 1.7% in 1989, 1.3% in 1990, and 1.2% in both 1991 and 1992.
As might be expected, there are differences in the response ratio at different ages and in the
different primary grades. Table 3.3.2 gives the percentage of missing answers in the CQ by age
and by primary grade. Generally the response level improves with increasing age or primary grade,
with the exception of the oldest age group. The children in this group, who can be found
distributed throughout all the primary grades are backward in terms of their current educational
achievement, for many and varied reasons, and therefore, although overage, they are still pupils
in junior school.

Parents’ questionnaire

Table 3.3.3 is similar to Table 3.3.1 but provides information on the completion rate of the PQ by
district for the four years of the study. Compared with the children’s questionnaires, these were
less complete, with missing responses, ranging from 2.2% to 27.6% (1989) 1.2% to 26.3% (1990),
1.5% to 23.8% (1991) and 0.4% to 20.0% (1992). There were no differences between the two districts
in terms of missing data.

Adjustment for missing data in the children’s and parents’ questionnaires

In the case of missing data in a PQ in any one year, where such answers should not change over
the period of the study, e.g. educational attainment of parents, the response from the other years’
questionnaires was studied. If a consistent response was found, this answer was used to replace
the missing data item.

For other variables, e.g. respiratory problems and smoking, where the same question was asked
in both the PQ and CQ, in cases where the CQ answer was missing, the PQ answer was
substituted, if it was available.

The remaining missing data, which comprised a very small proportion of the total data set, were
included in the reference group in all the statistical models.

In summary, the data collection in the four years of the study covered approximately 60,000
questionnaires from children and their parents, with an average of 75 questions on each, plus
15,000 histamine challenge tests. It was, on average, over 90% complete, with no differences

between the districts and few differences between primary grade or age of the child.

3.4: VALIDITY AND COMPARABILITY

Timing of survey

Table 3.4.1 states the month in which the fieldwork was performed in each school. A deliberate
attempt was made over the four years of the study, to carry out all fieldwork within a period of
the same four months, although there is some variation, partly due to the timing of the school

Easter break each year.
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Completion of the parent’s questionnaire

Table 3.4.2 presents the information on the completion of the parent’s questionnaire. Across the
four years of the study, and by district within each year, the answers are similar, with the child’s
mother or father completing the questionnaire, in the majority of cases.

Differences between the initial and additional schools

Tests were carried out to check for any differences in absence rates and questionnaire responses
between the additional schools added to the study in 1991 and those in the original study group.
A comparison of missing information between the original and additional schools in 1991 shows
that the response rates were very similar for all variables (Table 3.4.3).

To determine if there were any differences in demographic, socioeconomic, respiratory and smoking
status between the original and additional schools, but to avoid a biased comparison of P3 and P4
children only in the additional schools with P3 to P6 children in the original schools, Table 3.4.4
presents the answers from the P3 children and their parents only. Table 3.4.5 provides similar
information for parental educational attainment. For living quarter size there are some differences
between the two groups (t=2.98, df=2106, p=0.003), with the original school families having larger
quarters, mean size 400.8 sqft, compared with 367.1 sqft.

There are no differences in age between children attending the original schools and those in the
additionally recruited schools (t=1.04, df=2920, p=2.99). The mean age for children in the original
schools was 9.02 years and in the additional school, 9.00 years. This very slight difference is
probably due to timing of the fieldwork in each school.

In conclusion, there are few differences between the original and additional schools and these are
probably attributable to the geographical position of the school. Although the additional schools
were chosen by the criterion that they were close to schools already participating in the study, in
some instances they may serve a different catchment area. This has resulted in the slight
differences in the housing type seen, with public housing being more strongly represented in the
additional school group. This in turn contributes to the differences found in living quarter size and
both may be accounted for by the slightly lower level of educational attainment seen in the parents
from the additional schools.

The slight change in proportions of boys and girls between the two groups is attributable to the
fact that one of the additional schools recruited was an all girls school only. This may also explain
why there are fewer child smokers in the additional schools.

Finally, with respect to respiratory symptoms, differences only occur between the P3 children in
the original and additional schools for morning cough, nasal symptoms and doctor diagnosed

asthma and allergic rhinitis, with the additional schools having a higher prevalence in all cases

except for asthma.
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m
The study data set show & high level of completeness:

¥ Non-response rater < B% for parents
< 2% for childrex
* Missing data < 4% for children
< 10% for parents
* Comparability between original and additional
schools is good
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4. SOCIOECONOMIC FACTORS

Because of the size of the sample and the resultant power of the study, even very small
fluctuations of a few percent from year to year may show as highly statistically significant values
when comparing data across the four years of the study. In addition, the follow-up study contains
data from an additional set of schools as well as the original ones. In some instances there are
some slight differences between the original and additional schools, (see section 3.4), even though
they are geographically sited close to each other, and this contributes to the observed variation

between the first two and last two years of the study.

4.1: LIVING WITH PARENTS

Consideration of and adjustment for the socioeconomic factors as covariates is only valid if the
child actually lives with his/her parents. Table 4.1.1 shows the proportion of children living with
their parents, by district, for each of the four years of the study. There are no differences between

the districts and over 93% of all children live in the parental home.

4.2: EDUCATION OF PARENTS

Table 4.2.1 gives the education level achieved by the mother and father in the two districts, over
the four years of the study. As can be seen there are some differences between the original study
and the follow-up study. This may be due to parental information from the additional schools
included in the follow-up study. There are statistically significant differences between the districts,
with fewer Kwai Tsing parents continuing in education through to higher secondary and tertiary
level.

One interesting point is that in the follow-up study, in the category of no formal education, the
proportion of Southern parents is approximately double that in Kwai Tsing. This may be because
some of the parents from one of the new schools recruited to the study in 1991 are members of the

Tanka boat people recently rehoused in the Aberdeen area.

4.3: OCCUPATION OF PARENTS

Table 4.3.1 presents the number and percentage of parents in work. There are some differences
between districts for the fathers, with fewer Kwai Tsing fathers currently employed, but no
differences for the mothers.

Table 4.3.2 provides a breakdown of occupation of the parents by district. This question was only
included in the follow-up study. There are differences between the two districts for both mothers

and fathers, with more parents in Kwai Tsing working in manufacturing industries and fewer

employed in professional or clerical jobs.
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44: HOUSING

The housing profile across the four years of the study is very similar but there are differences
between the two districts as shown in Table 4.4.1. More families in Kwai Tsing living in public
housing and fewer in private accommodation. The numbers living in temporary or other types of
housing are low and similar in both districts.

Table 4.4.2 presents the mean size of the living quarters, the average number of people per
household, the mean area per person available in the home, and the length of time the family has
lived in that home, with standard deviations and sample sizes, for the four years of the study.
There are statistically significant differences between the two districts with Kwai Tsing families
having smaller living quarters, a smaller area per person, and they have lived in those quarters

for a longer period of time.

T T R I R T IS IR
In BKwai Tsing,

* parents have lower educational attainment
* fewer fathers are currently employed

¥ more parents work in manufacturing jobs

* fewer parents work in clerical jobs

* more families live in public housing

vompared with Southern District families

45: INDOOR AIR QUALITY

Cooking and heating fuels

Table 4.5.1 shows the type of fuel used for cooking and heating in the two districts. There have
been some changes over the four years of the study, with less kerosene and liquid petroleum gas
(LP gas) being used in the latter years compared with the baseline study. This change may be
influenced by the contribution of the additional schools in the follow-up study. In addition to the
trend towards greater use of town gas, there are still some differences between the two districts
in the use of all types of fuel for cooking, with the exception of firewood, with Kwai Tsing
households still using more town gas and more kerosene compared to Southern District.

Use of incense and mosquito coils in the home

Finally, air quality within the home is affected by the burning of mosquito coils and incense. There
are some differences between districts for the use of mosquito coils with Kwai Tsing residents

using less, but no difference in the use of incense between the districts (Table 4.5.2).
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Kwai Tsing families

* cook mostly with town gas or kerosene
¥ burn more mosquito coilg

compared with Southern District families

4.6: SUBJECTIVE ASSESSMENT OF AIR QUALITY

Both the parents and the children were asked on their questionnaires whether they considered the
air quality good or bad, in various locations including the home and the school. The Kwai Tsing
and Southern children’s and parents’ opinions on the air quality in the home is shown in Figure
4.1 and their opinion of the air quality in the child’s school is shown in Figure 4.2. The general
impression is that the air quality is perceived to have not shown any improvement over the 4 years
of the study, although there was a short temporary upturn in 1991, and it may even have
deteriorated in some instances.

Table 4.6.1 presents the number and percentage of parents and children who consider the air
quality as good. There are significant differences of opinion between the districts for both parents
and children on the quality of the air in all venues listed in the questionnaire, with the Kwai Tsing

children and their parents being less satisfied in every case.

[ s e
Kwai Tsing children and their parents

¥ consider that their air quality is not good

compared with Southern District families
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5. SMOKING IN THE FAMILY HOME

5.1: PARENTS AND OTHERS
From the children’s questionnaire information was obtained on whether the parents, siblings who
lived at home, and other family members who lived in the family home, were smokers or not.
Tables 5.1.1 to 5.1.3 present this information by district and by year of the study. In addition,
family smoking status was categorised by combining the responses of the parental, sibling and
other family members smoking status and recoding this result into three categories:
no smoking members; one member of the household who smokes; two or more family
members who smoke.
Very few mothers smoke but there are some differences between numbers in each district, with a
higher proportion of Southern mothers as current smokers. For the fathers, 30% or more are
current smokers in Southern and as many as 42% in Kwai Tsing. Siblings show a similar pattern
to that of fathers, with more sibling smokers in Kwai Tsing families. There appears to be no
consistent trend in the smoking numbers over the four years of the study. For others living in the
family home who smoke, the numbers in each district are very similar, with fluctuations over the
years in both districts. Overall, the child is exposed to environmental tobacco smoke from one or

more smokers in the home, in 44% of households in Southern District and 50% in Kwai Tsing.

52: THE CHILD

Children were asked about their smoking practice and coded as never smokers (if they had never
smoked) and ever smokers (if their experience of smoking ranged from having tried a few puffs,
used to smoke, through to smoking more than 6 cigarettes a week). Table 5.1.3 presents the
children’s smoking behaviour by district and by survey year.

Overall, approximately 11% of all children had experimented with smoking, but ever-smoking
ranged from 5% of the eight year olds to 40% of the thirteen year olds measured. There are some

differences between districts and some fluctuations over the four years of the study, but no obvious

trend.
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6. RESPIRATORY SYMPTOMS

6.1: CRUDE PREVALENCE
Twelve respiratory symptoms were included in the analysis:

Subjective complaints

1) morning cough, 2) evening cough, 3) cough for three months,
4) morning phlegm, 5) phlegm day or night, 6) phlegm for three months,
7) sore throat, 8) nasal symptoms, 9) wheeze,

Doctor-diagnosed conditions

10) asthma, 11) allergic rhinitis, 12) sinusitis.

Doctor consultation for cough, phlegm and wheeze

Preliminary analysis of the variables; doctor consultation for cough, phlegm and wheeze found
increased visits associated with exposure to environmental tobacco smoke, but no clear correlation
with district of residence. Further analysis to quantify the impact of the intervention and the
utilization of health services will be carried out, but is not included in this report.

Mean prevalence by primary grade

For the initial analysis of these twelve respiratory symptoms, Tables 6.1.2 to 6.1.13 present the
mean prevalence of each of the symptoms by school and primary grade for each of the four years
of the study. Sample sizes for all twelve tables are given in Table 6.1.1. The decreasing mean
prevalence with increasing primary grade, for most of the symptoms reflects the well established
fact that the youngest children are at highest risk and their vulnerability and the prevalence of
respiratory symptoms decreases with increasing age. The exceptions to this are the doctor
diagnosed conditions of asthma, allergic rhinitis and sinusitis, which show similar or slight
increased prevalence from P3 to P6.

Mean prevalence by primary grade and by gender

Tables 6.1.15 to 6.1.19 give the mean prevalence of each symptom by gender and by primary
grade for the two districts, over the four years of the study. Sample sizes for these tables are given
in Table 6.1.14. The trend of decreasing prevalence in most respiratory symptoms with increasing
primary grade can be seen in both boys and girls. But, in addition, in all cases, the prevalence is
lower, overall, in the girls compared with the boys. Once again, the prevalence of doctor diagnosed

symptoms shows little decline in either sex, with increasing age.

6.2: RESPIRATORY SYMPTOMS AND SOCIOECONOMIC STATUS

From the selection of social and demographic variables available in the parent’s questionnaire,
father’s education was chosen as a proxy for socioeconomic status. The option of using educational
attainment of both parents was excluded because they are highly correlated. Occupational status
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was also excluded as over 92% of the study population fathers are in work, as are 37% or more of
the mothers. Housing type was also considered but there are basically only two choices in Hong
Kong and the majority of the population studied live in public housing. Housing size, another
variable, had a poor response rate relative to the other variables and, again, is correlated with type
of housing. Tables 6.2.1 to 6.2.6 present the mean prevalence of the twelve respiratory symptoms
by father’s attained educational level and by district, for the four years of the study. Sample sizes
are as given in Table 6.1.1. For the doctor diagnosed symptoms and wheeze there is a positive
correlation between increased prevalence and higher educational attainment, but the pattern is

less clear for all cough and phlegm, sore throat and nasal symptoms.

6.3: RESPIRATORY SYMPTOMS AND DOMESTIC FUEL

Tables 6.3.2 to 6.3.6 present the prevalence of each symptom with respect to the fuel used in the
home for cooking and heating. However, heating is used for such a short period each year in Hong
Kong that any pollutants produced by fuel used for this purpose are likely to have small impact,
if any, upon respiratory health. There appears to be very little difference in symptom prevalence
between the different types of fuel used. Sample sizes for this set of results are given in Table

6.3. lQ

64: RESPIRATORY SYMPTOMS AND FAMILY SMOKING STATUS

In view of the link between respiratory symptoms in children and passive smoking®, the children’s
respiratory symptoms were examined in relation to whether they live in smoking or non-smoking
families. Family smoking status was classified as non-smoking, having one person living in the
family home who smokes, or having two or more people living in the family home who smoke.
Tables 6.4.2 to 6.4.6 present the mean prevalence ratios for the twelve respiratory symptoms by
family smoking status and by district, for each of the four years of the study. The sample sizes for
these twelve tables are given in Table 6.4.1. There is an obvious trend with an increased
prevalence of symptoms for all cough and all phlegm symptoms, nasal symptoms and sore throat
in children living in a home where one or more family members smoke. The same trend is not
present for wheeze, and doctor diagnosed asthma, allergic rhinitis and sinusitis. For these
symptoms, overall, the symptom prevalence is slightly lower in smoking families compared with
non-smoking families. It is known that some parents opt to give up smoking after their child has

been diagnosed as asthmatic, for example, and the crude prevalence figures shown in Table 6.4.6
may reflect this.
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6.5: CRUDE SYMPTOM PREVALENCE RATIOS BY DISTRICT

Tables 6.5.1 to 6.5.5 present the crude prevalence ratios for the twelve respiratory symptoms by
district for the four years of the study. For all symptoms except the doctor diagnosed ones, Kwai

Tsing has a higher prevalence than Southern District. Sample sizes are as given in Table 6.1.1.

6.6: STANDARDISED SYMPTOM RATIOS
The standardised symptom ratio is the ratio of the actual mean value to the predicted mean value
which has previously been obtained by means of logistic regression. To obtain the standardized
symptom ratios, the logistic regression model was used with the following independent variables:
age,
gender,
school session (morning, all day or afternoon),
housing type (public or other),
father’s educational attainment, (no formal education, primary, secondary or post
secondary)
smoking status of the family (no smokers, one or two smokers)
and each respiratory symptom, in turn, as the dependent variable.
Tables 6.6.1 to 6.6.12 give the actual mean and predicted mean values for each symptom with
95% confidence intervals. From the information listed under each table, it can be seen that, in
general, housing type is not a significant factor, but that all other variables make a significant
contribution to the model.
In conclusion, the factors identified which have a measurable influence on respiratory symptoms

include age, gender, father’s educational attainment, and smoking in the family home.

Children’s respiratory symptoms

“ are higher in the youngest children

* are higher in boys than girls

* are higher in homes where family members smoke

* are higher in Kwai Tsing

* decrease with increasing primary grade

* vary between schools

* are positively related to parental educational
attainment
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7. MODELLING FOR VARIATIONS IN SYMPTOM PREVALENCE

7.1: PROSPECTIVE MODELS

In order to determine whether there have been changes in respiratory morbidity over the four
years of the study, the calculation of crude prevalence ratios, even after adjustment for
demographic, socioeconomic and other potential causal factors, such as smoking, for each year of
the study is inadequate. For determination of differences over time we need to combine the four
year data set into some specially defined cohorts. The following six options for grouping the data
have been explored and their results are presented in this section.

In all of the following models, only data from the children of the ten original schools, recruited in
the baseline year of the study have been used, to avoid changes in the precision of estimates and
any variation due to differences between the original schools and those additional schools added
to the study in 1991 (see Section 3.4 and Tables 3.4.4 and 3.4.5).

Table 7.1.1 presents the proposed models:

Respiratory symptom model 1 is based on the follow-up of the P3 and P4 cohort from
1989 through to 1990 and a comparison of this with the P3 and P4 cohort in 1991, followed
through to 1992. This model provides the largest number of individual subjects. It also
compares respiratory health data collected before the low-sulphur fuel legislation in July
1990 with that collected after the intervention.

Respiratory symptom model 2 uses information from the P3 and P4 cohort in 1989 and
follows them through 1990 as P4 and P5, and 1991 as P5 and P6. This model compares the
year prior to the fuel intervention (1990) with the 1989 baseline and the year following the
intervention (1991) with the same 1989 baseline.

Respiratory symptom model 3 uses the smallest number of subjects by following the P3
cohort only from 1989, through the four years of the study until 1992 when they are in P6.

The three models listed above involve a longitudinal approach; the following three models involve

cross-sectional data only:

Respiratory symptom model 4 includes the P3 and P4 children in 1989 only and

provides baseline data.

Respiratory symptom model 5 looks at P3 children in each year of the study where data
are available, i.e. 1989, 1991, 1992.

Respiratory symptom model 6 is similar to respiratory symptom model 5 but uses the
P4 data set in each of the four years of the study.
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72: RESPIRATORY SYMPTOM MODEL 1
The following independent variables are included in all of the models:
district (Kwai Tsing compared with Southern),
afternoon school session (compared with the morning and whole day sessions),
the second year effect (the second year of either the baseline or the follow-up study
compared with the first year for each of the cohorts), or the examination year effect
(compared with the baseline year)
gender (boys compared with girls),
age (increasing by year),
family smoking status (number of smokers in the family home, either one or two or more,
compared with none),
housing type (public compared with other),
educational level attained by father (primary level, lower secondary, upper secondary, and

post secondary all compared with no formal education).

Tables 7.2.1 to 7.2.12 present the results for each respiratory symptom. The aging effects on
respiratory symptoms in each year of the survey are adjusted for in the model.
Two measures can be used to assess bias in the data related to the sampling procedure and the
time scale of the study.
The scale estimate provides the between-classes variation and since it is approximately
equal to unity in most cases, there appears to be no significant excess variation.
The within-subject correlation for symptoms between the two years of the cohort,
although increasing, from acute symptoms to the chronic symptoms, is low, overall, in most
cases. This indicates that although account has been taken of the within-subject

dependence, there is little effect in the adjustment procedure.

District effect

Table 7.2.13 provides a summary of the district effects for all symptoms. For the 1989/1990 cohort
there were four respiratory symptoms, cough for three months, sore throat, nasal symptoms and
wheeze, which were significantly different between the two districts. For these symptoms, the odds
ratios and the confidence intervals were all in excess of unity and the excess risks for living in
Kwai Tsing and experiencing these symptoms ranged from 14% for nasal symptoms to 57% for
cough for three months. In the post intervention period, for the 1991/1992 cohort, only one

symptom, wheeze, differed significantly in prevalence between the two districts, and for this, the

excess risk for those living in Kwai Tsing was 25%.
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Kwai Tsing children were more likely to have

in 1989/1990
* pough in last threee months
* sore throat
* nasal sympioms
* wheeze
in 1991/1992
* wheeze
campared with Southern District children

Differences between districts bave reduced
* between the first and second study period
* following the intervention

Effect of exposure to environmental tobacco smoke

Although the district effect declines over the period of the study, the smoking effect does not and
exposure to the risk of passive smoking has the greatest impact in both periods. Table 7.2.14
provides a summary of the results for all respiratory symptoms by family smoking status. In the
period 1989 to 1990, there are excess risks of the child experiencing symptoms, from evening cough
(24%) to phlegm for three months (69%) if they live in a home where one family member smokes.
If the child lives in a home where two or more family members smoke, there are excess risks,
ranging from 33% to 115%, of experiencing all of the symptoms examined, with the exception of
wheeze and the doctor diagnosed conditions of asthma, allergic rhunifis and sinusitis. It is known
that many parents stop smoking after such a diagnosis, in an attempt to alleviate their child’s
condition and this may explain the lack of a passive smoking effect in these cases. A similar
pattern is also seen with the second cohort in 1991 to 1992, with the prevalence for the same
symptoms being significantly higher and excess risks ranging from 32% for nasal symptoms to
103% for evening cough, if the children live in smoking families. In addition, there was an excess

risk for symptoms of wheeze in the 1991/1992 period.

Children who are exposed to environmental tobacco smoke
In the family home

¥ experience more respiratory symptoms
* have increased risk with increased exposure

compared with chidren who are not so exposed
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7.3: RESPIRATORY SYMPTOM MODEL 2

This model compares the immediate pre-intervention year and the immediate post intervention
year with the baseline data from 1989. The variables in this model are similar to those used in
respiratory symptom model 1 and include district, afternoon school session, gender, age, family
smoking status, housing type, and father’s educational level but the second year effect is replaced
by the 1989/1990 year effect and the 1989/1991 year effect. Tables 7.3.1 to 7.3.12 provide the
results for each of the respiratory symptoms.

District effect

Table 7.3.13 summarises the district effects for all symptoms. Only two symptoms, sore throat and
wheeze differ between the two districts on average over the 1989-1991 period. Table 7.3.14
summarises the occasion effects for all respiratory symptoms. In general there was no decrease in
symptom effect from 1989 to 1990, the odds ratios are close to unity and the confidence intervals
span unity, with the exception of sore throat and doctor diagnosed allergic rhinitis. In the second
period, 1991 compared with 1989, the odds ratios were consistently lower by 0.19 on average,
compared with the period 1990/1989, for eight of the twelve symptoms. The exceptions were nasal
symptoms, diagnosed asthma, and allergic rhinitis, which were all higher by a similar amount, 0.19
on average, and sinusitis, for which there was no change. Although in most cases the confidence
intervals still span unity, the fall in the point estimates suggests that there has been some
improvement in 1991. A bigger drop might be expected in 1991 as the children are one year older
and therefore shedding their risk but the model has adjusted for the aging effect.

Finally, adjustment is made for the interaction of the year to year (occasion effect) with the district
effect (Table 7.3.15). For the four symptoms given, in 1989 the prevalence differs significantly
between Kwai Tsing and Southern Districts, but by 1991, there are no differences between the two

districts.

74: RESPIRATORY SYMPTOM MODEL 3
This model follows the P3 cohort through the four years of the study, and therefore has a smaller
number of subjects compared with the other two models presented above. Consequently the results

are not so consistent. The variables used in this model are the same as those used in the previous
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two, but the year effect is measured by comparison of the three years; 1990, 1991, and 1992, with
1989. Tables 7.4.1 to 7.4.12 provide the results for the individual symptoms.

District effect

Table 7.4.13 gives a summary of the district effect on all symptoms. For the first three years of
the study the odds ratios in each subsequent year are lower than in the year before (as also seen
in Table 7.3.13) but from 1991 to 1992 an increase occurred for all symptoms with the exception
of morning cough, cough for three months and doctor diagnosed sinusitis. It is possible that this
increase in respiratory symptoms may be attributable to the weather in 1992 which was
particularly wet in the first half of the year (Appendix 4: mean monthly rainfall during the four
years of the study)(Figures 7.1, 7.2). Across the four year study period differences remained for

three symptoms only, in this model, evening cough, wheeze and doctor diagnosed asthma.

75: RESPIRATORY SYMPTOM MODEL 4

Respiratory symptom model 4 is the baseline model as it includes data from the P3 and P4
children in 1989 only. The results for each individual symptom, after adjustment for gender, age,
smoking in the home, district of residence, type of housing and education of father, are given in
Tables 7.5.1 to 7.5.12.

The effect due to the use of cluster-sampling is estimated and adjusted for by the use of intra-
class correlations for each symptom. Such effects were found to be small as the intra-class
correlations, ranged from 0.000271 to 0.0271.

District effect
Table 7.5.13 provides evidence of a district effect in 1989, with point estimates of the odds ratios

in excess of unity for ten of the twelve respiratory symptoms, although the lower 95% confidence

level is lower than unity in all except four cases, cough for three months, sore throat, nasal

symptoms, wheeze.

7.6: RESPIRATORY SYMPTOM MODELS 5 AND 6
These two models look at the data from the P8 and P4 children, respectively, in each year of the

study. The results for these two models are given in Tables 7.6.1 to 7.6.12, for the individual
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respiratory symptoms and Tables 7.6.13 and 7.6.14 for the summary of all respiratory symptoms.
The adjusted prevalence ratios showed statistically significant increases from 1989 onwards in both
the P3 and P4 children, for all symptoms except morning phlegm (P8 and P4), phlegm day or rught
(P8 and P4) and wheeze and asthma (P3). These results are supported by respiratory symptom
model 1data which demonstrated an increase in the second study year compared to the first year
in each cohort, but with greater increases in the 1991-1992 cohort compared with the 1989-1990
group. This is unlikely to be due to a learning effect in the P3 children, as for each year, they form
a new group into the study. For the P4 children, with the exception of one year, all had answered
the questionnaires as P3 children. However, data used in respiratory symptom models 5 and 6 are
cross-sectional and the children studied from each of the four years were born in approximately
sequential years in the early 1980s. During their lifetime, the different birth cohorts will have
experienced different exposures to air pollutants and as air pollution during that period was
increasing it is likely that the respiratory systems of the later birth cohorts may have been at
higher risk at their most vulnerable period of life.

Although the adjusted symptom prevalence has increased throughout the study, the estimated
gradient between districts became lower on average over the three to four years thus reducing the
statistical differences between the two districts for most of the symptoms, as compared to

respiratory model 3, suggesting that there is a strong effect from the intervention.

Modelling of the cross-sectional respiratory health data
demonstrates that

* differences between districts have diminished
¥ an intervention effect has occurred

when comparing the same age groups of children across
the four snecessive years of the study
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8. MODELLING FOR COMPOSITE SCORES FOR RESPIRATORY HEALTH PROBLEMS

8.1: IDENTIFICATION OF SYMPTOM GROUPS

The symptom profiles of the children were analysed to identify those symptoms or groups of
symptoms which account for most of the observed variation in respiratory health problems. Factor
analysis and logistic regression were used in a two stage analysis designed to weight the outcome
measure - respiratory symptoms. Table 8.1.1 gives the results of the factor analysis for each
symptom with factor one explaining 25% of the variation, and 12% of the residual variation
explained in factor two, 9.3% by factor three and 8.5% by factor four. According to the
similarity shown in the weightings of specific symptoms within each of the four factors, the twelve

symptoms were grouped as follows:

Group 1: sore throat, morning cough, evening cough, cough for three months,
Group 2: morning phlegm, phlegm day or night, phlegm for three months,
Group 3: wheezing, doctor diagnosed asthma,

Group 4: nasal symptoms, doctor diagnosed allergic rhinitis, and sinusitis.

82: FACTOR MODEL 1
This model uses the original schools 1989/1990 cohort compared with the 1991/1992 cohort and the
following independent variables:
district (Kwai Tsing compared with Southern),
school session (morning compared with whole day and afternoon),
year (second compared with first in each cohort),
gender (boys compared with girls),
age,
smoking status (number of smokers in the family home; one, or two or more, compared with
none),
housing (public compared with other types),
father’s educational attainment (primary, lower secondary, higher secondary, or post

secondary level compared with no formal education).

The estimates of having any symptoms, in each of the four symptom groups, are presented for
Group 1 (Table 8.2.1), Group 2 (Table 8.2.2.), Group 3 (Table 8.2.3) and Group 4 (Table 8.2.4).
Table 8.2.5 presents the estimated log odds ratios for a child having any symptom from any of the
four groups.

Table 8.2.6 provides the results for the total symptom score with the symptoms all weighted
equally, according to column 1 (Table 8.1.1). The next four tables, Tables 8.2.7 to 8.2.10 have
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symptom scores calculated using the weightings given by factors two to five respectively, drawn
from Table 8.L1.

The aging and gender effects are consistently significant through this set of tables. The second year
effect, which is significant in a number of cases, especially for the 1991/1992 cohort, may be
attributable to a learning effect from completing the questionnaire for a second time, but this
would not explain the greater differences in the 1991-1992 period. An additional factor which may
account for this is the weather, which in the first half of 1992 was exceptionally wet and cool
(Figure 7.1). A similar pattern was found in the respiratory symptom model 3 analysis.
District effect

There is a significant district effect in the baseline years 1989-1990 for all the groups of symptoms,
in both the weighted and unweighted analyses, with the exception of nasal symptoms, allergic
rhinitis, and sinusitis and phlegm (unweighted). But there are no district differences in the post
intervention period 1991/1992.

Effect of exposure to environmental tobacco smoke

In contrast to the improvement in the district pattern, the risk of respiratory problems associated
with family smoking status appears to have worsened over the period of the study. There are
significant differences between children living with non-smoking and smoking families, for all the
groups of symptoms including cough, sore throat and phlegm, whether the scores are weighted or
not, in both the 1989/1990 and the 1991/1992 cohorts. The log odds ratios are higher in the second
time period compared with the first. In addition, both the the weighted and unweighted symptom
scores for the grouped symptoms of wheeze and diagnosed asthma, and nasal symptoms, allergic
rhinitis and sinusitis, also show significant differences between non-smoking and smoking families

in the second time period.
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8.3: FACTOR MODEL 2

This model uses data from the P3 and P4 cohort of 1989, followed as P4 and P5 in 1990, and as
P5 and P6 in 1991 and the same independent variables as factor model 1, with the addition of
a third year effect. Using the same weighting system as in factor model 1, results are given in
Tables 8.3.1 to 8.3.10. Both the 1990 data and the 1991 data are compared with the baseline data
of 1989. Although this cohort of children shows strong aging effects over the three years, these are
adjusted for in the model.

District effect

The model shows no statistically significant district effect on average in the three years but it does
demonstrate a trend with a reduction in prevalence of symptoms in 1991 after the intervention
leading to a reduction in differences between districts. There are significant differences associated
with changes in the occasion effects through the three years being compared, e.g. for any cough
or sore throat problems, the log odds ratios show an apparent decline from 0.07 for 1989/1990 down
to -0.06 for 1989/1991. A similar trend is seen for the other grouped symptoms of any production
of phlegm, (statistically significant in the 1991 cohort), wheezing and diagnosed asthma, and the
combination of all/any symptoms, using both weighted and unweighted symptom scores for the
same group of symptoms. A similar downward trend is not demonstrated for nasal symptoms,
allergic rhinitis and sinusitis. For these symptoms, the prevalence has increased in the second
period compared with the 1989 baseline.

Effect of exposure to environmental tobacco smoke

The model shows no change in the passive smoking effect, which we would also expect to be
modified by the aging factor if this was influential in the model]. There are statistically significant
log odds ratios for cough and sore throat, and phlegm where the child lives with one or more
smokers in the family home, with higher log odds ratios for two or more smokers in the home
compared with one.

The odds ratios for asthma and wheeze with smoker types are not significant but there is a trend
with increased log odds ratios for two or more smokers compared with one smoker. For nasal
symptoms, allergic rhinitis and sinusitis the log odds ratios are statistically significant for two or
more family smokers in the home in the unweighted factor 2 model.

Smoking can therefore be regarded as the control variable. It is to be expected that children
exposed to, and susceptible to, tobacco smoke are also susceptible to variations in air pollutants.

Overall, the data indicate a reduction in the district effect for children over the three years studied

in this model.
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M
After the intervention
* prevalence of respiratory symptoms has declined
* the district effect has declined

* there is no change in respiratory symptoms
atiributable to exposure to ETS

conpared with the pre-intervention measurements

84: FACTOR MODEL 3

This model includes the P3 children in 1989 followed through to P6 at the end of four years and
the same independent variables as in factor model 2 with the addition of a fourth year effect.
Tables 8.4.1 to 8.4.10 present the results for this data set, using the factor analysis weightings
and symptom groupings as in Table 8.11. In this model the subject numbers are lower and
therefore the power of the model is lower.

District and occasion effects

There is a district effect demonstrated over the four year study associated with adjustments in the
log odds ratios but this is only significant for the symptoms of cough and sore throat. Cough and
sore throat and phlegm show an occasion effect in which, generally, the trend is downwards with
the exception of the fourth year of the study, but for the symptom groups of wheeze and asthma,
nasal symptoms, allergic rhintis and sinusitis, the mean estimates, on the whole, increase.
Effect of exposure to environmental tobacco smoke

The effect of two or more smokers in the family home on children’s cough, phlegm, nasal symptoms,
allergic rhanitis and sinusitis however, remains strong. The single smoker effect is also significant

for phlegm, and for cough, but with weighted scores only.

L L T e D T )

Modelling based on weighted groups of symptoms
demonstrates

* the district effect is reduced
* the smoking effect is unchanged
* an intervention effect has occurred

rompared with pre-intervention data

m
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9. BRONCHIAL RESPONSIVENESS MEASURED BY HISTAMINE CHALLENGE

The lung function tests performed on the children in 1989 showed no population differences
between children in Kwai Tsing and those in Southern District. Therefore, for the next three years
of the survey, a histamine challenge test was employed and differences between samples of

children from Kwai Tsing and Southern districts were examined from the responses to this test.

9.1: BACKGROUND
There is evidence that increased responsiveness of the trachea and bronchi can occur in reaction

748 in non-asthmatic individuals. A bronchial response

to various stimuli, including air pollutants
to histamine has been shown to be independently associated with wheeze, waking with an attack
of shortness of breath, tightness in the chest on coming into contact with animals, dust or feathers,
and complaint of having continuous trouble with breathing®® and with rhinitis, chest pains and
chronic cough®.

Since there is such a strong association between bronchial hyper-reactivity and symptoms,
particularly in children, measurements of bronchial reactivity in populations are useful for defining
a group of children whose airways behave differently from those of the majority. Within an atopic
population, the type of allergen to which the individual is sensitized, the quantity of the
aeroallergen present in the environment and the degree of atopy are all factors that may interact
to increase the risk of bronchial hyper-reactivity®.

The aim of the histamine challenge test is to give graded doses of histamine, starting at a
sufficiently low dose to ensure that the subject does not have a dangerously large fall in FEV, and
that an accurate dose response curve can be plotted. The challenge is stopped either when the
FEV] has fallen by 20%, hence producing a bronchial hyper-reactive response (BHR), or when the
highest dose has been given. PD,, is defined as the cumulative dose of histamine causing a 20%
decrease in FEV,. BHR is considered to be severe if PD,, is less than 0.10umol, moderate if 0.11-
0.80 umol, mild if 0.81-3.20pmol, slight if 3.21-7.80umol, and none if more than 7.80umol.

92: DATA SET

In 1990, 522 children were asked to take part in a histamine challenge test, 21% refused and the
final data set consisted of test results from 423 children. In 1991, 721 children were asked to
participate, 20% refused, leaving a final total of 579, and in 1992, 615 children were involved, 15%
refused so the final data set comprised 524 children.

Of the children measured in 1991, 852 of them were followed through from 1990. In 1992, 161
children were followed through from 1991 and 134 had participated in both of the previous two

years. Fourteen children were measured in 1990 and in 1991, but for various reasons were not

measured in 1991.
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Analysis
Three dependent variables were calculated (Figure 9.1):
regression coefficient (calculated as the line of best fit using all the dose responses),
slope (the difference between the last and first dose given),
PD,, (the dose of histamine given that produces a fall in FEV, to 80% of its initial value),
PD,, has been divided into four categories of response:
no response:  higher than 7.80umol,
slight: 3.21umol to 7.80umol,
mild: 0.81umol to 3.20pumol,
moderate: 0.11umol to 0.80pmol,

severe: lower than 0.10umol.

The relationship between these three variables is given in Figures 9.2 to 9.4 for the three years
of the histamine study. The plots are basically similar for each of the three years although there
is more scatter in 1991 and 1992 compared with 1990. This may be attributable to the wider age
range of the children measured in the second and third year of the histamine measurements.

The relationship between the children’s anthropometric variables; height and weight, lung function
measures; FEV, and FVC, and age in each of the three years of the study are given in Figures
9.5 to 9.7. As would be expected, for all children with normal growth and development, there is
reasonable agreement between height and weight and height and age and good agreement between
height and the two lung function measures. To a lesser extent, because of the greater variation
found in weight compared with height for a given age, there is correlation between weight and the
lung function measures. As expected, the two lung function measurements, FEV, and FVC are
highly correlated. The correlation between age and the lung function measures is not as high seen

with the other variables. The results of all these measurements are similar for all three years.

9.3: CRUDEPREVALENCE OF POSITIVE RESPONSES TO HISTAMINE CHALLENGE
The BHR (PD,,) end point

The sample sizes for this section are given in Table 9.3.1. The prevalence of a PD,, of less than
7.80umol is given in Table 9.3.2 by school, primary grade and year of study and Table 9.3.3
presents a similar result for a PDy, of less than 3.20umol. PD,, is presented by district (Table
9.3.4), by district and gender (Table 9.3.5), and by age and district (Table 9.3.6), all by year of
study. The proportion of children completing the full challenge and showing no response, increased
in both in Kwai Tsing and in Southern District, over the three year period and the proportion of
children responders in the categories of slight, mild, moderate and severe has declined. There were
no cases of a severe response in Southern District in any of the three years of the study but three

in Kwai Tsing. There are important differences between the districts, with more children in Kwai
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Tsing showing a moderate, mild or slight response and differences by gender, with more boys
having a response to the histamine challenge compared with the girls. Response to the histamine
challenge test declines with increasing age and there are more non-responders to the challenge in
the older children.

The PD,, by wheezing complaints and asthmatic status of the children is given in Table 9.3.7. The
response pattern for the wheezing and asthmatic children differs considerably from that of the non-
wheezers and non-asthmatics, as more of the wheezing children show a positive response, in

varying degrees of severity, to the histamine challenge.

The BR slope

The mean BR slope is presented in Table 9.3.8 by school, primary grade and by district, in Table
9.3.9 by district and by gender, and in Table 9.3.10 by district and by age, for each of the three
histamine survey years. As with the respiratory symptom prevalence, there are differences between
the districts with a higher mean slope in Kwai Tsing District, and between genders, with boys
having a higher mean slope. There is also a decline in mean slope with increasing age although
there is some fluctuation in the pattern over the three years.

Mean BR slope by family smoking status in each district is given in Table 9.3.11. The effect of
passive smoking on mean BR slope measured in children living in a smoking family compared with
those living in a non-smoking household appears to be mixed.

Finally, mean BR slope by asthmatic and wheezing status of the children and district is given in

Table 9.3.12. Mean slopes are much higher in the asthmatic and wheezing children.
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94: PROSPECTIVE MODELS FOR BRONCHIAL RESPONSIVENESS
Models similar to those used for the respiratory symptoms are eimployed to analyse the histamine
responses (Table 9.4.1), with adjustment for a range of factors which may be associated with
histamine test responses, using the following independent variables:

district (Kwai Tsing compared with Southern),

afternoon school session (compared with the morning session),

gender (boys compared with girls),

age,

family smoking status (no smokers in the family home compared with one, or two or more),

housing type (public compared with other types),

father’s attained education level (no formal education compared with primary, secondary

or post secondary).

9.5: HISTAMINE MODEL 1

Histamine model 1 uses information from all the P4 and P5 children measured in 1990 and
provides baseline data. Table 9.5.1 presents the results for BR slope and Table 9.5.2 for the
regression coefficient. The district effect is present, both examined by BR slope (p=0.06) and by
using the regression coefficient (p<0.05). The results for BHR, recorded as slight, mild, moderate
or severe are given in Table 9.5.3 and those for BHR as mild, moderate or severe in Table 9.5.4.
The district effect appears as a significant influence on BHR (Table 9.5.4) but not if mild cases
are also included in the model (Table 9.5.3).

Asthmatic and wheezy children already have an altered response to histamine challenge, therefore
they were excluded from the model and Tables 9.5.5 to 9.5.8 presents the results for BR slope,
regression coefficient and two levels of BHR, for all non-wheezy and non-asthmatic children only.
The district effect is present at a significant level for the regression coefficient and with a BHR
category of mild or worse (Table 9.5.8).
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9.6: HISTAMINE MODEL 2

This model follows all children in the P4 cohort from 1990 through the three years of the study,
until they are in P6 in 1992. The children in 1991 are compared with their results in 1990, and
likewise, the children in 1992 are compared with their baseline data in 1990. The baseline data
includes only measurements made before the low-sulphur fuel intervention and the two comparison
years are one and two years after the intervention, respectively. This model employs the same
independent variables as used in histamine model 1, plus an additional year effect. Table 9.6.1
presents the results for BR slope and Table 9.6.2 for the regression coefficient. The results for
BHR as slight, mild, moderate or severe are given in Table 10.6.3 and those for BHR as mild,
moderate or severe in Table 9.6.4.

Although the BR slope shows a small district effect (Table 9.6.1), from the regression coefficient
table (Table 9.6.2) we can see that over the three years, Kwai Tsing is still worse, in terms of this
measure of bronchial responsiveness, than Southern District, although the trend in the point
estimates suggests that there has been some improvement. A trend in the mean point estimates
can be seen from the change between 1991 and 1990 (regression slope mean estimate 3.93)
compared with the change between 1992 and 1990 (regression coefficient mean estimate 4.57). A
similar trend with smaller log odds ratios is seen in 1990/1992 (-0.35) compared with 1990/1991
(-0.43)(Table 9.6.3). The effect of maleness on this outcome measurement, is that boys have a

much higher risk of increased bronchial responsiveness.

9.7 HISTAMINE MODEL 3

This model uses the P4 cohort followed from 1990 to 1991, compared with the P4 cohort followed
from 1991 to 1992. The first group, therefore straddles the intervention, whist the second group
was measured post intervention. Table 9.7.1 presents the results for BR slope and Table 9.7.2 for
the regression coefficient. Using the regression coefficient as the dependent variable, a significant
district effect can be seen in this model. In addition there are significant differences in the
regression coefficients for cohorts measured across the intervention period, e.g. for 1991 compared
with 1990, (mean estimate = 0.04). For 1992 compared with 1991, i.e. post-intervention, there are
no differences (mean estimate 0.00), suggesting that the district effect has declined. The results
for BHR as slight, mild, moderate or severe are given in Table 9.7.3 and those for BHR as mild,
moderate or severe in Table 9.7.4. A district effect is demonstrated

for the 1990/1991 period, but not for the 1991/1992 period (Table 9.7.4).

9.8: HISTAMINE MODEL 4
Histamine model 4 uses a cross-sectional approach to the data and examines all the P4 children

in each of the three years of the study. Table 9.8.1 presents the results for BR slope and Table
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9.8.2 for the regression coefficient. The results for BHR as slight, mild, moderate or severe are
given in Table 9.8.3 and those for BHR as mild, moderate or severe in Table 9.8.4.

A district effect is illustrated in two of the four tables. A statistically significant improvement in
the post intervention period of 1992 compared with 1990 is seen, but no differences between
districts for 1991 compared with 1990 for BR slope and the regression coefficient. If BHR is used,
as the outcome measure, (and all dose responses or mild, moderate and severe responses only) 1991
was worse than 1990, but 1992 showed an improvement on 1990 (although the results are not
statistically significant).
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10. DISCUSSION

10.1 CRITIQUE OF THE STUDY DESIGN AND EXECUTION
We have reason to believe that the data obtained and analysed in this study are of the highest
possible standard, for the following reasons:
Methodology
Data quantity The percentage return on the parents’ questionnaires was high, with refusers
forming only a small proportion of the total parent data set. Although these refusers may be a
group with different characteristics from the rest of the population sampled who returned their
questionnaires, since they constitute such a small proportion, they are unlikely to cause any bias
in the estimation of the responses. The children non-responders were only those children absent
from school on the day of the questionnaire, which may have been because of respiratory illness.
However, once again the numbers of non-responders in the total data set is so small that any bias
to the results and their interpretation is very unlikely.
Data quality The questions used in these study questionnaires were adapted or developed from
well-tested and validated internationally recognised questionnaires.
Given that most questions were of a closed style, the opportunity to produce an invalid answer was
controlled and maintained as a very low proportion of total answers. Where it was found that an
open ended question had produced some confusion and the response for that question was poor
relative to other questions, the format was modified in subsequent years and the question
reworded to become a closed question with a set of options for answers.
Collection of data Full cooperation was given by all schools participating in the study. The class-
room venue for completion of questionnaires by the children was good. It encouraged a serious
response by the children and the sessions were well controlled. The histamine challenge venues
in the four schools involved were also adequate and data collection for that procedure proceeded
with no problems.
Sampling frame The method of selection of schools into the study should have prevented or at
least reduced any bias in recruitment.
The choice of P3 and P4 children was made to avoid contamination of the respiratory health data
not only from occupational exposure to tobacco smoke but also from smoking practice by the
children themselves. But with no data available on prevalence; of smoking in Hong Kong primary
school children, there was an element of risk that some children would be smokers. Eleven per cent
were found to be ever-smokers although only 1% were current smokers. To determine whether
these children who smoke influence the results, respiratory model 1 was rerun

a) with the exclusion of the smoking children

b) with adjustment for smoking children, by incorporating child smoking as an additional

independent variable.
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The results were unchanged, implying that the small numbers of children smoking, relative to the
total population studied in each model, has a negligible effect upon the results.

The selection of the additional four new schools into the study in 1991 was not random. Although
it was based on previously laid down criteria for selection, this may have contributed a degree of
variation to the results. To avoid this, for all the modelling techniques, data from children
attending the original schools only were analysed. Furthermore an examination of the data from
the original and additional schools for differences in demographic, socioeconomic, and respiratory
symptom variables identified few differences.

Sample size In order to achieve a power for the study of 0.8, sample sizes were chosen
accordingly. With a slight reduction in power in 1990 compared with 1989, the sampling base was
increased in 1991 by the addition of four new schools.

Analytical techniques The basic analytical techniques used are well recognised standard
statistical methods. The statistical modelling techniques incorporate the current state-of-the-art
approach in making adjustment for potential confounding factors. In addition, the possible effects
due to the use of repeated measures and clustered samples have also been adjusted for in the

analysis.

10.2 INTERPRETATION
We found differences in respiratory ill-health between children living in Kwai Tsing and those
living in Southern District. In order to decide whether these differences are real or simply
apparent, a number of different models of data grouping and analysis were chosen. The consistency
of the results, using these different approaches, suggests that the differences found are real. The
prevalence of respiratory symptoms (except doctor diagnosed conditions) decreases with age as
would be expected from other reports in the literature. The difference between districts declines,
or disappears in some instances, post-intervention compared with the pre-intervention period. This
implies that circumstances in Kwai Tsing have improved or else those in Southern District have
deteriorated. The modelling of the data across the four years shows that the latter is not the case.
The questionnaire survey technique provides a very effective epidemiological method of evaluating
respiratory health in a child population. Using such a method, we have
1. shown that there was a difference in respiratory health between those children living in
Kwai Tsing District and those living in Southern District in 1989 and 1990 (prior to the
imposition of new low sulphur fuel regulations),

2. identified the most important risk factors for respiratory ill health in children (and their
parents),
3. assessed the impact of the implementation of the Air Pollution Control (Fuel Restriction)

Regulations on the respiratory health of primary school children living in Kwai Tsing and
found that:
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a) there was a reduction in prevalence of respiratory symptoms in that district in
the year immediately following the intervention compared with those prior to the
intervention,

b) the differences in estimated risk between Southern District and Kwai Tsing, in
terms of specific respiratory health problems, which existed prior to the
intervention, have for a number of symptoms, disappeared, and for the rest a

reduction in point prevalence has been demonstrated.

10.3 PREVENTABLE FRACTION

To identify the proportion of children with respiratory symptoms that can be attributed to exposure
to a specific factor, such as air pollution (caused by living in Kwai Tsing) or environmental tobacco
smoke, or both, the attributable risk for that population can be calculated. The population
attributable risk (PAR) indicates the proportion of all cases in a total defined population that can
be ascribed to a factor. This is a compound measure which reflects both the relative risk and the
frequency of exposure to the factor in the population or alternatively in the diseased population.
District effect

Having demonstrated in the respiratory models developed in this report that respiratory ill health
correlates with the district of residence of the children in this study, the PAR for living in Kwai
Tsing has been calculated for each group of respiratory symptoms®?. Table 10.3.1 presents the PAR
for the district effect for all subjective respiratory complaints reported in P3 and P4 children in
1989 followed through to P4 and P5 in 1990. PAR ranges from -1,6% for phlegm day or night to
26.9% for cough for three months. For any/all symptoms PAR is 6.5%. Table 10.3.1 also presents
the calculated PAR for the district effect in P3 and P4 children in 1991, followed through to P4 and
P5 in 1992 (post intervention). For the same set of subjective respiratory symptoms, PAR ranges
from -2.5% for phlegm day or night to 7.7% for morning cough. Although the estimates for the
actual PAR may be unrealistic owing to a lack of information on exposure prevalence, the change
in PAR however, is a good indicator for the presence of an intervention effect, as approximately
the same proportion of exposed subjects have been involved in both the pre and post-intervention
periods.

Figure 10.1 gives the PAR for any cough, phlegm, wheeze or nasal symptoms using the relative
risks derived from the 1989/1990 respiratory symptom model 1. Using the Kwai Tsing child
population of 8-11 year old children*, the number of preventable cases in Kwai Tsing for any of
the respiratory symptoms in the four groups: any cough, any phlegm, wheeze and asthma, nasal
symptoms and allergic rhinitis and sinusitis, has been calculated, for a range of exposure
prevalences. It has been assumed that the proportion of children exposed to air pollution is similar
to that in Kwai Tsing in 1989/1990 (Table 10.3.2). Table 10.3.3 gives the number of preventable

cases for Hong Kong 8-11 year old child population overall, using the same assumptions. Figure



74

10.2 and 10.3 provide graphical illustrations of the number of cases preventable for Kwai Tsing
and Hong Kong children aged 8-11 years, respectively. Using the 1989/90 8-11 year old Kwai Tsing
children in this study as source data, the number of preventable cases has been estimated for the
child population of Kwai Tsing and Hong Kong, aged 0-11 years. This is a conservative estimate
as children tend to shed their risk as they grow older and these figures have been derived from
the top end of this age range. Tables 10.3.4 and 10.3.5 and Figures 10.4 and 10.5 provide the

information on the preventable fraction for Kwai Tsing and Hong Kong children aged 0-11 years
of age.

Exposure to environmental tobacco smoke effect

The other important outcome from this study is the evidence that exposure to environmental
tobacco smoke has a measurable effect on children’s respiratory health. Table 10.3.6 provides the
PAR, for a child living in a household where one family member smokes, or two or more smoke, for
each subjective respiratory symptom. PAR ranges from 1.2% for morning cough to 18.1% for
phlegm for three months for living with one smoker, and 0.7% for wheezing to 9.8% for phlegm for
three months if living with two or more smokers.

Table 10.3.1 shows clearly that although the PAR for living in Kwai Tsing reduced between 1989

and 1992, that attributable to exposure to passive smoking (Table 10.3.6) showed no reduction,
and for some symptoms, there is even an increase in the risk of this exposure.

The Air Pollution Control (Fuel Restriction) Regulations of July 1990, implemented at a cost of
$HK500m per annum resulted in an overall improvement in respiratory health in the most
polluted areas relative to less polluted districts. Our provisional estimates of the preventable
fraction are given in Tables 10.3.4 and 10.3.5 for Kwai Tsing and Hong Kong overall, respectively,

in those who screen positive for respiratory health problems. If lower levels of SO, and particulates
are maintained in the territory, the preventable fraction of respiratory 1ll health attributable to
these air pollutants should be lower that levels seen in the mid to late 1980s.

However, an improvement could be achieved almost immediately in up to 40% of children, and at
much less cost, if all smokers gave up smoking in the family home tomorrow.

Figures 10.6 and 10.7 demonstrate graphically the effects of the low-gsulphur fuel intervention.

Figure 10.6 shows the odds ratios for respiratory symptoms of children in Kwai Tsing compared

with those Southern District in 1989/90 and Figure 10.7 presents the post-intervention odds ratios
for Kwai Tsing compared with Southern District. Finally, it can be seen from Figure 10.8 that

the risks to respiratory health when living with a smoking family far outweigh those of living in

an area with poor ambient air quality.
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11. CONCLUSIONS

The establishment of causal associations in environmental health

This Respiratory Health Study is the first population-based enquiry into the respiratory health of
children in Hong Kong. The establishment of causal associations in environmental health problems
is frequently a difficult task for a number of reasons. These include the low level exposures to
putative risk factors and the presence of multiple sociceconomic factors. The latter render some
population subgroups more vulnerable, or are non-causally associated with both the risk factor
and the adverse outcome. These features may combine to make the task of identifying and
quantifying risk extremely difficult. Population-based studies usually require large sample sizes,
follow-up and multiple examinations of the same individuals over relatively long periods, expert
management of large data bases and the application of analytical methods which take account of
the confounding factors and other uncertainties.

In this study we believe that all the essential criteria for a valid enquiry have been met and that
inferences about the health effects of pollution can be confidently predicted from the results of the
analyses.

Funding of health research

The design of appropriate studies and their scope and efficiency depends on the resources
available. The level of funding in Hong Kong is currently well below that available for other
clinical and biomedical research. Overall the unit costs of these studies are much lower than those
in many biomedical fields. The results of this study emphasise the need for this type of enquiry
and the potential value of the intelligence both for health policy formulation and the evaluation
of health interventions. In this instance the enquiry identifies the important interactions between
the environmental hazards and health risk behaviour and we suggest that continuing investment
is employed in similar population-based enquiries.

Targeting of resources

The quantification of two quite distinct health risks (from the external environment and within
the home) point to the need for an intersectoral approach to policy formulation, implementation,
monitoring and evaluation. In the case of respiratory health problems in young children the data
show that the resources need for prevention require to be allocated, or re-allocated, within two
discrete sectors, environmental protection and health education. In many ways this is a predictable
outcome, but it does underscore the need for effective liason, common agreements on health policy

between Government branches and their sectors of responsibility and continuing evaluation of the

impact of policy.
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Effectiveness of Air Pollution Policy

The improvement in respiratory health following the low sulphur fuel regulations is interesting
because it appears to have followed a reduction mainly in SO, (84%) rather that particulates,
which initially showed a reduction of about 23%. Previous work in this field has suggested that
particulates are the most important pollutant for respiratory problems. The changes observed in
this study may be accounted for solely by the change in particulates but it seems likely that the
massive reduction in SO, has also contributed.

Overall the study demonstrates the importance of setting standards in air quality and preventing
exceedence of air quality objectives. These events directly damage the health of young children,
are responsible for episodes of illness and the attendant costs both to the individual and the health
services.

The Respiratory Health Study clearly underlines the importance of air pollutant exceedances as
detrimental influences on the health of very young children. It is however important to recognise
that the excess risks measured in this study are those associated with Kwai Tsing district and with
the failure to meet air quality objectives in that district. It does not necessarily mean that the air
quality in the referent population is satisfactory; the risk associated with that environment is not
measured in this study.

Prediction of future patterns of respiratory health

Future patterns of respiratory health problems in primary school children can now be predicted
in terms of the two principal risk factors identified in this study. First, air pollutants and
exceedences of air quality objectives show a clear relationship with the gradient in respiratory
problems between the two districts studied. Second, smoking in the home by parents, siblings,
other family members and lodgers is associated with an excess risk for respiratory problems which,
for the exposed children, is higher than the estimates of risk for ambient air pollution.

It would be safe to assume that additional improvements in air quality would be associated with
a further reduction in respiratory health problems and the resulting demand for health care. In
those homes where others smoke, children would experience additional health gains if their
exposure to environmental tobacco smoke ceased.

The identification of active smoking and associated adverse health effects in substantial
proportions of these young children point to a failure of health education and tobacco control

measures for this age group. Urgent remedial action is needed in this area in conjunction with

environmental control of air quality.
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12. RECOMMENDATIONS

The prevention of respiratory health problems in primary school children in Hong Kong requires

an intersectoral approach embracing:

. air guality control
and prevention of exceedances of air quality objectives by SO,, NO,, and
particulates,

. health promotion in the home

and prevention of the exposure of young children to environmental tobacco

smoke
. tobacco control and effective health education for young people

and the prevention of active smoking by children aged 7 to 14 years.
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FIGURE 1.3: Air pollutant monthly concentration - RSP
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FIGURE 1.4: Air pollutant monthly concentration - NO,
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FIGURE 2.3: Waiting to have a health check
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FIGURE 2.4: Measurement of height




FIGURE 2.5: Measurement of peak flow




FIGURE 2.6: Completing the questionnaire




FIGURE 2.7: Using the spirometer
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FIGURE 2.8: The histamine challenge




Buis] tem) = I
ssssss uleyinog = S
c66 | 166 |1 066 636 |
— Ob
X
)
09 %
/ 2
n Siusled 1M ; X .m
uaip|iyd 1M 5
E:
QO
w
— 08 Q
WMCQ‘_.m&m Vm/n.l}nl.l.ﬂ,\ll:sﬂd.s«v\lxhﬂuﬂ*hnl - - m..
uaIpIiyo s T T T TTEES oo oo __x
— 00}
'y 3HNDIA

NIHATIHO ANY SINIHVd Ad 'FINOH NI ALITVYND HIV 40 NOILd30H3d



16

Buis| remy = IM
,,,,,, uleyinog = S

2661 le6 L 0661 6861
| | | 0)7%

1p| S v AR \ |
sjualed |\ —_— )

!..I.erl

=)
©
poob se Ayenb e palel %

i
o
o

— 001}

NIHATHO ANV SLINIHVd Ad “TOOHOS IHL NI ALITVND HIV 40 NOILdIOHAd

¢'v 3HNOIL



Total rainfall (mm)

800

FIGURE 7.1' Total rainfall monthly averages

17

600

400

200

— Royal
Wong

bservato
8huk Hanggy

Apr-88

Apr-89

Apr-90
Month

Apr-91

Apr-92




Relative humidity (26)

18

FIGURE 72 Relative humidity monthly averages
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FIGURE 9.1: Relationship between the regression line, BR slope and PD20 for a
subject
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FIGURE 9.2: Scatterplots for pairs of broncho-responsiveness measures - 1990
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FIGURE 9.3: Scatterplots for pairs of broncho-responsiveness measures - 1991
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FIGURE 9.4: Scatterplots for pairs of broncho-responsiveness measures - 1992
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FIGURE 9.5: Scatterplots for pairs of anthropometric and lung function measures

- 1990
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FIGURE 9.6: Scatterplots for pairs of anthropometric and lung function measures
- 1991
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FIGURE 9.7: Scatterplots for pairs of anthropometric and lung function measures

- 1992
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FIGURE 10.1: Population attributable risk for any cough, phlegm, wheezing, nasal

symptoms - relative risk estimated from 1989-90 data
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FIGURE 102 Prediction of the number of cases preventable by pollution controls,
for any of the respiratory symptoms in Kwar Tsing children, 8-11 years of age,
if the proportion of the population at-risk exposed to air pollution similar to
that in Kwar Tsing mn 1989-90 1s reduced (by 0% to 100%)
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FIGURE 103 Prediction of the number of cases preventable by pollution controls,
for any of the respiratory symptoms in Hong Kong children, 8-11 years of age,
if the proportion of the population at-risk exposed to air pollution similar to
that 1n Kwai Tsing 1n 1989-90 1s reduced (by 0% to 50%)
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FIGURE 10.4: Prediction of the number of cases preventable by pollution controls,
for any of the respiratory symptoms in Kwai Tsing children, 0-11 years of age,
if the proportion of the population at-risk exposed to air pollution similar to
that in Kwai Tsing in 1989-90 is reduced (by 0% to 100%)
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FIGURE 10.5: Prediction of the number of cases preventable by pollution controls,
for any of the respiratory symptoms in Hong Kong children, 0-11 years of age,
if the proportion of the population at-risk exposed to air pollution similar to
that in Kwai Tsing in 1989-90 is reduced (by 0% to 50%)
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THE RISK OF LIVING IN POLLUTED AIR

FIGURE 10.6
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THE BENEFITS OF INTERVENTION

FIGURE 10.7
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THE RISK OF EXPOSURE TO ENVIRONMENTAL TOBACCO SMOKE

FIGURE 10.8
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Table 2.1.1:  Schoools participating in the study, by district

Southern Kwai Tsing

Chi Nam Chui Oi

CK Law Father Cucchiara
Hok Shan Lai Chack

Lo Pan Shek Lei
Pokfulam Ta Tung
Precious Blood Wellwisher

Pui Tak Yan Laap

St Peters
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Table 3.1.1: Number sampled of total population available by survey year

Survey year
1989 1990 1991 1992
No. on school register 3920 3552 9776 10758
No. absent on day of 49 39 119 161
fieldwork 1.4% 1.1% 1.2% 1.7%
No. in final data set 3521 3513 9657 10597

Table 3.1.2: Summary of data set studied by survey year

Survey year
1989 1990 1991 1992
District S KT S KT S KT S KT
Schools: am 3 5 3 5 6 7 6 7
pm 3 4 3 4 6 6 6 5
all 2 0 2 0 2 0 2 0
day
Total 8 9 8 9 14 13 14 13
Primary grades: P3 12 17 0 0 41 39 39 37
P4 13 17 12 17 41 42 41 39
P5 0 0 13 17 26 27 42 42
P6 0 0 0 0 26 19 26 26
Total 25 34 25 34 134 137 148 144
Children: Boys 852 1075 836 1076 2509 2454 (2747 2600
Girls 788 806 | 650 951 2430 2264 (2791 2459
Total 1640 1881 |1486 2027 4939 4718 5538 5059
Histamine group 222 201 302 277 303 221
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Table 3.1.3: Sampling fraction percentage by district, by gender, by age and by

survey year
Survey year 1991
Age Census
District Gender (years) 1989 1990 1991 1992 population
Southern Boys 8 12 0 20 22 1932
9 21 10 37 35 1862
10 10 19 31 37 1951
11 1 12 26 34 1803
12 0 2 13 14 2002
213 0 0 3 4 1824
Total 7 7 22 24 11374
Girls 8 13 0 24 25 1752
9 15 10 42 38 1846
10 6 16 32 43 1870
11 1 8 23 35 1726
12 0 1 11 12 1742
=13 0 0 3 2 1716
Total 6 6 23 26 10652
Kwai Tsing Boys 8 8 0 13 10 3274
9 14 6 19 20 3717
10 8 13 16 20 3415
11 1 9 15 17 3218
12 0 2 8 8 3311
213 0 1 3 2 3397
Total 5 5 12 13 20032
Girls 8 9 0 13 11 3134
9 13 8 20 21 3162
10 7 14 18 21 3010
11 1 8 13 18 3092
12 0 1 8 7 3068
213 0 0 1 2 3068
Total 5 5 12 13 18534
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Table 3.1.6: Number of children studied by district, by age, by gender and by survey

year
Boys Girls
. Age

District (years) 1989 1990 1991 1992 | 1989 1990 1991 1992
Southern 8 234 0 392 427 228 0 421 445
9 398 194 682 649 285 186 780 695
10 191 380 600 721 117 292 599 805
11 26 212 506 610 18 140 395 600
12 3 45 268 274 4 24 187 216
=13 0 5 61 66 0 8 48 30
Total 852 836 2509 2747 652 650 2430 2791
Kwai Tsing 8 268 0 428 314 293 0 412 336
9 483 220 658 688 420 246 639 670
10 261 453 546 681 204 407 534 643
11 43 305 474 563 20 254 407 543
12 12 64 258 273 5 35 231 214
213 7 34 90 81 0 9 41 53
Total | 1074 1076 2454 2600 942 951 2264 2459
Total 1926 1912 4963 5347 | 1594 1601 4694 5250

(one child’s age in 1989 was unknown)
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Table 3.3.2: Mean percentage of missing answers to individual questions on
children’s questionnaire by age, by primary grade, and by survey year

Survey year
1989 1990 1991 1992 Mean
0.6 - 0.6 0.3 0.5
0.3 0.1 0.5 0.3 0.3
Age 10 0.4 0.2 0.5 0.2 0.3
(years) 11 0.3 0.1 0.3 0.1 02
12 - 0.2 0.3 0.1 0.1
213 - - 0.8 0.2 0.4
3 0.6 - 0.7 0.5 0.6
Primary 4 0.3 0.2 0.5 0.3 0.3
grade 5| - 02 04 02 | 03
6 - - 0.2 0.2 0.2




46

Table 3.3.3: Percentage of missing answers to individual questions in parents’
questionnaire by district and by survey year

1989 1990 1991 1992
Variable S |KT| S |KT| S |KT| S | KT
Relationship of form filler 5116827187 15]18] 11| 04
The child’s living quarters
Type of housing 30141(12|15)41{33] 26| 36
Size of living quarters 20.4 |27.2 |120.0 |26.3 |22.7 |123.7 | 18.5|20.0
Type of cooking fuel 30130132325 ]16] 20| 23
People living with child 23123 14| 20
Parents’ occupational and education
Mother living with child 7319114834745 45| 32| 46
Father living with child 1021121} 58| 691 62|62} 53| 7.0
Mother currently employed 25.01276) 63| 67152175 | 128|175
Father currently employed 17.1120.8 | 82| 851106 {11.9| 94123
Occupation of mother - - - - 721 63] 59| 65
Occupation of father - - - - 751173} 63| 82
Education of mother 6872282837130 30| 34
Education of father 8118114113947 |42| 38| 5.0
Air quality
Indoor air quality in child’s quarters 2313227139147} 52] 37| 58
Air quality in child’s living quarters 221341291 42| 48{51| 38, 59
Air quality at child’s school 2645132525264 42| 72
Air quality in district where child lives | 38| 49} 39| 54| 58| 65| 49! 78
Air quality in district where child plays | 5.1 | 76| 49| 88| 68 84| 56| 92
Incense used in child’s quarters 3814914157161 ]67] 55| 74
Mosquito coils in child’s quarters 84103 55| 6.8{10.8 {11.6 | 10.5| 125
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Table 3.4.1: Schools and months of survey work

Survey year
School 1989 1990 1991 1992
11 April May May April
12 April May April March
13 April May April May
14 May May April March
15 March ’ - May April
16 April May July July
17 - - April March
18 - - May May
21 April June April June
22 April May April May
23 April May April May
24 April July April May
25 April May April May
26 - - April June/July
27 - - May May

" Pilot

Table 3.4.2: Proportion (%) of people completing parents’ questionnaire by survey

year
1989 1990 1991 1992

S KT S KT S KT S KT
Father 40.4 42.4 37.1 41.6 39.8 38.0 370 | 3851
Mother 56.2 54.8 58.9 55.8 57.3 60.2 60.4 | 63.0
Grandparent 0.9 0.9 14 0.9 1.0 0.7 0.9 0.8
Uncle/Aunt 1.7 0.7 1.7 0.5 12 0.6 1.2 0.7
Sibling 0.5 1.0 0.5 1.1 0.6 0.5 0.4 0.4
Guardian 0.2 0.1 04 0.1 0.1 0.1 0.1 0.0
Others 0.1 0.1 0.0 0.0 0.1 0.1 0.1 0.0
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Table 3.4.3: Percentage of missing answers to individual questions by original
schools and additional schools in 1991

Original schools | Additional schools

Variable % %
Morning cough 0.1 0.1
Evening cough 0.1 0.1
Cough for 3 months 0.1 0.1
Morning phlegm 0.1 0.0
Phlegm day or night 0.1 0.1
Phelgm for 3 months 0.1 0.1
Sore throat 0.1 0.2
Nasal symptoms 0.1 0.1
Wheezing 0.3 0.3
Doctor diagnosed - asthma 0.3 0.4

- allergic rhinitis 0.1 0.1

- sinusitis 0.2 0.1
Father smokes 0.8 0.4
Mother smokes 0.5 0.7
Siblings smoke 0.4 0.3
Others smoke 1.0 0.3
Child smokes 0.7 0.6

n=6722 n=2935
Housing type 3.7 3.7
Housing size 22.3 255
Father’s education level 3.4 3.7
Mother’s education level 4.2 3.2
n=6510 =2852
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Table 3.4.4: Comparison of primary 3 responses by original and additional schools

in 1991
Original Additional
schools schools X2p
% %
Prevalence of respiratory symptoms
morning cough 15.2 18.5 5.87 0.015
evening cough 16.0 17.7 137 0.242
cough for 3 months 7.6 7.6 0.00 0.989
morning phlegm 11.8 12.9 0.68 0.408
phlegm day or night 12.5 14.2 1.73 0.188
phlegm for 3 months 7.1 75 0.04 0.840
sore throat 12.1 13.4 1.06 0.303
nasal symptoms 36.8 42.6 10.03 0.001
wheezing 10.6 9.2 1.37 0.242
doctor diagnosed asthma 8.3 6.2 471 0.030
doctor diagnosed allergic rhinitis 12.8 16.2 7.14 0.008
doctor diagnosed sinusitis 24 2.8 0.45 0.502
Prevalence of smoking in the home
father smokes 32.3 31.2 0.36 0.550
mother smokes 2.3 3.9 6.71 0.010
siblings smoke 3.4 2.7 1.08 0.298
others smoke 15.3 13.1 278 0.095
child smokes 8.9 6.4 6.27 0.012
Demographic and socioeconomic status
gender: boys 46.8 53.8 14.17 0.001
ageband > 12 years 0.7 0.0 14.05 0.02
housing type: public 51.1 61.6 32.18 0.001

Note df = 1 for all cases except ageband, df = 5.
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Table 3.4.5: Comparison of primary 3 responses by original and additional schools
for parental educational attainment in 1991

Mother Father

Educational attainment | Original  Additional Original  Additional

% % % %
None 104 18.7 7.3 11.6
Primary 42.7 47.5 33.5 41.1
Lower secondary 27.8 21.8 30.8 29.7
Upper secondary 16.7 11.2 22.2 14.8
Post secondary 24 0.8 6.2 2.8

Statistics
Between mothers: X® = 69.72, df = 1, p<0.001
fathers: X% = 59.69, df = 1, p<0.001
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Table 4.3.2: Occupation of parents by district and by survey year
Mother Father
Survey year Survey year
1991 1992 1991 1992
District Occupation n q, n A n q, n 9%
Southern | None/housewife 2774  62.8] 3028 61.3 155 35| 137 2.8
Professional 102 23| 119 24 276 6.3 271 55
Clerical 393 89| 429 8.7 434 9.8| 450 9.2
Sales 199 45| 249 5.0 467 106 534 10.9
Services 140 32| 177 3.6 396 9.0| 470 9.6
Manufacturing 216 49| 240 49 1250 28.4| 1398 284
Others 595  13.5| 696 14.1 1429  33.4| 1657 33.7
Kwai None/housewife 2705  62.8] 3032 64.4 141 3.3 184 4.0
Tsing Professional 20 0.5 26 0.6 103 24 94 2.0
Clerical 167 39| 221 4.7 208 49| 235 51
Sales 194 45| 190 4.0 451 10.6] 475 10.3
Services 82 19| 101 2.1 280 6.6 329 7.1
Manufacturing 662 154 667 14.2 1948  45.8| 2110 457
Others 475  11.0f 468 9.9 1125  26.4| 1194 258
Statistics  Between Districts 1989 1991 1992 1989 1991 1992
Chi-square”: 237.474 401.000 168.507 § 213.423 365.383  189.275
p-value: <0.001 <0.001 <0.001§ <0.001 <0.001 <0.001
Between Years Southern Kwai Tsing Southern Kwai Tsing
Chi-square®: 474.197 1194.654 1988.283 3514.953
p-value: <0.001 <0.001 <0.001 <0.001
"df= 6
Fdf=12
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Table 4.4.1: Living quarter types by district and by survey year

Survey year
1989 1990 1991 1992

District Housing type n % n % n % n %
Southern |Public 743 52.0| 736 52.1| 2425 52.8] 26956 52.5

Private - self contained | 528 37.0| 507 35.9| 15658 33.9| 1721 33.6

Private - shared 49 34| 32 23| 128 28| 146 28

Home ownership 29 20, 24 17| 2056 45| 199 39

Temporary 12 08/ 44 31 130 28] 143 28

Other (village) 67 47, 70 5.0 145 32 2256 44
Kwai Tsing | Public 1362 72.1) 1346 70.9| 3164 70.8| 3366 69.1

Private - self contained | 412 21.8] 405 21.3] 932 20.9| 10569 21.7

Private - shared 36 19, 55 29} 77 17| 88 18

Home ownership 31 16] 43 23] 62 14/ 59 1.2

Temporary 31 1.6/ 28 15/ 98 22| 102 21

Other (village) 18 10 21 11} 136 3.0{ 195 4.0
Total 3318 3311 9060 9998
Statistics  Between Districts 1989 1990 1991 1992

Chi-square’: 174.082 164.015 347.569 324.734

p-value: <0.000 <0.000 <0.000 <0.000

Between Years Southern Kwai Tsing

Chi-square™: 77.583 97.453

p-value: <0.000 <0.000

" df= 5

*df= 15
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Table 6.1.1: Sample sizes for Tables 6.1.2 to 6.1.13 by school, by primary grade, by
district and by survey year
Southern Kwai Tsing
Survey year Survey year
Primary Primary
School grade 1989 | 1990 | 1991 | 1992 § School grade 1989 | 1990 | 1991 | 1992
11 3 278 1} 3823 292§ 21 3 290 12| 253 285
4 257 269, 803| 311 4 293] 280 266] 272
5 2568| 275| 296 5 275| 269 267
6 231| 265 6 264| 256
12 3 30 56 35F 22 3 105 1 61| 37
4 38 30 43 59 4 91| 105 74| 68
5 40 60 44 5 101} 102f 80
6 73 58 6 98| 103
13 3 106 79 86§ 23 3 78 42| 35
4 135 110 109 90 4 102 82 54| 42
5 125{ 104| 116 5 118 80/ 58
6 134| 112 6 116 77
14 3 30 51 34F 24 3 141 126 124
4 38 33 40 62 4 198, 152 152| 130
5 39 39 60 5 203| 157| 151
6 40 39 6 190| 154
15 3 330 337§ 25 3 343 6| 383| 382
4 334 340 4 376 335| 341 374
5 173 343 5 357 321 327
6 166 171 6 348| 318
16 3 304 9] 297 314§ 26 3 225 203
4 288| 297 305 313 4 243| 223
5 275 297| 300 5 223
6 260| 296
17 3 161 158§ 27 3 320| 322
4 160 153 4 300f 322
5 156 5 304
18 3 242 241
4 308 223
5 301
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Table 6.1.2: Prevalence of morning cough by school, by primary grade, by district
and by survey year
Southern Kwai Tsing
Primary Survey year Primary Survey year
School | grade 1989 | 1990 | 1991 | 1992 § School | grade 1989 | 1990 | 1991 | 1992
11 3 0.083 0.173] 0.209%F 21 3 0.141 0.1941 0.200
4 0.070] 0.048| 0.086] 0.122 4 0.085| 0.089| 0.143]0.114
5 0.070| 0.062] 0.084 5 0.055] 0.059{0.075
6 0.039| 0.053 6 0.042] 0.066
12 3 0.067 0.143| 0.343fF 22 3 0.086 0.115{0.185
4 0.026| 0.133| 0.140| 0.254 4 0.077] 0.105| 0.041]0.132
5 0.100| 0.117] 0.227 5 0.040| 0.010{0.138
6 0.014] 0.172 6 0.041{ 0.097
18 3 0.151 0.139| 0.302§ 23 3 0.090 0.167/0.114
4 0.081} 0.136| 0.073} 0.089 4 0.108] 0.110] 0.148]0.190
5 0.048| 0.048} 0.112 5 0.051] 0.025]0.052
6 0.007| 0.098 6 0.026] 0.026
14 3 0.267 0.137| 0.059§ 24 3 0.213 0.198] 0.202
4 0.079| 0.061| 0.100] 0.161 4 0.066] 0.092{ 0.171]0.169
5 0.077| 0.077{ 0.067 5 0.074] 0.083|0.159
6 0.075] 0.026 6 0.047]0.071
15 3 0212] 0.2268 25 3 0.093 0.133(0.217
4 0.165{ 0.109 4 0.077] 0.078] 0.106] 0.155
5 0.075{ 0.122 5 0.062| 0.069] 0.092
6 0.078{ 0.094 6 0.023] 0.063
16 3 0.066 0.101| 0.159F 26 3 0.173] 0.261
4 0.076] 0.071| 0.108| 0.089 4 0.123] 0.152
5 0.069| 0.054} 0.073 5 0.108
6 0.050| 0.051
17 3 0.112{ 0.222% 27 3 0.175| 0.152
4 0.119{ 0.105 4 0.117/0.130
5 0.071 5 0.089
18 3 0.215] 0.241
4 0.117| 0.121
5 0.093
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Prevalence of cough in evening by school, by primary grade, by district

Southern Kwai Tsing
Primary Survey year Primary Survey year
School | grade 1989 | 1990 | 1991 | 1992 § School |grade 1989 | 1990 | 1991 | 1992
11 3 0.079 0.192| 0223 21 3 0.152 0.190| 0.175
4 0.078( 0.063| 0.083| 0.141 4 0.109] 0.082] 0.117{0.114
5 0.058| 0.055| 0.081 5 0.051| 0.059|0.075
6 0.030| 0.042 6 0.023{ 0.063
12 3 0.033 0.286| 0.371§ 22 3 0.105 0.115/0.162
4 0.053 0.256| 0.254 4 0.055| 0.057| 0.108] 0.147
5 0.100| 0.100| 0.205 5 0.040| 0.010| 0.063
6 0.000| 0.121 6 0.04110.039
13 3 0.151 0.215| 0.302§ 23 3 0.090 0.167|0.114
4 0.067| 0.100{ 0.083| 0.078 4 0.069| 0.110{ 0.130{0.190
5 0.0566| 0.048] 0.095 5 0.051| 0.050|0.069
6 0.022| 0.054 6 0.017| 0.026
14 3 0.183 0.176| 0.176§ 24 3 0.135 0.198|0.194
4 0.053( 0.091| 0.100{ 0.177 4 0.086| 0.053| 0.145(0.154
5 0.051] 0.000| 0.067 5 0.079| 0.096}0.119
6 0.075| 0.051 6 0.032] 0.097
15 3 0.182{ 0217§ 25 3 0.102 0.115/0.199
4 0.168| 0.109 4 0.088| 0.093| 0.097|0.155
5 0.075{ 0.117 5 0.056| 0.069|0.095
6 0.054| 0.064 6 0.032| 0.053
16 3 0.066 0.101} 0.175) 26 3 0.120} 0.227
4 0.087| 0.051{ 0.105| 0.083 4 0.091|0.112
5 0.051| 0.054| 0.083 5 0.081
6 0.031] 0.030
17 3 0.130| 0.228§ 27 3 0.213] 0.180
4 0.081| 0.111 4 0.117| 0.134
5 0.077 5 0.066
18 3 0.198] 0.191
4 0.110{ 0.126
5 0.080
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Table 6.1.4: Prevalence of cough for 3 months by school, by primary grade, by
district and by survey year

Southern Kwai Tsing
Primary Survey year Primary Survey year
School | grade 1989 | 1990 | 1991 | 1992 { School | grade 1989 | 1990 | 1991 | 1992
11 3 0.025 0.090| 0.072f 21 3 0.041 0.087}0.116
4 0.016| 0.026| 0.046| 0.058 4 0.044| 0.086| 0.056{ 0.063
5 0.031] 0.029| 0.044 5 0.029| 0.022 0.045
6 0.017| 0.030 6 0.015] 0.035
12 3 0.033 0.018| 0.143¢f 22 3 0.048 0.066| 0.054
4 0.000| 0.047| 0.017 4 0.011| 0.048| 0.027) 0.103
5 0.000| 0.067| 0.045 5 0.020| 0.020{ 0.088
6 0.000{ 0.000 6 0.031] 0.049
13 3 0.028 0.089| 0.151§ 23 3 0.026 0.071 0.057
4 0.055{ 0.018| 0.111 4 0.020{ 0.012| 0.093] 0.024
5 0.008| 0.029] 0.017 5 0.017| 0.013] 0.052
6 0.007; 0.027 6 0.009 0.039
14 3 0.033 0.078| 0.0208 24 3 0.064 0.103| 0.129
4 0.026| 0.030| 0.025| 0.081 4 0.040| 0.020| 0.046] 0.046
5 0.077| 0.051| 0.050 5 0.054| 0.019{0.079
6 0.025| 0.051 6 0.026| 0.026
15 3 0.076| 0.101§ 25 3 0.050 0.047] 0.099
4 0.060{ 0.032 4 0.035{ 0.033| 0.044(0.075
5 0.035| 0.038 5 0.028| 0.022 0.058
6 0.018| 0.018 6 0.009{ 0.025
16 3 0.033 0.081} 0.118%8 26 3 0.071} 0.089
4 0.035] 0.017| 0.043] 0.061 4 0.037| 0.090
5 0.015| 0.034] 0.043 5 0.049
6 0.008| 0.027
17 3 0.043| 0.0578 27 3 0.103]0.124
4 0.025| 0.059 4 0.037{ 0.068
5 0.038 5 0.030
18 3 0.062| 0.120
4 0.052| 0.013
5 0.037
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Table 6.1.5: Prevalence of phlegm in the morning by school, by primary grade, by
district and by survey year
Southern Kwai Tsing
Primary Survey year Primary Survey year
School | grade 1989 | 1990 | 1991 | 1992 § School | grade 1989 | 1990 | 1991 | 1992
11 3 0.104 0.133| 0.106§ 21 3 0.155 0.134} 0.137
4 0.078| 0.059| 0.046] 0.122 4 0.188] 0.118{ 0.083] 0.066
5 0.081{ 0.069| 0.051 5 0.080( 0.071{0.071
6 0.035| 0.053 6 0.064|0.113
12 3 0.133 0.143| 02008 22 3 0.124 0.098] 0.162
4 0.200| 0.140| 0.136 4 0.176{ 0.105| 0.068{ 0.088
5 0.050 0.067| 0.159 5 0.050( 0.029(0.113
6 0.096| 0.241 6 0.051] 0.107
13 3 0.142 0.063| 0.140§ 23 3 0.090 0.119/ 0.086
4 0.111] 0.091{ 0.073| 0.078 4 0.078( 0.073| 0.074|0.095
5 0.080| 0.077| 0.121 5 0.085] 0.013/0.121
6 0.030| 0.054 6 0.052 0.026
14 3 0.200 0.118| 0.118§ 24 3 0.170 0.127] 0.153
4 0.158| 0.091| 0.175| 0.081 4 0.091] 0.066| 0.151/0.115
5 0.077| 0.128] 0.100 5 0.079] 0.083{0.113
6 0.100| 0.128 6 0.063] 0.104
15 3 0.148) 0.136} 25 3 0.114 0.094|0.173
4 0.093] 0.115 4 0.120| 0.087] 0.111]0.142
5 0.040| 0.082 5 0.115| 0.056/ 0.089
6 0.072| 0.082 6 0.043| 0.063
16 3 0.122 0.125{ 0.131§ 26 3 0.138 0.192
4 0.104| 0.111| 0.082| 0.083 4 0.08610.117
5 0.113| 0.074| 0.067 5 0.117
6 0.077] 0.084
17 3 0.062| 0.165§ 27 3 0.138(0.137
4 0.075] 0.072 4