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RISK FACTORS FOR RESPIRATORY MORBIDITY IN PRIMARY SCHOOL 
CHILDREN IN MERSEYSIDE 

In 1991 a cross-sectional survey (n=2035) was performed with the 
primary objective of establishing whether there was increased respiratory 
morbidity in children (aged 5-11 years) who were living and attending school 
in an area with increased dust pollution (exposed area) compared to children 
in two control areas in Merseyside. Children were classified in to a number of 
respiratory symptom groups. The two commonest symptomatic groups were: a 
history of the symptom triad of cough with wheeze and breathlessness (CWB) 
and a history of the solitary symptom of excess cough (EC). CWB was 
related to predisposing factors such as maternal asthma, history of allergies 
and pre-term birth, in contrast EC was associated with adverse environmental 
factors such as attending school in the exposed area and damp in the home. 
In the exposed area the prevalence of doctor diagnosed asthma was 21.1%, 
CWB 13.5%, EC 14.5% and school absenteeism due to respiratory symptoms 
21.2% which were significantly higher compared to the control areas (16.2%, 
6.6%, 7.0% and 11.6% respectively). In 1993 environmental measures were 
taken to reduce dust levels. A second cross-sectional survey (n=4288) was 
performed in the same communities in 1993 in order to assess change in 
respiratory symptom prevalence. A 26.4% reduction in dust levels was 
observed during this period. The prevalence of CWB fell in the exposed area 
by 4.4% but that for EC remained the same. 

The impact of maternal asthma on pre-term birth and the subsequent 
development of respiratory symptoms later in childhood was assessed. 
Maternal asthma and smoking during pregnancy had significant independent 
effects on the risk of pre-term birth (OR 1.49 and 1.35 respectively). 
Asthmatic mothers did not have an increased risk of delivering a small for 
gestational age baby. Pre-term birth increased the risk of the later 
development of CWB (OR 1.4), in contrast babies born small for gestational 
age were at reduced risk of developing CWB later in childhood. Thus, 
asthmatic mothers are at increased risk of delivering pre-term but not growth 
retarded babies, and it is pre-term birth that is associated with the subsequent 
development of CWB. 

In 1995 a case-control study was undertaken in order to investigate 
associations between respiratory symptoms or lung function before and after 
exercise testing and biochemical nutritional status or dietary nutrient intake. 
Children (aged 7-11 years) were selected on the basis of available data from 
the 1993 survey. Cases were defined as either having a history of CWB (n- 
61) or a history of EC (n=69), and these children were matched by age, sex 
and consent to venepuncture with two symptom-free controls (n=148). Mean 
serum levels of vitamin E were significantly higher in children with EC 
compared to those with CWB (p<0.05) whether or not they had a family 
history of asthma. Vitamin E deficiency was less likely to occur in children 
with EC compared to those with CWB, indicating that children with milder 
respiratory symptoms had better antioxidant status. There was no difference 
in serum antioxidant status in children with and without exercise induced 
bronchoconstriction (EIB). Children with EIB had lower dietary intakes of 
vitamin C compared to those without EIB (p<0.05). Significant correlations 
were shown between indices of resting lung function in children with EIB and 
serum antioxidant levels. 

Further studies are needed in order to assess the relationship between 
perinatal outcome and the subsequent development of respiratory symptoms 
and atopy. Antioxidants may have important influences on lung function in 
children. Improving the diets or supplementing those of pre-term babies, 
children with a genetic predisposition or those exposed to air pollution may 
contribute to the prevention of disease or reduce the severity of respiratory 
symptoms and bronchoconstriction. 
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1.1 Background to the study 

The Liverpool docks are an importation route for a range of 

commodities. The dry bulk cargoes which are handled include grain, animal 

feeds, cement clinker and scrap metal. Until the late 1980s the importation 

and handling of coal at the Liverpool Docks was on a relatively small scale 

and intermittent in nature. In March 1988 the first major importation of 

petroleum coke was discharged and stockpiled at the North Bootle Docks, 

and in 1989 large scale importation and handling of steam coal began. The 

coke/coal was unloaded using mechanical grabs and stockpiled in goods 

yards for variable amounts of time and then transferred for transportation by 

road or train wagons. Residents in the vicinity, in some of the homes and one 

of the primary schools which were within 200 metres of the coal stockpiles, 

began complaining to the local council about black dust which was entering 

their homes, soiling surfaces, furnishings and washing. By April 1991 the 

council had received over 600 complaints. The volume of coal/coke being 

handled at the docks increased from half a million tonnes in 1988-89 to nearly 

two million tonnes in 1991-92 (Brabin 1992). 

In 1993 one of the major coal handling companies began to operate a 

new process with the coal being unloaded from the ships via an enclosed 

chute. Coal stockpiles were moved further away from local housing and 

covered with tarpaulin sheets in order to reduce the amount of airborne coal 

dust. 

During 1989 and 1990 South Sefton Health Authority received 

complaints from parents and teachers of two primary schools near to the 

Bootle Docks about what they considered to be a high incidence of 'asthma'. 

One school reported that more than one quarter of 5-6 year olds had been 

prescribed inhalers. A preliminary audit of general practice attendance in the 

Bootle dock area showed an increase in self reported ill health in the general 

population (Crombie 1990). 
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A Steering Committee was set up under the auspices of South Sefton 

Health Authority to investigate the concerns of parents and teachers. The 

primary objective of the Steering Committee was to determine whether there 

was a public health problem of excess respiratory morbidity in primary school 

children in the area adjacent to the Bootle Docks compared to children in 

areas elsewhere in Merseyside. 

It is important to set the problem which emerged in North Liverpool in 

the wider context of the increased prevalence of childhood asthma in 

'westernised' areas over the last 30 years. The reasons for this changing 

pattern of asthma are not understood but are likely to be multifactorial. 

Hypotheses related to changes in the external environment such as the 

types of outdoor air pollution have been proposed. Until the 1960s industrial 

emissions, particularly of smoke and sulphur dioxide, where the main source 

of air pollution. More recently motor vehicle exhaust emissions have become 

a major source of the primary pollutants nitrogen dioxide, carbon monoxide 

and fine particulates and of the secondary pollutant ozone (Newman-Taylor 

1995). Laboratory and epidemiological studies have shown strong 

associations between air pollutants and increased respiratory morbidity in 

asthmatic subjects (HMSO 1995a). 

Changing patterns of indoor exposure to tobacco smoke and allergens 

have also been proposed. Environmental tobacco smoke is an important 

source of indoor air pollution. It has been estimated that 50% of children in 

the UK are exposed to passive smoke (Couriel 1995). There are difficulties in 

estimating the relative risk of respiratory morbidity from pre-natal and/or post- 

natal exposure of the foetus or child to tobacco smoke, as the majority of 

women who smoke during pregnancy continue to do so thereafter (Taylor and 

Wadsworth 1987). 

Housing standards have changed in recent decades, homes have 

become less drafty and better insulated as double glazing, central heating 
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and wall to wall carpets have become more commonplace. Such changes 

create the ideal habitat for the now ubiquitous house dust mite, a perennial 

source of potent allergens. The amount of allergen exposure in the first few 

months of life may be a contributory factor in the development of asthma and 

allergic disease (Peat et al 1990). In addition, pollutants may enhance the 

passage of allergens across the respiratory epithelium (Molfino et al 1991). 

Babies who are born prematurely and/or have low birth weight have 

improved survival due to recent advances in medical science. However, the 

lungs of premature babies have an incomplete compliment of surfactant and 

immature enzyme systems (Fardy and Silverman 1995), consequently these 

babies may be less able to cope with the effects of inhaled allergens and 

pollutants during the first weeks and months of life. Significant lung damage 

may be caused by such factors early in life which continue to have an effect 

later in childhood. 

Changes in nutritional factors in recent decades may have altered host 

responses to oxidative damage (Seaton et al 1994). Dietary salt intake has 

been linked with asthma severity (Burney 1987) and changes in dietary oil 

consumption have been implicated in altered biological potency of 

inflammatory mediators (Fisher and Weber 1984). Reduced antioxidant 

vitamin intakes or greater host requirement for these nutrients may be 

important in the development of respiratory symptoms in susceptible 

individuals (Burney 1995). 

1.2 Aims and objectives 

The primary aim of this work was to determine the associations of 

environmental and host risk factors with respiratory symptoms in primary 

school children. The research was also undertaken in order to describe the 

pattern of asthma in a community of primary school children over a two year 

period. 
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The studies were undertaken in primary school children, the objectives 

were 

1. To determine whether there was increased respiratory morbidity in 

children living and attending school in an area of Merseyside with 

known increased levels of dust pollution. 

2. To determine in these children the prevalence of the respiratory 

symptoms of cough, wheeze and breathlessness, either singly or in 

combination. 

3. To identify risk factors associated with different respiratory symptom 

profiles. 

4. To examine short-term temporal changes in the prevalence and 

seventy of asthma and respiratory symptoms. 

5. To determine incidence and recovery rates for different respiratory 

symptom profiles 

6. To evaluate the impact of maternal asthma on pre-term birth and 

birthweight and the relation of these factors to the subsequent 

development of respiratory symptoms later in childhood. 

7. To examine antioxidant vitamin status in relation to the different 

respiratory symptom profiles: excess cough as a solitary symptom and 

the symptom triad of cough with wheeze and breathlessness. 

8. To determine the relationship between lung function and serum 

antioxidant vitamin levels in children with and without exercise-induced 

bronchoconstriction. 

1.3 Thesis structure 

Chapter two is a review of the relevant literature. Chapter three 

describes the study population and methods used in two cross-sectional 

respiratory health surveys conducted in 1991 and 1993 and the longitudinal 

follow-up of a cohort of children seen in both 1991 and 1993. Chapters four, 
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five and six describe the results of the cross-sectional surveys and the 

longitudinal survey. Chapter four examines the prevalence of respiratory 

morbidity in primary school children in the Bootle dock area which was 

exposed to coal dust compared to children from control areas elsewhere in 

Merseyside. Chapter five describes the risk factors associated with the 

different respiratory symptom profiles in these children. Chapter six examines 

the short-term temporal changes in respiratory morbidity in these children. 

Chapter seven evaluates the impact of maternal asthma on preterm birth and 

the subsequent development of respiratory symptoms later in childhood. 

Chapter eight describes the methods used in a case-control study conducted 

in 1995 in which lung function, atopy and nutritional status of children with 

different respiratory symptom profiles were compared. Chapters nine and 

ten describe the case-control study results, in particular the relationship 

between antioxidant nutritional status, respiratory symptoms and lung 

function. Chapter eleven is an overview of the results, the main conclusions 

and implications for future work. 



Chapter Two 

Literature Review 
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2.2 DUST POLLUTION AND ITS MEASUREMENT 

2.2.1 Types of dust 

There are a wide range of solid and liquid particles in the air. It is 

estimated that in rural areas there are between 5,000-10,000 particles per 

cm3, this may rise to 30,000 per cm3 if affected by road traffic at a distance of 

1 km (Rusos 1991). Relatively unpolluted urban air contains 10,000 particles 

per cm3 and in polluted areas there may be up to 150,000 particles per cm3 

(HMSO 1995a). 

Three types of particle are commonly cited in studies on the health 

effects of air pollution: Black smoke refers to fine suspended particulates 

arising from the incomplete combustion of fossil fuels. Total suspended 

particulates (TSP) refers to a mixture of airborne particles such as rock dust 

and combustion products. Particles of less than 10pm in aerodynamic 

diameter (M)), are referred to as "respirable particles" as they are able to 

deposit in small airways and alveoli. In many industrial areas there is a close 

relationship between particles and sulphur dioxide, for example in central 

Birmingham the correlation coefficient was equal to 0.73 (HMSO 1995b). 

Particles greater than 2.5 pm are removed from the atmosphere by 

settling and rain, whereas very small particles (<1 pm) can remain airborne for 

several weeks and in this time may travel large distances. Brauer and 

colleagues (1989) showed that indoor personal monitoring samples may 

contain as much of the very fine particulate fraction as encountered outdoors. 

2.2.2 Sources of dust 

In the UK in 1992 47% of black smoke came from road transport, 28% 

from domestic use, and the remainder from industrial sources (Holman 1994). 

Most of the urban particulate cloud originates from the combustion of fuels, 

particularly diesel. Particles from diesel exhausts are small (<0.5pm) and thus 
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have a high surface area to mass ratio. Small amounts of these particles 

provide a relatively large surface area on to which a variety of chemicals are 

adsorbed. 

2.2.3 Measurement of particles 

Historically the "smoke stain" method was used to measure 

concentrations of black smoke, the air sample being drawn through a filter 

paper and the reflectance of the resulting smoke stain measured, the 

concentration being obtained from a standard calibration curve. Over the last 

30 years the composition of pollution has changed, as motor vehicles 

contribute more to atmospheric pollution and other methods of measuring 

pollution have become available. When the gravimetric method is employed a 

known volume of air is drawn through filter paper and the mass of particulate 

material is obtained by weighing. The PM, o sampling head is a device with a 

size selective orifice which allows particles of 1 Opm aerodynamic diameter or 

less to be captured. Whichever method of measurement is used the amount 

of particulate is expressed as pg/m3, however smoke stain, gravimetric and 

PM, o measurements should not be directly compared (HMSO 1992). 

2.3 EFFECT OF DUST ON RESPIRATORY HEALTH 

2.3.1 Deposition of particles 

When particles are inspired via the mouth and nose, they closely 

follow the movement of air in which they are suspended. The depth to which 

particles penetrate depends on their physical characteristics, (such as size, 

density, shape and aerodynamic diameter) and the volume of air in each 

respiration. Once a particle contacts an airway or alveoli wall it can not again 
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ºecome airborne, thus it is deposited (Parkes 1995). Larger particles (3-20 

im) tend to follow the trajectory of their original path and are therefore likely 

to impinge on upper and conducting airway walls. They deposit by inertial 

impaction. In smaller airways air flow velocity is low, the force of gravity 

predominates and smaller particles (1-3 pm) deposit by sedimentation. 

Diffusion by Brownian motion is the method of deposition for very small 

particles (< 1 pm), this often occurs in very small airways and alveoli where 

the airway surface area is large and airflow velocity is very low (Parkes 1995, 

Gonda 1997). The mean sizes of particles deposited at different points in the 

respiratory tract are as follows; >10pm in the pharynx and larynx, 10pm in the 

trachea, 6pm in main bronchi, 3-5pm in the bronchioles and <3pm deposit in 

alveoli (HMSO 1992). 

2.3.2 Clearance mechanisms 

Clearance of deposited matter is due to the combined effects of mucus, 

cilia, phagocytosis and lymph drainage. In airway generations 1 to 15 it is cilia 

and mucus which are important for clearance. In smaller airways and alveoli 

phagocytosis by macrophages and lymph drainage are important. The 

mucinous lining of the airway traps and retains deposited foreign matter 

(Gilboa and Siberberg 1976). Ciliated epithelial cells beat beneath the mucus 

layer and are able to transport mucus into upper airways. In disease the 

mucinous layer may be affected by irritation and inflammation, deviation from 

its ideal elastic and viscous composition results in defective mucocilory 

clearance (Salathe et al 1997). Macrophages which line the smaller airways 

engulf foreign matter which is transported to lymph nodes which drain the 

lungs. Damage to the respiratory tract occurs if the rate of deposition exceeds 

the rate of removal or if particles are chemically reactive, e. g. cigarette smoke 

may contain relatively few particles but these are highly chemically active. 

Large particles may cause bronchitis, whereas small particles lead to 
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'alveolitis' and "small airways disease". The clearance mechanism may be 

altered by exposure to pollutants, high concentrations of SO2 decrease the 

action of cilia and during such exposures particulate matter may become fixed 

more easily in the airway (Salathe et a/ 1997). 

2.3.3 Effects of particulates on health 

Studying the health effects of air pollution can be complicated as 

although we can readily define and categorise the actions and effects of 

individual pollutants, this may be artificial as interactions of pollutants may 

alter these effects on human health. The human host may also show 

considerable variation in response within and between individuals. 

Combinations of pollutants may act in three ways, additive, antagonistically or 

synergistically (HMSO 1992). 

In addition to its interaction with other pollutants particulate matter 

itself can be biologically active, such as quartz which when inhaled in 

sufficient quantities leads to irreversible fibrosis of the lung (Richards et al 

1984). If inhaled particles are allergenic the host response may lead to 

inflammation and oedema at the site of deposition e. g. pigeon fancier's lung. 

2.3.3.1 Biological mechanisms 

The mechanisms underlying the effects of particles on human health 

are not fully understood. Non-specific irritation of the airway may cause 

inflammation which could result in increased bronchial activity (Landau 1995). 

Interaction between pollutants and aeroallergens may be synergistic, such 

that when particles deposit on airway epithelium the passage of antigen 

across the epithelium may be enhanced. Seaton et al (1995) have suggested 

that penetration of very fine particles may cause inflammation which may in 

turn be associated with changes in the viscosity and coagulability of blood, 
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this may result in increased mortality and morbidity from cardiovascular 

disease. 

2.3.3.2 Adults 

Disease due to dust exposure in adults is often related to occupation, 

for example pneumoconiosis which is a group of diseases including silicosis, 

asbestosis, coal and talc workers' pneumoconiosis. Anthracosilicosis is due to 

exposure to a mixture of coal and rock dust containing free silica which may 

cause extensive fibrosis. Carbon or coal dust is relatively innocuous although 

in large quantities, as in coal miners it can lead to coal miners' 

pneumoconiosis and possibly to airway obstruction (Marine et al 1988). Such 

exposures are of a different order of magnitude to environmental exposures, 

and miners working on the surface do not develop disease, whereas those 

beneath ground exposed to more dust are more likely to develop disease. 

Levels of coal dust encountered in urban areas are usually low and do not 

have harmful effects. 

Long term exposure to atmospheric particulates has been shown to be 

associated with increased risk of death from heart and lung disease. In a 

study of adults in Philadelphia the relative risk of death from cardiovascular 

disease and chronic obstructive pulmonary disease were estimated at 1.1 and 

1.2 respectively (Schwartz and Dockery 1992). In a prospective study on 

over half a million adults from 151 metropolitan areas of the United States, 

the effects of particulate air pollution levels on mortality over a seven year 

period were evaluated. The adjusted risk ratio for all cause mortality for the 

most polluted areas compared to the least polluted for fine particulates was 

estimated at 1.17 (Pope et al 1995). In a review of epidemiological literature 

Dockery and Pope (1994) estimated that deaths from respiratory disease 

increased by 3.4% per 10 pg/rn3 increase in PM, o. Anderson et al (1996) in a 

report on the effect of pollution on daily mortality in London between 1987 
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1992 showed that the increased risk of all case deaths was 2.5% associated 

with an increase from the 1 0`h to the 90th Gentile in "black smoke" (7-19 

pg/m3), which is below World Health Organisation guidelines. 

2.3.3.3 Children 

Evidence for an effect of particles, sometimes in combination with SO2 

and acid aerosols on lung function, respiratory symptoms and bronchial 

responsiveness in children comes mainly from panel or population studies. 

For panel studies individual children are selected in anticipation of fluctuations 

in pollution levels, each child is their own control, records of daily symptoms 

and PEF are taken. In whole population studies the period or cumulative 

prevalence of symptoms and reported asthma in areas with different pollution 

levels can be determined. 

In a report from the Czech Republic the risk of post-neonatal 

respiratory mortality increased from the lowest to the highest exposure to total 

suspended particulates up to 10pm in size (TSP-10) quintile. It was estimated 

that an increase of 25 pg/m3 TSP-10 increased post-neonatal mortality by a 

factor of 1.58 (Bobak and Leon 1992). 

Lung function has been shown to be negatively correlated with levels of 

total suspended particulates (TSP) and black smoke (Dockery et al 1982, 

Hoek et al 1990, Roemer et al 1993). Mazur (1995) in a cross-sectional 

survey in Poland demonstrated reduced PEF in children living in an area of 

high dust, SO2, NO2 and lead compared to children from a non-polluted area. 

Peters et al (1996) in a study of winter type pollution (high SO2 and moderate 

PM, o levels) on asthmatic children and adults in Eastern Europe reported 

increased symptoms and reduced PEF associated with increased SO2 levels. 

An inverse relationship between PM, o and PEF has been widely reported, 

particularly in asthmatic children (Pope et al 1991, Pope and Dockery 1992, 

Neas et al 1995). 
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Braun- Farhlander et al (1992) reported increased symptoms 

associated with increased total suspended particulate levels in a study of 

Swiss pre-school children. Increased symptoms and bronchodilator usage 

have been associated with increased levels of PM, o pollution (Pope et al 

1991, Roemer 1993, Romieu 1996). Buchdahl et al (1996) reported that acute 

wheezing episodes in children were associated with increased levels of 

summer haze (with high SO2 and 03 content). Conversely Hoek and 

Brunekreef (1995) in a study from the Netherlands did not show a relationship 

between reporting of symptoms and wide fluctuations in PM, o (11-135 pg/m) 

or 03 (14-114ppb) levels. 

Von Mutius et al (1992) suggested that long term exposure to 

increased levels of particulates and SO2 in the former East German city of 

Leipzig could be responsible for the two-fold increased prevalence of 

bronchitis in children in Leipzig compared to Munich. This is supported by 

observations from the US Six Cities Study where associations were 

demonstrated between the occurrence of chronic cough and bronchitis and 

increased levels of particulates (Dockery et al 1989). 

Molfino et al (1992), Wang et al (1992) and Tam et al (1994) reported 

that asymptomatic children living in highly polluted industrial areas had 

increased bronchial responsiveness compared to children from non-polluted 

areas. In contrast Ware et al (1986) and Von Mutius and colleagues (1994) 

showed no association between bronchial responsiveness and pollution. 

2.3.4 Summary 

1. The effect of particulate matter on the respiratory tract depends on the 

particle size, deposited dose, and its chemical and physical properties. 

2. Occupational exposures can be large and lead to disease and death, 

e. g. asbestosis. 
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3. Environmental exposures are generally smaller, the effects are seen in 

both adults and children. 

4. Prolonged exposure to increased levels of particulates rather than 

nitrogen dioxide or ozone have been associated with an increased 

prevalence of bronchitis and chronic cough in children. 

5. Particulate exposure has been associated with increased mortality in 

neonates and adults, and with increased respiratory symptoms and 

decreased lung function in susceptible individuals. 

2.4 ASTHMA AND RELATED ILLNESSES 

2.4.1 Defining asthma 

When seeking to establish the prevalence of asthma in 

epidemiological investigations it is important that the disease definition used 

is acceptable to facilitate comparisons between studies. The most widely 

agreed definition is based on the occurrence of 'wide variations over short 

periods of time in intrapulmonary airflow' (Clark 1993), although this is difficult 

to apply in the context of epidemiology. There are three commonly used 

measures for estimating the prevalence of asthma in cross- sectional 

population surveys. 'Doctor diagnosed asthma', respiratory symptoms (most 

commonly wheeze as a sole symptom or in combination with others) and 

bronchial hyperreactivity (BHR). BHR is not specific to asthma, thus it is not 

correct to compare its prevalence to period prevalence of 'doctor diagnosed 

asthma' or wheeze, although serial measures of BHR are useful as 

demonstrated by Peat and colleagues (1994). Workers in Australia have used 

the presence of BHR plus the 12 month period prevalence of wheeze as a 

definition of current asthma (Salome et a/ 1987, Toelle et al 1992). 
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Responses to questions about 'doctor diagnosed asthma' are influenced by 

parental recall, preference of medical practitioner and acceptance of the label 

(Peat et al 1992). A recent study showed evidence of differential recall of 

symptoms among children and their parents (Carey et al 1996). Historical 

comparisons of the cumulative prevalence of diagnosed asthma are flawed as 

under-diagnosis of asthma was common in earlier decades (Speight et al 

1983). It is also difficult to quantify severity of asthma as some children have 

infrequent but severe attacks whilst others have frequent or more persistent 

milder attacks (Wilson et al 1997). Annual period prevalence of wheeze is the 

compromise measure of asthma now widely adopted in population surveys 

(Anderson 1989). 

2.4.2.1 Prevalence in children 

The prevalence of childhood asthma and symptoms associated with 

the disease have been extensively reported. The suggestion that the 

prevalence of childhood asthma in industrialised countries is rising (Anderson 

1993) has been widely accepted. Surveys performed 10 to 15 years apart 

using the same methodologies have shown significant increases in the 

prevalence of asthma, wheeze and allergic disease in the UK and Australia 

(Burr et al 1989a, Robertson et al 1991, Anderson et al 1994, Peat et al 1994, 

Rona et a/ 1995). 

There have been substantial increases in the annual period prevalence 

of wheeze which was reported to affect approximately 11 % of children in the 

1970s and 1980s (Lee et al 1983, Clifford et al 1989, Hill et al 1989a, Burney 

et al 1990, Rona et al 1995). More recent estimates of 12 month prevalence 

of wheeze range between 15% and 19% (Austin et a11994, Strachan et al 

1994) and 13% in pre school children (Luyt et al 1993). Ninan and Russell 

(1992) and Omran and Russell (1996) have reported the prevalence of 

wheeze in the previous three years to be 20% and 25% respectively in 
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Aberdeen school children. Rona of al (1995) reported that 13.5% of primary 

schoolchildren in England had occasional wheeze. The age-specific 

prevalence of cough has been reported to decrease with increasing age 

(Robertson et al 1991). In younger children cough is most often associated 

with viral infections in children older than five or six cough is often related to 

asthma where it can be the dominant symptom (Ninan 1993). Corrao et al 

(1979) reported cough as the sole presenting symptom of asthma in some 

patients. In children over the age of six the commonest aetiological factor 

underlying chronic cough is BHR (Hanaway and Hopper 1982, Lewis et al 

1989). Recurrent cough may be a sign of worsening asthma, associated with 

bronchoconstnction and inflammation and may have nocturnal presentation 

(Martin et al 1991). 

Diagnosed asthma prevalence has also increased. In the late 1970s an 

estimate of 1.7% was reported, but wheeze which responded to 

bronchodilator therapy affected 11 % of the population which may have been a 

truer estimate of asthma prevalence (Lee et al 1983). More recently the 

prevalence of doctor diagnosed asthma has been reported to range between 

13% and 20% in the UK (Austin et al 1994, Strachan 1994, Doull et al 1996, 

Omran and Russell 1996). Robertson et al (1991) in a study of seven year old 

school children in Melbourne in 1990 reported a period prevalence of wheeze 

of 23% and of diagnosed asthma of 46%. Duffy and Mitchell (1993) reported 

the annual period prevalence of wheeze as 14% in eight year old children in 

Queensland. Paediatric population studies from USA and Taiwan have also 

shown evidence of an increase in the annual prevalence of asthma 

(Weitzman et al 1992), wheezing and dyspnoea (Hsieh and Shen 1988). 

Studies of military recruits 10 to 20 years apart in Sweden, Finland and for a 

non-specified time in Israel have reported significant increases in the 

prevalence of diagnosed asthma (Aberg et al 1989, Haahtela et al 1990, Laor 

et al 1993). 
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There is evidence for a general trend to an increase in the prevalence 

of allergic disease and atopy (Taylor et al 1984, Aberg et al 1989, Ninan and 

Russell 1992). Sibbald and colleagues (1990) reported a doubling in the 

prevalence of atopy, assessed by skin testing, in an adult population between 

1974 and 1988. Lewis et al (1996) reported a two-fold increase in the 

prevalence of eczema and hay fever in children. The prevalence of eczema 

has been reported to be higher in children from social class I and II compared 

to lower classes, and it has been suggested that factors associated with class 

such as home environment are important in the expression of disease 

(Williams et al 1994). The prevalence of recent wheeze, diagnosed asthma 

and BHR in Australia have increased in recent decades. Peat and colleagues 

(1994) studied children from two areas in New South Wales, ten years apart 

(1982-1992). They reported a two-fold increase in the period prevalence of 

wheeze and a similar increase in the prevalence of BHR, with no increase in 

the prevalence of atopy (approximately 30%), most of the observed increases 

in BHR being among atopics. 

2.4.2.2 Geographical variations 

Comparative studies between the UK and New Zealand suggest a 

higher prevalence and severity of asthma in New Zealand (Mitchell et al 1990, 

Barry et al 1991). Pearce of al (1993) reported that asthma prevalence and 

severity were highest in Australia, lowest in Germany and intermediate in the 

UK. Burr et al (1994) reported that the prevalence of wheeze was similar in 

New Zealand, Wales and South Africa and lower in Sweden, although the 

prevalence of allergic disease followed a different pattern being highest in 

Sweden. The increases in the prevalence of asthma and wheeze in the UK 

and Australia are relatively similar although the prevalence is higher in 

Australia compared to the UK (Baumann 1993) 
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Crain et al (1994) reported a higher prevalence of asthma among inner 

city children in the Bronx compared to national prevalence estimates for the 

US (Weitzman et al 1992). Carter-Pokras and Gergen (1993) reported that 

current asthma prevalence in children, aged six months to 11 years, varied 

between ethnic groups and geographical location. In New York City 11.2% of 

Puerto-Ricans had current asthma, 2.7% of Mexican-Americans in the South 

West, and 5.2% of Cubans in Miami compared to 3.3% of non-Hispanic 

whites and 5.9% of non-Hispanic blacks from a US national sample. Schwartz 

et al (1990) reported that, after adjusting for social factors, black race was a 

significant risk factor for asthma and wheezing illness in a national sample of 

children from the US. Analyses of the 1958 and 1970 British Birth Cohorts 

showed no regional differences in lifetime asthma or annual wheezing 

prevalence (HMSO 1995a). Strachan et al (1994) did not show any urban- 

rural difference in the annual prevalence of wheeze although attacks of 

wheeze were less frequent in rural areas. In contrast, Austin and colleagues 

(1994) reported that in the Highlands of Scotland the highest prevalence of 

lifetime wheeze and exercise induced bronchoconstriction was in children 

from the Isle of Skye, the most rural area in the study. These observations do 

not support the suggestion that asthma and wheeze are more common and/or 

more severe in urban compared to rural areas. 

It has been reported that the prevalence of exercise-induced 

bronchoconstriction is higher in urban compared to rural areas in South Africa 

(van Niekerk et al 1979), Zimbabwe (Keeley et al 1991) and Ghana (Addo 

Yobo et al 1997). Thus factors associated with wealth, lifestyle and housing 

as well as a genetic predisposition are important in the expression of asthma. 

Children from affluent urban areas of developing countries may be exposed to 

more allergens as it was reported that house dust mite allergen was found for 

the first time in homes in Papua New Guinea where there had been 

considerable 'Western' influence (Dowse et a! 1985). Asthma prevalence has 
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been reported to be low in remote areas, such as the highlands of Papua New 

Guinea (Anderson 1974), in Native American communities (Herxheimer and 

Shaefer 1974), Savanna region of Nigeria (Warrell et al 1975), rural Gambia 

(Godfry 1975) and in the Pacific Island of Tokelau (Waite et al 1980). 

Strachan and colleagues (1994) in a report on regional variations in 

asthma prevalence in Britain suggested that area of birth was less influential 

than area of residence, thus current environment rather than genetics gives 

rise to geographical variations in the occurrence of disease. The evidence that 

immigrant populations show an increased prevalence of asthma when they 

change lifestyle or environmental exposures by moving to 'Westernised' areas 

is inconsistent. In a study of second generation immigrants it was reported 

that asthma prevalence resembled that of the community where they lived 

compared to asthma prevalence in their parents which was similar to that in 

the community from which they came (Smith et al 1971). Similarly, Hurry et al 

(1988) in a study of school children in Sydney reported that when children 

migrate after the first year of life the prevalence of asthma resembles that of 

the community from which the child came. Whilst migration in utero is 

associated with prevalence of the community into which the child is bom. 

There were no differences in asthma prevalence among children born in the 

Pacific island of Tokelau who subsequently migrated to New Zealand and 

children of Tokelauan descent born in New Zealand (Waite et al 1980). 

Pararajasingam et al (1992) reported that the prevalence of asthma 

symptoms was lower in Asian compared to European children in 

Southampton. Conversely, children of West Indian ethnicity born in UK had 

higher prevalence of asthma and wheeze than those born overseas (Smith et 

a/ 1971). A study of adult Asian immigrants in London showed later onset of 

asthma (which often occurred after moving to Britain) than adults of Asian 

descent born in the UK (Partridge et al 1979). 
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2.4.3 Natural history 

There are sex differences in the occurrence of asthma and wheezing 

illness, in the first decade of life as boys are more likely to develop disease 

than girls (Horwood et al 1985, Ownby 1990, Martinez et al 1991). Yunginger 

et al (1992) showed evidence of an increase in the incidence of asthma in 

children in the US between 1964 and 1983, and that boys had a higher 

incidence and earlier onset of disease compared to girls. A series of studies 

have shown that abnormal lung function soon after birth, before symptoms 

had occurred was associated with small airway size which was associated 

with subsequent wheezing illness in boys but not in girls (Martinez and 

colleagues 1988,1991). It has been suggested that boys are genetically 

predisposed to being born with smaller airways than girls, and that this is the 

cause of their increased susceptibility to asthma in the first few years of life. 

The nature of this possible genetic effect has yet to be defined (Le Souef 

1995). Taussig et al (1982) demonstrated that forced expiratory flows are 

lower in new-bom boys than girls. The incidence of respiratory illness and 

atopy are higher in male infants compared to females (Magnussen et al 1986, 

Gold et al 1989). Martin et al (1980) and Strachan et al (1994) reported that 

by adolescence the sex differential in the prevalence of wheezy illness had 

largely disappeared. Forced expiratory flow rates are equal in late 

adolescence (Polgar and Weng et al 1979). 

Williams and McNichol (1969) showed that ten year old children with 

persistent symptoms were more likely to have had onset before the age of 

three compared to children whose symptoms cleared up. Martinez and 

colleagues (1995) who followed a cohort of children from birth identified two 

different groups of wheezers. Firstly, children who were non-atopic who had 

wheeze at three years of age and abnormal lung function in infancy but 

neither at six years of age. These children were more likely to have mothers 

who smoked. Secondly, children who had wheezing before the age of three 
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which persisted at six. This group of children were more likely to have a family 

history of asthma, be atopic and have normal lung function in infancy, but not 

at age six. Later age of onset of disease has been reported in developing 

countries where between 16% and 31 % of adults with asthma had onset of 

disease before the age of 20 (Anderson 1974, Warrell et al 1975). Studies 

from England and Singapore during the same time period reported that 63% 

and 86% of adult asthmatics had disease onset before 20 years of age (Mun 

1972, Pepys 1973). 

Park et al (1986) and Kelly et al (1987) characterised the unstable 

nature of asthma by showing that some children who 'grew out' of their 

asthma relapsed later in life whilst some children who had persistent 

symptoms during adolescence later remitted. Nakadate and Kagawa (1992) 

demonstrated that abnormal peripheral lung function in children with a history 

of asthma may persist even if they have been in clinical remission for several 

years. Roorder and colleagues (1993,1994) reported that childhood FEV, 

was the only significant predictor of lung function in adults. Three quarters of 

moderate to severe asthmatic children had symptoms which persisted into 

adolescence, and that young women were more likely to have symptoms and 

bronchial hyperreactivity than young men. This is supported by a report from a 

cohort study which followed children from age seven, which showed that as 

adults women were more likely to have asthma than men (Jenkins et al 1994). 

Mann et al (1992) showed that wheeze in adulthood was related to 

wheezing illness in childhood and smoking in adulthood. Similarly, analysis of 

the 1958 Birth Cohort data has shown that relapse of wheeze at age 33 to be 

associated with cigarette smoking as adults and a history of hayfever, eczema 

or allergic rhinitis (Strachan et al 1996a). It has also been shown that young 

adults with a recent history of wheeze had significantly reduced lung function 

compared to those without symptoms. Of those who had had persistent 
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wheeze throughout childhood and adolescence there were greater 

decrements in lung function which were less reversible (Strachan et al 1996b). 

2.4.4 Summary 

1. The definition of asthma used in epidemiological setting varies 

between studies, thus making comparisons difficult. A mutually 

acceptable definition of asthma is desirable. 

2. The prevalence of childhood asthma in industrialised countries has 

increased over the last 30 years. In urban areas of developing 

countries asthma prevalence is higher than in rural communities. 

3. Geographical vanations in asthma prevalence and studies of migrant 

populations suggest that environmental as well as genetic factors are 

important in the expression of the allergic phenotype. 

4. Onset of wheezing illness before the age of three is more often 

associated with persistent symptoms throughout childhood. Lung 

function and respiratory symptoms in adults are influenced by 

childhood allergies and respiratory health. 

2.5 OTHER ENVIRONMENTAL RISK FACTORS 

2.5.1 Indoor 

2.5.1.1 Environmental Tobacco Smoke (ETS) 

In a recent review it was estimated that approximately 50% of children 

in the UK are exposed to passive smoke (Couriel 1994), and that ETS from a 

mother has a greater impact on the child's health than that from a father even 

though a lower proportion of women smoke (Cook et al 1994). This is partly 

due to the greater amount of time mothers generally spend with their infants. 
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The dose of cigarette smoke is related to the strength, type, number of 

cigarettes smoked, proximity of the child to the smoker, room size and 

ventilation. 

The respiratory tracts of children are particularly vulnerable to the 

effects of inhaled toxins as they are physiologically and immunologically 

immature and are rapidly developing, thus any damage to the lung during 

childhood may affect growth and function thereafter. It is difficult to separate 

out the effects of intra-uterine exposure to cigarette smoke and post-natal 

passive smoking, as 90% of mothers who smoke during pregnancy still smoke 

five years later (Taylor and Wadsworth 1987, Frischer et al 1992). 

Cotinine is the main metabolite of nicotine, and measurement of 

cotinine in serum, saliva and urine can be used as an objective biological 

marker of recent cigarette exposure. Duff et al (1993) showed that children 

aged less than two years had higher levels of salivary cotinine compared to 

older children, and that passive smoke exposure was associated with acute 

wheezing illness, thus younger children may be at greater risk of morbidity 

due to ETS than older children. Cotinine measurement is more sensitive than 

questionnaire responses when trying to assess ETS exposure in the home. 

The lack of sensitivity of questionnaire responses may explain some of the 

negative observations between respiratory symptoms and passive smoke. For 

example, Cook and colleagues (1993) showed that salivary cotinine was 

inversely associated with indices of lung function, but that reduced lung 

function was not statistically associated with questionnaire responses about 

smokers in the home. 

It has been reported that children exposed to passive smoke are at 

increased risk of respiratory infections. Wright et al (1991) reported a four-fold 

increased risk of bronchiolitis and that this infection was more likely to be 

contracted at an earlier age. Increased hospital admissions due to respiratory 

problems in infants exposed to ETS have been reported (Harlap and Davies 
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1974). Stoddard and Miller (1995) reported that children of mothers who 

currently smoked were more likely to have wheezing respiratory illnesses than 

children of non-smoking mothers. The authors estimated that 7.5% of asthma 

or wheezing respiratory illness are attributable to maternal smoking. Analysis 

of 1958 Birth Cohort data showed parental smoking to be associated with the 

occurrence of all wheezing illnesses (Strachan 1995). Somerville et al (1988), 

Chinn and Rona (1991) and Brabak et al (1995) have shown associations 

between passive smoke exposure and the occurrence of respiratory 

symptoms in children and that symptoms were related to the number of 

cigarettes smoked by parents. Ware et al (1984) showed a 20-38% increased 

nsk of respiratory illness and symptoms associated with current maternal 

smoking in the US Six Cities Study of respiratory health in children aged 6-9 

years. Associations between passive smoke, wheeze and asthma have been 

widely reported (Burr et al 1989b, Weitzman et al 1990, Wright et al 1991, 

Neas et al 1994, Lindfors et al 1995). Conversely Schenker et al (1983) did 

not show an effect of passive smoking on asthma, respiratory symptoms or 

BHR. 

The evidence for an effect of passive smoke on BHR is equivocal. 

Strachan et al (1990) showed that small airway function was inversely related 

to cotinine measurements but exposure to passive smoke did not increase 

BHR assessed by a free running exercise test. In contrast Martinez and 

colleagues (1988) reported passive smoking to be associated with increased 

BHR to inhaled methacholine in asthmatic and non-asthmatic boys but not 

girls, independently of the presence of atopy. Frischer et al (1992) showed 

that current maternal smoking was not associated with increased risk of BHR 

but exposure to cigarette smoke during the first year of life in asthmatic and 

non-asthmatic seven year old children was associated with increased risk of 

BHR assessed by exercise testing. Agudo and colleagues (1994) reported 

that exposure to cigarette smoke from the mother was associated with 
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increased risk of exercise induced bronchoconstriction, and that more recently 

exposed children were at greater risk. Magnussen et al (1993) investigating 

acute effects of ETS on mildly asthmatic children reported significant 

reductions in FEV, at rest but not after exercise. Murray and Morrison (1986, 

1989,1990) showed that asthmatic children with smoking mothers had 13- 

23% lower FEV, and increased bronchial responsiveness to histamine 

compared to asthmatic children of non-smoking mothers. Newborns of 

mothers who smoked during pregnancy were more responsive to histamine 

than infants of mothers who did not smoke during pregnancy (Young et al 

1991). Prolonged bronchial responsiveness in children after acute cigarette 

smoke challenge has also been shown. Cigarette smoke is an adjuvant for 

aeroallergens; children of parents who smoke have raised cord IgE and total 

IgE in childhood (Kjellman 1981, Magnussen 1986, Kershaw 1987). Ronchetti 

et al (1992) reported that exposure of children to ETS and specific allergens 

may enhance allergenic sensitisation. 

Ehrlich and colleagues (1992) observed that passive smoking was 

related to asthma diagnosis but not acute exacerbations, this led them to 

suggest that passive smoking is linked to hyperreactivity rather than 

bronchospasm. Conversely Chilmonczyk et al (1993) showed high urinary 

concentrations of cotinine in children to be associated with acute 

exacerbations of asthma. 

Wang and co-workers (1994) showed a decrement in lung function 

growth associated with maternal smoking which they concluded was partly 

due to intrauterine and early life exposure as well as current smoking. Tager 

et al (1983) in a prospective study reported that maternal smoking lowered 

FEV, growth by 7-10% over a seven year period. Gold et al (1996) reported 

that active smoking among adolescents was associated with reduced lung 

function growth, particularly in girls. A report by Strachan (1990) suggested 
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small airways damage associated with ETS may lead to later respiratory 

problems. 

2.5.1.2 Gas cooking 

The use of gas for cooking is associated with the production of NO2 

which may accumulate in kitchens without adequate ventilation. NO2 has low 

solubility and greater than 60% of inhaled NO2 is deposited in the lung. 

Melia et al (1977,1979 and 1988) in a series of epidemiological studies 

reported that respiratory symptoms in primary school children are associated 

with a combination of gas for cooking and the use of kerosene heaters, but 

that this association may disappear as children grow older. In support of this 

Strachan and Carey (1995) reported that gas for cooking was not associated 

with wheeze in adolescents. Von Mutius et al (1996) reported a reduced risk 

of hayfever, atopy and BHR in 9-11 year old children living in homes with 

wood or coal stoves and heating compared to children from homes where gas 

or another fuel was used. 

Laboratory studies on the effects of NO2 either on its own or in 

combination with another pollutant or known trigger of asthma are 

inconsistent. Inhalation of N02 at very high concentrations (2250-5500 ppb) 

has been shown to cause increased airway responsiveness in asthmatics and 

inflammatory influx in healthy individuals (Sandstron et al 1991), though it is 

unlikely that such concentrations would be attained in the atmosphere (HMSO 

1995a). Tunnicliffe and colleagues (1994) showed that inhalation of NO2 

enhanced the response to inhaled house dust mite allergen in subjects with 

mild asthma. In vitro studies of bronchial epithelium exposure to 400-800 ppb 

NO2 showed that cell dysfunction was caused (Devalia et al 1993). It has 

been suggested that NO2 may increase the permeability of the bronchial 

mucosa to allergens thus lowering the threshold for sensitisation (Devalia et al 
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1994). In contrast, Koeng et al (1985) and Linn et al (1986) reported no 

effects of inhaled N02 on lung function or airway responsiveness in asthmatic 

subjects. Such reported variations in responses to NO2 in laboratory studies 

have directed attention toward the identifying determinants of susceptibility 

including, age, pattern of exposure, underlying disease and antioxidant status. 

In a recent review of the literature a committee of the environmental 

and occupational health assembly of the American Thoracic Society (1996) 

concluded that indoor levels of NO2 due to gas cooking are associated with an 

increased risk of respiratory illnesses and symptoms in children. Patients with 

asthma or mild COPD may be at greater risk of the detrimental effects of NO2 

on lung function. 

2.5.1.3 Aeroallergens 

Allergens which affect asthmatic individuals have common 

characteristics. They are small and so easily respirable, have potent enzyme 

activity and either they are found in high concentrations or there is perennial 

exposure. Sears et al (1993a) reported that 80-90% of asthmatics are 

sensitive to at least one common allergen. Indoor allergens are important as 

most people spend the majority of their time indoors. Holt and colleagues 

(1990) suggested that exposure to allergens in infancy when the 

immunological system is immature may lead to the production of memory T 

cells. When re-exposure to that allergen occurs later in life specific IgE 

antibodies are produced. Peat et al (1990) reported that children who were 

sensitised to allergens early in life were more likely to develop asthma than 

children who were exposed later in childhood. There is some evidence that 

aeroallergen exposure in utero may be associated with sensitisation later in 

life (Warner and Warner 1995). 
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House Dust Mite 

House dust mite allergen (Dermatophagoides pteromyssinus allergen I, 

Der p I) has been shown to be an important risk factor for bronchial 

hyperresponsiveness and respiratory symptoms (Sporik et a11992, Sears et 

al 1993b). House dust mite thrives in conditions of low ventilation and high 

humidity (Wickman et al 1994), dampness and soft furnishing (Munir et al 

1995), it is ubiquitous, perennial and releases the potent protease Der p I. 

Sponk et al (1990) showed that the development of wheeze was related to the 

amount of Der pI in a child's bed. Exposure to Der pI in the first year of life 

was associated with a positive skin test at one year of age (Warner et al 

1991). Peat and colleagues (1994) showed a four to five-fold increase in 

house dust mite concentrations and significant increases in BHR in children in 

two Australian towns over a ten year period. The authors suggested that 

increases in airway hyperresponsiveness (but not atopy) may be due to 

increased allergen load in a child's environment or that factors which 

protected the airways of earlier generations of children have changed. 

Furred pets 

It has been shown that sensitisation to cats and dogs is more likely if a 

child is exposed during the first year of life (Vanto et al 1983). Cats are a well 

recognised source of allergen associated with asthma (Warner et al 1991, 

Sears et al 1993b, Lindfors et al 1995) particularly in areas where house dust 

mite levels are low, such as at high altitude (Sporik et al 1995). Warner et al 

(1991) showed that exposure to cat and dog allergens during the first 12 

months of life was associated with positive skin tests at age one. In a 

comparative study of asthma and wheezing in New Zealand, South Africa, 

Wales and Sweden, Burr and co-workers (1994) showed that pet ownership 

was associated with wheezing illness in childhood except in Sweden where 

cat ownership was rare compared to New Zealand. 
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Mould 

Many studies that have reported an association between damp or 

mould in the home and respiratory symptoms in children have relied solely on 

information from questionnaires (Martin et al 1987, Andrae et al 1988, 

Brunekreef et al 1989, Dales et al 1991). The validity of these observations in 

the absence of objective measures has been questioned (Strachan 1988). He 

concluded that the presence of damp or mould in the home may be a 

determinant of reporting of respiratory symptoms and thus a potential source 

of bias. Burr and colleagues (1988) based the association between asthma 

and mould in the home on the increased prevalence of positive 

radioallergosorbant tests to Penicillium spp. among subjects with mould in 

their homes. Waegenaekers et al (1989) and Verheoff et al (1992) showed 

higher concentrations of airborne fugal spores in damp homes. There is also 

clear evidence of a link between damp in the home and dust mite infestation 

(Blythe et al 1976, Burr et al 1980, Korsgaard 1983, Wickman et al 1994). It is 

plausible that the presence of house dust mites which produce strong 

allergens, and mould spores are involved in the development of allergic 

sensitisation and symptoms related to asthma (Burr et al 1985, Platts-Mills et 

a/ 1989,1992, Verhoeff et a/ 1995). Warner and Warner (1995) suggested 

that Altemaria spp has a more rapid release of allergens than other moulds 

and thus is associated with severe responses in sensitive individuals. 

2.5.2 Outdoor pollution 

2.5.2.1 Motor vehicle and industrial emissions 

Motor vehicle emissions contain particles, volatile organic compounds 

(VOCs), oxides of nitrogen (NOX) especially NO2, lead and sulphur oxides 

(SOX). Ozone (03) is a secondary pollutant resulting from the action of sunlight 
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on VOCs and NO2 In recent years there has been a decrease in the amount 

of pollution from the combustion of fossil fuels, especially SO2 and urban 

smoke and an increase in pollutants originating from motor vehicles, in 

particular NO2,03 and particulates from diesel exhausts (Newman-Taylor 

1995). 

Laboratory studies on the effects of individual pollutants have given 

conflicting results, which may be due to modifying effects of pollutants over 

each other. Koeng et a/ (1991) showed that the effect of SO2 was modified by 

03, and Molfino et al (1991) showed that 03 can interact with pollen allergen 

to reduce the concentration of allergen needed to provoke an asthmatic 

response. NO2 has been shown to potentiate the effects of S02 on respiratory 

function in chamber studies (Jones and Magnussen 1990). Devalia and 

colleagues (1994) demonstrated that a combination of NO2 and SO2 which 

could be encountered in heavy traffic enhanced the airway response to 

inhaled allergens in adults. It has also been reported that inhalation of NOx 

and 03 leads to airway inflammation and increased responsiveness in 

asthmatic adults. Frischer et al (1993a) showed evidence of increased 

inflammation in asthmatic children exposed to increased levels of ozone. 

Several panel and population studies have reported negative 

correlations between lung function and atmospheric ozone levels in asthmatic 

and non-asthmatic children (Lebowitz et al 1985, Lioy et al 1985, Specktor et 

al 1988, Krzyzinowski et al 1992, Neas et al 1992). Increased levels of ozone 

in combination with acid aerosols have also been associated with reduced 

lung function (Dockery et al 1982, Kinney et al 1989, Raizenne et al 1989, 

Higgins 1990, Berry et al 1991, Specktor 1991, Studnicka et al 1995). Ozone 

levels have also been associated with respiratory symptoms and 

exacerbations of asthma (Ostro et al 1994, Romieu et al 1995, Buchdahl et al 

1996). Sulphur and nitrogen dioxides have been associated with lung function 

(Lebowitz et a/ 1985, Peters et al 1994), respiratory symptoms (Rutishauser et 
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a11990, Buchdahl et al 1996) and bronchial reactivity (Soyseth et al 1995a, 

1995b) in children. 

In contrast to these observations Kurata et al (1976), Stebbing et al 

(1976), Vedal et al (1987) and Brunekreef et al (1991) have not demonstrated 

any effect of 03, SO2 or N02 on lung function or respiratory symptoms in 

children. Dodge and colleagues (1985) reported a lower prevalence of 

wheeze and dyspnea in children living near a smelter works (with increased 

levels of SO2) compared to those living in a non-polluted area. A recent 

review (Burr 1995) concluded hat air pollution episodes may exacerbate pre- 

existing respiratory symptoms in children. 

2.5.2.2 Weather 

Asthma epidemics associated with thunderstorms have been reported 

in the UK (Packe and Ayers 1985, Murray et al 1994, Celenza et al 1996, 

Thames Regions Accident and Emergency Trainees Association (TRAETA) 

1996) and Australia (Bellomo et al 1992). It has been suggested that such 

episodes are related to the release of aeroallergens due to changes in 

atmospheric pressure and a fall in temperature. During the summer of 1994 in 

the south of England, of people treated at the Accident and Emergency 

department over 40% had never had an asthma attack before. It was 

suggested that those people were particularly sensitive to high levels of grass 

pollen (TRAETA 1996). Celenza et al (1996) suggested that patients with a 

previous history of asthma had attacks triggered by different factors compared 

to those who attended hospital with no prior history of asthma. 

2.5.2.3 Aeroallergens 

Bjorksten et al (1980) suggested that month of birth may be important 

in sensitisation to birch pollen. In a study of Cedar tree pollen in Japan 

hayfever was reported by 1.7% of families living in rural mountainous regions, 
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5.1 % of families living near forests with no traffic, 8.8% of those living in urban 

areas near to forests, and 13.2% in those living next to inner city roads. It was 

suggested that pollution from motor vehicles may enhance sensitisation to 

pollens (Ishizaki et al 1987). Exposure to grass pollen and Altenaria spores, 

often in dry agricultural areas has been shown to cause exacerbations of 

asthma, peaks in exposure to these occur under specific meteorological and 

seasonal conditions (O'Hollaren 1991, Bellomo et al 1992, Suphioglu et al 

1992, Knox et al 1993, Peat et al 1993). A report from Barcelona (Anto et al 

1989) showed that outbreaks of asthma in the city in 1985 and 1986 

coincided with the unloading of soybeans in the city harbour when the wind 

was blowing inland. One of the two silos into which the soybeans were 

unloaded did not have a filter and soybean dust was released into the air. 

Analysis of air samples from epidemic days showed quantities of soybean 

fragments. It was concluded that the inhalation of allergenic soybean dust was 

responsible for the outbreaks of asthma. Filters were fitted to the silos and 

this resulted in the prevention of soybean-epidemic asthma (Anto et al 1993). 

2.5.3 Summary 

1. Passive smoke exposure while in utero, during infancy and childhood 

is associated with impaired lung function development, an increased 

risk of respiratory infections and of symptoms which are more likely to 

occur at an earlier age. 

2. Oxidising pollutants such as NO2 and 03 have detrimental effects on 

lung function in children and adults with pre-existing lung disease. 

3. Changes in housing in recent decades have led to increased indoor 

levels of house dust mite allergen. Allergen exposure in early life is 

associated with a higher prevalence of atopy. 

4. Pollutants such as S02,03 and particulates may potentiate the action 

of aeroallergens leading to increased expression of atopy. 
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2.6 HOST RISK FACTORS 

2.6.1 Genetic 

Disentangling genetic and environmental determinants of asthma has 

proven difficult in the context of epidemiological studies, though it is clear that 

asthma, allergic disease and atopy run in families. It has been shown that the 

risk of a child having allergic disease or atopy is higher if both parents are 

affected compared to one parent, which in turn is a greater risk to the child 

than neither parent having allergies or being atopic (Kaufman and Frick 1976, 

Blumenthal 1986, Ownby 1990). Asthma and atopy are related, and studies 

have shown that raised IgE levels are associated with asthma and BHR 

(Burrows et a/ 1989, Sears et al 1991). In recent years studies involving the 

use of molecular genetic techniques have strongly implicated the involvement 

of the gene for the high affinity IgE receptor site, on mast and airway cells, in 

the process of atopy. Initial work by Cookson et a! (1989) and Young et a! 

(1992) showed that the gene locus chromosome 11 g13 was associated with 

the IgE response found in allergic disorders. Furthermore, it was 

demonstrated that transmission of the 11 q 13 gene only affected offspring if 

derived from the mother (Cookson et a/ 1992). It has been reported that 

mutations of the high affinity IgE receptor gene on chromosome 11 g13 or a 

closely related gene influence the occurrence of bronchial 

hyperresponsiveness (Shirakawa et a/ 1994, van Hewerden et al 1995). 

Postma et al (1995) reported that one or more genes located on chromosome 

5g31-q33 are associated with a susceptibility to asthma. It seems that many 

genes are involved in asthma and allergic disease, these may include those 

for 02-adrenoreceptors and interleukins (Reihsaus of al 1993). 
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2.6.2 Intrauterine growth and maternal factors 

Impaired foetal growth represented by low birth weight may exert some 

influence on the generation of abnormal lung function. Barker and colleagues 

(1991) associated low birth weight with decreased lung function later in life. 

Godfrey et al (1994) showed that disproportionate foetal growth represented 

by larger head circumference in relation to length at birth was associated with 

higher total IgE levels. 

There is considerable evidence that smoking in pregnancy reduces 

birth weight (MacMahon et al 1966, Comstock et al 1971, Naeye 1978). 

Cigarette smoke exerts its effects on the developing foetus by leading to 

intrauterine hypoxia resulting from the formation of carboxyhaemoglobin 

which reduces the oxygen carrying capacity of the blood. Catecholamine 

release from the adrenal glands causes vasoconstriction in the uterus and 

reduced placental blood flow, thereby reducing nutrient and oxygen delivery to 

the foetus (Quigley et al 1979, Abel 1980). Differences in the ultrastructure of 

placentas from smoking and non-smoking mothers may also contribute to 

decreased placental blood flow (Asmussen 1980). It has been shown that the 

systemic and pulmonary vasculature of the foetus and the neonate are 

affected by hypoxia, carbon monoxide and nicotine (Holsclaw and Topkham 

1978, Collins et al 1985, Maritz and Woolward 1992). Cigarette smoke 

contains nicotine and toxins which pass to the foetus either across the 

placenta or by absorption from amniotic fluid. Ostrea et al (1994) showed that 

the meconium of newborns whose mothers smoked during pregnancy had 

significantly higher levels of cotinine compared to meconium from babies 

whose mothers were from a non-smoking environment. There were similar 

levels of cotinine in the meconium of babies whose mothers were 'light' 

smokers and mothers exposed to passive smoke. Bottoms et al (1982) 

showed elevated levels of thiocyanate, a toxic by-product of cigarette smoke, 

in cord serum from babies of mothers who were regularly exposed to ETS 
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compared to babies of mothers from non-smoking environments. It has also 

been reported that exposure to cigarette smoke in utero adversely affects lung 

development and leads to decrements in lung function (Stick et a! 1996). 

Several studies have shown that smoking during pregnancy increases 

the risk of pre-term labour (<37 weeks gestation) and low birth weight 

(<2501 g) (Brooke et a/ 1989, Wen et al 1990, Fox et al 1994, Conter et al 

1995, Cornelius et al 1995, Peacock et al 1995). Conter et al (1995) showed 

that the magnitude of the effect was related to the number of cigarettes 

smoked. Wen et al (1990) and Fox et al (1994) also reported that the effect of 

smoking during pregnancy on birthweight increased with increasing maternal 

age. 

Young et al (1991) and Hanrahan et al (1992) reported that abnormal 

lung function was related to ETS exposure in utero. Maternal smoking during 

pregnancy has been reported as a risk factor for wheeze (Lewis et al 1995, 

Strachan 1995), asthma (Sears et al 1996) and impaired lung function in 

childhood (Cunningham et al 1994, Stick et al 1996). Children born with low 

birth weights have been shown to be at increased risk of developing asthma 

or respiratory symptoms, reduced lung function and increased airway 

responsiveness (Chan et al 1988,1989a, Seidman et al 1991, Kitchen et al 

1992, Rona et a/ 1993, McLeod et al 1996). 

Studies on the effects of passive smoke on birth weight and gestational 

age are inconsistent. Ahlborg and Bodin (1991) reported that passive 

exposure to cigarette smoke in the work place was weakly associated with 

pre-term delivery but not low birth weight. Martin and Bracken (1986), Rubin 

et al (1986), Lazzeroni (1990), Fortier (1994) and Zhang and Ratcliffe (1996) 

showed that passive smoking was associated with an increased risk of 

reduced birth weight. Conversely Brooke et al (1989) and Ogawa et al (1991) 

did not find an association between passive smoking and reduced birth 

weight. Martinez et al (1992) reported that lower maternal age may be a risk 
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factor for wheeze in the first year of life though this effect may be explained by 

biological and social factors related to maternal age. 

2.6.3 Premature birth 

The bronchial and uterine smooth muscle hypothesis was proposed 

following the observation that bronchoconstriction after provocation challenge 

was more common among women who had delivered pre-term (Bertrand et al 

1985). This has been supported by observations of Doucette and Bracken 

(1993) and Kramer et al (1995) who showed that women with a history of 

asthma were at increased risk of pre-term delivery. In contrast, Rona et al 

(1993) and Schatz et al (1995) did not find an association between maternal 

asthma and pre-term delivery, although in the Schatz study the women had 

well controlled asthma. The hypothesis is further supported by the use of 

similar pharmacological agents in the treatment of asthma and pre-term 

labour, such as ß2-agonists. Agents such as prostaglandin Fla which cause 

bronchial smooth muscle to contract also cause contraction of uterine smooth 

muscle. 

Pre-term birth has been reported as a childhood risk factor for asthma 

or respiratory symptoms (Rona et al 1993, von Mutius et al 1993, Griffin et al 

1994, Ninan et al 1995, Elder et a/ 1996), bronchial hyperreactivity (Frischer et 

al 1992) and lung function impairment (Coates et al 1977). 

2.6.4 Infection 

The role of respiratory infections in early life in the aetiology of asthma 

and allergic disease is complicated. 

Infection with respiratory syncitial virus and rhinovirus are associated 

with the occurrence of bronchiolitis in early childhood. Infection with these 

viruses cause wheezing in young children due to airway hyperreactivity, 

inflammation and diminished lung function (Balfour-Lynn 1996). Martinez et al 

l 
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(1995) have reported that about 30% of children aged less than three years 

have wheezing lower respiratory tract viral infections and that one third of 

these children still have wheeze at age six. Such infections are associated 

with smaller airways which are related to male gender, maternal smoking and 

pre-term birth. As the lungs grow and develop remission from bronchiolitis and 

wheezing illness may occur (Landau 1994). Many studies have shown that 

respiratory infections early in life are associated with the development of 

asthma later in childhood (Voter et al 1988, Busse 1990, Peat et al 1992a). 

Children with bronchiolitis during infancy are more likely to have non-specific 

BHR than children without such a history (Murray of al 1992). Further to this it 

has been reported that in later childhood up to 50% of asthma exacerbations 

are triggered by viral infections (Pattermore et al 1992). 

Strachan (1989a) and von Mutjus et al (1994) reported that factors 

directly or indirectly associated with smaller family size are related to a higher 

prevalence of hayfever and atopy in British and German children. There was 

also a suggestion that the first born child may be at higher risk. Shaheen et al 

(1996) reported that the prevalence of atopy was lower in young adults in 

Guinea-Bissau who had been infected with measles (which is associated with 

secondary bacterial lung infections) in early childhood. A possible explanation 

for this observation lies in the immune response to infection: There are two 

mutually exclusive patterns of cytokine release by different types of T helper 

cells. Early infections may cause a TH 1- type response, with the production of 

y-interferon. This cytokine can alter T cell differentiation and may down 

regulate the TH2 response which is associated with IgE production and 

allergic disease (Romagnani 1992). 

It may be that early bacterial infections, which may be localised, protect 

against the development of atopy. Whereas, viral infections which may cause 

generalised inflammation, and perhaps facilitate the passage of allergens 

across the airway epithelium, may provoke an early manifestation of allergic 
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disease. Thus, reduced family size, fewer bacterial infections (or rapid 

antibiotic treatment of these infections) and possibly a higher incidence of viral 

infections in 'Western' areas may be a factors which partly explain the 

observed increase in asthma and atopy in recent decades. 

2.6.5 Nutrition 

2.6.5.1 Antioxidants 

A free radical is defined as a molecule or atom that contains one or 

more unpaired electrons and is capable of independent existence (Halliwell 

and Chinico 1993). Free radicals are unstable, due to their unpaired electrons, 

and will react with any molecules or atoms in their vicinity. When a free radical 

collides with a non-radical the latter is converted into a radical, and a chain 

reaction of free radical formation is established which leads to cell and tissue 

damage (Halliwell 1991). Reactive oxygen species (ROS) include radicals that 

are derived from oxygen and molecules which are involved in the formation of 

radicals. ROS are the most important free radicals in biological systems, 

playing an important role in many metabolic processes including the 

inflammatory response, prostaglandin metabolism and cell death. When ROS 

formation exceeds elimination, equilibrium is upset and accumulation of ROS 

causes cell and tissue damage as DNA, lipids, proteins and carbohydrates 

are attacked. 

A variety of enzymes are involved in the prevention of excess ROS 

formation, such as superoxide dismutase and glutathione peroxidase. Non- 

enzymatic chain breaking antioxidants include vitamins A (retinol), C 

(ascorbate) and E (a-tocopherol). Vitamin C scavenges ROS in plasma before 

they reach cell membranes (Nikki 1991): it is regenerated by the glutathione 

recycling system (Stadtman 1991). Vitamin A can prevent ROS formation and 

scavenges some free radicals, it accumulates in the cell membranes of some 

tissues and high concentrations are crucial for its effectiveness (Repine and 

1-011 
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Heffner 1997). Vitamin E is a powerful antioxidant in plasma and cell 

membranes where it represents the principal defence against oxidant induced 

injury (Burton and Ingold 1989, Heffner and Repine 1989). The biological 

activity of vitamin E is dependent on dietary intake and the availability of 

vitamin C which maintains vitamin E in its reduced form (Packer 1979). 

Vitamin E is present in epithelial lining fluid (Heffner and Repine 1989). 

Tissue damage in asthma is due to the production of ROS during the 

inflammatory process (Barnes 1990). In addition the lungs are vulnerable to 

attack from exogenous ROS in cigarette smoke and other air pollutants, and 

this requires that lung cells have a myriad of antioxidant strategies (Repine 

and Heffner 1997). 

Several studies on antioxidants in adult respiratory disease support the 

role of antioxidants as protectants against lung injury. Dietary intakes and 

serum levels of vitamins A and C have been linked with reduced respiratory 

symptoms, improved lung function and reduced onset of obstructive 

pulmonary disease (Morabia et al 1989,1990, Schwartz and Weiss 1990, 

Strachan et a/ 1991, Miedena et al 1993, Britton et al 1995, Troisi et al 1995). 

Soutar and colleagues (1997) showed reduced intake of vitamin C and the 

enzyme co-factors manganese and magnesium in adults with BHR. Selenium 

which is an important cofactor for red cell glutathione peroxidase activity has 

been shown to be reduced in asthmatics in New Zealand (Stone et a/ 1989, 

Flatt et al 1990). 

Not all children with a genetic predisposition develop clinically 

significant disease; host antioxidant status could modify symptom severity 

(Burney 1995). Powell et al (1994) in a small cross-sectional study in Sheffield 

did not show any difference in serum antioxidant vitamin status between 

asthmatic children and symptom free controls. There are no data available on 

respiratory symptom severity and antioxidant status in children. 
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2.6.5.2 Fatty acids 

The hypothesis that omega-3 fatty acids (which are found in large 

quantities in fish oils and butter) could ameliorate asthma symptoms is based 

on their potential to change inflammatory mediator action (Fisher and Weber 

1994, Lee and Am 1986). Lipid derived mediators such as leukotrienes and 

prostaglandins (eicosenoids) have a putative role in airway inflammation and 

asthma (Lewis and Austin 1984). Omega-6 fatty acids are the major precursor 

of eicosenoids in individuals consuming a usual Western diet; these fatty 

acids come from meat or from seed oils such as sunflower (Willis 1981). 

When diet is supplemented with fish oil, omega-6 fatty acids are substituted 

by omega-3 fatty acids in cell membranes. The resultant inflammatory 

mediators have different composition and less biological potency, thus 

decreased inflammatory activity (Thomgren and Gustafson 1981). 

Studies on the beneficial effects of fish oils on asthma and other 

respiratory diseases have been inconclusive. Two studies by Arm and 

colleagues (1988,1989) did not show any clinically significant improvement in 

asthma severity. Picado et al (1988) showed a reduction in expiratory flow and 

increased inhaler usage in aspirin-sensitive asthmatics on a fish oil 

supplemented diet. A prospective study found no protective effect of fish 

intake against the incidence of chronic non-specific lung disease (Miedena et 

a/ 1993). More recently cross-sectional studies by Schwartz and Weiss 

(1994), Sharp et al (1994) and Britton (1995) have shown beneficial effects of 

fish intake on lung function, particularly in smokers. A study from Australia 

showed reduced risk of asthma in children who consumed oily fish regularly 

(Hodge et al 1996). 

2.6.5.3 Electrolytes 

The proposed biological mechanism is that high sodium intake may 

lead to an increased contribution of the sodium pump mechanism to the cell 
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membrane resting potential which may potentiate hyperpolarisation of 

bronchial smooth muscle cells (Burney 1987). Animal models have shown 

that bronchial hyperreactivity is linked to increased sodium and potassium ion 

ATPase activity (Nath et al 1983, Souhrada and Souhrada 1983) and higher 

extracelluar potassium ion concentrations are related to increased smooth 

muscle contractility (Kakuta et al 1988, Black 1995). Further to this potassium 

homeostasis is regulated by the adrenergic system which is impaired in 

asthmatic subjects (Clausen 1983, Haas et al 1988). 

Dietary intake of sodium has been reported to be associated with 

airway response to histamine (Burney et al, 1986) and regional asthma 

mortality rates in men and children have been linked to purchase of table salt 

(Bumey 1987). A small study of disease seventy in mildly asthmatic patients 

on diets with low, medium or high salt content showed no difference in PEF 

measurement or amplitude in patients with low and high salt intake 

(Lieberman and Heimer 1992). Investigators in Northern England found a 

relationship between urinary sodium excretion and BHR in one of three 

groups of men and concluded that if there is a "salt effect" that it is not likely 

to be strong (Deveraeux et al 1995). Demissie et al (1996) found no 

relationship between asthma or exercise induced bronchoconstriction and 

dietary salt, assessed by food frequency intake, although a relationship 

between bronchial hyperresponsiveness after methacholine challenge 

appeared to increase with greater salt intake in children. In contrast Sparrow 

et al (1991), Beack et al (1992) and Cerveri et al (1993) found no association 

between asthma and sodium intake. Britton and colleagues (1994a) did not 

find high dietary salt to be a risk factor for BHR after methacholine challenge 

or atopy assessed by skin testing. 

The magnesium content of food is reduced during cooking and food 

processing, therefore a diet which includes a large component of refined 

foods is likely to be low in magnesium. Magnesium has a role in maintaining 
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cellular electrical potential and has been shown to relax airway smooth 

muscle (Skobelloff et al 1989). Britton et al (1994b) tested the hypothesis that 

low magnesium intakes could be related to respiratory morbidity. They 

reported that magnesium has an independent beneficial effect on lung 

function, BHR and wheezing in the general population. 

It appears that low socio-economic status is associated with increased 

morbidity and a higher prevalence of asthma and wheezing illness in children 

(Mitchell et al 1989, Pattermore et al 1989, Shwartz et al 1990, Halfon 

Newacheck 1993). It may be that high salt intake, unhealthy diets and 

lifestyles are markers of socio-economic status rather than causally related to 

asthma (Demisse and Ernst 1994). Several of these factors are inter-related. 

For example smokers, who have a higher prevalence in low socio-economic 

groups, have been shown to have higher sodium intake and a less healthy 

diet compared to non-smokers (Fehily et al 1984, Fulton et al 1988, Margetts 

and Jackson 1993). Crawley and White (1996) also reported that adolescents 

with parents who smoke consume less vitamin C, vitamin E, folate, 

magnesium and fibre, as they had lower intakes of fruit juice, wholemeal 

bread and vegetables. 

2.6.6 Summary 

1. Asthma and atopy have a genetic basis which may determine host 

susceptibility to disease. This genetic component may be modified by a 

number of endogenous and exogenous factors. 

2. Babies who are born with low birth weights and/or are premature are at 

increased risk of respiratory symptoms later in childhood. This effect 

is compounded if the mother is asthmatic and/or smokes during 

pregnancy. 

3. Early bacterial infections may protect against the development of 

atopy, whereas viral infections may provoke early manifestations of 



43 

asthma. Reduced family size and fewer bacterial infections in 'western' 

areas may be a contributory factor related to the increase in asthma 

prevalence in recent decades. 

4. Changes in dietary intakes over the last 30 years have been implicated 

as a contributory factor in the increased prevalence of asthma. There 

has been an increased consumption of processed foods, omega-6 fatty 

acids and salt, and reduced consumption of fresh produce (with higher 

'natural' antioxidant content) and omega-3 fatty acids. It is proposed 

that such dietary changes have altered the host response to 

endogenous and exogenous oxidising agents. 

5. Most published studies which have shown weak beneficial effects of 

improved host nutritional status on respiratory disease have been in 

adults. Stronger associations may be observed in children. 

2.7 METHODS OF INVESTIGATION 

2.7.1 Study design 

Laboratory and chamber studies 

These allow the effects of sole pollutants, combinations of pollutants or 

with allergens, and the effects of temperature, humidity and exercise to be 

studied under strictly controlled conditions. The main limitations are that only 

relatively short-term effects can be studied, and available subjects are usually 

healthy adults as severe asthmatics and children may be at increased risk 

from the effects of pollutants. 
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Panel and event studies 

Panel studies recruit participants prospectively, subjects record lung 

function and symptom scores, each individual acts as their own control. These 

studies usually last for at least one month. Pollution levels are recorded at the 

same time, symptom scores and lung function are analysed according to 

pollution levels. Recruitment for event studies can be either prospective, in 

anticipation of a pollution episode, or retrospective when a pollution event has 

occurred and patients have symptoms and lung function already recorded. 

Population studies 

Population studies are performed in order to determine the occurrence 

of disease or symptoms. Cross-sectional studies are used to determine the 

prevalence (point, period or cumulative) of symptoms and diseases in 

different populations which can be compared. Risk factors associated with 

disease can be determined using a case-control study design. Cohort studies 

can be performed prospectively to study the natural history of disease. 

2.7.2 Questionnaires 

For studies to be comparable the same questions must be used, as the 

phrasing of a question can influence the response given. This has implications 

for translation of questions when comparative studies are performed 

overseas. Questionnaire responses are subjective and are influenced by a 

wide range of cultural, psychological and socio-economic factors (Toelle et al 

1992). Questionnaire data are also prone to recall bias. Good return rates of 

questionnaires can reduce bias due to reporting by selected parts of the 

community. The use of schools to distribute and collect questionnaires has 

been shown to yield good returns compared to postal surveys (Powell and 

Primhak 1996). Brunekreef et al (1992) and Peat et al (1992b) have reported 

that questions to parents about diagnosed asthma, wheeze and dyspnoea in 
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children had good reproducibility, questions about period prevalence of cough 

were more reproducible than those about nocturnal and chronic cough. The 

International Study of Asthma and Allergies in Childhood (ISAAC) was 

developed to provide a standardised approach to international and regional 

comparisons of asthma prevalence and severity (Asher of al 1995). Part of the 

protocol involves the administration of a questionnaire, this method has been 

widely used and is accepted as a valid tool for the assessment of asthma 

prevalence in children (Pearce et a! 1993, Busquets et a! 1996, Jenkins et a! 

1996, Ponsonby et al 1996). Leung et al (1997) in a survey of 13-14 year olds 

using the ISAAC protocol reported 80% concordance between self 

administered written and video questionnaires. A higher prevalence of self 

reported wheeze was reported when the video questionnaire was used 

compared to the written format (Pearce et al 1993). 

Seidman et al (1987) showed that recalled birth weight was accurate to 

within 1 00g and gestational age to within one week compared to hospital 

records in three-quarters of women. Another study showed that ten years 

after delivery 95% of mothers recalled birth weight correctly from broad 

categories (Tilley et al 1985). 

2.7.3 Nutritional assessment 

Dietary 

Accurate measures of habitual food intake are important when 

assessing potential diet related risk factors or the protective effects of 

nutrients against disease. The method of dietary assessment has to be both 

accurate and feasible. There are several methods of assessing food intake: 

weighed records, food frequency questionnaire, 24 hour recall and estimated 

dietary diaries. Bingham et al (1994) showed that of the methods used for 

dietary intake assessment, the seven day estimated intake diary developed by 
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Bradden and colleagues (1988) was the most closely correlated with weighed 

food intake records. 

Biochemical 

Serum levels of vitamins A and E reflect the biochemical nutrient status 

of the host for these vitamins. Vitamin E circulates predominantly in the low 

density lipoprotein fraction of the blood. As serum lipid levels increase vitamin 

E, sequestered in membrane structures, partitions out of membranes into the 

circulating lipoprotein fraction (Blen et al 1977). Therefore it is important to 

use a vitamin E- lipid ratio otherwise vitamin E deficiency may be overlooked 

(Sokol et al 1985, Thumham et al 1986). 

2.7.4 Bronchial responsiveness 

Bronchial reactivity is an essential element of homeostasis in healthy 

individuals, when reactivity is excessive it is termed bronchial hyperreactivity 

(BHR), This pathogenesis occurs in a significant proportion of asthmatics 

(McFadden 1997). BHR represents a spectrum of responses with arbitrary 

criteria, it has been reported that 20-30% of the non-atopic adults have BHR 

to inhaled methacholine (Casale et al 1987,1988). Salome et al (1987) 

showed that 27% of symptomatic children did not have BHR. Analyses of 

available data by Cockcroft et al (1983) suggested that the distribution of BHR 

in the general population is unimodal, with asthmatics occupying the most 

highly sensitive end. 

Direct and indirect methods 

Tests of bronchial reactivity have a common basis: to provide a 

stimulus to the airways and record the change in lung function that develops. 

Pharmacological agents in aerosol form, such as histamine and methacholine, 

are used in direct bronchial responsiveness (BR) challenge tests. The 
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bronchoconstrictor effect is elicited by direct action of these agents on 

receptor sites in airway smooth muscle. Josephs et al (1990) demonstrated 

that methacholine and histamine challenges were vulnerable to variability 

within individuals. Dirksen and colleagues (1992) suggested that such 

variability was not related to variations in lung function, but that it is due to a 

factor associated with the pathogenesis of asthma. 

Indirect challenge methods include exercise, osmotic (hypertonic 

saline) and isocapnic ventilation. The proposed mechanism of exercise 

induced bronchoconstriction (EIB) is that increased ventilation leads to airway 

cooling and water loss by evaporation which causes an increase in the 

osmotic pressure of epithelial lining fluid. It is proposed that the resulting 

bronchial responsiveness is mediated by interactions with inflammatory cells 

such as mast cells and neural responses (Pauwells et al 1980, Joos et al 

1988, Haby et al 1994). Exercise tests have been shown to differentiate 

asthmatic children from those with other respiratory disorders (Godfrey et al 

1991). Pattermore and colleagues (1990) have suggested that BR tests are 

not reliable or precise enough to separate asthmatics and non-asthmatics in 

the general community. Pharmacological and exercise challenges have been 

shown to identify different individuals, it has been suggested that different 

provocation tests identify different airway disorders (Bhagat and Grunstein 

1984, Clough et al 1991, Haby et al 1994). In contrast, Wilson et al (1995) 

reported that there was no difference in five to six year old children in 

response to direct and indirect methods. 

Both endogenous and exogenous factors have been shown to affect 

BR. Sears et al (1991) and Peat et al (1992a) have shown that atopy and 

increased BR are strongly related, Sears and colleagues (1993a) went on to 

show that the correlation between lung function and atopy was due to the 

association between BR and atopy. The link between viral infections is less 

clear and epidemiological studies have failed to show associations between 
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recent viral infection and increased bronchial responsiveness (Chan et al 

1989a). Boulet et al (1983) showed increased bronchial responsiveness to 

exercise in non-asthmatics who were sensitised to grass pollen. Ozone and 

Nitrogen dioxide have also been shown to increase bronchial responsiveness 

(Orehek et a! 1976, Holtzman et al 1979). Parental cigarette smoking has 

been shown to increase bronchial responsiveness in asthmatic and non- 

asthmatic children independently of the presence of atopy (Martinez et al 

1988). Peat and colleagues (1990) showed prolonged bronchial 

responsiveness in asthmatic and non-asthmatic children after a cigarette 

smoke challenge. Platts-Mills and colleagues (1982) showed that bronchial 

responsiveness decreases after prolonged avoidance of known triggers. 

Use of exercise challenge in population studies 

Laboratory based protocols for exercise testing are performed by free 

or treadmill running or bicycle ergometer, although free running has been 

shown to be the most provocative form of exercise (Anderson et al 1971, Fitch 

and Morton 1971). The exercise period should be six to ten minutes in 

duration and at a level of 75% maximum predicted heart rate. The degree of 

bronchoconstriction induced depends on the temperature and humidity of the 

inspired air. The stimulus can be increased by inspiring cold, dry air, thus 

ideally the temperature and humidity of the air should be controlled 

(McFadden 1987). Maximum constriction occurs five minutes after the 

exercise period therefore serial measurements of lung function should be 

recorded. Silverman and Anderson (1972a) and Tsanakans et al (1988) have 

developed standard free running exercise protocols. 

Pattermore and Holgate (1993) showed that for a single BR challenge 

test the positive predictive value (the likelihood of a child with a positive test 

result having asthma) and the negative predictive value (the likelihood of a 

child with a negative test result not having asthma) to be poor, due to a 
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proportion of non-asthmatic children having a positive test result and a greater 

proportion of asthmatic children having a negative test result. Though such 

discrepancies between a single challenge test result and a history of 

respiratory symptoms may be explained by the variable nature of the 

asthmatic condition. Pattermore et al (1990) in a study of New Zealand 

schoolchildren showed that 42% of children with wheeze in the previous 12 

months had negative test results and 41% of children with BR to histamine 

had no asthma symptoms. The resulting fall from baseline in FEV1 used to 

define EIB vanes between 10 and 20%. If this threshold were increased to 

25% the specificity of the test would be increased but the sensitivity would be 

reduced. 

The use of exercise testing for screening populations for asthma has 

been shown to be successful (Williams et al 1993), although it has been 

suggested that its use may be no more sensitive than a symptom 

questionnaire (Ninan and Russell 1993). Powell et al (1996b) reported that 

exercise tests had poor reproducibility and significant within individual 

variability. Further to this Hill and colleagues (1991) demonstrated that the 

use of exercise tests in screening for asthma and referring children with 

positive tests to their GP did not reduce respiratory morbidity. 

2.7.5 Hypersensitivity 

Skin-prick testing can be performed in epidemiological studies to 

determine whether or not an individual is atopic. The principle is that the 'weal 

and flare' reaction which occurs when an allergen is introduced to the skin 

indicates the presence of mast cell fixed antibody, particularly IgE (Dreborg 

1989). The definition of a positive skin test is based on the diameter of the 

weal, arbitrary cut-off points of between one and three millimetres more than 

the saline control indicate positivity. The potency of the allergen extract is 

related to the size of the weal, thus problems arise when comparing studies 
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which have used allergen extracts from different manufacturers. Positive skin 

tests have been shown in individuals with no evidence of allergy (Curran and 

Goldman 1961, Fontana et al 1963, Lessof et al 1980, Bousquet 1988). 

Negative results to common aeroallergens such as house dust mite, cat, dog, 

pollens and moulds occur in patients with well characterised allergies. Pepys 

(1975) observed that 17% of asthmatics sensitive to grass pollen had 

negative skin tests to grass pollen. 

2.7.6 Summary 

1. The use of standardised questions is required for direct comparison of 

surveys between different populations. 

2. Estimates of asthma prevalence differ depending on the definition 

used; questionnaire reported symptoms and asthma diagnosis by 

doctors show different results to prevalence estimates based on 

positive bronchial provocation tests. 

3. BHR testing over short time periods may yield variable results which 

may be due to individual variation in bronchial responsiveness. Direct 

and indirect provocation tests may identify different airway disorders. 

4. Estimated dietary intake records are an accepted and reasonably 

reliable method for estimating nutrient consumption. 



Chapter Three 

Methods for cross-sectional surveys and 
longitudinal survey 
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3.1 Background 

The recent history of coal importation at the Bootle Docks in North 

Liverpool and community concern about the possible effects of dust on the 

respiratory health of children were described in section 1.1. 

3.2 Study design 

Cross-sectional 

In 1991 a cross-sectional survey of respiratory health in primary school 

children (aged 5-11 years) was performed to determine the prevalence of 

respiratory symptoms and asthma in the area close to the Bootle Docks 

compared to two other areas in Merseyside with similar socio-economic 

status. All three areas were recognised to have major unemployment and 

housing problems, and it was thought before the study that these were of 

similar magnitude. 

A second cross-sectional survey of respiratory health was performed in 

1993 in the same primary schools. This was undertaken in order to ascertain 

whether there was any change in the prevalence of respiratory symptoms 

associated with expected reductions in dust levels due to improved coal 

handling procedures. 

Longitudinal 

A cohort of children who were surveyed in 1991 who were still 

attending the same school at the time of the 1993 survey were identified. This 

group of children were re-surveyed in order to estimate rates for recovery and 

incidence of respiratory symptoms. 

3.3 Definition and location of study groups 

Figure 3.1 shows the locations of the 15 primary schools which took 

part in the respiratory health surveys. Figure 3.3 shows the coal stockpiles in 
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1991. Figure 3.5 shows the proposed new handling facility at the North Bootle 

Dock. 

Coal dust exposed group (exposed) 

This group consisted of children residing and attending the five primary 

schools in geographical proximity to the coal handling terminal, including the 

area from which the nuisance complaints had occurred. One of the housing 

estates and a primary school were situated within 200 metres of where the 

coal was stockpiled (figure 3.2). The other schools were located between one 

half to two kilometres from the coal handling terminal. 

Control group 1 (non-exposed) 

Children attending five pnmary schools five kilometres Southwest of the 

coal stockpiles, and thus upwind of the prevailing winds. This is a dockland 

area on the Wirral side of the River Mersey, where the docks are largely non- 

operational (figure 3.4). Socioeconomic status was considered to be 

comparable to that in the exposed area. 

Control group 2 (non-exposed) 

Children attending five primary schools three to eight kilometres North 

and East of the coal terminal. There were no complaints of coal dust nuisance 

from residents in this area. Socioeconomic status was considered to be 

comparable to the exposed area. 

3.4 Questionnaire 

The questionnaire was a modified version of that designed and used by 

Clifford et al (1989) which had been shown to have good return rates. In their 

survey a subset of parents had been re-surveyed four months after the 
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initial survey and questions about cough, wheeze, breathlessness, absence 

from school due to respiratory symptoms and hospital admissions were 

shown to be reproducible. The questionnaire was initially piloted with 20 

parents in order to make it user friendly and the format appropriate for self- 

completion. The opinions of headteachers were also sought on questionnaire 

design. The presence of cough, wheeze and breathlessness was determined 

by the questions; 'Has your child ever had an attack of wheezing (by wheezing 

I mean noisy breathing and a whistling sound coming from the chest) 7; 'Has 

your child ever been unexpectedly breathless at rest or more breathless than 

expected after exercise (by breathless I mean out of breath or puffed) 7; 'Has 

your child ever seemed to cough more (or get more coughs) than other 

children ?' Questions on demographic and socio-economic factors were also 

asked in order that risk factors for respiratory morbidity other than dust 

pollution could be assessed. Questions included those about employment 

status of parents, presence of smokers in the household, dampness in the 

home, pet ownership, heating, parental asthma and current prescribed 

medication usage. Parents were asked to record the child's birthweight, 

prematurity was assessed by the question 'Was your baby born prematurely', 

infant feeding practices were also ascertained, (Appendix A for full 

questionnaire). In 1993 additional questions were asked about parental 

smoking habits during pregnancy, (Appendix B). See appendix C for parent 

information document which accompanied the questionnaire. 

3.5 Air pollution 

The municipal Public Protection Departments of Sefton and Wirral 

were monitoring dust level measurements by using British Standard Deposit 

gauges (BS1747 1969) as part of an environmental assessment of these 

areas throughout the periods of study. These measurements were undertaken 

by chemists working for the Public Protection Department and dust levels 
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were made available for analysis. Four-weekly measurements were first 

obtained in December 1990 and regular monitoring has continued since that 

time. Monitonng gauges were placed at fixed sites on lamp posts and school 

roofs. Samples were obtained from one gauge in each study area. 

Measurements were of total undisolved solids, expressed as mg/m2/day. 

3.6 Sample size 

In order to estimate a difference in the prevalence of respiratory 

symptoms due to an environmental factor between two groups (exposed vs 

control 1, exposed vs control 2 or control 1 vs control 2) where no estimate of 

exposure was available, an estimate of symptom prevalence of 10% and 

relative risk of 1.5 with 90% power required 525 children in each group. Five 

schools in each area were chosen for study. In 1991 there were 4084 children 

in the 15 primary schools, a return rate of completed questionnaires of 75% 

was assumed, thus questionnaires were distributed to every second child on 

the alphabetically ordered school registers (n=2035). In 1993 there were 4288 

children in the same 15 schools including a cohort of children who were seen 

in the 1991 survey and were identified from school registers. Every child in 

each school was surveyed, which resulted in 1202 in the follow-up cohort and 

3086 in the cross-sectional survey. 

3.7 Study implementation 

Questionnaires were delivered to schools and distributed to parents via 

class teachers, parent completed questionnaires were returned to the schools 

and collected during a school visit by a research worker. Informed written 

consent was obtained from parents to measure height, weight and peak 

expiratory flow (PEF) in all children in the 1991 survey. In 1993 these 

measurements were taken for those children in the longitudinal cohort only. 

Children were asked to remove their shoes, socks and heavy garments, 
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height was measured to the nearest millimetre using a Minimere, weight was 

measured to the nearest 100 grams using electronic scales. Children were 
instructed how to perform a forced expiratory manoeuvre and after sufficient 

practice the highest of three PEF readings was recorded. A mini-Wright 

peakflow meter was used for all readings. Nose-clips were not worn. Schools 

were re-visited one week after the initial visit to survey absentee school 

children. 

In 1991 and 1993 children were surveyed between October and 

December with surveys running concurrently in all three areas. 

Ethical permission was obtained from the District Health Authority and 

the Local Education Authority for each area. 

3.8 Statistical analyses 

Statistical analyses were performed using Epi Info and the Statistical 

Package for Social Sciences (SPSS). Univariate stratified analyses of cross- 

sectional data were performed, chi-square and significance values were 

calculated at the 5% level using contingency tables for categorical variables. 

Univanate analysis was performed to determine between survey changes in 

socio-economic and respiratory factors. Analysis of variance was applied to 

continuous data. Multiple logistic regression analyses were performed to 

assess risk factors for respiratory symptoms. The McNemear test was applied 

to data for the longitudinal cohort to assess short-term temporal changes. 



Chapter Four 

Respiratory health of children in an area of 
dust and air pollution 
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4.1 Introduction and objective 

Air pollution with substances known to be allergenic has been shown to 

cause asthma (Anto et al 1989). It is not clear whether substances not known 

to be allergenic or directly irritant to the airways can lead to increased 

bronchial hyperreactivity. Neither is it known whether such effects would apply 

to everyone or just specific groups in the population, such as children with an 

atopic diathesis (Andrae et al 1988, Finn 1992). The objective of this chapter 

was to determine whether there was increased respiratory morbidity in 

primary school children living and attending school in an area of Merseyside 

with known increased levels of airborne dust pollution compared to children 

living and attending school in control areas with lower levels of airborne dust 

pollution. 

4.2 Methods 

In 1991 a parent completed questionnaire (Appendix A) was distributed 

through 15 primary schools to every second child on the school register 

(n=2035). Questions were asked about the respiratory health of the parents 

and the study child, home environment and socio-economic factors. Children 

attended five schools in each of the three areas defined in chapter three, i. e. 

the exposed area and two control areas. During a school visit height, weight 

and PEF were measured. Re-visits were made for absentees. Air pollution 

measurements from British Standard Deposit Gauges were made available by 

the Public Protection Department. 

Univariate stratified analyses were used to compare socio-economic 

and respiratory health data for children in the dust exposed area compared to 

the two control areas. Multiple logistic regression was used in order to 

estimate the magnitude of the risks associated with different factors for the 

respiratory outcome variables, wheeze, diagnosed asthma and school 

absence due to respiratory symptoms. 
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4.3 Results 

STUDY POPULATION 

92% (1872/2035) of the questionnaires were returned. Of these 78.5% 

were completed by the mother, 4.8% by the father and 15.8% by both 

parents. The response rates in the three areas were similar. Compliance in 

the schools from which much of the initial concern about dust pollution and 

asthma had originated was comparable with other schools (92% and 99%). 

Some of the questionnaires were not fully completed, though the proportion of 

responders who completed the questions relating to asthma diagnosis, cough, 

wheeze and breathlessness did not differ between the areas. 

There were significant socio-economic differences between the 

exposed and control areas. Parental unemployment, rented accommodation, 

damp housing and the presence of smokers in the household were more 

common in the exposed compared to control areas (table 4.1). Mean age, 

height and PEF were significantly lower in control area 1 compared to control 

area 2 and the exposed area. Children from the exposed area had lower 

mean birthweights and were not breastfed as often nor for as long as children 

in control areas (table 4.2). There were no significant socio-economic 

differences between the two control areas and so these data were pooled for 

subsequent analyses. 

UNIVARIATE ANALYSIS 

The prevalence of doctor diagnosed asthma, wheezing, 

breathlessness, excess cough and absences from school due to respiratory 

symptoms were higher in the exposed compared to control areas (table 4.3). 

There were no differences in other factors between the groups associated 

with asthma, such as parental asthma and a history of allergies. There was no 

difference in the prevalence of eczema, hayfever or croup, nor the duration of 

wheeze or attacks of breathlessness or their age of onset between the three 
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areas. Within each area the reporting of excess cough, wheeze, 

breathlessness and control of asthma was comparable between schools 

(table 4.4). Diagnosed asthma and wheeze were less common in girls than 

boys in all areas, but there were no sex differences in the prevalence of cough 

(table 4.5). 

The symptom triad of cough, wheeze and breathlessness was more 

common in the exposed area (12.7% vs 7.1% and 5.4%), as was the sole 

symptom of excess cough (13.6% vs 7.1% and 6.2%) compared to the control 

areas (table 4.6). 

Table 4.6 Composite respiratory symptom prevalence (%) in study areas 
Control area 1 Control area 2 Exposed area 

Respiratory symptoms (n=637) (n=616) (n=426) 
C+ B+ W+ 7.1 5.4 12.7 

C+B- W- 7.1 6.2 13.61 

C+ B- W+ 5.0 3.9 4.2 
C+ B+ W- 1.1 1.1 3.0 

C- B+ W+ 1.3 1.5 1.6 

C- B- W- 69.1 71.3 54.21 

C- B- W+ 4.6 3.4 3.5 

C- B+ W- 0.0 0.8 0.9 

C= excess cough during last 12 months; B= severe attack of breathlessness at any time; 
W= attack of wheezing at any time. + or - indicates the symptom present or absent. 
Total do not make 100% as about 6% of children reported a cough but not in preceding 

12 months. 
1 Exposed vs control 1 or 2, p<0.01. 

High prevalence figures for respiratory indices were reported for 

children in the exposed area whose parents considered dust exposure to be 

associated with respiratory symptoms (lifetime diagnosis of asthma 42.2%, 

breathlessness 41.2%, excess cough 75.5%, hospital admissions due to 

respiratory symptoms 17.3%), but there was no difference in the mean PEF 

measurement of these children compared to children in the exposed area 

whose parents did not consider dust pollution to be a problem. 

Table 4.7 shows the distribution of lost school days due to cough, wheezing or 



66 

breathlessness in the three areas. A significantly higher proportion of children 

in the exposed area lost time from school for six days or more in the 

preceding year due to respiratory symptoms compared to control groups. 

Table 47 Distnbution of school days lost in preceding 12 months due to 
respiratory symptoms. Values are % 
School days lost Control area 1 Control area 2 Exposed area 
None 65.1 64.1 52.5 

1 -5 23.2 24.0 26.3 

6-10 8.6 9.9 15.2 

>20 3.1 2.0 6.0 

Table 4.8 shows the prevalence of respiratory variables for each area, 

further stratified by passive smoke exposure. Croup, bronchitis, wheezing, 

breathlessness, excess cough, school absences and less well controlled 

asthma are more common in children from smoking environments. 

AIR POLLUTION DATA 

Air pollution data are incomplete due to vandalism of some of the 

sampling equipment. Dust pollution levels were significantly higher in the 

exposed area compared to control areas (table 4.9, see appendix D for more 

complete dust mesurements for exposed and control areas). A large 

proportion of insoluble matter in samples from the exposed area was 

combustible matter (exposed area 39.2%; control 1,6.3%; control 2,6.5%), 

which may consist of unburnt coal dust, partially combusted coal, oil or other 

organic matter. In the exposed area, for three of the sampling periods dust 

deposition rate exceeded 200 mg/m2/day. It was not possible to further 

analyse samples due to the destructive nature of the initial test. 
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Table 49 Summary of the Bntish Standard dust deposit gauge results in 
exposed area (December 1990 to November 1991) 

Undissolved deposited matter (. Iday) 

No of Mean (SD) 
Location samples annual amount Median 
1 12 148.8 (50.5) 151.4 

2 13 109.4 (45.8) 100.9 

Based on four weekly sampling periods. 

MULTIPLE LOGISTIC REGRESSION 

Minimum Maximum 
45.3 

44.0 

245.9 

200.9 

Multiple logistic regression models were constructed for diagnosed 

asthma, wheezing and school absenteeism. Chi-square values and odds 

ratios were calculated for each potential risk factor and if the chi-square was 

significant at the 10% level (p<0.1) the variable was a candidate for inclusion 

in the model. Risk factors fell into several broad categories, includingallergies, 

family history of asthma, household pets, presence of smokers in the 

household, dampness, parental employment, sex, age and area (exposed or 

control). 

Table 4.10 shows significant risk factors after adjustment for 

confounding factors. Risk factors for wheezing were allergies, parental 

asthma, male sex, passive smoke exposure and paternal unemployment. 

Allergies, parental asthma, male sex and rented accommodation were risk 

factors for diagnosed asthma. School absenteeism due to respiratory 

symptoms was associated with allergies, attending school in the exposed 

area, passive smoking, maternal unemployment and other health problems. 

4.4 Discussion 

QUESTIONNAIRE 

A questionnaire similar to the one used had previously been validated 

in Southampton (Clifford et al 1989). The excellent response rate of more 
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than 90% was better than some recently reported studies of children; 

Birmingham 69% and 84% (Ayers et al 1992); Munich and Leipzig 76% and 

88% (von Mutius et al 1992); Switzerland 74% (Braun-Fahrlander eta! 1992), 

Monkton Coking Works Study 78% (Bhopal et al 1992). Questionnaires were 

distributed through schools, a method which has been reported to be 

associated with high compliance elsewhere (Powell and Primhak 1996a). The 

high response rate and comparability of responses between the schools 

increases confidence in the data. 

Table 4.10 Adjusted odds ratio for risk indices from multiple logistic 
regression 

95% Confidence 
Variable Odds ratio interval 
Wheezing (n=1272) 

Any allergy 4.95 3.52 to 6.96 

Either parent with asthma 2.41 1.60 to 3.62 

Sex (girl) 0.66 0.49 to 0.89 

Father unemployed 1.44 1.05 to 1.97 

Passive smoking 1.44 1.05 to 1.98 

School in exposed zone 1.37 0.98 to 1.91 

School absenteeism' due to cough, wh eezing, or breathlessness (n=1391) 

Any allergy 2.72 2.02 to 3.66 

School in exposed zone 1.59 1.23 to 2.04 

Passive smoking 1.33 1.05 to 1.68 

Other health problems 1.36 1.05 to 1.75 

Mother unemployed 1.29 1.02 to 1.63 

Ever diagnosed asthma (n=1409) 

Any allergy 6.27 4.49 to 8.74 

Mother has diagnosed asthma 2.68 1.38 to 5.20 

Father has diagnosed asthma 1.97 1.09 to 3.55 

Sex (girl) 0.70 0.52 to 0.95 

Rented home 1.37 1.00 to 1.87 

School in exposed area 1.25 0.88 to 1.76 

More than one day in preceding 12 months 
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Children in the three study areas were studied in parallel over a three 

month period so that any climatic or seasonal influences would have had the 

same effect on each group. 

RESPIRATORY FACTORS 

The school closest to the coal terminal had been the 

subject of much press speculation. Questionnaire responses about respiratory 

indices did not differ between this school and the other four schools in the 

exposed area. The proprtions of responders who completed questions relating 

to respiratory factors was similar in control and exposed areas. Reporting of 

croup, hayfever and eczema were comparable in the three areas, therefore it 

seems reasonable to conclude that parents in the exposed area did not 

answer 'yes' indiscriminately to all questions. Thus over-reporting of 

symptoms by parents in this exposed area was not considered to be a major 

source of bias. The increased prevalence of cough and absences from school 

due to respiratory symptoms would seem to reflect genuine morbidity in the 

exposed area. 

The prevalence of wheeze and cough in the control areas was 

comparable to that reported by Clifford et al (1989) and Ninan and Russel 

(1992). This suggests that in 1991 the prevalence of these symptoms in 

relatively non-polluted areas of Merseyside was similar to that elsewhere in 

the UK. 

The exposed area was more deprived than either of the control areas, 

with higher levels of unemployment, parental smoking and rented 

accommodation. The higher prevalence of respiratory morbidity in the 

exposed area was evident from both univariate and multiple regression 

analyses. The latter method controlled for the effects of all known 

confounding factors, including socio-economic variables, however it is 

possible that an unidentified factor, such as standards of hygiene may be 
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exerting an effect. Nevertheless it is clear that there is an excess of 

respiratory morbidity in the exposed area. 

Asthma and wheezing are recognised as causes of school 

absenteeism, and school days lost for this reason in the control areas were 

comparable to that reported in Nottingham (Hill et al 1989a). 

Before the study the parents had labelled the respiratory problem as 

asthma. There was a higher prevalence of doctor diagnosed asthma in the 

exposed area, although the most striking statistical association was the 

occurrence of excess cough. Excess cough either as a solitary symptom or in 

combination with wheeze and breathlessness (a likely combination for 

childhood asthma, Kelly et al 1996/Chapter five) was markedly more common 

in the exposed area. If air pollution and respiratory symptoms are associated, 

these observations suggest that an increased dust burden may be linked to 

increased cough in exposed children. 

Peak flow measurements were within the expected range (Godfrey et 

a/ 1970) The lower mean PEF measurement in control area 1, compared to 

control area 2 and the exposed area, can be explained by these children's 

lower mean age and height. 

It is established that adults working in dusty jobs may develop 

productive cough, referred to as 'simple bronchitis', this occurs without airflow 

limitation (Morgan 1984). In general coal dust is not held to be the cause of 

airway obstruction in miners; this is a controversial area with the effect of 

cigarette smoking heavily confounding the effect of coal dust on miners' 

respiratory health. Occupational respiratory disease studies are however 

restricted to adults, and children's lungs may handle a dust burden differently. 

Moreover children living and attending school with an increased level of 

pollution are exposed 24 hours a day whereas occupational exposures last for 

fewer hours. Thus there are difficulties in comparing the effects of chronic 
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exposure in children to perhaps more acute exposure associated with 

occupation in adults. 

Children exposed to passive smoke are more likely to have wheeze 

and time off school due to respiratory symptoms. The harmful effects of 

passive smoke exposure on childhood respiratory health have been widely 

accepted and well documented. Increased risk of respiratory infections and 

wheezing illnesses in children who are exposed to passive smoke compared 

to those who are not have been reported (Somerville et al 1988, Chinn and 

Rona 1991, Wnght et al 1991, Braback et al 1995, Stoddard and Miller 1995, 

Strachan et a/ 1995). 

AIRBORNE POLLUTION 

The study design was cross-sectional and although it can be stated 

that there is a respiratory health problem in children in the exposed area, a 

specific cause cannot be attributed. The relatively recent dust problem in the 

dock area provides a straightforward explanation for the observed higher 

morbidity in the exposed area. In particular the occurrence of excess cough 

suggests that the problem is due to inhalation of dust. The World Health 

Organisation guidelines for particulates state that concentrations of respirable 

particles should not exceed 50µg/m3/day (Holman 1994), whereas the 

average dust deposition rate in the exposed area was 146 mg/m2/day and on 

three of the sampling occasions deposition exceeded 200mg/m2/day. 

However, it is not clear what proportion of the dust collected in the sampling 

gauges was respirable (<10 pm in diameter). It is reasonable to assume that 

the contribution of pollutants from motor vehicle exhausts would be 

comparable in each of the study areas as they are all situated in the vicinity of 

major roads. 

Other cargoes handled at the docks are a potential source for concern. 

The unloading of grain is mostly by enclosed procedures, however animal 
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feeds which are unloaded intermittently are not well handled and these could 
be a source of allergenic dusts which could provoke asthma. Analysis of the 
deposited particles showed that more than a third was carbonaceous in the 

exposed area compared to about six percent in the control area. Hospital 

admissions for asthma were not increased, thus it seems that there were no 
'epidemic' episodes of asthma admissions which have been associated with 

allergenic dust exposures elsewhere (Anto et al 1989). 

A study from South Wales reported an increase in asthma diagnoses 

by general practitioners when a new surface coal mine began operation, 

although it was not clear whether this was due to the overdiagnosis of cough 
(Temple and Sykes 1992). Braun-Fahriander et al (1992) reported that 

respiratory symptoms were more common in Swiss children in an area with 
increased levels of total suspended particulates, these observations were 

independent of SO2 and NO2 levels. The Monkton Coking Works Study 

reported that respiratory symptoms were more prominent in children than 

adults (Bhopal et al 1992). Colley and Brasser (1989) showed that in eight 

European countries smoke and sulphur dioxide pollution was related to 

indices of respiratory disease in children, such as cough, dyspnoea and 

bronchitis. The occurrence of wheeze was not associated with either pollutant. 

Smoke appeared to have the greater effect on respiratory health. Von Mutius 

et al (1992) reported that there was an increased risk of bronchitis for children 

living in the former East German city of Leipzig, which had high levels of 

particles and SO2 
, compared to children in Munich, with higher levels of NO2 

and 03, where there was an increased risk of hayfever. Inverse relationships 

between PEF and PM, 0 levels have been reported in asthmatic children (Pope 

and Dockery 1992. Romieu et a/ 1994 and Neas et al 1995). Increased 

symptoms and bronchodilator usage have also been reported in areas with 

increased PM10 levels (Pope et al 1991, Roemer et al 1993, Romieu et al 

1996). 
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If air pollution in the exposed area was having an effect on the 

respiratory health of children it seemed the effect was chronic and did not 

lead to acute exacerbations requiring hospitalisation. There was nevertheless 

an increase in symptoms and morbidity which led to school absenteeism. It is 

important not to over-interpret the results of a cross-sectional study, but in 

1991 there would appear to have been a child health problem in the exposed 

area and further studies were required to determine whether airborne pollution 

was a major contributory factor. 



Chapter Five 

The significance of cough, wheeze and asthma diagnosis 
in epidemiological surveys 
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5.1 Introduction 

Many studies have reported the prevalence of asthma and of 

respiratory symptoms in children (Ninan and Russell 1992, Luyt et al 1993, 

Anderson et al 1994). However, it is difficult to compare the results of different 

prevalence surveys because study populations have different socio-economic 

profiles, environmental risk factors vary with time and between different areas, 

and the criteria used to define asthma differ. The pattern of respiratory 

symptoms can vary depending on the magnitude of specific risk factors in the 

area surveyed. It is necessary to distinguish which symptoms are associated 

with which risk factors in order to determine which group(s) of symptoms 

is/are the best surrogate of asthma and therefore estimate the true 

prevalence of asthma in groups of children with different respiratory symptom 

profiles. 

This chapter examines questionnaire reported data from the 1991 and 

1993 cross-sectional surveys which were performed to assess the possible 

impact of airborne dust pollution on the respiratory health of primary school 

children on Merseyside. Children in an area with increased levels of dust 

pollution had a higher prevalence of excess cough as a solitary symptom 

compared to children in control areas (Chapter 4/Brabin et al 1994). It was not 

clear whether the increased reporting of excess cough as a solitary symptom 

represented an increase in asthma or whether it was a non-asthmatic 

response to increased levels of inhaled dust. 

The objectives of this chapter were: (1) To determine the prevalence of 

cough, wheeze and breathlessness either singly or in combination. (2) To 

identify whether questionnaire reported excess cough as a solitary symptom 

has similar risk factors to the questionnaire reported triad of cough, wheeze 

and breathlessness. (3) To compare the prevalence of diagnosed asthma in 

children with different symptom profiles. 
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5.2 Methods 

Two cross-sectional surveys of respiratory health in primary school 

children were performed in 1991 and 1993. The study populations, 

questionnaire design, data collection procedures and statistical analysis were 
described in chapter three. 

5.3 Results 

The proportions of questionnaires returned were similarly high in both 

surveys, 1872/2035 (92%) in 1991 and 3746/4288 (87%) in 1993. Table 5.1 

gives a general description of the study population for each survey. More 

children were diagnosed asthmatic by a doctor in 1993 but there were no 

differences in the overall prevalence of symptoms between the surveys. 

Table 5.1 General description of children for both surveys 

Variable 1991 (n=1872) 1993 (n=3746) 

Mean age, yrs (SD) 7.09 (2.0) 7.15 (2.0) 

Sex, boy (%) 51.0 50.2 

Doctor diagnosed asthma (%) 17.4 22.1 m 

% living in the area of increased 25.9 25.0 
air pollution 

with wheezing 20.6 21.3 

% with breathlessness 12.8 12.7 

with cough 22.8 23.3 

- p<0.001, comparing 1993 with 1991. For other variables there was no 
significant difference between 1991 and 1993. Wheezing = severe attack of 
wheezing at any time. Breathlessness = severe attack of breathlessness at any 
time. Cough = excess cough in the previous 12 months. 

The proportion of children with no symptoms (shown in table 5.2 as C- 

W-B-), with the single symptom of excess cough (EC, shown in table 5.2 as 

C+W-B-), or with the triad of cough, wheeze and breathlessness (CWB, 
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shown in table 5.2 as C+W+B+) in combination were also similar in the two 

surveys. 

Table 5.2 Comparison of the prevalence (%) of respiratory symptom 
profiles in 1991 and 1993 

Respiratory symptom profile 1991 (n=1583)* 1993 (n=3083)* 
C-W-B- 70.1 69.5 
C+W-B- 8.9 9.2 
CfWfB+ 8.3 7.3 
C+W+B- 4.7 4.7 
C-W+B- 4.1 5.0 
C-W+B+ 1.5 1.8 

C+W-B+ 1.7 1.1 

C-W-B+ 0.7 1.3 
No. of questionnaires returned with responses for all respiratory 

variables. C=excess cough in the previous 12 months; B=severe attack 
of breathlessness at any time; W=severe attack of wheezing at any 
time. + or - indicates the presence or absence of a symptom. The 
symptom patterns of cough alone (C+W-B-) and cough, wheeze and 
breathlessness (C+W+B+) are more common than one would expect if 
the symptoms were independent of each other. Log linear analysis 
shows that there is a strong positive association between wheeze and 
breathlessness (chit=443, p<0.001). There is also a positive association 
between cough and wheeze (chip= 197, p<0.001) and between cough 
and breathlessness (chi2=1 04, p<0.001) 

Table 5.3 Proportions (%) of different symptom combinations for children with 
doctor diagnosed asthma 

Significance level 
Respiratory symptoms 1991 (n=237) 1993 (n=533) (p value) 
Cough, wheeze and 45.6 37.7 0.05 

breathlessness (C+W+B+) 
Cough or breathlessness with 30.7 32.5 0.71 

wheeze (C+B-W+ or C-B+W+) 

Cough and/or breathlessness 23.7 29.8 0.09 
without wheeze 

(C+B+W- or C+B-W- or C-B+W-) 

C=excess cough in the previous 12 months; B=severe attack of breathlessness at 
any time; W=severe attack of wheezing at any time. + or - indicates the presence 
or absence of a symptom. 
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In 1993 children with doctor diagnosed asthma were less likely to have 

the symptom triad of CWB 37.7% vs 45.6% (p=0.05), and more likely to have 

been labelled as asthmatic without ever having wheezed 29.8% vs 23.7% 

(p=0.09) (table 5.3). 

UNIVARIATE STRATIFIED ANALYSIS 

A comparison of socio-economic and maternal factors in 1991 and 

1993 for asymptomatic children and those with EC and CWB is shown in table 

5.4. Univanate analysis showed that respiratory symptoms were significantly 

associated with renting rather than owning a property (p<0.05) and with the 

reported presence of dampness in the home (p<0.01), but not with the 

presence of smokers in the home or with having been breast fed. The 

symptom triad was significantly associated with having been bom prematurely 

(P<0.01). 

Table 5.4 Frequency of socio-economic and maternal variables (%) for children 
with different respiratory symptom profiles 

Respiratory symptom profile 

Asymptomatic EC CWB 

1991 n=1109 n=141 n=132 

Rented accommodation 41.1 49.3 59.7 

Damp home 12.0 22.5 31.4 

Smoker(s) in household 58.4 66.4 65.0 

Pre-term birth 12.5 13.7 26.0 

Not breast fed 68.2 66.2 67.9 

1993 n=2144 n=284 n=224 

Rented accommodation 42.9 54.7 51.6 

Damp home 14.0 27.7~* 30.5" 

Smoker(s) in household 58.0 60.6 61.2 

Mother smoked during 36.0 34.3 35.1 

pregnancy 
Pre-term birth 11.8 11.7 19.4 

Not breast fed 68.1 73.5 65.2 

0 p<0.05, " p<0.01, ** p<0.001 - compared with asymptomatic children 
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Figure 5.1 Age specific prevalence of 'doctor diagnosed asthma', cough with 
wheeze and breathlessness (CWB) and excess cough as a solitary symptom 
(EC). 

The age specific prevalence of lifetime diagnosed asthma and CWB 

did not change. That for EC fell significantly from 14.5% for 4-5 year olds to 

5.4% for the 10-11 year olds (p<0.001) (figure 5.1). 

In both surveys asymptomatic children were less likely to have doctor 

diagnosed asthma, allergies, medicines prescribed, admissions to hospital for 

respiratory symptoms, absenteeism from school (for six or more days) due to 

respiratory symptoms (all p<0.01), compared to children with EC or CWB 

(table 5.5). Children with EC had a lower prevalence of each of these ill-health 

indicators when compared to children with CWB. 

In 1993 the children with EC were more likely to have been diagnosed 

as asthmatic by a doctor (p<0.05), and to report problems with allergies. 

456789 10 11 
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Significantly more children with the symptom triad received prescribed 

medicines in 1993 (P<0.05), although 25% were reported to be receiving no 
medication. In 1991,2.1% (23/1109) and in 1993,3.0% (63/2144) of 

asymptomatic children had a history of doctor diagnosed asthma: None of 
these children had current symptoms, although 52% in 1991 (12/23) and 38% 

in 1993 (24/63) had had cough at some time in life which had been diagnosed 

as asthma. Reported diagnosis of asthma in other asymptomatic children 

remains unexplained. 

Table 5.5 Health parameters (%) in 1991 and 1993 for children with different 
respiratory symptom profiles 

Respiratory symptom pattern 

Asymptomatic EC CWB 

1991 n=1109 n=141 n=132 

Doctor diagnosed asthma 2.1 10.0 83.1 

Allergies (hayfever, eczema) 8.7 13.3 47.3 

Prescribed medicinest 4.4 14.9 61.8 

Absent from school due to respiratory 0.9 5.7 39.0 
symptoms for ?6 days/yr 

Ever admitted to hospital for respiratory 3.0 25.0 61.0 
symptoms 

1993 n=2144 n=284 n=224 

Doctor diagnosed asthma 3.0 22.6 89.9 

Allergies (hayfever, eczema) 12.9' 18.8 61.0* 

Prescribed medicines 5.2 22.9 75.1 

Absent from school due to respiratory 1.5 4.6 36.8 
symptoms for ý6 days/yr 

Ever admitted to hospital due to 4.1 25.6 61.4 
respiratory symptoms 

p<0.05 - comparing 1991 with 1993. 
t 65% of which are anti-asthmatic medicines. 
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REGRESSION ANALYSIS 

Adjusted odds ratios for risk factors were calculated for respiratory 

symptom profiles by logistic regression in order to control for multiple 

confounding factors (table 5.6). Maternal asthma, allergies and other health 

problems were strongly associated with CWB. Pre-term birth and paternal 

asthma were associated with cough and wheeze. The risk of cough and 

wheeze decreased with age (more steeply for cough). Of the other risk factors 

some were associated with wheeze and some only with cough. Children with 

environmental risk factors such as going to school in the area of increased 

dust pollution, dampness in the home and rented accommodation were more 

likely to have EC as a solitary symptom. 

5.4 Discussion 

PREVALENCE OF RESPIRATORY SYMPTOM PROFILES 

Questionnaires are often used in respiratory health surveys and data 

collected in this way have been shown to be reproducible (Brunekreef et al 

1992, Peat et al 1992b, Cunningham et al 1994). Confidence that the 

information collected is valid is dependent upon response rates, which in 

these surveys compared favourably with other reports (Andrae et al 1988, 

Ninan and Russell 1992, Luyt et a/ 1993, Anderson et al 1994). 

Both surveys were performed in parallel in the same areas and in the 

same months (October to December), reducing variations due to seasonal 

influences. The prevalence of wheezing, cough, and breathlessness, is 

comparable with previous reports (Ninan and Russell 1992, Luyt et al 1993). 

Mitchell et a/ (1989), Schwartz et al (1990) and Halfon et al (1993) have 

reported that lower social class is associated with increased morbidity and a 

higher prevalence of asthma. The lifetime prevalence of doctor diagnosed 
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asthma is higher than reported elsewhere, though this may be confounded in 
part by the low social class of the three areas in this study. 

Hospital admission rates are a marker of asthma severity, and school 
absenteeism for respiratory symptoms is a useful indicator of respiratory 
morbidity, (Hill et a! 1989a, Anderson et a! 1994). Absences from school (for 

more than 6 days) due to respiratory symptoms and admissions to hospital 
due to respiratory symptoms declined slightly between 1991 and 1993. 

Excess cough as a solitary symptom is more common in younger 
children, this may reflect the occurrence of respiratory infections or structural 
differences in airway size. The age specific prevalence of CWB does not 

seem to fluctuate which may be due to the persistent nature of the symptom 

combination. 

RISK FACTORS FOR SYMPTOM PROFILES 

There are reports of strong associations of childhood respiratory 

symptoms with passive smoking especially in susceptible children (Charlton 

1984, Duff et al 1993, Braback of a/ 1995, Stoddard and Miller 1995). The 

magnitude of the effect may be dependent on the amount of contact between 

parent and child, or whether the mother smoked during pregnancy (Tager et 

a/ 1983, Rona and Chinn 1993, Neas et a/ 1994). Disentangling the effects of 

mothers smoking during pregnancy and post-natal exposure is difficult as a 

large proportion of women who smoke whilst pregnant continue to smoke five 

years later (Taylor and Wadsworth 1987, Frischer et al 1992). This analysis 

did not show an effect of passive smoke exposure on the risk of respiratory 

symptoms in children even after adjustment for confounding factors related to 

social and home environment risks. Cook et al (1993) reported that reductions 

in lung function were not related to questionnaire data relating to passive 

smoke exposure. However when they considered an objective measure of 

passive smoke exposure (levels of salivary cotinine) an inverse relationship 
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was shown with indices of lung function. This suggests that the absence of an 

association between passive smoke exposure and respiratory symptoms in 

children reflects the lack of sensitivity of questions asked in surveys. 
Studies have reported that infants who are breast fed have less allergic 

disease and respiratory symptoms during early childhood and beneficial 

effects may continue into adolescence (Woodward et a11986, Wright et al 
1989, Saarinen and Kajosaari 1995). There was no association between 

having been breast fed and later childhood respiratory symptoms 'similar 

findings have been reported elsewhere (Fergusson et al 1983, Horwood et al 
1985) 

r Questionnairef reported damp in the home was associated with the 
r 

occurrence of cough. Other studies have reported dampness and/or mould to 

be associated with allergic sensitisation, asthma and respiratory symptoms 

(Brunekreef et a11989, Platts-Mills et a11992, Verhoeff et a! 1995). Pre-term 

birth was a significant risk factor for the development of the symptom triad 

later in childhood, which has been reported by others (Rona et al 1993, Ninan 

et al 1995, Elder et al 1996). 

ASTHMA DIAGNOSIS 

The detrimental effects of air pollution on respiratory health in children 

have been widely reported (Lunn et a/ 1967, Sultz et a/ 1970, Bobak and Leon 

1992, Wang et a! 1992). In a recent review Burr (1995) suggested that in 

asthmatic children an increase in the severity, but not the prevalence of << 
j 

respiratory symptoms is associated with air pollution. Several studies have 

reported cough as the main respiratory symptom associated with high levels 

of particulate air pollution (Sobral 1989, Dockery et a/ 1989, Braun-Fahrlander 

et al 1992, Pope and Dockery 1992). Chapter four showed that EC as a 

solitary symptom was associated with living in and attending school in an area 

with increased levels of dust pollution, the analysis in this chapter confirms 
(J. ", 
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that observation. The single symptom of wheeze and the symptom triad of 

CWB were not significantly associated with the area of increased dust 

pollution. CWB correlated best with the features of atopy and with pre-term 

birth. The difference in risk profiles EC and CWB are consistent whether the 

data are analysed by simple univariate comparisons or multiple logistic 

regression. This suggests that these epidemiological classifications may 

represent distinct clinical entities. Thus if a child has CWB then a diagnosis of 

asthma seems very probable and conversely the single symptom EC could be 

a non-specific response to adverse environmental conditions and not 

represent asthma at all. Although such a hypothesis cannot be answered from 

cross-sectional data alone the proportions of children with different symptom 

profiles and doctor diagnosed asthma further supports this proposal. Doctor 

diagnosed asthma was reported in 83% and 90% of children with CWB in 

1991 and 1993, versus 10% and 23% of those with EC and hardly at all in 

asymptomatic children. Treatment prescribing follows a similar pattern. Thus 

doctors appear to have recognised a similar distinction in clinical practice. 

Between 1991 and 1993 there was a significant increase in the 

prevalence of diagnosed asthma and also in the number of children receiving 

medication for asthma. Since overall symptom prevalence was unchanged, 

this suggests a change in medical behaviour. The increase in labelling was 

most marked in children with EC with more than twice as many being 

diagnosed as asthmatic, and if allowance is made for the non-asthma 

medication being unchanged, nearly twice as many received asthma therapy. 

In 1993,1 out of 8 children that doctors had diagnosed as asthmatic had 

been diagnosed on the basis of the single symptom of cough. Whether these 

children really have asthma warranting treatment or whether doctors have 

become more aware of, and more aggressive towards, cough as a marker of 

asthma remains unknown. Possibly doctors use cough together with 

auscultation of the chest to reach a diagnosis. 
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If the index of asthma in this survey had been 'doctor diagnosed 

asthma' an increase in asthma in real terms of 4.7% over 2 years (17.4%- 

22.1 %) would be reported, which since overall symptom prevalence was 

unchanged, would have been misleading. 

In conclusion, it is proposed that the symptom triad of cough, wheeze 

and breathlessness occurring in a child may be a better marker of true asthma 

in epidemiological surveys than either relying on single symptoms or upon 

doctor diagnostic patterns. Since asthma prevalence is so dependent on the 

definition used, further studies are needed to either confirm this hypothesis or 

produce a better version that can be adopted as a standard. 



Chapter Six 

Temporal changes 
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6.1 Introduction and objectives 

Detailed reviews of the literature suggest that the prevalence of 

childhood asthma in industrialised countries is rising (Anderson 1993). This 

conclusion has been drawn from the results of cross sectional surveys 

performed 10 to 20 years apart using the same methodologies (Burr et al 

1989a, Ninan and Russell 1992). 

In the Bootle Dock area it was expected that there would be a 

reduction in levels airborne dust pollution between 1991 and 1993 as a 

consequence of environmental protection measures and relocation of steam 

coal stockpiles a further 200 metres away from residential areas. In 1991, 

excess cough as a solitary symptom (EC) and the symptom triad of cough 

with wheeze and breathlessness (CWB) were shown to have a higher 

prevalence in the dock area, exposed to dust pollution compared to areas with 

lower urban levels of dust pollution (Brabin et al 1994/Chapter four). Milligan 

et al (unpublished findings) have shown a linear and spatial relationship 

between the prevalence of EC mapped by each child's residential postcode 

and proximity to the dock area. 

The objective of this chapter was to describe short-term changes 

between 1991 and 1993 in 'doctor diagnosed asthma', respiratory symptoms, 

socio-demographic factors and air quality for children living in the area 

exposed to airborne dust pollution and the two control areas. A longitudinal 

cohort was identified of children surveyed in 1991 who attended the same 

school in 1993. 

The specific objectives were to determine: (1) Cross-sectional 

differences in socio-demographic, respiratory and pollution indicators between 

the two surveys. (2) Incidence and recovery rates for specific respiratory 

symptoms. 
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6.2 Methods 

STUDY GROUPS 

In 1991 and 1993 questionnaires were sent to the parents/guardians of 
2035 and 3026 children in the cross-sectional surveys. In 1993 a cohort of 
1202 children who had been studied in 1991 were re-surveyed. 

Dust pollution levels were measured as outlined in chapter three by the 

Public Protection Department. 

Epilnfo was used for univariate comparison of cross-sectional data, 

and the Statistical Package for Social Sciences (SPSS) was used to apply the 

McNemar test for longitudinal data. 

6.3 Results 

There was no difference in questionnaire response rates between the 

surveys, 92% (1872/2035) in 1991 and 88% (2652/3026) in 1993 for the 

cross-sectional surveys and 91% (1093/1202) for the longitudinal cohort. 

6.3.1 Cross-sectional analysis 

SOCIO-DEMOGRAPHIC FACTORS 

Between survey changes in socio-demographic factors are shown in 

table 6.1. Levels of parental employment fell significantly in both control and 

exposed areas. The proportion of families living in rented accommodation and 

damp homes increased significantly in control areas. There were no 

significant changes between 1991 and 1993 in parental smoking, pet 

ownership, premature birth or breastfeeding in either control or exposed 

areas, although reported smoking prevalence In 1993 in the exposed area 

was significantly higher than in the control areas. 
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RESPIRATORY INDICATORS, SYMPTOM PROFILES AND SEVERITY 

Cross-sectional prevalence for respiratory indicators are shown in table 

6.2. There were significant differences between surveys in the prevalence of 
doctor diagnosed asthma, prescribed asthma treatment, maternal asthma, 

absences from school for six days or more in the previous 12 months due to 

respiratory symptoms and hospital admissions due to respiratory symptoms in 

the control areas. More parents reported that their child's asthma was well 

controlled in 1993 compared to 1991 /this difference reached statistical 

significance in the exposed area. The proportion of children with allergies 

increased in both control and exposed areas. There were no between survey 

changes in the prevalence of bronchitis (12.0% and 12.8%), croup (14.0% 

and 13.4%), paternal asthma (7.1 % and 7.8%) and other health problems 

(24.2% and 24.8%) in control and exposed areas respectively. 

In the control areas there were between survey increases in the 12 

month period prevalence of wheeze (p=0.06), breathlessness (p<0.05) and 

cough (p<0.01). The proportion of children who experienced 12 or more 

attacks of wheeze in the previous 12 months increased (p<0.01), as did the 

prevalence of those who had attacks of cough lasting for more than one hour 

(p<0.001). There were no temporal changes in the severity of symptoms in 

the exposed area. The proportion of children with recent (previous 12 months) 

wheeze, cough, attacks of breathlessness more than 12 times per year and 

prolonged attacks of cough remained higher in exposed areas compared to 

controls (all p<0.01). 

The two commonest respiratory symptom patterns were excess cough 

as a solitary symptom (EC, shown in table 6.3 as C+W-B-) and the symptom 

triad of cough, wheeze and breathlessness (CWB shown in table 6.3 as 

C+W+B+). The prevalence of EC was higher and of asymptomatic (C-W-B-) 
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children lower in the dust exposed area compared to control areas. Between 

surveys there was a significant fall in the prevalence of CWB 13.5% vs 9.1 %, 

p<0.01) in the exposed area and in the proportion of asymptomatic children 

(74.2% vs 69.4, p<0.01) in control areas. 

DUST POLLUTION 

In 1991 the dust deposition rate in the exposed area was more than six 

times that in the control areas. Between surveys there was a 26.4% reduction 

in dust levels in the exposed area (table 6.4). 

Table 6.4 Dust deposition rates for control and exposed areas 
in 1991 and 1993 

Controls Exposed 

1991 1993 1991 1993 

Dust deposition 22.9 26.4 146.1 107.5 

rates (mg/m2/day) 

6.3.2 Longitudinal cohort 

In 1991 and 1993 the mean ages of the longitudinal cohort were 6.72 

years (SD 1.44) and 8.78 years (SD 1.45) respectively. Results of the 

McNemar test comparing socio-economic and respiratory indicators for the 

longitudinal cohort are shown in table 6.5. There were significant increases in 

paternal unemployment, allergies (including hayfever and eczema), maternal 

asthma and lifetime diagnosis of asthma. There were significant reductions in 

parental smoking and excess cough (either on its own or in combination with 

other symptoms). There were no differences in the proportion of girls (49.9%), 

mean birthweight (3.32 Kg, SD 0.58), premature birth (13.6%), breastfeeding 

(35.6%), paternal asthma (6.9%), other health problems (22.8%), wheezing 

(20.4%), breathlessness (11.6%), school absence for six days or more due to 
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respiratory symptoms (15.0 %), dampness in the home (14.3%) and rented 

accommodation (40.0%). 

Table 6.5 Prevalence (%) of socio-economic and respiratory indicators in 1991 and 1993 for the longitudinal cohort 
Variable 1991 1993 p value 
Unemployed father 27.3 32.3 <0.001 
Smokers in household 59.8 55.9 <0.001 
Allergies 18.1 22.8 <0.001 
Ever diagnosed asthma 16.7 21.9 <0.001 
Excess cough 28.0 25.2 <0.05 
Maternal asthma 5.9 8.6 <0.001 
0 McNemar test 

NATURAL HISTORY OF SYMPTOMS (INCIDENCE AND RECOVERY RATES) 

The incidence rate was 0.5% per year for CWB, and 2.3% per year for 

EC. Over two years 52.1 % of children with EC and 3.4% of children with CWB 

recovered. 12.3% of children with EC and 41.4% of those with CWB did not 

recover. The remaining children had other symptom combinations (table 6.6). 

Table 6.6 Incidence and recovery rates, X12 years (number) 

1991 symptom profile 

1993 symptom profile 

Asymptomatic EC CWB Other symptoms 

Asymptomatic (n=597) 86.8 (518) 

EC (n=73) 52.1 (38) 

4.5 (27) 1.0 (6) 7.7 (46) 

12.3 (9) 2.7 (2) 32.8 (24) 

CWB (n=58) 3.4 (2) 3.4 (2) 41.4 (24) 51.7 (30) 

6.4 Discussion 

Other studies which have described temporal changes in asthma 

prevalence have been performed 10 to 20 years apart (Burr et al 1989a, 
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Ninan and Russell 1992). This analysis examines short-term changes (over 

two years) in the respiratory health of primary school children. It is comparable 

to studies by Hill et al (1989b) and Brooke et al (1995) who performed cross 

sectional surveys in children three years apart. The present surveys were 

performed at the same time of year (October to December), to avoid seasonal 

variations. The questionnaire used had previously been shown to be 

reproducible (Clifford et al 1989) and response rates in both surveys were 

good and are comparable to other studies (Hill et al 1989a, Ninan and Russell 

1992, Luyt et al 1993 and 1994, Austin et al 1994, Omran and Russell 1996). 

SOCIO-DEMOGRAPHIC CHANGES 

Changes in factors associated with social deprivation such as parental 

unemployment, rented housing and damp homes indicated that children from 

families in the 1993 study were worse off compared to those in 1991. Such 

changes in socio-economic factors may be explained by the transient nature 

of this largely inner city population. This data shows that the exposed dock 

area was more socially deprived, with higher proportions of parents smoking 

(including during pregnancy), unemployment and rented accommodation than 

in control areas. Socio-economic and respiratory changes in the longitudinal 

cohort were similar those observed in the cross-sectional study. 

RESPIRATORY INDICATORS 

In control areas there were significant differences between surveys in 

the prevalence of labelled asthma and prescribed asthma treatment. There 

were also increases in indicators of morbidity such as school absenteeism 

and hospital admissions for respiratory symptoms. Strachan et al (1994) 

reported that increased respiratory morbidity was associated with poorer 

families, although there was no difference in diagnosis rates and prescribed 
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treatment between social classes. In the exposed area a higher proportion of 

parents perceived their child's asthma to be well controlled in 1993 compared 

to 1991. The proportion of children with school absences due to respiratory 

symptoms remained high and greater in the exposed area compared to the 

control areas. 

DIAGNOSED ASTHMA 

The increase in the prevalence of 'doctor diagnosed asthma' in the 

control areas over the two year period may be due to a greater awareness of 

general practitioners with an increased probability of asthma diagnosis. 

Before such awareness under-diagnosis of asthma was common (Speight et 
ý-l 

al 1983) and the use of 'doctor diagnosed asthma' in prevalence surveys 

to an underestimation, compared to the prevalence of current wheeze as a 

marker of asthma. Responses to questionnaires about 'doctor diagnosed 

asthma' may be influenced by parental recall, diagnostic labelling by the 

medical practitioner, parental acceptance of the label and access to health 

care facilities (Peat et al 1992b). In addition to questionnaire data objective 

measures of respiratory function are important when attempting to determine 

the true prevalence of asthma, although such measures also have their own 

inaccuracies and reproducibility problems. 

SYMPTOM SEVERITY 

Hill and colleagues (1989b) suggested that the increased use of 

asthma as a diagnostic label is unlikely to be due to an increase in the 

severity of symptoms as the distribution of frequency of attacks did not alter 

over the three year period of their study. Anderson et al (1994) observed an 

increase in the period prevalence of wheeze and a reduction in severity over a 

13 year period which they proposed may be due to improved treatment. In 
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contrast, a study of Aberdeen schoolchildren showed an increase in the 

frequency of attacks of wheeze and breathlessness over a five year period 

(Omran and Russell 1996). There was an increase in the period prevalence of 

cough and breathlessness, frequency of attacks of wheeze and intensity of 

cough attacks in the control areas which indicated an increase in symptom 

seventy. The 12 month period prevalence of wheeze in the present study was 

comparable to reports in other UK studies, (Hill et al 1989b, Strachan et al 

1994, Powell and Pnmhak 1996a). 

There were substantial reductions in the levels of atmospheric dust 

pollution in the exposed area. If respiratory symptoms were exacerbated by 

air pollution and air quality improved between 1991 and 1993 a reduction in 

symptom seventy would be expected. In the dust exposed area there was a 

reduction in the prevalence of CWB, but not of EC which has been shown to 

be associated with dust exposure (Kelly et al 1996/Chapter five). There was 

no reduction in symptom seventy in the exposed area. Although a reduction in 

dust levels occurred between surveys in the exposed area, dust pollution 

levels remained high and were higher compared to the control areas. This 

suggests that if symptom prevalence and severity are linked to dust pollution 

then further improvements in air quality are needed in the exposed area. 

INCIDENCE AND RECOVERY RATES 

There have been several community based surveys in children which 

suggest that asthma improves over time, although Kelly et al (1987) indicated 

that symptoms may return in adult life. Nakadate and Kagawa (1992) reported 

that peripheral pulmonary function in children with a history of asthma, even if 

they had been in remission for several years, was reduced compared to 

control children. In a community study of pre-school children, Brooke et al 

(1995) reported that 7.2% of those with cough (without wheeze) went on to 

¼ 
II 

4, 
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develop wheeze three years later. The present results showed that over one 

quarter of children with EC developed other symptoms within two years. 

Powell and Pnmhak (1996a) reported that children with wheeze were more 
likely to retain their symptoms than those with cough. In this analysis it was 

observed that the symptom triad was persistent, with a low recovery rate, 

whilst EC was transitory with half of the children recovering within two years. 

In recent years other studies have reported increases in persistent 

wheeze (Anderson et al 1994, Rona et al 1995) and it is possible that a 

reduction in the recovery rates from asthma or wheezing illness, rather than a 

rising incidence, may be responsible for the rising prevalence of asthma. In 

order to examine this hypothesis, further studies are required to examine 

sequential incidence and recovery rates in relation to changing patterns of air 

pollution. 



Chapter Seven 

Maternal asthma, pre-term birth and the risk of respiratory 
morbidity in childhood 
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7.1 Introduction and objective 

In a study of children born in a one week in 1970, wheezing at age five 

was reported to be more common in children who were born prematurely or 

who were of low birthweight (Golding and Butler 1986). There are a number of 

possible explanations for this: small, premature infants are more prone to 

respiratory illnesses in early life which can result in airflow obstruction and 

impaired lung function (Shaheen and Barker 1994). There is an effect of 

maternal smoking on pre-term delivery, low birthweight and infant lung 

function (Marsh et al 1994). Children of asthmatic mothers are at increased 

risk of atopic disease and bronchial hyperreactivity (Bertrand et a11985, 

Cookson et al 1992), and it has been suggested that maternal asthma may 

predispose to premature labour (Bertrand et a11985, Doucette and Bracken 

1993, Patlow et al 1992). Hyperactivity of uterine smooth muscle could occur 

in women with bronchial hyper-responsiveness and ß-agonists might be 

beneficial in prolonging gestation (Schatz et al 1990). There is some evidence 

that asthmatic mothers not requiring inhaled ß-agonist bronchodilators during 

pregnancy have a higher incidence of low birthweight babies (Lao and 

Huangshung 1990). 

None of these studies report on respiratory outcome in children for 

whom both perinatal outcome, parental history of asthma and smoking during 

pregnancy are known. 

In addition to data on respiratory factors and environmental exposures 

data was also collected on perinatal outcome (shown as prematurity and 

birthweight) as well as current respiratory symptoms at 5-11 years of age. The 

objective of the analysis in this chapter was to determine the impact of 

maternal asthma on prematurity and birthweight and the effect of all of these 

factors on the subsequent development of respiratory symptoms in these 

children. 
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7.2 Methods 

The methods used for data collection were fully described in Chapter 

three. In addition to data on respiratory symptoms and socio-economic factors 

we asked about birth factors. Prematurity was determined with the question 

Was your baby born prematurely? ", birthweight was also requested. In this 

analysis asthma was identified as reporting of 'doctor diagnosed asthma', or 

by that of the symptom triad of cough with wheeze and breathlessness (CWB) 

which we have previously proposed as a surrogate for childhood asthma 

(Chapter 5/Kelly et al 1996). 

BIRTHWEIGHT AND GESTATIONAL AGE CATEGORIES 

Children were defined as low birthweight if <2.5 Kg at delivery and pre- 

term according to the parental response to the prematurity question. Small for 

gestational age (SGA) infants were those reported as full-term babies but 

<2.5 Kg birthweight. 

STRATIFIED ANALYSIS 

Contingency tables were analysed using hierarchical log linear 

modelling. Odds ratios calculated for the main effects of interest were 

adjusted for confounders using logistic regression. Potential confounders 

were of three main types: socio-economic, environmental and factors related 

to predisposition. The Statistical Package for Social Sciences (SPSS) was 

used for data analysis. 

7.3 Results 

In 1991 a total of 1872 questionnaires were returned out of 2035 sent 

to parents (92%). In the second survey in 1993 a total of 3746 out of 4288 

sent to parents were returned (87%). A cohort of 1093 children were surveyed 

on both occasions. Of the 1991 respondents 97.1 % answered the question on 
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pre-term delivery and 95.9% provided their child's birthweight. In 1993 the 
figures were 97.4% and 96.8% respectively. Response rates for the main 

respiratory variables in 1991 were 89.5% (doctor-diagnosed asthma), 85.8% 

(wheezing), 86.6% (breathlessness) and 90.1 % (cough). Very similar 

response rates were observed for the 1993 survey. For parents who 

completed the questionnaire in both surveys the agreement between answers 

on prematurity and birthweight were 97% and 78% respectively. The mean 
difference in birthweights that did not match was small (168g). The 

agreement for respiratory factors were doctor-diagnosed asthma (93.1 %), 

wheezing (69.9%), breathlessness (62.1 %), maternal asthma (89.7%) and 

paternal asthma (77.8%). 

MATERNAL ASTHMA AND PRE-TERM BIRTH 

In both surveys there was a significant increase in reported pre-term 

delivery associated with maternal but not paternal asthma (table 7.1). The 

prevalence of pre-term delivery among the 2652 children surveyed in 1993 

but not in 1991 was 17.1 % for asthmatic and 13.0% for non-asthmatic 

mothers. 

Children in the 1993 survey were separated into four birth categories 

determined by birthweight, <2.5kg or 22.5kg and pre-term or full-term. 

Significantly more pre-term babies were bom to asthmatic mothers (table 7.2), 

but amongst these pre-term babies asthma does not significantly increase the 

risk of low birthweight (<2.5kg). The mean birthweight of pre-term babies over 

2.5 Kg was 2.62 (0.64, SD) which corresponds to a 50"' percentile at 34.5 

weeks gestation on the standard growth charts (Tanner and Thomson 1970). 

There was no difference in the prevalence of growth retarded babies (full-term 

gestation and <2.5kg) in relation to parental asthmatic status. The mean 

birthweights for growth retarded full-term (SGA) and normal full-term infants 

were 2.25 Kg (0.19, SD) and 3.47 Kg (0.46, SD) respectively. 
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Table 7.1 The prevalence of pre-term delivery in 1991 and 1993 in relation to 
parental asthma 

Survey group and year Prevalence of pre-term delivery % 
Parent asthmatic Parent non-asthmatic 

1991 

Mother 23.7 (28/118) 14.0 (220/1574) 
Father 16.7 (17/102) 14.1 (220/1559) 

1993 

Mother 19.1 (61/319) 13.0 (410/3158) 
Father 14.7 (34/232) 13.2 (405/3066) 
Parenthesis: numbers surveyed 

The mean birthweights of children whose mothers smoked during 

pregnancy was significantly less compared to those whose mothers did not 

smoke during pregnancy (3.196 kg vs 3.408 kg, p<0.001). Maternal asthma 

and smoking during pregnancy each increased the risk of pre-term delivery. 

Table 7.3 shows the unadjusted odds ratios for the various categories 

of mothers. Asthmatic mothers who smoked were at the highest risk of 

delivering pre-term and non-asthmatic non-smoking mothers were at the 

lowest risk. 

Table 7.3 Odds ratio for pre-term delivery among mothers in relation to 
asthmatic status and civarette smoke exposure during nreanancv 
Maternal asthmatic and Prevalence (%) of Unadjusted Odds Ratio 

pregnancy smoking status pre-term delivery (95% Cl. ) . Asthmatic and smoker 19.8 1.91 (1.18-3.06) 

Asthmatic and non-smoker 17.5 1.63 (1.07-2.49) 

Non-asthmatic and a smoker 15.3 1.39 (1.11-1.73) 

Non-asthmatic and non-smoker 11.5 - 

Compared to non-asthmatic, non-smoking mothers 
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Logistic regression was used to calculate adjusted odds ratios for the effects 

of smoking and asthma. This was done separately for the 1991 and 1993 

surveys (table 7.4). In both 1991 and 1993 maternal asthma was the 

predominant risk factor for pre-term delivery. Any smokers in the 

Table 7.4 Adjusted odds ratio for pre-term delivery from multiple logistic 
regression 

Variable 
1991 Survey (n=1715) 

Maternal asthma 
Any smokers in household 

1993 Survey (n=3403) 

Maternal asthma 
Mother smoked during 

Odds Ratio 95% Confidence Interval 

1.89 1.21-2.96 
1.64 1.22-2.19 

1.49 1.10-2.02 

1.35 1.10-1.65 
pregnancy 

household was the only other significant risk factor identified for the 1991 

model. The 1993 survey showed that it was maternal smoking during 

pregnancy, rather than passive smoke from fathers or others in the 

household, which was directly associated with increased risk of pre-term 

delivery. There was no statistical interaction between maternal asthma and 

smoking, indicating they have separate effects. Other health problems, 

allergies and paternal unemployment though significant when considered in 

isolation did not have odds ratios significantly different from unity after 

adjustment for known confounders. Information on maternal parity and age 

was not available on the questionnaire and could not be added to the model. 

Maternal smoking during pregnancy was associated with an increased risk of 

delivering a baby that was small for gestational age, although not significantly 

(odds ratio 1.63,95% Cl, 0.97-2.73). 
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PARENTAL ASTHMA, BIRTHWEIGHT, PREMATURITY AND LATER CHILDHOOD 
RESPIRATORY MORBIDITY 

Table 7.5 shows the prevalence of labelled asthma and CWB by 

parental asthma status and whether or not a child was born pre-term. 
Adjusted odds ratios were estimated using logistic regression analysis and 

showed an effect of maternal asthma (OR, 95% Cl; 3.13,2.36-4.16); paternal 

asthma (2.23,1.62-3.05) and pre-term birth (1.40,1.10-1.79), on increasing 

the risk of the child having diagnosed asthma. Using the CWB asthma 

surrogate, the analysis showed a similar pattern; maternal asthma (OR, 95% 

Cl: 3.30,2.17-5.03), paternal asthma (1.94,1.16-3.25) and pre-term birth 

(1.89,1.29-2.76). A number of environmental, socio-economic and 

predisposing factors contribute to the risk of respiratory morbidity in children. 

Table 7.5 Prevalence (%) of respiratory morbidity in children in relation to 
prematurity by parental asthmatic status, 1993 survey 

Birth category 
Parental asthmatic status and 
childhood respiratory outcome Full-term Pre-term 
Asthmatic mother 
Doctor diagnosed asthma 41.4 (106/256) 45.8 (27/59) 

Cough, wheeze and breathlessness 17.8 (35/197) 16.3 (7/43) 

Asymptomatic 49.2 (97/197) 53.5 (23/43) 

Non-asthmatic mother 
Doctor diagnosed asthma 19.0 (513/2694) 26.7 (102/382) 

Cough, wheeze and breathlessness 5.6 (129/2299) 10.5 (35/334) 

Asymptomatic 72.6 (1668/2299) 63.2 (211/334) 

Asthmatic father 
Doctor diagnosed asthma 36.1 (70/194) 55.8 (19/34) 

Cough, wheeze and breathlessness 13.3 (21/158) 25.0 (6/24) 

Asymptomatic 52.5 (83/158) 37.5 (9/24) 

Non-asthmatic father 

Doctor diagnosed asthma 19.6 (512/2607) 24.9 (99/397) 

Cough, wheeze and breathlessness 5.9 (130/2209) 10.3 (34/331) 

Asymptomatic 72.3 (1548/2209) 66.2 (219/331) 

Parenthesis: number 
Cough = excess cough in previous 12 months. 
Wheeze = attack of wheeze at any time. 
Breathless = attack of breathlessness at any time. 



106 

These include other allergies and health problems, young age, sex (boy), 

parental unemployment, household dampness, rented accommodation, and 

geographical area. Adjusting for each of these variables the odds ratio for 

lifetime asthma diagnosis in pre-term babies was 1.41 (1.06-1.87), and for 

developing CWB 1.82 (1.15-2.88). Smoking during pregnancy or passive 

smoking was not associated with any of the respiratory outcome variables in 

univariate tests in the 1993 data. It is therefore not an important confounder 

for the relationship between pre-term birth and later respiratory symptoms. 

Table 7.6 shows that infants in our survey born small for gestational age to either 

asthmatic or non-asthmatic parents are at reduced risk of developing asthmatic 

respiratory symptoms compared to normal birthweight full-term babies. This 

difference does not reach statistical significance; the odds ratio for having diagnosed 

asthma was 0.63 (95% Cl, 0.28-1.41), and for developing CWB 0.37 (0.05-2.73). 

These findings are of interest as the reduction in risk is cons it in the 

different groups and contrasts with the results for pre-term infants. 

7.4 Discussion 

QUESTIONNAIRE 

Studies which rely on self administered questionnaires are limited by 

the reliability and validity of the instruments used. Brunekreef et al (1992) and 

Peat et al (1992b) reported that questions about doctor diagnosed asthma, 

wheeze and breathlessness had good reproducibility. In contrast, Anderson et 

al (1992) in a report on the National Child Development Study found that 

lifelong reports of asthma and reports over the previous year did not show 

good agreement. The validity of the survey is dependent on the response rate 

and the high 92% and 87% compliance figures compare favourably with other 
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Table 7.6 Prevalence (%) of respiratory morbidity in children in relation to foetal 
growth retardation by parental asthmatic status, 1993 survev 

Birth category 
Parental asthmatic status and Full-term Full-term 
childhood respiratory outcome (Z2.5kg) (<2.5ka)* 
Asthmatic mother 
Doctor diagnosed asthma 41.9 (103/253) 0.0 (0/3) 
Cough, wheeze and breathlessness 17.9 (35/196) 0.0 (0/1) 
Asymptomatic 49.4 (97/196) 0.0(0/1) 
Non-asthmatic mother 
Doctor diagnosed asthma 19.2 (506/2636) 13.8 (8/58) 
Cough, wheeze and breathlessness 5.7 (128/2251) 2.1 (1/48) 
Asymptomatic 72.5 (1633/2251) 72.9 (35/48) 
Asthmatic father 

Doctor diagnosed asthma 36.5 (70/192) 0.0 (0/2) 
Cough, wheeze and breathlessness 13.4 (21/157) 0.0 (0/1) 

Asymptomatic 52.2 (82/157) 100.0 (1/1) 

Non-asthmatic father 

Doctor diagnosed asthma 19.8 (505/2553) 13.0 (7/54) 
Cough, wheeze and breathlessness 6.0 (129/2164) 2.2(1/45) 

Asymptomatic 72.4 (1566/2164) 71.1 (32/45) 

Small for gestational age 
Parenthesis: number 
Cough = excess cough in previous 12 months. 
Wheeze = attack of wheeze at any time. 
Breathless = attack of breathlessness at any time. 

surveys (Clifford et al 1989, Ninan and Russell 1992, Luyt et a11993) and 

reduces the effects of bias. Over 95% of the respondents answered the key 

questions relating to pre-term delivery and birthweight. For all the main 

respiratory symptom variables response rates were over 85%. The measure 

of agreement for important measures in those who completed both surveys 

was generally good, although it was only 62.1 % for breathlessness. 

Ascertainment of prematurity by the question 'Was your baby born 

prematurely? ' is dependent on the mother's knowledge and understanding of 

gestational age at delivery, which may have been explained in a number of 

ways by the attending doctor, midwife or nurse. The validity of the answers is 
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supported by the observation that the mean birthweight of babies greater than 
2.5 kg and reported as pre-term by the mother was 2.62 Kg. This corresponds 

to the 50"percentile at 34.5 weeks gestation on the standard growth charts 

(Tanner and Thomson 1970). Only 4 pre-term infants were above the 97th 

centile for birthweight at 37 weeks gestation. This distribution of birthweights 

for the pre-term group is comparable to reference percentiles for premature 

babies and supports the validity of parental recognition of pre-term delivery. 

Further to this Seidman of al (1987) reported that 75% of mothers recalled 

birthweight within 100g and gestational age within one week compared to 

hospital records. Another study reported that ten years after delivery 90% of 

mothers placed their child into the correct birthwieght category (Tilley et al 

1985). The prevalence of reported pre-term delivery was 14% in the 1991 

survey and 13% in the 1993 survey. Both these figures are appreciably higher 

than previous surveys using prospective data. A stronger case for the 

causality of the associations would be demonstrated if the validity of the pre- 

term delivery data was confirmed against original birth registers. 

MATERNAL ASTHMA, SMOKING AND PRE-TERM DELIVERY 

Biological and obstetric factors can play an important role in 

determining gestational duration. In a meta-analysis Kramer 

(1987) identified 43 factors associated with low birth weight or pre-term birth/ /;; 

maternal asthma was not listed as a significant risk factor. This analysis 

indicates a significant association between maternal asthma and pre-term 

birth but amongst pre-term births, asthma does not increase the risk of low 

birthweight. This suggests that the effect of maternal asthma is primarily to 

shorten gestation to 34-37 weeks rather than leading to very pre-term 

delivery. The regression analysis which controlled for socio-economic factors 

identified maternal asthma in both the 1991 and 1993 surveys as a risk factor 

for pre-term delivery. 
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Hypotheses to explain the association of maternal asthma and pre- 
term delivery remain to be elucidated. An attractive theory is that of uterine 

smooth muscle hyper-reactivity in women with bronchial hyper- 

responsiveness (Bertrand et al 1985). The effect of 13-agonists in inhibiting 

labour supports this hypothesis, and asthmatic patients not using ß-agonist 

bronchodilators during pregnancy have been reported as having a higher 

incidence of low birthweight babies (Lao and Huangshung 1990). 

Observations by Doucette and Bracken (1993) and Kramer et al (1995) that 

women with a history of asthma are at higher risk of pre-term delivery further 

support the bronchial-uterine smooth muscle labilty hypothesis. Conversely, 

Schatz et al (1995) did not show an association between maternal asthma 

and pre-term delivery, although the women in their study had well controlled 

asthma. The data cannot address issues such as whether it is asthma 

severity, or its treatment or control that are important. 

ii it: zit, ýLA, vCy z3, i sowed smokers in the household as a significant 

factor increasing risk of pre-term delivery. The greater detail on parental 

smoking collected in 1993 showed that maternal smoking during pregnancy 

was the important risk factor and not the passive effects of others smoking. 

The effects of maternal asthma and maternal smoking appear to have 

independent and separate effects on increasing the incidence of prematurity. 

There is a large amount of literature on maternal smoking as an adverse 

factor on intrauterine growth and gestational duration. The data shows that 

children born to mothers who smoked during pregnancy had mean 

birthweights 212g less than those whose mothers did not smoke. This 

reduction in birthweight is of a similar order of magnitude as reported 

elsewhere (Brooke et al 1989, Conter et al 1996). Fox et al (1994) reported 

that the decrement in mean birthweight associated with smoking during 

pregnancy increased with maternal age. In mothers of 40 or more they 

showed a difference of 376g compared to reduction of 11 7g in younger 
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mothers of 17 years of age. Studies on the effects of passive smoking on birth 

weight and gestational age are less consistent. Ahlberg and Bodin (1991) 

reported a weak association between environmental tobacco smoke (ETS) 

exposure in the workplace and increased risk of pre-term birth but no effect on 
birthweight. Fortier et al (1994) and Zhang et al (1996) reported that passive 

smoking was associated with a reduction in birthweight, the size of the effect 
being two to ten times smaller than that of active smoking. In contrast, Ogawa 

et al (1991) found no association between ETS exposure and reduced 

birthweight. 

Maternal smoking exerts its effects on foetal growth retardation by 

leading to intrauterine hypoxia. Such mechanisms involve the formation of 

carboxyhaemoglobin which reduces the oxygen carrying capacity of the blood, 

catecholamine release which leads to uterine vasoconstriction and disruption 

of placental ultrastructure (Quigley et al 1979, Abel 1980, Asmussen 1980). 

Maternal smoking was not associated with an increased risk of 

delivering a small for dates baby although the confidence interval for the odds 

ratio was close to significance (0.97-2.73). Many women do give up smoking 

in early pregnancy and do not consider themselves to have smoked during 

pregnancy when subsequently questioned. The question asked in this study 

could not separate out this group and this question should be addressed to 

exclude possible confounding. 

PREMATURE BIRTH AND CHILDHOOD ASTHMA 

While it is well established that children who survive bronchopulmonary 

dysplasia have poor airway function at school age, the long term outcome for 

pre-term infants who do not develop bronchopulmonary dysplasia has been 

little studied. This is particularly the case for pre-term infants who are born 

with birthweights of 2.5 kg or more. The analysis indicates pre-term but not 

low birthweight babies are at particular risk for developing childhood asthma. 
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Of pre-term babies born to asthmatic parents, almost half have been 

diagnosed as asthmatic at some time by a doctor. Asthma diagnosed by a 

doctor at some time could significantly overstate the current problem, thus a 

group of children with CWB were defined on the grounds that the occurrence 

of all three symptoms together was most likely to be asthma. This symptom 

triad is also significantly associated with having been born prematurely, 

although the absolute risk is about half the genetic risk from having asthmatic 

parents (Chapter 5/Kelly et al 1996). 

The risk of asthma (doctor-diagnosed or CWB) was greater for 

premature babies. Babies born at full-term but who were less than 2.5 kg (i. e. 

small for gestational age (SGA)) were less likely than either full-term normal 

weight or pre-term babies to develop the symptom triad of CWB or have 

labelled asthma. This did not reach statistical significance and the percentage 

of asymptomatic children is similar to that in children born appropriate for 

gestational age. Nevertheless, this observation may be worth studying in a 

larger cohort. Could it be that growth retardation in utero in some way protects 

against asthma? 

The relationship of prenatal and early postnatal events to lung function 

and airways responsiveness in schoolchildren has been studied prospectively 

for infants with birthweights less than 2000 grams (Chan and colleagues 

1989a, 1989b). In these studies a reduction in airway function was observed 

in low birthweight children which was associated with cough but not wheeze. 

Other studies have shown that birthweight is related to lung size and 

methacholine responsiveness, and that prematurity and smoking during 

pregnancy appear to diminish airway size thus impairing lung function and 

increasing the likelihood of exercise-induced bronchospasm or of asthma 

diagnosis (Hanrahan et al 1992, Cunningham et a11994, Demissie et al 

1994b, Helms 1994, Stick et al 1996). A re-analysis controlling for 

confounding factors of the British National Birth Cohort of children born in one 
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week of 1970 confirmed the original observations of Golding and Butler 

implicating low birthweight in the aetiology of childhood wheezing (Lewis et al 

1995). 

The interrelationships of maternal asthma, active versus passive 

smoking by the parents, prematurity and birthweight have not been 

systematically studied. Thus if maternal asthma leads to prematurity and also 

influences the development of childhood asthma, it is likely that univariate 

analysis will show prematurity is associated with childhood asthma. The 

results show that prematurity remains important even when the parental 

asthma is controlled for and also that it is the prematurity that is relevant, 

regardless of birthweight. 

The results also suggest that paternal smoking is not significant after 

adjusting for maternal smoking. This is probably because maternal and 

paternal smoking incidence is highly correlated. Thus passive smoking may 

be relatively unimportant, although this study was not designed to look at the 

effects of passive smoking and respiratory morbidity. Thus, objective 

measures of lung function or cigarette smoke exposure would be more 

sensitive in detecting an effect rather than questionnaire reporting of 

symptoms. 

Chan et al (1989a, 1989b) have suggested a model of the aetiology of 

chronic respiratory morbidity in childhood based on birthweight, maternal 

smoking, genetic and environmental factors. They were unable to determine 

the relative importance of these factors because of the small size of their 

study. Analysis of more extensive data in the present study suggests that 

several different pathways are involved in the development of respiratory 

symptoms in childhood. Maternal asthma is associated with premature birth 

which is compounded if the mother smokes during pregnancy. Premature 

birth is associated with an increased risk of childhood wheezing, 

breathlessness and cough, whether or not the parents are asthmatic. 
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Maternal asthma is also associated with recurrent respiratory symptoms in 

children independently of whether the child is born pre-term. Early 

environmental exposures, during infancy or in utero, to allergens have also 

been implicated in the development of atopy and asthma (Peat et al 1990, 

Warner and Warner 1995). Thus it seems that there are several pathways by 

which asthma evolves. 

The results indicate the importance of pre-term delivery in predisposing 

to respiratory symptoms in children. If this is confirmed then it should be 

possible to target particular groups of mothers or pre-term babies for 

intervention studies testing hypotheses related to causation. For example, 

premature babies of asthmatic mothers are at very high risk of childhood 

symptoms and would permit smaller longitudinal studies of asthma causation 

than would otherwise be possible. These are obvious target groups upon 

which to test the effectiveness of interventions in the future. 



Chapter Eight 

Methodology for case-control study 
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8.1 Study design 

The objective of the case-control study was to determine whether there 

were quantitative differences in lung function, atopy and nutritional status 

between children with CWB or EC (case groups) and symptom free controls. 

DEFINING CASES AND CONTROLS 

Cases and controls were defined on the basis of questionnaire 

information from the 1993 dataset. Cases were defined as either having a 

history of CWB (n=61) or a history of EC (n=69), controls had no history of 

respiratory symptoms (n=148). Cases were matched by age (within six 

months), sex and consent to venepuncture with two controls. 

8.2 Questionnaire 

The questionnaire was completed by home interview with the child's 

parent or guardian. Questions relating to socio-economic factors included 

those about the presence of smokers in the household, damp or mould in the 

home, type of heating, fuel for cooking and pet ownership. Parents/guardians 

were asked about the mother's health during pregnancy, whether or not she 

smoked and a number of questions relating to the child's birth. Questions 

were asked about the respiratory health of parents, siblings and that of the 

study child. The presence of cough, wheeze and breathlessness were 

determined with the questions: "During the past year has your child had more 

cough, or got more coughs, than other children ? "; "Has your child had 

wheezing in the past year ? "; "During the past year has your child been 

breathless at rest or more breathless than expected after exercise ?" If the 

child had asthma questions about medication use and management were 

asked. The full questionnaire is shown in appendix C. 
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8.3 Anthropometry 

Children were asked to remove shoes, socks and heavy clothing. 

Height was measured to the nearest millimetre using a Minimeter (Child 

Growth Foundation), weight was measured to the nearest 100 grams using 

electronic scales. 

8.4 Lung function testing 

Children were shown how to perform a forced expiratory manoeuvre in 

the standing position. Forced expiratory volume in one second (FEV, ) and 

forced vital capacity (FVC) were measured using a dry bellows spirometer 

(Vitelograph, UK), peak expratory flow (PEF) was measured using a mini- 

Wright peak flow meter (Clement Clark, UK). After sufficient practice the 

highest of three measurements was recorded as baseline lung function. 

During field work predicted values for lung function were estimated using 

nomograms based on height, age and sex (Camprag 1977). Predicted values 

used in data analysis were calculated using the following regression 

equations (Rosenthal et al 1993). 

FEV, 
Boys <162.6 cm -2.780 + 0.03425 x ht 

> 162.5 cm -5.108 + 0.05210 x ht 
Girls <152.6 cm -2.734 + 0.03316 x ht 

> 152.5 cm -3.680 + 0.04112 x ht 

FVC 
Boys 

Girls 

PEF 
Boys 

Girls 

<162.6 cm -3.619 + 0.04129 x ht 
> 162.5 cm -7.038 + 0.06780 x ht 
< 152.6 cm -3.311 + 0.03918 x ht 
> 152.5 cm -3.881 + 0.04512 x ht 

< 162.6 cm 
>162.5 cm 
< 152.6 cm 
> 152.5 cm 

-5.980 + 0.073 x ht 
-13.14 + 0.125 x ht 
-6.790 + 0.079 x ht 
-3.940 + 0.064 x ht 
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Children were not asked to exercise if their baseline FEV, was less 

than 60% of the predicted value (Taussig et al 1980). A six minute 

standardised free running exercise test (groups of five children) was 

performed on the school playground or in the school gymnasium if weather 

conditions were unfavourable. Children were closely observed and actively 

encouraged to run as hard as they could. If a child became distressed the 

exercise test was stopped and the child rested. Nose-clips were not worn and 

asthma medication was taken as usual. FEV1 measurements were taken at 

three, six and nine minutes after exercise (McQuitty and Lewiston 1982). If a 

child had a reduction of 15% or greater from baseline FEV, or a child had 

breathing difficulties a bronchodilater was given. 

8.5 Skin testing 

In order to determine whether or not a child was atopic, skin testing 

was performed. Children were asked to sit and rest their arms on a table 

surface. The volar surface of the lower arm was cleaned with an alcohol 

swab, the skin was marked at four centimetre intervals to indicate each test 

site. Drops of test solution containing allergen extracts for house dust mite, 

cat, dog, tree pollen, grass pollen, Aspergillus, feathers and the control 

solution histamine and physiological saline (Allergopharmia, Germany) were 

dropped onto the marked areas of skin. The skin was gently lifted at an 

oblique angle with a hypodermic needle. After 15 minutes the skin tests were 

read, each 'weal and flare' reaction was scored in the following way; weal 

absent and no erythema = 0, weal not greater than 1 mm and erythema 

present = 1, weal up to 3mm with associated erythema = 2, weal between 3 

and 5mm with erythema = 3, weal larger than 5mm or with pseudopodia = 4. 

Children washed their arms after the skin tests were read. 
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8.6 Blood analysis 

Haemoglobin and zinc protoporphyrin were measured and used to 

indicate iron status. Vitamins A and E were measured in order to indicate 

serum antioxidant vitamin status. Vitamin E circulates in the low density 

lipoprotein portion of the blood and thus vitamin E status of the host is heavily 

influenced by the amount of circulating lipid. Cholesterol-adjusted vitamin E 

levels should be quoted to avoid missing vitamin E deficiency. A five ml blood 

sample was drawn by venopuncture by a doctor, 2.5ml were aliquoted into a 

washed glass tube, for whole blood analysis, and the remaining 2.5ml into an 

EDTA tube, for serum analysis. During field work samples were stored on ice 

inside a box for up to four hours. On return to the laboratory blood samples 

were prepared for various assays. Whole blood haemoglobin and zinc 

protoporphynn were measured on the same day that samples were obtained. 

Samples for other assays were stored at -20 °C. 

Haemoglobin (g/dl) (Hb) was assessed by the azidemethaemoglobin 

method using a HemoCue photmeta-, S, A/eden). Zinc 

protoporphynn (pmol/mol haem) (ZPP) was assessed using the ProtoFluor 

Reagent System (Helena Laboratories, UK). Serum vitamins A and E (pmol/I) 

(retinol and a-tocopherol) were measured by high performance liquid 

chromatography (Catignani and Bien 1983). Normal serum levels for children 

were taken as, retinol 0.7-3.5 pmol/1 and a-tocopherol 8.8-36.0 pmol/l (Farrel 

et al 1978, Gibson 1990, Forfar and Ameil 1992). Cholesterol and triglyceride 

(pmol/1) were measured using standard cholesterol II and triglyceride N assay 

kits (Wako Laboratories, UK). 

Haemoglobin and ZPP were measured by the author, other assays 

were performed by a technician in the Tropical Medicine divisional 

laboratories at the School of Tropical Medicine, Liverpool. 
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8.7 Dietary assessment 

Half of the surveyed children were chosen at random for further dietary 

assessment by the author and a dietician. Homes were visited and parents or 

guardians shown how to complete a three day dietary diary (Appendix D). The 

time of eating was logged, composition (with brand names if appropriate) and 

portion size were recorded. Participants were encouraged to record every 

food substance (meal, snack or confectionery) and any drink other than water. 
Three day records were kept for consecutive days (one weekend day and two 

week days). Homes were visited within one week and recorded entries 

checked with participants. Each foodstuff was coded according to McCance 

and Widdowson (1992) and Chan et al (1994). Food composition data were 

analysed using Microdiet (version 6.0) software which listed 33 macro and 

micronutrients, mean values of the three day dietary intake were used for 

analysis. Compliance with the full dietary assessment procedure was 87% 

(121/139), providing a sample of 121 for analysis. 

8.8 Sample size 

The sample size needed in each of two groups for a case-control study 

to have 90% confidence of estimating the population odds ratio to within 50% 

of the true value with an odds ratio of 2.0 when exposure to vitamin E 

deficiency among controls is estimated to be 20% was 60. It was estimated 

that there would be a 10% refusal rate to venopuncture during the field visits. 

8.9 Study implementation 

School visits were made over six weeks during May and June 1995 by 

the author, a physician and a school nurse. Anthropometry, lung function 

testing and skin testing measurements were recorded and a blood sample 

was taken during a day visit. Single re-visits were made for absentees. Home 

interviews and dietary assessments were arranged by telephone or letter, 
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these visits were completed between June and December 1995. Hb and ZPP 

were measured on the same day that blood samples were obtained, and the 

remaining assays were performed between June 1995 and May 1996. 

The study was approved by the Paediatric Ethical Committee of The 

Royal Liverpool Children's Hospital, NHS Trust, Alder Hey. 

8.10 Statistical analyses 

The epidemiological package, Epi Info (version 6.0) was used. 

Matched pair analyses were performed for categorical variables, odds ratios 

and significance levels were calculated. For continuous variables analysis of 

variance or Kruscal-Wallis (for non-parametric data) tests were applied, p 

values were two tailed. 



Chapter Nine 

Assessment of antioxidant status - results in relation to 
respiratory symptoms 
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9.1 Introduction and objectives 

Various hypotheses have been proposed to explain the rising 

prevalence of asthma in industrialised countries (Seaton et al 1994). Not all 

susceptible individuals who have a genetic predisposition will develop 

clinically significant disease and the spectrum of illness in symptomatic 

children ranges from chronic disability to mild symptoms of nocturnal cough. 

The nutritional status of the host has been hypothesised to influence this 

pattern of illness and Burney (1995) has proposed that 'it is surely not the 

hypothesis that lack of a particular nutrient is the cause of asthma; it is far 

more likely that lack of a nutrient would lead to a greater likelihood of asthma 

in a predisposed individual'. Dietary intakes and serum levels of the 

antioxidant vitamins A and C have been linked with reduced respiratory 

symptoms, improved lung function and reduced onset of obstructive lung 

disease in adults, but none of these studies have addressed the problem in 

children (Morabia et a! 1989,1990, Schwartz and Weiss 1990, Strachan et al 

1991, Miedema eta! 1993, Britton et a! 1995, Troisi et a! 1995). 

Oxygen free radicals are products of natural oxidative processes which 

occur in all body tissues. Tissue damage in asthma is thought to be 

associated with the production of these reactive oxygen species during the 

inflammatory process (Barnes 1990). Vitamin E is a lipid soluble antioxidant 

which represents the principal defence against oxidant induced membrane 

injury (Heffner and Repine 1989). The biological activity of vitamin E is 

dependent not only on the dietary intake, but also on the availability of 

vitamin C which is needed to maintain the reduced form of vitamin E 

sequestered in cell membranes and other lipid structures (Packer et a/ 1979). 

Children with an asthmatic predisposition, eating diets low in vitamin E 

and who are exposed to air pollutants which induce oxidative processes in the 

lung could be at particular risk of developing asthmatic symptoms. Inner city 

children who have been reported to have diets deficient in vitamin E (Doyle et 
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al 1994) and also to have a high prevalence of asthma (Brabin et al 

1994/Chapter four) would be most likely to demonstrate this pathogenesis. 

The objectives of this chapter were in children with different respiratory 

symptom profiles and asymptomatic controls to: (1) Determine the 

biochemical status of vitamins A and E. (2) Determine the dietary intake of 

antioxidant nutrients. 

9.2 Methods 

Subjects and methods were described in chapter eight. Cases had 

either a history of cough with wheeze and breathlessness (CWB) (n=61) or a 

history of excess cough as a solitary symptom (EC) (n=69). Cases were 

matched by age, sex and consent to venopuncture with two asymptomatic 

controls (n=148). 

During a school visit anthropometric and lung function measurements 

were recorded and a blood sample was obtained. Serum levels of vitamins A 

and E and cholesterol were determined by assay methods. During a home 

visit a questionnaire was completed, questions asked included those about 

respiratory health and the home environmentl. In a sub-sample of children a 

three day dietary intake diary was completed (n=121). 

A double matched analysis was performed for categorical variables 

odds ratios and 95% confidence intervals were calculated. For continuous 

variables analysis of variance and Kruscal-Wallis (for non-parametric data) 

tests were used, p values were two-tailed. Epi-info version 6.0 epidemiological 

package was used for analysis. 

9.3 Results 

Of the 278 children selected for the study 89.2% (248) consented to 

venepuncture, 85.3% (237) had exercise tests, 93.9% (261) had skin tests 
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and 231 (83.1 %) had successful home interviews. Data were analysed for 

matched cases and controls who consented to venepuncture. 

There were no differences in mean age (9.4 ± 1.3 years), height (133.9 

± 9.7 cm), weight (30.9 ± 7.2 kg), haemoglobin (12.3 ± 1.1 g/dl), cholesterol 

(4.2 ± 1.9 pmoIA) or triglyceride (1.2 ± 0.6 pmol/1) of children in the three 

groups. 53% (132) of the participants were boys. 

Table 9.1 shows socio-economic data for cases and controls. Children 

with EC were more likely to live in rented accommodation and have an 

unemployed father than controls. The difference in socio-economic factors in 

children with EC and those with CWB were small. 

Table 9.1 Socio-economic factors for cases and controls 

Controls (n=103) EC (n=44) CWB (n=43) 

Smokers in household 59.2 48.8 52.3 

Father unemployed 27.3 52.3 43.2 

Rented accommodation 28.9 50.0 46.3 

Damp or mould in home 13.6 27.9 22.7 

Analysis restricted to children for which a blood sample was obtained for 
whom questionnaire data was available. p<0.05, p<0.01 EC vs controls. 

The proportions of children whose mothers were asthmatic was similar 

for those with CWB (20.8%) and EC (17.2%), but was much lower in controls 

(3.3%), table 9.2. There were no differences in mean resting or post-exercise 

lung function measurements between the three groups. Children with CWB 

were more likely to have a positive skin test compared to controls (p=0.05) 

and children with EC (p=0.10), and to have been taking anti-asthmatic 

medicine in the previous 12 months (both p<0.001). 
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Serum vitamins A and E levels 

There was no effect of age or sex on serum levels of vitamins A and E. 

Table 9.3 shows mean serum vitamins A and E levels for cases and controls 

by family history of asthma. Mean serum vitamin E levels were significantly 

higher in the EC group compared to the CWB group for children with both a 

non-asthmatic and an asthmatic family history. Mean vitamin E levels were 

also significantly higher in children with EC than controls but only for those 

with an asthmatic family history. Comparable results were found for the 

vitamin E/cholesterol ratios (table 9.3). Using a level of 8.8 pmol/l of serum 

vitamin E as the lower limit of normal 13.9% (32/230) were vitamin E deficient. 

Vitamin E deficiency was significantly less common in the EC group (3.7%) 

than in either the controls (16.9°x6) (p<0.01) or the CWB group (17.3%) 

(P=0.06). 

Table 9.3 Mean serum vitamin A and E and vitamin E/ cholesterol ratio for cases 
and controls with and without a family history of asthma 

Non asthmatic Significance level (p value) 

Controls EC CWB EC vs CWB vs CWB vs 
(n=87) (n=32) (n=27) Control Control EC 

Vitamin A, pmoVI 1.53 1.68 1.35 0.08 0.03 0.004 

Vitamin E, pmol/I 14.85 17.44 13.50 0.07 0.64 0.02 

Vitamin E/ 3.77 4.60 3.54 0.04 0.61 0.03 
cholesterol ratio 

Asthmatic Significance level (p value) 

Control EC (n= 11) CWB EC vs CWB vs CWB vs 
(n=16) (n=17) control control EC 

Vitamin A. pmol/l 1.36 1.47 1.44 0.51 0.88 0.51 

Vitamin E, Nmol/I 11.99 18.62 13.18 0.007 0.56 0.03 

Vitamin E/ 3.05 4.68 3.42 0.02 0.55 0.07 

cholesterol ratio 
* Analysis of variance or Kruscal-Wallis test for non-parametric data 
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Children with EC had higher mean serum retinol levels than controls or 

children with CWB. No child had vitamin A deficiency (<0.7 pmol/I). Children 

with EC (46.3%) and controls (29.0%) were more likely to have higher levels 

of serum retinol (>1.7 pmol/1) than children with CWB (15.4%), (p<0.01 and 

p<0.05 respectively). There was no difference in mean serum vitamin A and E 

for children who lived in a household with a smoker compared to those who 

did not. 

Table 9.4 Dietary intakes of vitamins A, C, E, sodium and energy 

Nutrient Controls (n=65) EC (n=28) CWB (n=28) 

Vitamin A, pg/day (SD) 

Vitamin C, mg/day (SD) 

vitamin E, mg/day (SD) 

Sodium, % RNI (SD) 

Energy, kcaVday (SD) 

833.4 (567.4) 764.1 (381.0) 

81.6 (49.6) 70.0 (41.7) 

4.6(1.8) 4.3(1.5) 

249.0 (63.4) 224.0 (78.0) 

690.0 (397.0) 

61.4 (33.5) 

3.7 (1.1) 

219.0 (63.3) 

2099.5 (452.0) 2022.9 (523.0) 1912.5 (423.0) 

Dietary intakes 

Dietary diaries were completed for 65 controls, 28 children with EC and 

28 children with CWB. Table 9.4 shows the intakes of vitamins A, C and E 

and energy for cases and controls. Intakes of vitamins E and C were higher in 

controls than children with CWB, though not significantly when controlling for 

energy intake. There were no differences in vitamin A intakes between the 

three groups. The average consumption of vitamins A and C for all three 

groups was above recommended nutrient intakes (131 % and 212% 

respectively). One child from the EC group was taking dietary supplements 

which included antioxidant vitamins. No published recommended intakes for 

vitamin E for children are available. There were no differences in intakes of 27 

other nutrients between the groups. The correlation coefficient (r) between 

dietary intakes and serum levels was not significant for vitamin A (r=0.06) but 
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was close to statistical significance for vitamin E (r=0.18,95% Cl, -0.02 to 

+0.36, p=0.06). Sodium intakes were universally high, 249% of recommended 

nutrient intake in controls, 219% in the CWB group and 224% in children with 
EC. 

9.4 Discussion 

It is proposed that there may be two steps in the pathway to developing 

asthmatic respiratory symptoms in childhood. The first relates to the 

development of host susceptibility which may be linked to pre-term birth 

(Chapter seven/Kelly et al 1995), or genetic factors associated with atopy 

(Cookson et al 1992), or another factor yet to be defined. The second step 

relates to host antioxidant status with fewer respiratory symptoms occurring in 

susceptible children with better antioxidant status. To test this hypothesis 

children, living in an inner city area, at presumed risk of antioxidant vitamin 

deficiency and who were known to have a high prevalence of respiratory 

symptoms were selected. In this group of children the results showed that 

vitamin E deficiency is significantly less likely to be present in children with a 

history of milder respiratory symptoms, which may indicate mild asthma. This 

is the first time a case control approach defining different respiratory symptom 

categories in children, which may indicate mild and more severe forms of 

asthma, has been used to identify whether antioxidant vitamin status relates 

to disease profile. 

These data are in keeping with a number of other studies of dietary or 

serum antioxidant vitamins in adults which have generally shown relatively 

weak beneficial effects of improved antioxidant status. Increased serum and 

dietary vitamin C intakes (often represented as fruit and fruit juice 

consumption) in adults have been associated with less wheezing and 

bronchitis, reduced incidence of lung disease and improved lung function 

(Schwartz and Weiss 1990, Strachan et al 1991, Miedema et a! 1993). Serum 
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retinol and dietary intakes of vitamin A have also been proposed as predictors 

of lung function in adults (Morabia et al 1989,1990). A recent report 

concluded that increased dietary intake of vitamin E may protect against adult 

onset asthma in women (Troisi et al 1995). Others have found no link between 

vitamin A intake and protection against obstructive lung disease in adults 

(Shahar et al 1994). In children only a single report has been identified from 

an industrialised area using a cross-sectional study design, which found no 

differences in serum tocopherol/cholesterol ratio, vitamin C or retinol in 

asthmatics compared to healthy controls (Powell et al 1994). However the 

data comprised a small group compared to the present study and results were 

not analysed by symptom severity and it is not clear if the children were living 

in a polluted area. 

In the present study both dietary intakes and serum levels were 

measured and although there was no evidence of vitamin A deficiency, 16.9% 

of asymptomatic controls had biochemical evidence of vitamin E deficiency. A 

comparable prevalence of deficiency occurred in children with CWB (17.3%). 

Thus, children with CWB were exposed to the full consequence of the 

impaired nutritional state which was present in this community. In a population 

with adequate antioxidant status a linear relationship between respiratory 

symptom severity and serum antioxidant levels might be expected, with the 

highest vitamin E levels in asymptomatic controls and the lowest in the most 

severely affected asthmatics. Conversely, in a population with a high 

prevalence of vitamin E deficiency all children, including asymptomatic 

children would demonstrate vitamin E deficiency. In children predisposed to 

respiratory symptoms a selected group with milder symptoms (i. e. the EC 

group) should show improved vitamin E status compared to a more severely 

affected group (i. e. the CWB group) and controls who are not predisposed to 

respiratory symptoms. This is what was observed in this study and the 

conclusion is not that low levels of antioxidants cause asthma but that better 
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antioxidant status may protect susceptible children from developing more 

severe symptoms. Serum retinol levels also suggested that children in the EC 

group had better vitamin A status than children with CWB. These 

relationships were present for children who had asthmatic and non-asthmatic 

parents, and therefore may be important in susceptible children whether or 

not they have a genetic predisposition. 

The concentration of total tocopherol in serum is the most frequently 

used biochemical index of vitamin E nutritional status, although its use as an 

index of vitamin E intake or status is questionable. Vitamin E is transported in 

serum mainly in LDL-lipoprotein fraction (Farrell et al 1978, Thurnham 1986). 

As blood lipid levels increase vitamin E is partitioned out of cell membranes 

and enters the circulation (Bien et al 1977). Therefore vitamin E- 

cholesterol/lipid ratios should be quoted. We observed no difference in serum 

cholesterol or tnglycende levels between the study groups, and lipid adjusted 

values showed the same differences as mean serum vitamin E between 

cases and controls. 

Children have lower levels of vitamin E than adults and it is not 

appropriate to use the adult range to assess vitamin E deficiency (Farrell et al 

1978, Gibson 1990). In a study of inner city children in London, Doyle et al 

(1994) reported 38% at high risk of vitamin E deficiency, based on a cut-off of 

less than 15 pmol/1. If the same cut-off is applied to these data 54% of 

children would be defined as vitamin E deficient. Serum total tocopherol 

concentrations of less than 11.6 mol/I have been associated with greater than 

5% haemolysis of red cells using the peroxide haemolysis test in adults 

(Gibson 1990). However, neither this or the higher cut-off used by Doyle et al 

are appropriate for paediatric populations. Many children have serum 

tocopherol less than 11.6 pmol/I due to low blood lipid concentrations but 

have no clinical or haematological evidence of vitamin E deficiency (Gibson 

1990). 
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The three day estimated intake diary method was used for dietary 

assessment. This method has been shown to correlate closely with intake 

values estimated from weighed food intake methods, and is more accurate 

than 24 hour recall or food frequency questionnaires for the assessment of 

dietary intake (Bingham et al 1994). Dietary intakes of antioxidant vitamins 

were comparable for children in all three groups, except vitamin E intake 

which was lower in the CWB group. The high sodium intake observed reflects 

the large quantity of processed food which these children eat. The calculation 

for sodium intake in this study did not include any estimate for use of table 

salt and so these intakes are minimal values. Although more than twice the 

recommended nutrient intake for sodium was consumed by children, no 

difference in intake was observed between cases and controls. This is in 

contrast to other studies in adults which have reported increased sodium 

intakes in asthmatics (Burney 1987). 

Endogenous reactive oxygen species and those from exogenous 

sources cause oxidative tissue damage if they accumulate. Animal studies 

have demonstrated the protective effects of vitamin E against oxidising air 

pollutants using vitamin E depleted animals (Menzel 1992), and it has been 

proposed that vitamin E can protect humans against the pathological effect of 

ozone in smog (Pyror 1991). Children in this Merseyside community are 

exposed to significant airborne dust pollution (Chapters four and six), which is 

a potential source of oxidants if oxidising substances are adsorbed on to the 

surface of particulates. It is plausible that vitamin E sufficiency could protect 

children from developing more severe respiratory symptoms due to the 

harmful effects of chronic exposure to airborne dust and other pollutants. 

Although vitamin A deficiency was not identified as a problem in cases or 

controls, the more optimal vitamin A status in the EC group compared to 

children with CWB should complement a protective effect of vitamin E. 
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The extent and public health significance of vitamin E deficiency should 

be assessed longitudinally, as it is not known whether this deficiency is 

chronic or seasonal. Assessment in pregnancy may also be important in view 

of the role of antioxidants in the pre-term lung (Fardy and Silverman 1995), 

and because asthmatic mothers have been shown to be at greater risk of 

delivering pre-term babies, who are in turn at greater risk of developing 

asthma (Chapter seven/Kelly et al 1995). Such babies could initially be at risk 

of developing asthma because of immature antioxidant enzyme systems 

(Fardy and Silverman 1995), or later because of diets with inadequate 

antioxidant content or because of a greater biochemical requirement. 

Improving their vitamin E status could be of value in reducing asthma 

symptom seventy. Controlled intervention trials for different age groups are 

needed to determine the potential efficacy of vitamin E supplementation in 

reducing respiratory symptoms in children predisposed to asthma. 



Chapter Ten 

Assessment of antioxidant status - results in relation to 
lung function and exercise-induced 

bronchoconstriction 
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10.1 Introduction and objectives 

It has been proposed that reductions in dietary consumption of 

antioxidants leads to reduced antioxidant defences in the lungs giving rise to 

increased susceptibility of populations to the potentially harmful effects of 

inhaled allergens and pollutants (Seaton et al 1994). Such an impairment of 

the lungs natural defence systems could be a contributory factor in the 

increasing prevalence of asthma over the past 30 years. This hypothesis is 

supported by observations of low asthma prevalence in rural communities in 

developing countries where highly processed 'Western' diets are not likely to 

be eaten (Godfrey et al 1975, van Niekerk et al 1979, Waite et al 1980, 

Keeley et al 1991, Addo Yobo et al 1997). Carey et al (1996) suggested a 

protective influence of Asian diet (which may be relatively unprocessed 

compared to an English diet) on wheeze and bronchial hyperreactivity in a 

study of school children in Leicester. Soutar et al (1997) reported that low 

dietary intake of vitamin C, magnesium and manganese were associated with 

increased risk of bronchial hyper-responsiveness (BHR) in adults. 

It has been shown that antioxidant status is related to respiratory 

symptom seventy in school children (Chapter nine). This leads to the 

hypothesis that serum antioxidant levels and dietary intake are related to lung 

function and BHR in children. If this hypothesis is correct the effects may be 

more readily detected in children than adults as their airways are rapidly 

developing and are immunologically immature. 

The objectives of this analysis were to determine in children with and 

without exercise-induced bronchoconstriction (EIB): (1) biochemical 

antioxidant status, (2) dietary intake of antioxidants, (3) the relationship 

between lung function and serum antioxidant levels. 
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10.2 Methods 

Subjects and methods for the case control study were described in 

chapter eight. Cases were defined as either having a history of cough with 

wheeze and breathlessness (CWB) (n=61) or excess cough as a solitary 

symptom (EC) (n=69). Asymptomatic controls were matched by age and sex. 
During a school visit lung function; forced expiratory volume in one 

second (FEV, ), forced vital capacity (FVC) and peak expiratory flow (PEF) 

were recorded before and FEV, after a six minute free running exercise 

period. A positive exercise test was defined as a drop of 15% or more from 

baseline FEV,. Skin testing to common aeroallergens was performed and a 

blood sample was obtained for biochemical nutritional status assessment. 

A questionnaire on respiratory health and home environment was 

completed dunng a home visit with either the parent or guardian. A three day 

dietary diary was completed for a sub-sample of cases and controls. 

Statistical analysis was performed using Epi-info. Significance testing 

was performed for categorical variables, analysis of variance and Kruscal- 

Wallis tests were used for continuous variables, p values were two-tailed. 

Linear regression analysis was used for correlations between indices of lung 

function and antioxidant vitamin levels in children with and without EIB. 

10.3 Results 

Questionnaire, lung function and biochemical data were available for 

196 children, dietary data was available for 121 children. 15.3% (30/196) of 

children had a drop in FEV, of 15% or more from baseline FEV, after a six 

minute free running exercise period. 

DEMOGRAPHIC AND SOCIAL FACTORS 

Children with EIB were older than children without EIB (10.0 yrs vs 9.3 

yrs, p<0.01). There was no difference between these groups in their mean 
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height or birthweight, the proportion born prematurely or breastfed and of 

mothers who smoked during pregnancy or at the time of the survey. A higher 

proportion of children without EIB lived in a household with a smoker, but this 

difference was not statistically significant (table 10.1). 

RESPIRATORY FACTORS 

There were no significant differences in the annual prevalence of 

cough, wheeze or breathlessness for children with EIB compared to those 

without. The proportion of children with and without EIB who were 

symptomatic is shown in table 10.2. For children with EIB the annual 

prevalence of wheeze and breathlessness was more common for boys 

(33.3% and 38.9°x) compared to girls (16.7% and 16.7%) (p=0.4 and p=0.2, 

respectively) though not significantly. There was no difference in the annual 

prevalence of cough between boys and girls (38.9% vs 41.7%). No children 

with EIB had hayfever compared to 9.6% (16) of those without EIB (p=0.06). 

The presence of atopy (skin weal diameter 1 mm or more than the saline 

control) was more common for children with EIB compared to those without 

(37.8% vs 27.3%, p=0.1). Atopy was more common among boys with or 

without EIB (table 10.2). 

The proportion of children who had lost six or more days from school 

due to respiratory symptoms in the previous 12 months was higher for 

children with EIB compared to those without (16.7% vs 6.0%) but this 

difference was not statistically significant. There were no differences in resting 

lung function measurements for children with and without EIB 

(table 10.2). 

Of the 30 children with EIB 16 (53%) were symptom free and 10 

(33.3%) were taking asthma medication at the time of the survey. Of the 166 

children without EIB 108 (65.1 %) were symptom free, and the remaining 58 

had the symptoms of cough, wheeze or breathlessness either singly or in 
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combination. Of these symptomatic children 33 (56.9%) were taking asthma 

medication. These children were more likely to be atopic (48.5% vs 12.0%, 

p<0.01), to have wheeze (72.7% vs 28.0%, p<0.001), breathlessness (69.7% 

vs 20.0%, p<0.001) and nocturnal cough (51.5% vs 28.0%, p=0.07), 

compared to the 25 symptomatic children not taking asthma treatment. For 

symptomatic children there were no significant differences in the proportions 

with a family history of asthma (30.3% vs 24.0%), respiratory illnesses when 

aged less than two years (51.5% vs 44.0%), hayfever (18.2% vs 8.0%), 

eczema (39.4% vs 36.0%) or cough after exercise (60.6% vs 44.0%) between 

those taking anti-asthma medication and those who were not. Neither was 

there any difference in the mean maximum percentage drop in FEV, from 

baseline after exercise in these children (4.70% ± 5.40 vs 4.74% ± 5.98). 

Table 10.3 shows respiratory factors for children without EIB in relation 

to current asthma medication at the time of exercise testing. 34/166 children 

without EIB were taking mediation at the time of testing. Of those on 

medication one child was asymptomatic. The annual prevalences of cough, 

wheeze, breathlessness, a history of nocturnal cough (other than with a cold), 

cough after exercise, presence of atopy and school absence for six days or 

more due to respiratory symptoms were significantly more common for 

children who were taking asthma medication (all p<0.01). The prevalence of 

eczema and hayfever was higher for children taking asthma medication 

(38.2% vs 22.0%, p=0.05 and 17.6% vs 7.6%, p=0.08)). The difference in the 

prevalence of parental asthma between these groups (29.0% vs 19.7%) was 

not statistically significant. 

ANTIOXIDANT STATUS 

Table 10.4 shows serum antioxidant vitamin levels and dietary 

antioxidant intakes for children with and without EIB. Children with EIB 

consumed significantly less vitamin C than those without EIB (53.1 vs 69.6 
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Table 10.3 Prevalence of respiratory indicators for children without exercise 
induced bronchoconstniction 

Asthma treatment Significance 
Variables Yes (n=34) No (n=132) level (p value) 
Recent wheeze 70.6 5.3 <0.001 
Recent cough 88.2 18.2 <0.001 
Recent breathlessness 67.6 3.8 <0.001 
Respiratory illness aged <2 yrs 52.9 22.0 <0.001 
Nocturnal cough 50.0 6.1 <0.001 
Cough after exercise 58.8 13.6 <0.001 
Colds go to the chest 88.2 35.6 <0.001 
Hayfever 17.6 7.6 0.08 
Eczema 38.2 22.0 0.05 
Parental asthma 29.4 19.7 0.22 
Positive skin test (weal >1 mm) 50.0 22.0 <0.01 
School absence for >_ 6 days in 32.4 2.3 <0.001 

previous 12 months 
FEV, drop >_ 10% after exercise 20.6 18.3 0.74 

mg/day, p<0.05). There were no differences between these two groups in 

mean serum level of vitamins A and E or vitamin E/cholesterol ratio and 

dietary intakes of vitamins A and E, selenium, zinc, manganese, magnesium, 

sodium and energy. 

Children with EIB and/or those taking asthma medication for whom 

dietary data were available were grouped together (n=36) and compared to 

children without EIB and not taking medication (n=85). Comparison of these 

groups showed no difference in the mean serum level of vitamin A (1.54 vs 

1.49 µmol/I, p=0.66) or E (15.6 vs 14.7 µmol/I, p=0.66). Intake of vitamin A 

(587 vs 714 µg/day, p=0.1), C (55.8 vs 69.0 mg/day, p=0.09) and E (4.0 vs 

4.4 mg/day, p=0.2) were lower for children with EIB and/or taking medication 

although not significantly. Neither were there any statistically significant 

differences in the dietary intakes of magnesium (206 vs 222 mg/day, p=0.66), 

selenium (36.3 vs 43.0 µg/day, p=0.14), zinc (6.9 vs 7.3 mg/day, p=0.5), 
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manganese (1.53 vs 1.58 mg/day, p=0.74), sodium (2801 vs 3070 mg/day, 

p=0.2) and energy (1950 vs 2076 kcal/day, p=0.17). 

RELATIONSHIP BETWEEN SERUM ANTIOXIDANTS AND LUNG FUNCTION 

Correlations between resting lung function (FEV, and PEF) and serum 

vitamin E in boys with different degrees of EIB are shown in figure 10.1. The 

correlations between FEV, and serum vitamin E for boys with a 10% (figure 

10.1 a), 15% (figure 10.1 b) and 20% (figure 10.1 c) drop in FEV, from baseline 

FEV, were significant (p<0.05, p<0.01 and p<0.05 respectively). Correlations 

between PEF and serum vitamin E for boys (figures 10.1 d, 10.1 e and 10.1 f) 

were also positively associated but were less significant (p=0.06, p=0.05 and 

p=0.1 respectively). There were no significant correlations between resting 

lung function and serum vitamin E for girls. Figure 10.2 shows correlations 

between resting lung function (FEV, and FVC) and serum vitamin A in girls 

with different degrees of EIB. The correlations between FEV, and serum 

vitamin A for girls with a 10% (figure 10.2a) and 15% (figure 10.2b) drop in 

FEV, from baseline FEV, were significant (p<0.001 and p<0.01 respectively). 

Correlations between FVC and serum vitamin A (figure 10.2c and 10.2d) were 

also significant (p<0.001 and p<0.01 respectively). There were no significant 

correlations between resting lung function, EIB and serum vitamin A for boys. 

MULTIVARIATE ANALYSIS 

Tables 10.5 and 10.6 show partial F test statistics for the independent 

effects of serum levels of vitamins A and E on resting lung function, controlling 

for height, atopy, parental asthma, smokers at home and respiratory illnesses 

when aged less than two years. In boys serum vitamin E had significant 

independent effects on resting FEV, for those with a post exercise drop of 

15% or more and on PEF for those with a 20% or more drop from baseline 

FEV1, (table 10.5). In girls, vitamin A had a significant 
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function in boys. Drop, >- 10% from baseline FEV 1, serum vitamin E vs resting (a) 
FEV , and (d) PEF. Drop ,> 15% from baseline FEV t, serum vitamin E vs resting 
(b) FEV , and (e) PEF. Drop k 20% from baseline FEV 1, serum vitamin E vs 
resting (c) FEV , and (0 PEF. 



141 

(a) 
3 

., 2.5 

2 
U. 

0 
0 

(b) 
2.5 

=2 v 

1.5 

c1 
0 C 0.5 - 

r-0.69, p<0.001 

0 

. 

2%:. 
123 

Serum vitamin A (pmoUl) 

cc) 
3 

2,5 

2 

1.5 

1 
°C0.5 

04 > 
0 

r=0.67, p<0.001 

db 0 00 

23 
Serum vitamin A (pmoVI) 

r=0.68, P<0.01 

0123 

Serum vitamin A (Nmo[A) 

(d) 
3T 

, 2.5 

U2 

1.5 

cc. 
1" 

0.5 

0" 
0 

r=0.64, p<0.01 

00 

12 

Serum vitamin A (pmoU1) 

3 

Figure 10.2 Correlations between serum vitamin A levels and resting lung 
function in girls. Drop . >- 10% from baseline FEV 1, serum vitamin A vs resting lung 
function (a) FEV, and (c) FVC. Drop . 15% from baseline FEV,, serum vitamin A 
vs resting lung function (b) FEV 1 and (d) FVC. 



142 

Table 10.5 Multiple linear regression analysis shows the relationship between 
serum vitamin E level and resting lung function in boys controlling for height, 
family history of asthma, atopy, smokers in the household and respiratory 
illness when aged <2 years. Values are partial F statistics 

Index of lung function 
% drop from baseline FEV, FEV, PEF 
X10 0.80 1.5 
z15 11.1- 1.4 

?. 20 2.7 5.8 
0 p<O. 05, p<O. 01 

Table 10.6 Multiple linear regression analysis shows the relationship between 
serum vitamin A level and resting lung function in girls controlling for height, 
family history of asthma, atopy, smokers in the household and respiratory 
illness when aged <2 years. Values are partial F statistics 

Index of lung function 

% drop from baseline FEV, FEV, FVC 

210 10.7M 8.7 
M" 

215 7.6 4.3 

p<0.05, p<0.01 

independent effect on resting FEV, and FVC for those with post-exercise 

drops of 10% and 15% from baseline FEV, (table 10.6). 

10.4 Discussion 

METHODOLOGICAL ISSUES 

Protocols for exercise testing are difficult to apply in the community 

setting. In the laboratory it is possible to control the temperature and humidity 

of the inspired air which is known to influence the occurrence of exercise 

induced bronchoconstriction. In field studies relative humidity can be 

recorded, which if above 10 mg H20A is considered to reduce the sensitivity of 

the test (Hahn et al 1984). In the laboratory direct estimates of oxygen 

consumption are easier to measure, though indirectly if distance run and heart 
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rate are recorded oxygen consumption can be estimated (Silverman and 

Anderson 1972b). Laboratory studies often use well defined 'asthmatic' and 

'normal' individuals for study (Mellis et a/ 1978, Godfrey et a11991) whereas 

heterogeneous populations are often used in epidemiological investigations. 

Exercise testing protocols have been widely used in epidemiological 

studies either to screen for undetected asthma, determine asthma prevalence 

or to characterise more thoroughly children with predetermined 

symptomatology (Burr of al 1989a, Clough et a11991, Williams of a! 1993). 

However, methods used such as type of exercise, index of lung function, drop 

from baseline reading and timing of post exercise measurements vary 

between studies and so make them difficult to compare. Haby and colleagues 

(1994) have suggested that if the same protocol were followed for exercise 

testing in field studies results would be reliable, accurate and could be an 

alternative to widely used pharmacologic challenges. 

In this study forced expiratory volume in one second (FEV1) was used 

to assess lung function. This has been reported to be more reproducible than 

PEF (Cropp et a/ 1975, Strachan 1989b) and has been widely used by others 

(Kaftan et al 1978, Barry et al 1991, Clough et a11991, Godfrey et a/ 1991, 

Ninan and Russell 1993, Haby et a/ 1994, Ponsonby et al 1996, Powell et al 

1996, West et a/ 1996). The percentage drop from baseline lung function 

which is used to define EIB vanes widely between studies. Some investigators 

have calculated the normal range of post exercise lung function in their own 

populations in order to detect unrecognised asthma. Such calculations have 

given reductions from baseline lung function between 10 and 21% to indicate 

BHR (Kattan et a/ 1978, Frischer et a! 1993b, Haby et a11994, Busquets et al 

1996, Ponsonby et al 1996, Powell et a/ 1996, Addo Yobo et a! 1997). 

Arbitrary cut offs of 10% and 15% reduction in lung function have been 

commonly used to define EIB (Burr et al 1974 and 1989a, Tsankaras et al 

1988, Barry et a11991, Clough et a/ 1991, Keeley eta! 1991, Bardagi et al 
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1993, Ninan and Russell 1993, Williams et al 1993, Agudo et al 1994, Austin 

et al 1994, Nichols and Longsworth 1995, West et al 1996). In this study an 

arbitrary cut-off of 15% drop from baseline FEV, was used to define EIB. If 

the mean drop in FEV, of 'normal' children plus 1.96 times the standard 

deviation in post-exercise FEV, were taken the maximum acceptable drop 

within the 'normal' population would be 15.8% and thus within the range 

calculated by other workers. The timing of post-exercise measurements is 

another variable feature of exercise protocols, 
/we 

measured FEV, at 3,6 and 1 

9 minutes which has been used by others (Frischer et al 1993b). 

The type of exercise used is important/free running for six minutes has 

been shown to be the most provocative for BHR to exercise (Silverman and 

Anderson 1972a, Godfrey et al 1973) and has been widely used (Tsankars et 

a11988, Burr et al 1989a, Barry et al 1991, Haby et al 1994, Addo Yobo et al 

1997). The bicycle ergometer has also been used to test for EIB (Ninan and 

Russell 1993, von Mutius et al 1994, Nichols and Longsworth 1995, West et 

a! 1996). In order to ensure maximal effort, heart rate (85-90% predicted 

maximum) oxygen consumption and the distance ran, can be measured 

(Silverman and Anderson 1972b). Sub-maximal heart rate has been shown to 

be attained within six minutes of exercise (Tsankaras et al 1988). Powell et al 

(1996b) reported that 95% of children had sub-maximal heart rates at the end 

of six minutes, and it has been shown that 90% of children reach this level of 

exercise intensity within the first minute of exercise (Haby et al 1994). We did 

not monitor heart rate but children were closely observed and actively 

encouraged to work as hard as they could, therefore with evidence from other 

studies we are confident that the majority of children easily complied with the 

required exercise intensity. It is possible that not measuring exercise intensity 

may have reduced the sensitivity of our test, although this limitation is 

apparent in other studies (Burr et al 1974 and 1989a, Barry et al 1991, Keeley 

et al 1991). The use of nose clips to ensure mouth breathing could 
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theoretically help to maximise exercise stimulus (Haby et al 1994). We did not 

use nose clips as potential discomfort may have affected compliance. Testing 

was performed on the school playground on 13 occasions and indoors twice 

due to inclement weather conditions, relative humidity was below 10 mg H20/l 

on each of our test days. A standardised protocol for exercise testing in the 

epidemiological context is important if studies are to be comparable. Such 

protocols could include standardisation of exercise intensity, accurate 

recording of ambient air conditions and wearing of nose clips to ensure mouth 
breathing, though such measures would be more labour intensive and may 

restrict the numbers of children studied. 

We did not interfere with the children's asthma treatment regimens 

which is an approach which has been used by others (Tsankaras et a/ 1988, 

Fescher et al 1993b, Williams et al 1993, Powell et al 1996). Therefore it was 

not appropriate to calculate the sensitivity of the testing method as 57% of 

known symptomatic children were taking asthma medication, however 22% of 

children receiving treatment had a positive exercise test which suggests that 

their medication may have been sub-optimal. Tsankaras and colleagues 

(1988) reported that half of the known asthmatics in their study did not have a 

positive exercise test, which the authors concluded reflected good quality of 

asthma care. 

Powell and colleagues (1996) reported that exercise testing had poor 

within individual reproducibility in community based school populations. The 

variable nature of BHR over short periods of time has also been reported in 

relation to responses to pharmacologic challenge in children (Josephs et al 

1989, Clough et al 1991). Studies which have compared exercise and 

inhalation challenges do not always identify the same individuals and thus 

show poor correlation. Such observations support the hypothesis that different 

provocation tests identify different airway abnormalities (Bhagat and 
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Grunstein 1984, Foresi et al 1986, Fourie and Joubert 1988, Clough et al 
1991, Haby et al 1994). 

Agudo et al (1994) reported that children exposed to tobacco smoke 

from their mothers were at increased risk of having EIB than those not 

exposed to ETS. In the present study there were no differences in socio- 

economic characteristics of children with and without EIB. Frischer et al 

(1993b) and Addo Yobo et al (1997) have reported that positive exercise tests 

are associated with atopy, assessed by skin testing. In the present study there 

was evidence of atopy in 27% of children with a negative exercise test. This 

was in part due to positive skin tests in those with well controlled asthma. Of 

asymptomatic children with a negative exercise test 22%, had a positive skin 

test compared to 38% of children with EIB. A third of all children with EIB were 

receiving asthma treatment and children with a positive exercise test were 

also more likely to have lost six days or more from school due to respiratory 

symptoms. This suggests that their asthma was not well controlled. 

NUTRITION AND LUNG FUNCTION 

Evidence for a beneficial effect of dietary antioxidants on respiratory 

health is based mainly on studies in adults. Increased consumption of fresh 

fruit and vegetables and vitamin C have been associated with better lung 

function and to have an independent effect on lung function (Strachan et al 

1991, Britton et al 1995). Morabia and colleagues (1989,1990) reported that 

dietary intake and serum levels of vitamin A were predictors of lung function. 

Powell et al (1994) reported reduction of the antioxidant enzyme, red cell 

glutathione peroxidase activity in asthmatic children compared to controls, but 

no difference in levels of vitamins A, C and E. Selenium which is an important 

co-factor for glutathione peroxidase activity has been shown to be reduced in 

asthmatics (Stone et al 1989, Platt et al 1990). Studies from Nigeria (Anah et 

al 1980, Aderelle et al 1985) have suggested that administration of large 
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doses of vitamin C in adults and children may be related to less severe 

asthma. Vitamin C administration has been shown to reduce 

bronchoconstriction due to the inhalation of nitrogen dioxide, ozone and BHR 

to methacholine and histamine (Zuskin et al 1975, Mohsenin and colleagues 

1983,1987, Chatham et al 1987). Carey et al (1996) reported that children 

consuming an Asian diet, which may be less processed, were less likely to 

have BHR to methacholine than children taking an English diet. Soutar et al 

(1997) showed no difference in antioxidant intake between adults with and 

without seasonal rhinitis, but showed significantly lower intakes of vitamin C, 

manganese and magnesium, higher fat and lower fibre in those with BHR to 

methacholine. The present study showed that vitamin C intake was reduced in 

children with EIB. There were no differences in the intakes of vitamins A and 

E, selenium, manganese, magnesium or zinc in children with and without EIB, 

nor were there any differences in mean serum levels of vitamins A and E. 

There are several proposed mechanisms by which vitamin C may ameliorate 

bronchial hyperresponsiveness. ' these include: The reduction of the 

biosynthesis of the smooth muscle constrictor prostaglandin PGF2a in favour 

of the dilator PGE2u the promotion of non-enzymatic degradation of 

histamine, to decrease smooth muscle contractility and to help maintain the 

lung redox state (Bucco et al 1992). 

There are sex differences in the occurrence of wheezing illness in 

children, in the first decade of life boys are more likely to develop asthma than 

girls (Horswood et al 1985, Ownby 1990, Martinez et al 1991). There were no 

differen in the dietary intake of antioxidants between the sexes. No other 

studies were identified that reported sex differences in the effects of r 

antioxidant status on disease occurrence, lung function or BHR in children. 

The present study demonstrated sex differences in correlations between 

indices of resting lung function and serum vitamin levels in children with 

arbitrarily defined EIB. In girls with a significant post-exercise drop in lung 
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function, resting FEV, and FVC were related to serum levels of vitamin A. In 

boys a similar pattern was demonstrated in those with EIB whose resting 
FEV, was associated with serum levels of vitamin E. It is not clear why 

different antioxidant vitamins should correlate with resting lung function in girls 

and boys separately. These associations require further investigation. 

Thus, antioxidants in the diet may have important influences on lung 

function in children. Improving diet or supplementing that of high risk groups 

may contribute to the prevention of disease, reduce symptom severity or 

bronchoconstriction to physical or chemical stimuli. The results of this analysis 

indicate that serum levels of vitamins E and A are related to lung function in 

children. 

It is uncertain whether these associations are acute or chronic or 

whether seasonal variations in dietary intakes and antioxidant status may 

influence bronchial hyperresponsiveness at different times of the year. Further 

studies are required to ascertain the duration of these associations in 

individual children in order to determine whether there is a scientific basis for 

antioxidant supplementation studies in children with asthma. 



Chapter Eleven 

Overview 
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11.1 Respiratory morbidity in an area of increased dust pollution 

The results of the first cross-sectional survey showed that there was 

increased respiratory morbidity in school children in the dust exposed area 

compared to children in control areas. This was manifested by increased 

parental reporting of excess cough and time off school due to respiratory 

symptoms, although there was no difference in hospital admissions due to 

respiratory symptoms. Lung function measurements were within the normal 

range, although recordings were taken when the children were in school and 

therefore well. A spatial relationship between symptoms and proximity to the 

coal stockpiles was shown (unpublished findings), this indicated that the 

source of the dust was in the dock area. These observations suggest that for 

children with excess cough, in the dust exposed area, that the symptom is of 

nuisance value rather than being life threatening. However, it is important not 

to over-interpret these results as cross-sectional studies cannot attribute 

cause and effect. 

Exposure to increased levels of coal dust, e. g. surface coal workers, 

does not result in long-term effects on respiratory health. However the lungs 

of young children are structurally and immunologically immature and it is 

possible that their lungs handle inhaled dust differentially compared to adults. 

11.2 What condition do the symptoms represent ? 

It was not clear whether the symptom of excess cough represented an 

irritant response related to an increased dust burden, or whether it 

represented asthma. Comparisons of asthma prevalence between studies is 

difficult if the definition of asthma used in surveys differs. The prevalence of 

reported doctor diagnosed asthma is influenced by a number of factors 

including the diagnostic preference of the physician and parental recall. 

The prevalence of doctor diagnosed asthma in this Merseyside 

community was roughly 20%, In order to estimate the true prevalence of 
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asthma the children were subdivided on the basis of their respiratory 

symptoms. The symptom triad of cough with wheeze and breathlessness 

(CWB) was proposed as a better questionnaire definition of asthma than 

reporting of single symptoms or doctor diagnosed asthma. It was shown that 

the nsk factors associated with CWB were related to predisposition such as 

maternal asthma, history of allergies and pre-term birth. Whereas, EC was 

associated with adverse environmental factors such as attending school in an 

area of increased dust pollution and damp in the home. It was concluded that 

CWB may be a better marker of childhood asthma in epidemiological surveys 

than reporting of single symptoms or doctor diagnosed asthma. 

EC was more common in younger children (aged four and five) and 

appeared to be transitory, with over half of the children recovering within two 

years. As the age specific prevalence of EC falls with increasing age the 

occurrence of this symptom may be related to the number of respiratory 

infections and/or relatively greater irritant effect of dust in smaller airways. In 

contrast, the age specific prevalence of the symptom triad CWB did not 

fluctuate and this symptom combination appeared to be persistent showing 

low recovery rates. These observations support the hypothesis that EC may 

be less clinically significant than CWB or 'asthma'. 

11.3 Temporal effects 

Two years after the first cross-sectional survey a second survey was 

performed in the same 15 primary schools using the same methodology. This 

allowed the results of the 1993 survey to be directly compared with those from 

the 1991 study. Improved environmental protection measures had been 

implemented in the Bootle Dock area leading to reductions in dust levels, 

although levels were still four times higher than those in control areas. There 

were no changes in the prevalence of excess cough or school absenteeism 

due to respiratory symptoms in the exposed area, however the prevalence of 
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CWB fell by 4.4%. In control areas there were increases in the prevalence of 

respiratory symptoms, prescribed asthma treatment, school absences and 

hospital admissions due to respiratory symptoms and increased symptom 

seventy between the surveys. Despite these changes the prevalence of 

excess cough and school absenteeism remained higher in the exposed 

compared to the control areas 

The observations indicate that if dust levels are related to the 

prevalence of EC, further reductions in dust levels are required in order to 

achieve a lower prevalence of EC in the exposed area. 

11.4 Maternal asthma and prematurity 

The assessment of the impact of maternal asthma on pre-term birth 

and the subsequent development of respiratory symptoms later in childhood 

was not an apnon objective of this work, therefore these observations can be 

regarded as incidental. 

The analysis separated out the effects of prematurity and being born 

small for gestational age on the risk of developing respiratory symptoms later 

in childhood. It was shown that premature birth was associated with an 

increased risk of childhood CWB whether or not there was a family history of 

asthma. The magnitude of this risk was about half that associated with the 

child's mother having asthma. A weak association between babies who were 

bom small for dates and reduced risk of having CWB or diagnosed asthma 

was also observed. It was shown that the prevalence of pre-term delivery was 

highest in asthmatic women who smoked during pregnancy and lowest in 

non-asthmatic, non-smoking women. Maternal asthma and smoking during 

pregnancy had significant independent effects on the risk of pre-term delivery, 

thus the effect of maternal asthma appears to be compounded by the effect of 

smoking during pregnancy. Further studies are needed in order to determine 
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whether paternal smoking is associated with an increased risk of pre-term 

birth. 

11.5 Antioxidant nutritional status, respiratory symptoms and lung 
function 

For the case-control study children were selected on the basis of 

information collected in the 1993 survey. Children had either a history of CWB 

(which was proposed as a surrogate for childhood asthma) or EC (which was 

related to environmental conditions and residential proximity to the dock, and 

may represent mild respiratory disease), or were symptom-free. 

When nutritional factors were examined significant differences between 

these groups of children with different respiratory symptom profiles were 

observed. 

The study population was largely from an inner city area and were 

considered to be at risk of both poor nutrition as well as the effects of 

exogenous oxidative damage from air pollutants. It was proposed that the 

antioxidant nutritional status of children with different respiratory symptoms 

would differ, with those children with better antioxidant status experiencing 

fewer symptoms. 

Mean serum antioxidant vitamin (A and E) levels were higher in 

children with EC compared to controls and children with CWB, whether or not 

they had a family history of asthma. Biochemical vitamin E deficiency (<8.8 

µmol/I) was common, affecting 16.9% of asymptomatic controls. Vitamin E 

deficiency was significantly less likely to occur in children with a history of EC 

compared to symptom-free controls and children with CWB. There were no 

significant differences in dietary intakes of vitamins A, C and E in children with 

respiratory symptoms and controls, although children with CWB consumed 

less vitamin E compared to other children. Nutritional status was assessed on 

only one occasion and therefore in order to determine whether vitamin E 
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deficiency in these children is acute or chronic longitudinal studies are 

required. 

The hypothesis that serum antioxidant levels are related to lung 

function and bronchial hyperrespnsiveness was also tested. There were no 
differences in serum antioxidant status between children with and without 

exercise induced bronchoconstriction (EIB). When the dietary intakes of these 

children were examined it was shown children with EIB had lower intakes of 

vitamin C compared to those without EIB. Reduced vitamin C intake has been 

shown by others to be associated with increased bronchial reactivity. 

Mechanisms by which vitamin C may reduce bronchial reactivity include: 

reduction of constrictor prostaglandin synthesis and promoting the non- 

enzymatic degradation of histamine. Sex differences were observed in linear 

correlations between indices of lung function and serum antioxidant levels. In 

girls with EIB resting lung function was significantly correlated with serum 

levels of vitamin A. Resting lung function in boys with EIB was significantly 

correlated with serum levels of vitamin E. It is not clear why these sex 

differences occur. This observation requires further study in a larger sample 

of children as it may be related to the low statistical power of this study. 

The beneficial effects of improving antioxidant status on respiratory 

health have been shown largely in studies on adults, and stronger 

associations may be observed in children. 

11.6 Implications for further work 

In studies performed so far pollution monitoring has been based on 

levels of total dust. Measurements of PM, o, NO2, SO2 and 03 are now 

available in the Sefton area (personal communication with Dr John Reid, 

Sefton Health). Quantitative and qualitative data on dust and other pollutants 

in the area will help to determine whether it is particle size or composition that 
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is associated with respiratory symptoms. Monitoring of children's respiratory 
health in Merseyside in relation to pollution levels should include: 

Repeat cross-sectional questionnaire based surveys of respiratory 

health in primary school children, in order to determine whether 

pollution levels and symptom prevalence are falling. Some of the core 

questions from the ISAAC questionnaire should be included in order 

to make comparisons with other studies. 

ii Panel or event studies in asthmatic and non-asthmatic children in 

order to determine whether fluctuations in pollution levels are related to 

reported respiratory symptoms, lung function, school absenteeism, 

inhaler usage, general practice attendance or hospital admissions. 

iii Longitudinal follow-up of the 1991 cohort to determine whether 

symptoms reported in childhood have persisted into adolescence. 

iv Measurement of salivary cotinine in selected groups of children in 

order to quantify exposure to environmental tobacco smoke in relation 

to respiratory symptoms and lung function. 

The effects of maternal smoking during pregnancy on the respiratory 

health of the child are avoidable. If children start life at a disadvantage the 

effects may continue throughout life and their disabilities may impart a 

considerable burden on society. Studies on effects of maternal factors and 

pre-term birth should include: 

vA higher pnority should be given to health education programmes 

aimed at pregnant women concerning the risks of smoking during 

pregnancy. 

vi. Monitoring of maternal asthma prevalence and primary care. 

vii Recruitment of pregnant asthmatic women, to examine the impact of 

maternal asthma on the gestational age of their babies. 
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viii Longitudinal follow-up of pre-term babies to evaluate whether they are 

at increased risk of respiratory symptoms during infancy and 

childhood. 

ix Follow-up of babies born small for gestational age in order to 

determine whether they are at reduced risk of respiratory morbidity in 

childhood compared to babies bom with weights appropriate for 

gestational age. 

Improving antioxidant vitamin status could be of value in reducing 

respiratory symptom seventy. Further studies are needed in order to 

determine the scientific basis for controlled intervention trials. This would 

involve evaluating the efficacy of antioxidant supplementation in reducing 

symptom seventy. Pnonty should be given to the following studies: 

x Longitudinal follow-up of children with vitamin E deficiency in order to 

determine whether it is acute or chronic. 

xi Assessment of antioxidant status in children attending asthma clinics. 

xii Cross-cultural assessment of antioxidant status, enzyme activity and 

functional measures of lipid peroxidation in a large sample of 

children consuming different diets, in relation to respiratory symptoms, 

lung function and bronchial hyperreactivity. 

Could our grandparents' impression that cod liver oil is beneficial for child 

health be correct after all ? 



Chapter Twelve 

Bibliography 



156 

A Committee of the Environmental and Occupational Health Assembly of the 
American Thoracic Society. Health effects of outdoor air pollution. Part 2. Am 
J Respir Crit Care Med 1996; 153: 477-498 

Abel EL. Smoking during pregnancy: a review of effects on growth and 
development of offspring. Human biol 1980-, 52-. 593-625 

Aberg N. Asthma and allergic rhinitis in Swedish conscripts. Din Exp Allergy 
1989; 19: 59-63 

Addo Yobo EOD, Custovic A, Taggart SCO, Asafo-Agyei AP, Woodcock A. 
Exercise induced bronchospasm in Ghana: differences in prevalence between 
urban and rural schoolchildren. Thorax 1997; 52: 161-165 

Aderele WI, Ette SI, Oduwole 0, lkpeme SJ. Plasma vitamin C (ascorbic acid) 
levels in asthmatic children. Afr J Med 1985; 14,115-120 

Agudo A, Bardagi S, Romero PV, Gonzalez CA. Exercise-induced airways 
narrowing and exposure to environmental tobacco smoke in schoolchildren. 
Am J Epi 1994; 140: 409-417 

Ahlborg G, Bodin L Tobacco smoke and pregnancy outcome among working 
women. A prospective study at prenatal care centres in Orebro County, 
Sweden. Am J Epi 1991; 133: 338-347 

Anah CO, Janke LN, Baig HA. High dose ascorbic acid in Nigerian 
asthmatics. Trop Geogr Med 1980; 32: 132-137 

Anderson HR. The epidemiological and allergic features of asthma in the New 
Guinea Highlands. Clinical Allergy 1974; 4: 171-183 

Anderson HR. Is the prevalence of asthma changing? Arch Dis Child 1989; 
64: 172-175 

Anderson HR. Is asthma really increasing? Paed Resp Med 1993; 2: 6-10 

Anderson HR, Butland BK, Strachan DP. Trends in the prevalence of 
childhood asthma. BMJ 1994; 308: 1600-1604 

Anderson HR, Ponce de Leon A, Bland JM, Bower JS, Strachan DP. Air 

pollution and daily mortality rates in London: 1987-92. BMJ 1996; 312: 665- 
669 

Anderson HR, Pottier AC, Strachan DP. Asthma from birth to age 23: 
992 incidence and relation to prior and concurrent atopic disease. Thorax 1992; 

47: 537-542 

Anderson SD, Connolly NM, Godfrey S. Comparison of bronchoconstriction 
induced by cycling and running. Thorax 1971; 26: 396-401 



157 

Andrae S, Axelson 0, Bjorksten B, Fredriksson M, Kjellman NIM. Symptoms 
of bronchial hyperreactivity and asthma in relation to environmental factors. 
Arch Dis Child 1988; 63: 473-478 

Anto JM, Sunyer J, Reed CE, Sabria J, Martinez F, Morell F, Codina R, 
Rodnguez-Roisin R, Rodrigo MJ, Roca J, Saez M. Preventing asthma 
epidemics due to soybeans by dust-control measures. N Eng J Med 1993; 
329: 1760-1763 

Anto JIM, Sunyer J, Rodriguez-Roisin R, Suarez-Cervera M, Vazquez L, and 
the Toxicoepidemiological Committee. Community outbraks of asthma 
associated with inhalation of soybean dust. N Eng J Med 1989; 320: 1097- 
1102 

Arm JP, Horton CE, Mencia-Huerta JM, House F, Eiser NE, Clark TJH, Spur 
BW, Lee TH. Effect of dietary supplementation with fish oils on mild asthma. 
Thorax 1988,43: 84-92 

Arm JP, Horton CC, Spur BW, Mencia-Huerta JM, Lee TH. The effects of 
dietary supplementation with fish oil lipids on the airways response to inhaled 
allergen in bronchial asthma. Am Rev Respir Dis 1989; 139: 1395-1400 

Asher MI, Keil U, Anderson HR, Beasley R, Crane J, Matinez F, Mitchell EA, 
Pearce N, Sibbald B, Stewart AW, Strachan D, Weiland SK, Williams HC. 
International study of asthma and allergies in childhood (ISAAC): rationale 
and methods. Eur Resp J 1995; 8: 483-491 

Asmussen I. Ultrastructure of the villi and fetal capilliaries in placentas from 

smoking and nonsmoking mothers. Br J Obstet Gynaecol 1980; 87: 239-245 

Austin JB, Russell G, Adam MG, Mackintosh D, Kelsey S, Peck DF. 
Prevalence of asthma and wheeze in the Highlands of Scotland. Arch Dis 
Child 1994; 71: 211-216 

Ayres JG, Pansari S, Weller PH, et al. A high incidence of asthma and 
respiratory symptoms in 4-11 year old children. Respir Med 1992; 86: 403-407 

Balfour-Lynn IM. Why do viruses make infants wheeze? Arch Dis Child 1996; 
74: 251-259 

Bardagi S, Agudo A, Gonzalez CA, Romero PV. Prevalence of exercise- 
induced airway narrowing in schoolchildren from a Mediterranean town. Am 
Rev Respir Dis 1993; 147: 1112-1115 

Barker DJP, Godfrey KM, Fall C. Relation of birthweight and childhood 
respiratory infection to adult lung function and death from chronic obstructive 
airways disease. BMJ 1991; 303: 671-675 

Barnes PJ. Reactive oxygen species and airway inflammation. Free Radic 

Biol Med 1990; 9: 235-243 



158 

Barry DMJ, Burr ML, Limb ES. Prevalence of asthma among 12 year old 
children in New Zealand and South Wales- a comparative survey. Thorax 
1991: 46: 405-409 

Baumann A. Has the prevalence of asthma symptoms increased in Australian 
children? J Paediatr Child Health 1993; 29: 424-428 

Beach JR, Young CL, Dennis JH, Williams SE, Avary AJ, Walters EH, et al. A 
survey of airway responsiveness to methacholine and urinary sodium 
excretion. Thorax 1992; 47.856 

Bellomo R, Gigliotti P, Treloar A, Holmes P, Suphioglu C, Singh MB. Two 
consecutive thunderstorm associated epidemics of asthma in the city of 
Melbourne. The possible role of rye grass pollen. Med J Aust 1992: 156: 834- 
837 

Berry M, Lioy PJ, Gelpenn K, Buckler G, Klolz J. Accumulated exposure to 
ozone and measurement of health effects in children and councillors at two 
summer camps. Environ Res 1991; 54: 135-150 

Bertrand JM, Riley SP, Popkin J, Coates AL. The long-term pulmonary 
sequelae of prematurity: the role of familial airway hyperreactivity and the 
respiratory distress syndrome. N Engl J Med 1985: 312: 742-745 

Bhagat RG, Grunstein MM. Comparison of responsiveness to methacholine, 
histamine, and exercise in subgroups of asthmatic children. Am Rev Respir 
Dis 1984; 129: 221-224 

Bhopal R, Moffatt S, Phillimore P, Foy C. The Monkton coking works study. 
University of Newcastle 1992 

Bien JG, Evarts RP, Thorp S. Factors affecting the exchange of tocopherol 
between red blood cells and plasma. Am J Clin Nutr 1977; 30: 686-690 

Bingham SA, Gill C, Welch A, Day K, Cassidy A, Khaw KT, Sneyd MJ, Key 
TJA, Roe L, Day NE. Comparison of dietary assessment methods in 

nutritional epidemiology: weighed records v. 24 h recalls, food frequency 

questionnaires and estimated-diet records. Brit J Nutr 1994; 72: 619-643 

Bjorksten F, Suoniemi I, Koski V. Neonatal birch-pollen contact and 
subsequent allergy to birch pollen. Clin All 1980; 10: 581-591 

Black JL, Barnes PJ. Potassium channels and airway function: new 
therapeutic prospects. Thorax 1995; 50: 213-218 

Blumenthal MN, Yunis E, Mendell N, Elston RC. Preventative allergy: genetics 

of IgE-mediated diseases. J All Clin Immunol 1986; 78: 962-968 



159 

Blyth ME. Some aspects of the ecological study of the house dust mites. BR J 
Dis Chest 1976; 70.3-31 

Bobak M, Leon DA. Air pollution and infant mortality in the Czech Republic, 
1986-88. Lancet 1992; 340: 1010-1014 

Bottoms SF, Kuhnert BR, Kuhnert PM, Reese AL. Maternal passive smoking 
and fetal serum thiocyanate levels. Am J Obstet Gynecol 1982; 144: 787-791 

Boulet L-P, Cartier A, Thomson NL et al. Asthma and increases in bronchial 
responsiveness from seasonal pollen exposure. All Clin Immunol 1983; 71 
399406 

Bousquet J. In Ivo methods for study of allergy: skin tests, techniques, and 
interpretation. In: Middleton E, Reed CE, Ellis EF, Adkinson NF, Yunginger 
JW, eds. Allergy. Principles and Practice. St. Louis: Mosby, 1988, third 
edition, volume 1, ch. 19: 419-436 

Braback L, Breborowicz A, Julge K, Knutsson A, Riikjarv MA, Vasar M, 
Bjorksten B. Risk factors for the respiratory symptoms and atopic sensitisation 
in the Baltic area. Arch Dis Child 1995,72: 487-493 

Brabin B. Respiratory morbidity in children in a Merseyside community 
exposed to coal dust and air pollution. Univ. Liverpool 1992 

Brabin B, Smith M, Milligan P, Benjamin C, Dunne E, Pearson M. Respiratory 
morbidity in Merseyside schoolchildren exposed to coal dust and air pollution. 
Arch Dis Child 1994; 70: 305-312. 

Bradden FEM, Wadsworth MEJ, Davies JMC, Cripps HA. Social and regional 
differences in food and alcohol consumption in Britain. J Epidemiol Comm 
Health 1988; 42.341-349 

Brauer M, Koutrkis PI, Spengler JD. Personal exposures to acidic aerosols 
and gasses. Environ Sci Tech 1989; 23: 1408-1412 

Braun-Fahrlander C, Ackermann-Liebrich U, Schwartz J, Gnehm HP, 
Rutishauser M, Wanner HU. Air pollution and respiratory symptoms in 

preschool children. Am Rev Respir Dis 1992; 145: 42-47 

Britton JR, Pavord ID, Richards KA, Knox AJ, Wisniewski AF, Lewis SA, 
Tattersfield AE, Weiss ST. Dietary antioxidant vitamin intake and lung function 
in the general population. Am J Respir Crit Care Med 1995; 151: 1383-1387. 

Britton JR, Pavord I, Richards K, Knox A, Wisniewski A, Weiss S, Tattersfield 
A. Dietary sodium intake and the risk of airway hyperreactivity in a random 
adult population. Thorax 1994a; 49: 875-880 

Britton JR, Pavord I, Richards K, Wisniewski A, Knox A, Lewis S, Tattersfield 
A, Weiss S. Dietary magnesium, lung function, wheezing and airway 



160 

hyperreactivity in a random adult population sample. Lancet 1994b; 344: 357- 
362 

Bronnimann S, Burrows B. A prospective study of the natural history of 
asthma. Remission and relapse rates. Chest 1986,90: 480-484 

Brooke AM, Lambret PC, Burton PR, Clarke C, Luyt DK, Simpson H. The 
natural history of respiratory symptoms in preschool children. An J Respir Crit 
Care Med 1995; 152: 1872-1878 

Brooke OG, Anderson HR, Bland JM, Peacock JL, Stewart CM. Effects on 
birth weight of smoking, alcohol, caffeine, socioeconomic factors, and 
psychosocial stress. BMJ 1989,298: 795-801 

Brunekreef B, Dockery DW, Speizer FE, Ware JH, Spengler JD, Ferris BG. 
Home dampness and respiratory morbidity in children. Am Rev RespirDis 
1; 140: 1363-1367 989 

Brunekreef B, Groot B, Rijcken B, Steenbekkers A, de Boer A. Reproducibility 
of childhood respiratory symptom questions. Eur Respir J 1992; 5: 930-935 

Brunekreef B, Lebret E, Hoek G, van Kessel A. Effects of ozone on lung 
function in children living in the Netherlands [Abstract]. Arch Environ Health 
1991,46: 119 

BS 1747: Part 1,1969. Methods for the measurement of air pollution. 

Bucca C, Rolla G, Farina CF. Effect of vitamin C on transient increase of 
bronchial responsiveness in conditions affecting the airways. Ann NY Acad 
Sci 1992; 669: 175-187 

Buchdahl R, Parker A, Stebbings T, Babiker A. Association between air 
pollution and acute childhood wheezy episodes: prospective observational 
study. BMJ 1996; 312: 661-665 

Bumey PGJ. A diet rich in sodium may potentiate asthma: epidemiological 
evidence for a new hypothesis. Chest 1987; 91 (Suppl. ): 143-148. 

Bumey PGJ. The origins of obstructive airway disease, a role for diet. Am J 
Resp Crit Care Med. 1995; 151: 1292-1293. 

Burney PGJ, Britton JR, Chinn S, Tattersfield AE, Platt HS, Papacosta AO, 
Kelson MC. Response to inhaled histamine and 24 hour sodium excretion. 
BMJ 1986; 292: 1483-1486 

Burney PGJ, Chinn S, Rona RJ. Has the prevalence of asthma increased in 

children? Evidence from a national study of health and growth 1973-86. BMJ 

1990; 300: 1306-1310 



161 

Burney PGJ, Neild JE, Twort CHC, Chinn S, Jones TD, Mitchell WD, Bateman 
C, Cameron IR. Effect of changing dietary sodium on the airway response to 
histamine. Thorax 1989; 44: 36-41 

Burr ML. Pollution: does it cause asthma? Arch Dis Child 1995; 72: 377-379 

Burr ML, Butland BK, King S, Vaughan-Williams E. Changes in asthma 
prevalence: two surveys 15 years apart. Arch Dis Child 1989a; 64: 1452-1456 

Burr ML, Dean By, Merrett TG, Neale E, Leger ASS, Verrier-Jones ER. 
Effects of anti-mite measures on children with mite-sensitive asthma: a 
controlled teal. Thorax 1980,35: 506-512 

Burr ML, Eldridge BA, Borysiewicz KL. Peak expiratory flow rates before and 
after exercise in schoolchildren. Arch Dis Child 1974; 49: 923-936 

Burr ML, Limb ES, Andrae S, Barry DMJ, Nagel F. Childhood asthma in four 
countries: a comparative survey. Int J Epidemiol 1994; 23: 341-347 

Burr ML, Miskelly FG, Butland BK, Merrett TG, Vaughan-Williams E. 
Environmental factors and symptoms in infants at high risk of allergy. J 
Epidemiol Community Health 1989b; 43: 125-132 

Burr ML, Mullins J, Merret TG, Stott NCH. Asthma and indoor mould 
exposure. Thorax 1985; 40: 688-728 

Burr ML. Mullins J, Merrett TG, Stott NCH. Indoor moulds and asthma. J Roy 
Soc Health 1988; 3: 99-101 

Burrows B, Martinez FD, Halonen M, Barbee RA, Cline MG. Association of 
asthma with serum IgE levels and skin-test reactivity to allergens. N Engl J 
Med 1989; 320: 271-277 

Burrows B, Sears MR, Flannery EM, Herbison GP, Holdaway MD, Silva PA. 
Relation of the course of bronchial responsiveness from age 9 to age 15 to 
allergy. Am J Respir Crit Care Med 1995; 152: 1302-1308 

Burton GW, Ingold KU. Vitamin E as an in vitro and in vivo antioxidant: Ann - 
NY Acad Sci 1989; 570: 7-22 

Busquets RM, Anto JM, Sunyer J, Sancho N, Vall 0. Prevalence of asthma- 
related symptoms and bronchial responsiveness to exercise in children aged 
13-14 yrs in Barcelona Spain. Eur Respir J 1996; 9: 2094-2098 

Busse WW. Respiratory infections: their role in airway responsiveness and 
the pathogenesis of asthma. J All Clin Immunol 1990; 85: 671-683 

Carey OJ, Cookson JB, Britton J, Tattersfield AE. The effect of lifestyle on 

wheeze, atopy, and bronchial hyperreactivity in Asian and white children. Am 

J Respir Crit Care Med 1996; 154: 537-540 



162 

Carter-Pokras 0, Gergen PJ. Reported asthma among Puerto Rican, 
Mexican-American, and Cuban children, 1982 through 1984. Am J Public 
Health 1993; 83: 580-582 

Casale TB, Rhodes BJ, Donnelly AL, Weiler JM. Airway responses to 
methacholine in asymptomatic non atopic cigarette smokers. J Appl Physiol 
1987; 62: 1888-1892 

Casale TB, Rhodes BJ, Donnelly AL, Weiler JM. Airway reactivity to 
methacholine in non atopic asymptomatic adults. J Appl Physiol 1988; 64: 
2558-2561 

Catignani GL, Bien JG. Simultaneous determination and ct-tocopherol in 
serum or plasma by liquid chromatography. Clin Chem 1983; 29/4: 708-712. 

Celenza A, Fothergill J, Kupek E, Shaw RJ. Thunderstorm associated 
asthma: a detailed analysis of environmental factors. BMJ 1996; 312: 604-607 

Cerven I, Bruschi C, Zoia MC, Fanfulla F, Berrayah L, Alesina MR, et al. 
Chronic respiratory symptoms, bronchial responsiveness and dietary sodium 
and potassium: a population based study [Abstract]. Am Rev Respir Dis 1993; 
147: A376 

Chan KN, Elliman A, Bryan E, Silverman M. Respiratory symptoms in children 
of low birthweight. Arch Dis Child 1989b; 64: 1294-1304 

Chan KN, Noble-Jamieson CM, Elliman A, Bryan EM, Aber VR, Silverman M. 
Airway responsiveness in low birthweight children and their mothers. Arch Dis 
Child 1988; 63: 905-910 

Chan KN, Noble-Jamieson CM, Elliman A, Bryan EM, Silverman M. Lung 
function in children of low birthweight. Arch Dis Child 1989a; 64.1284-1293 

Chan W, Brown J, Buss DH. Miscellenous foods. Fourth supplement to the 
fifth edition of McCance and Widdowsons the Compositon of food. MAFF 
1994 

Charlton A. Children's coughs related to parental smoking. BMJ 1984; 288-- 
1647-1649 

Chatham MD, Eppler JH, Saunder LR, Green D, Kulle TJ. Evaluation of the 
effects of vitamin C on ozone-induced bronchoconstriction in normal subjects. 
Ann NY Acad Sci 1987; 498: 269-279 

Chilmonczyk BA, Salmun LM, Megathlin KN, Neveux LM, Palomaki GE, 
Knight GJ, et al. Association between exposure to environmental tobacco 

smoke and exacerbations of asthma in children. N Eng J Med 1993; 328: 
1665-1669 



163 

Chinn S, Rona RJ. Quantifying health aspects of passive smoking in British 
children aged 5-11 years. J Epidemiol Community Health 1991; 45: 188-194 

Cholesterol C 11 standard kit, Wako Laboratories. 

Clark TJH. Definition and clinical categories of asthma. In: Clark TJH, Godfrey 
S, Lee TH eds. Asthma. Third edition. London, Chapman & Hall Medical, 
1993; ch. 1: 1-13 

Clausen T. Adrenergic control of Na'-K` homeostasis. Acta Med Scand 1983; 
672 (Suppl. ): 111-115 

Clifford RD, Radford M, Howell JB, Holgate ST. Prevalence of respiratory 
symptoms among 7 and 11 year old schoolchildren and association with 
asthma. Arch Dis Child 1989; 64: 1118-1125 

Clough JB, Hutchinson SA, Williams JD, Holgate ST. Airway response to 
exercise and methacholine in children with respiratory symptoms. Arch Dis 
Child 1991; 66: 579-583 
3 
Cloutier MM, Loughlin GM. Chronic cough in children: a manifestation of 
airway hyperreactivity. Pediatrics 1981; 67: 6-12 

Coates AL, Bergsteinsson H, Desmond K, Outerbndge EW, Beaudry PH. 
Long-term pulmonary sequelae of premature birth with and without idiopathic 
respiratory distress syndrome. J Pediatr 1977; 90: 611-616 

Cockcroft DW, Gerscheid A, Maddock KY. Unimodal distribution of bronchial 
responsiveness to inhaled histamine in a random human population. Chest 
1983; 83: 751-754 

Colley JRT, Brasser LJ. Chronic respiratory diseases in children in relation to 
air pollution. Copenhagen: World Health Organisation, 1989 (EURO reports 
and studies No 28) 

Collins MH, Moessinger AC, Kleinerman J, Bassi J, Rosso P, Collins AM, 
James LS, Blanc WA. Fetal lung hypoplasia associated with maternal 
smoking: a morphometric analysis. Pediatr Res 1985; 19: 408-412 

Comstock GW, Shah FK, Meyer MB, Abbey H. Low birth weight and neonatal 
mortality rate related to maternal smoking and socioeconomic status. Am J 
Obstet Gynecol 1971; 111: 53-59 

Conter V, Cortinovis I, Rogan P, Riva L. Weight growth in infants born to 

mothers who smoked during pregnancy. BMJ 1995; 310: 768-771 

Cook DG, Whincup PH, Jarvis MJ, Strachan DP, Papacosta 0, Bryant A. 
Passive exposure to tobacco smoke in children aged 5-7 years: individual, 
family, and community factors. BMJ 1994; 308: 384-389 



164 

Cook DG, Whincup PH, Papacosta 0, Strachan DP, Jarvs MJ, Bryant A. 
Relation of passive smoking as assessed by salivary cotinine concentration 
and questionnaire to spirometric indices in children. Thorax 1993; 48: 14-20 

Cookson WOCM, Sharp PA, Faux JA, Hopkin JM. Linkage between 
immunoglobulin E responses underlying asthma and rhinitis and chromosome 
11 q. Lancet 1989,334: 1292-1294 

Cookson WOCM, Young RP, Sandford AJ, Moffatt MF, Shirakawa T, Sharp 
PA, Faux JA, Julier C, Le Souef PN, Nakumura Y, Lathrop GM, Hopkin JM. 
Maternal inheritance of atopic IgE responsiveness on chromosome 11q. 
Lancet 1992; 340: 381-384 

Cornelius MD, Taylor PM, Geva D, Day NL. Prenatal tobacco and marijuana 
use among adolescents effects on offspring gestational age, growth, and 
morphology. Pediatrics 1995; 95: 738-743 

Corrao WM, Braman SS, Irwin RS. Chronic cough as the sole presenting 
manifestation of bronchial asthma. N Engl J Med 1979; 300: 633-637 

Counel JM. Passive smoking and the health of children. Thorax 1994; 49: 
731-734 

Crain EF, Weiss KB, Bijur PE, Hersh M, Westbrook L, Stein REK. An estimate 
of the prevalence of asthma and wheezing among inner-city children. 
Pediatrics 1994; 94: 356-362 

Crawley HF, White D. Parental smoking and the nutrient intake and food 
choice of Bntish teenagers aged 16-17 years. J Epidemiol Community Health 
1996; 50: 306-312 

Crombie HD. Rimrose Estate and Merlin Stevedores. University of Liverpool. 
1990 

Cropp G, Schmultzler I. Relative sensitivity of different pulmonary function 
tests in the evaluation of exercise induced asthma. Pediatrics 1975; 56 
(Suppl. ): 860-667 

Cunningham J, Dockery DW, Speizer FE. Maternal smoking during pregnancy 
as a predictor of lung function in children. Am J Epi 1994; 139: 1139-1152 

Curran WS, Goldman G. The incidence of immediately reacting allergy skin 
-777-783 tests in a 'normal' adult population. Ann Intern Med 1961; 55- 

Dales RE, Zwanenburg H, Burnett R, Franklin CA. Respiratory health effects 
of home dampness and moulds among Canadian children. Am J Epi 1991; 
134: 196-203 



165 

Demissie K, Ernst P. Is increased dietary salt intake a cause of increased 
airway responsiveness or a marker of an unhealthy life style? Resp Med 
1994: 88,79-81 

Demissie K, Ernst P, Becklake MR, Joseph L. Relationship of prenatal and 
early postnatal events to lung function and airway responsiveness in 
schoolchildren [Abstract]. Am J Respir Crit Care Med 1994; 149: A910 

Demissie K, Ernst P, Donald KG, Joseph L. Usual dietary salt intake and 
asthma in children: a case-control study. Thorax 1996; 51.59-63 

Department of Health. Advisory group on the medical aspects of air pollution 
episodes. Second report. Sulphur dioxide, acid aerosols and particulates. 
London, HMSO 1992 

Department of Health. Committee on the Medical Effects of Air Pollutants. 
Asthma and outdoor air pollution. London, HMSO 1995a 

Department of Health. Committee on the Medical Effects of Air Pollutants. 
Non-biological particles and health. London, HMSO 1995b 

Devalia JL, Rusznak C, Herdman MJ, Trigg CJ, Tarraf H, Davies RJ. Effect of 
nitrogen dioxide and sulphur dioxide on airway response of mild asthmatic 
patients to allergen inhalation. Lancet 1994; 344: 1668-1671 

Devalia JL, Sapsford RJ, Cundell DR, Rusznak C, Campbell AM, Davies RJ. 
Human bronchial epithelial cell dysfunction following in vitro exposure to 
nitrogen dioxide. Eur Respir J 1993; 6: 1308-1316 

Devereaux G, Ayatollahi SMT, Ward R, Bromly C, Bourke SJ, Stenton SC, 
Hendrick DJ. Asthma, airways responsiveness and air pollution in two 
contrasting districts of northern England. Thorax 1996; 51: 169-174 

Devereaux G, Beach JR, Bromly C, Avery AJ, Ayatollahi SMT, Williams SM, 
Stenton SC, Bourke SJ, Hendrick DJ. Effect of dietary sodium on airways 
responsiveness and its importance in the epidemiology of asthma: an 
evaluation in three areas of northern England. Thorax 1995; 50: 941-947 

Dirksen A, Madsen F, Engel T, Frolund L, Heinig JH, Mosbech H. Airway 

calibre as a confounder in interpreting bronchial responsiveness in asthma. 
Thorax 1992; 47: 702-706 

Dockery DW, Pope CA III. Acute respiratory effects of particulate air pollution. 
Annu Rev Public Health 1994; 15: 107-132 

Dockery DW, Speizer FE, Stram DO, Ware JH, Spengler JD, Ferris BG. 
Effects of inhalable particles on respiratory health of children. Am Rev Respir 
Dis 1989; 139: 587-594 



166 

Dockery DW, Ware JH, Ferris BG, Herman SM. Change in pulmonary 
function in children associated with air pollution episodes. JAPCA 1982; 32: 
937-942 

Dodge R, Soloman R, Moyers J, Hayes C. A longitudinal study of childhood 
exposure to sulfur oxides. Ani J Epi 1985,121 : 720-736 

Doucette JT, Bracken MB. Possible role of asthma in the risk of preterm labor 
and delivery. Epidemiology 1993; 4: 143-150 

Doull IJ, Williams AA, Freezer NJ, Holgate ST. Descriptive study of cough, 
wheeze and school absence in childhood. Thorax 1996; 51: 630-631 

Dowse GK, Smith D, Turner KJ, Alpers MP. Prevalence and features of 
asthma in a sample survey of urban Goroka, Papua New Guinea. Clinical 
Allergy 1985,15: 429-438 

Doyle W, Jenkins S, Crawford MA, Puvandendran K. Nutritional status of 
schoolchildren in an inner city area. Arch Dis Child 1994; 70: 376-381. 

Dreborg S, Ed. Skin tests used in type I allergy testing. Position paper. 
Prepared by the subcommittee on skin tests of the European Academy of 
Allergology and Clinical immunology. Allergy 1989; 44 (Suppl. 10): 1-59 

Duff AL, Pomeranz ES, Gelber LE, Price GW, Farris H, Hayden FG, Platts- 
Mills TAE, Heymann PW. Risk factors for acute wheezing in infants and 
children: viruses, passive smoke, and IgE antibodies to inhalant allergens. 
Pediatrics 1993; 92: 535-540 

Duffy DL, Mitchell CA. Lower respiratory tract symptoms in Queensland 
schoolchildren: risk factors for wheeze, cough and diminished ventillatory 
function. Thorax 1993; 48: 1021-1024 

Ehrlich R, Kattan M, Godbold J, Saltzberg DS, Grimm KT, Landrigan PJ, et al. 
Childhood asthma and passive smoking: urinary cotenine as a biomarker of 
exposure. Am Rev Respir Dis 1992; 145: 594-599 

Elder DE, Hagan R, Evans SF, Benninger HR, French NP. Recurrent wheeze 
in very preterrn babies. Arch Dis Child 1996; 74: F 165-F 171 

Emanuel MB. Hay fever, a post industrial revolution epidemic: a history of its 

growth during the 19th century. Clin Allergy 1988; 18: 295-304 

Fardy CH, Silverman M. antioxidants in neonatal lung disease. Arch Dis Child 
1995; 73: F1 12-F117. 

Farrell PM, Levine SL, Murphy D, Adams AJ. Plasma tocopherol levels and 
tocopherol-lipid relationships in a normal population of children as compared 
to healthy adults. Am J Clin Nutr 1978; 31: 1720-1726 



167 

Fehily AM, Phillips KM, Yarnell JWG. Diet, smoking, social class, and body 
mass index in the Caerphilly heart disease study. Am J Clin Nutr 1984; 40: 
827-833 

Fergusson DM, Horwood LJ, Shannon FT. Asthma and infant diet. Arch Dis 
Child 1983; 58: 48-51 

Finn R. John Bostock, hayfever, and the mechanism of allergy. Lancet 1992; 
340: 1453-1455 

Fisher S, Weber PC. Prostaglandin 13 is formed in vivo in man after dietary 
eicosapentaenoic acid. Nature 1984; 307: 165-168 

Fitch KD, Morton AR. Specificity of exercise-induced asthma. BMJ 1971; 4- 
577-581 

Flatt A, Pearce N, Thompson CD, Sears MR, Robinson MF, Beasley R. 
Reduced selenium in asthmatic subjects in New Zealand. Thorax 1990; 45-- 
95-99 

Fontana VJ, Wittig H, Hot LE. Observations on the specificity of the skin test. 
The incidence of positive tests in allergic and nonallergic children. J Allergy 
1963,34: 348-353 

Foresi A, Sabrina M, Corbo GM, Polidori G, Ciappi G. Comparison of 
bronchial responses to ultrasonically nebulised distilled water, exercise, and 
methacholine in asthma. Chest 1996; 90: 822-826 

Forfar and Ameil's Textbook of Paediatrics. Campbell AGM, McKintosh N 
Eds. Churchill Livingstone. Fourth Edition 1992. 

Fortier I, Marcoux S, Brisson J. Passive smoking during pregnancy and the 
risk of delivering a small-for-gestational-age infant. Am J Epi 1994; 139: 294- 
301 

Fourie PR, Joubert JR. Determination of airway hyperreactivity in asthmatic 
children: a comparison among exercise, nebulised water, and histamine 
challenge. Pediatr Pulminol 1988; 4: 2-7 

Fox SH, Thomas DK, Daling JR. Birth weight and smoking during pregnancy- 
effect modification by maternal age. Am J Epi 1994; 139: 1008-1015 

Frischer T, Kuehr J, Meinert R, Karmaus W, Barth R, Hermann-Kuntz E, 
Urbanek R. Maternal smoking in early childhood: a risk factor for bronchial 
hyperresponsiveness to exercise in primary-school children. J Pediatr 1992; 
121: 17-22 

Frischer T, Kuehr J, Meinert R, Karmaus W, Forster J, Urbanek R. Relation 
between response to exercise and diurnal variability of peak expiratory flow in 

primary school children. Thorax 1993b; 48: 249-253 



168 

Frischer T, Kuehr J, Puliwitt A, Meinert R, Forster J, Studnicka M, Koren H. 
Ambient ozone causes upper airways inflammation in children. Am Rev 
Respir Dis 1993a: 148: 961-964 

Fulton M, Thomson M, Elton RA, Brown S, Wood DA, Oliver MF. Cigarette 
smoking, social class and nutrient intake: relevance to coronary heart 
disease. Eur J Clin Nutr 1988; 42: 797-803 

Gibson RS. Principles of nutrition, Oxford University Press 1990. 

Gilboa A, Silberberg A. In situ rheological characterisation of epithelial mucus. 
Biotechnology 1976; 13.59-65 

Godfrey KM, et at Disproportional foetal growth and raised IgE concentrations 
in adult life. Cin Exp All 1994; 24* 641-648 

Godfrey S, Kamburoff PL, Naim JR, Connolly NMC, Packham E, Samuels 
CS. Spirometry, lung volumes and airway resistance in normal children aged 
5 to 18 years. Brit J Dis Chest 1970; 64: 15-24 

Godfrey S, Springer C, Noviski N, Maayan C, Avital A. Exercise but not 
methacholine differentiates asthma from chronic lung disease in children. 
Thorax 1991; 46: 488-492 

Godfry RC. Asthma and IgE levels in rural and urban communities of The 
Gambia. Clinical Allergy 1975,5: 201-207 

Gold DR, Tager IB, Weiss ST, Tosteson TD, Speizer FE. Acute lower 
respiratory illness in childhood as a predictor of lung function and chronic 
respiratory symptoms. Am Rev Respir Dis 1989; 140: 877-884 

Gold DR, Wang X, Wypij D, Speizer FE, Ware JH, Dockery DW. Effects of 
cigarette smoking on lung function in adolescent boys and girls. N Eng J Med 
1996; 335: 931-937 

Golding J, Butler NR. Wheezing and asthma. In: Butler NR, Golding J, eds. 
From birth to five. a study of health and behaviour in British five year olds. 
Oxford: Pergamon Press 1986; ch. 11: 158-170 

Gonda I. Particle deposition in the human respiratory tract. In: Crystal R, West 
J et al eds. The Lung. Philadelphia, Lippincott-Raven, 1997; ch. 176: 2289- 
2294 

Green M. Introduction. In: Read C ed. How vehicle pollution affects our health. 
London, The Ashden Trust, 1994; ch. 1: 2-7 

Greenough A, Milner AD. Prematurity. In: Silverman M ed. Childhood Asthma 

and Other Wheezing Disorders. London, Chapman & Hall, 1995; ch. 13b: 411- 

419 



169 

Griffin F, Greenough A, Yuksel B. Prediction of respiratory morbidity in the 
third year of life in children born prematurely. Acta Paediatr 1994; 83: 157-158 

Haahtela T, Lindholm H, Bjorkstein F, Koskenvuo K, Laitenen LA. Prevalence 
of asthma in Finnish young men. BMJ 1990; 301: 266-268 

Haas F, Levine N, Axen K, Perelman SI, Pineda H, Haas A. Changes in 
serum K' in healthy and in asthmatic subjects during exercise. Am Rev Respir 
Dis 1988,137: 833-836 

Haby MM, Anderson SD, Peat JK, Mellis CM, Toelle BG, Woolcock AJ. An 
exercise challenge protocol for epidemiological studies of asthma in children: 
comparison with histamine challenge. Eur Respir J 1994; 7: 43-49 

Hahn A, Anderson SD, Morton AR, Black JL, Fitch KD. A reinterpretation of 
the effect of temperature and water content of the inspired air in exercise- 
induced asthma. Am Rev Respir Dis 1984; 130: 575-579 

Halfon N, Newacheck PW. Childhood asthma and poverty: Differential 
impacts and utilisation of health services. Pediatrics 1993; 91: 56-61 

Halliwell B. ROS in living systems: source, biochemistry and role in human 
disease. Am J Med 1991; 9 (Suppl. 3c): 14S-22S 

Halliwell B, Chinico S. Lipid peroxidation: it's mechanism, measurement and 
significance. Am J Clin Nutn 1993; 57 (Suppl. ): 715S-725S 

Hannaway PJ, Hopper GDK. Cough warrant asthma in children. JAMA 1982; 
247: 206-208 

Hanrahan JP, Tager IB, Segal MR, Tosteson TD, Castile RG, Van Vunakis H, 
Weiss ST, Speizer FE. The effect of maternal smoking during pregnancy on 
early infant lung function. Am Rev Respir Dis 1992; 145: 1129-1135 

Harlap S, Davies AM. Infant admissions to hospital and maternal smoking. 
Lancet 1974; i: 529-532 

Heffner JE, Repine JE. Pulmonary strategies of antioxidant defense. Am Rev 
Respir Dis 1989; 140: 531-554. 

Henderson FW, Henry MM, Ivins SS, Morris R, Neebe EC, Leu SY, Stewart 
PW, The physicians of Raleigh Pediatric Associates. Correlates of recurrent 
wheezing in school-age children. Am J Respir Crit Care Med 1995; 151: 

1786-1793 

Herxheimer H, Schaefer 0. Asthma in Canadian Eskimos. (Letter) N Eng J 

Med 1974; i: 1419 



170 

Higgins IT, D'Arcy JB, Gibbons DI, Avol EL, Gross KB. Effect of exposures to 
ambient ozone on ventilatory lung function in children. Am Rev Respir Dis 
1990; 141: 1136-1 146 

Hill RA, Standen PJ, Tattersfield AE. Asthma, wheezing, and school absence 
in primary schools. Arch Dis Child 1989a; 64: 246-251 

Hill R, Williams J, Britton J, Tattersfield A. Can morbidity associated with 
untreated asthma in primary school children be reduced?: a controlled 
intervention study. BMJ 1991,303: 1169-1174 

Hill RA, Williams J, Tattersfield AE, Britton J. Change in use of asthma as a 
diagnostic label for wheezing illness in schoolchildren. BMJ 1989b; 229: 898 

Hodge L, Salome CM, Peat JK, Haby MM, Xuan W, Woolcock AJ. 
Consumption of oily fish and childhood asthma risk. Med J Aust 1996; 164: 
137-140 

Hoek G, Brunekreef B. Effect of photochemical air pollution on acute 
respiratory symptoms in children. Am J Respir Crit Care Med 1995; 151: 27- 
32 

Hoek G, Brunekreef B, Hofschreuder P, Lumens M. Effect of air pollution 
episodes on pulmonary function and respiratory symptoms. Toxicol Ind H 
1990; 6: 189-197 

Hoek G, Fischer P, Brunekreef B, Lebret E, Hofschreuder P, Mennen MG. 
Acute effects of ambient ozone on pulmonary function of children in the 
Netherlands. Am Rev Respir Dis 1993; 147: 111-117 

Holman C. Transport and air quality. In: Read C ed. How vehicle pollution 
affects our health. London, The Ashden Trust 1994: 8-17 

Holsclaw SD, Topkham AL. The effect of smoking on fetal; neonatal and 
childhood development. Pediatr Ann 1978; 7: 105-136 

Holt PG, McMenamin C, Nelson D. Primary sensitisation to inhalant allergens 
during infancy. Pediatr Allergy Immunol 1990; 1: 3-13 

Holtzman MJ, Cunningham JH, Sheller JR, Irsigler GB, Nadel JA, Boushey 
HA. Effect of ozone on bronchial reactivity in atopic and nonatopic subjects. 
Am Rev Respir Dis 1979; 120: 1059-1067 

Horn MEC, Reed SE, Taylor P. Role of viruses and bacteria in acute wheezy 
bronchitis in childhood: a study of sputum. Arch Dis Child 1979; 54: 587-592 

Horwood U, Fergusson Dm, Shannon FT. Social and familial factors in the 
development of early childhood asthma. Pediatrics 1985; 75: 859-868 



171 

Hsieh KH, Shen JJ. Prevalence of childhood asthma in Taipei, Taiwan and 
other Asian Pacific countries. J Asthma 1988; 25: 73-82 

Hurry VM, Peat JK, Woolcock AJ. Prevalence of respiratory symptoms, 
bronchial hyperresponsiveness and atopy in school children living in the 
Villawood area of Sydney. Aust NZ J Med 1988,18: 745-752 

Ishizaki T, Koizumi K, Ikemori R, et al. Studies of prevalence of Japanese 
cedar pollinosis among residents in a densely cultivated area. Ann All 1987; 
58: 265-270 

Jagota SK, Dani HM. A new colormetric technique for the estimation of 
vitamin C using folin phenol reagent. Analyt Biochem 1982; 127: 178-182. 

Javaid A, Cushley MJ, Bone MF Effect of dietary salt on bronchial reactivity to 
histamine in asthma. BMJ 1988,297: 454 

Jenkins MA, Clarke JR, Carlin JB, Robertson OF, Hopper JL, Dalton MF, 
Holst DP, Choi K, Giles GG. Validation of questionnaire and bronchial 
hyperresponsiveness against physician assessment in the diagnosis of 
asthma. Int J Epidemiol 1996; 25.609-616 

Jenkins MA, et al. Factors in childhood as predictors of asthma in adult life. 
BMJ 1994; 309: 90-93 

Joos GF, Kips JC, Pauwels RA. Direct and indirect bronchial responsiveness. 
Resp Med 1993,87 (Suppl. B). 31-36 

Josephs LK, Gregg I, Holgate ST. Does non-specific bronchial 
responsiveness indicate the severity of asthma. Eur Respir J 1990; 3: 220- 
227 

Josephs LK, Gregg I, Mullee MA, Holgate ST. Non-specific hyperreactivity 
and its relationship to the clinical expression of asthma. Am Rev Respir Dis 
1989; 140: 350-357 

Jorres R, Magnussen H. Airways response of asthmatics after 30 min 
exposure, at resting ventilation, to 0.25 ppm N02 or 0.5 ppm SO2. Eur Respir 
J 1990; 3: 132-137 

Kakuta Y, Okayama H, Aikawa T et al. K channels of human alveolar 
macrophages. J Allergy Clin Immunol 1988; 81: 460-468 

Kattan M, Keens TG, Mellis CM, Levison H. The response to exercise in 
normal and asthmatic children. J Pediatr 1978; 92: 718-721 

Kaufman HS, Frick OL. The development of allergy in infants of allergic 
patients: a prospective study concerning the role of heredity. Ann All 1976; 37: 

410-415 



172 

Keeley DJ, Neill P, Gallivan S. Comparison of the prevalence of reversible 
airways obstruction in rural and urban Zimbabwean children. Thorax 1991; 46: 
549-553 

Kelly WJW, Hudson I, Phelan PD, Pain MCF, Olinsky A. Childhood asthma in 
adult life: a further study at 28 years of age. BMJ 1987; 294: 1059-1062 

Kelly YJ, Brabin BJ, Milligan P, Heaf DP, Reid J, Pearson MG. Maternal 
asthma, premature birth, and the risk of respiratory morbidity in schoolchildren 
in Merseyside. Thorax 1995,50: 525-530. 

Kelly YJ, Brabin BJ, Milligan PJM, Reid JA, Heaf D, Pearson MG. Clinical 
significance of cough and wheeze in the diagnosis of asthma. Arch Dis Child 
1996: 75: 489-493 

Kershaw CR. Passive smoking, potential atopy and asthma in the first five 
years. JR Soc Med 1987; 80: 683-688 

Kinney PL, Ware JH, Spengler JD, Dockery DW, Speizer FE, Ferris BG. Short 
term pulmonary function change in association with ozone levels. Am Rev 
Respir Dis 1989; 139: 56-61 

Kitchen WH, Olinsky A, Doyle LW, Ford GW, Murton U, Slonim L, Callanan 
C. Respiratory health and lung function in 8-year-old children of very low birth 

weight a cohort study. Pediatrics 1992; 89: 1151-1158 

Kjellman NIM. Effect of parental smoking on IgE levels in children. (Letter) 
Lancet 1981; i: 993-994 

Knox RB. Grass pollen, thunderstorms and asthma. Clin Exp Allergy 1993; 

23: 354-359. 

Koeng JQ, Covert DS, Hanley QS, Van Belle G, Pierson WE. Prior exposure 
to ozone potentiates subsequent response to sulfur dioxide in adolescent 
asthmatic subjects. Am Rev Respir Dis 1990; 141: 377-380 

Korsgaard J. House dust mites and absolute indoor humidity. Allergy 1983; 
38: 85-92 

Kramer MS. Determination of low birthweight: methodological assessment 
and meta-analysis. Bull WHO 1987; 65: 663-737 

Kramer MS, Coates AL, Michoud MC, Dagenais S, Moshonas D, Davis GM, 

Hamilton EF, Nuwayhid B, Joshi AK, Papageorgiou A, Usher RH. Maternal 

asthma and idiopathic preterm labor. Am J Epideiol 1995; 142: 1078-1088 

Krzyzanowski M, Quackenboss JJ, Lebowitz MD. Relation of peak expiratory 
flow rates and symptoms to ambient ozone. Arch Environ Health 1992; 47: 

107-115 



PAGE 
MISSING 

IN 
ORIGINAL 



174 

Lewis S, Butland B, Strachan D, Bynner J, Richards D, Butler N, Britton J. 
Study of the aetiology of wheezing illness at age 16 in two national British 
birth cohorts. Thorax 1996; 51: 670-676 

Lewis S, Richards D, Bynner J, Butler N, Britton J. Prospective study of risk 
factors for early and persistent wheezing in childhood. Eur Respir 11995; 8: 
349-356 

Lieberman D, Heimer D. Effect of dietary sodium on the severity of bronchial 
asthma. Thorax 1992; 47: 360-362 

Lindfors A, Wickman M, Hedlin G, Pershagen G, Rietz H, Nordvall SL. Indoor 
environmental risk factors on young asthmatics: a case-control study. Arch 
Dis Child 1995; 73: 408-412 

Linn WSDA, Shamoo EL, Avol JD, Anderson JD, Venet TG, Hacney JD. 
Dose-response study of asthmatic volunteers exposed to nitrogen dioxide 
during intermittent exercise. Arch Environ Health 1986; 41: 292-296 

Lioy PJ, Volimuth TA, Lippmann M. Persistence of peak flow decrement in 
children following ozone exposures exceeding the National Ambient Air 
Quality Standard. JAPCA 1985; 35: 1068-1071 

Lunn JE, Knowelden J, Handyside AJ. Patterns of respiratory illness in 
Sheffield infant schoolchildren. Brit J Prev Soc Med 1967; 21: 7-16 

Luyt DK, Burton PR, Brooke AM, Simpson H. Wheeze in preschool children 
and its relation with doctor diagnosed asthma. Arch Dis Child 1994; 71: 24-30 

Luyt DK, Burton PR, Simpson H. Epidemiological study of wheeze, doctor 
diagnosed asthma, and cough in preschool children in Leicestershire. BMJ 
1993; 306: 1386-1390 

MacMahon B, Alpert M, Salber EJ. Infant weight and parental smoking habits. 
Am J Epi 1966; 82: 247-261 

Magnussen CGM. Maternal smoking influences cord serum IgE and IgD 
levels and influences the risk for subsequent infant allergy. J All Clin Immunol 
1986; 78- 898-904 

Magnussen H, Lehnigk B, Oldigs M, Jorres R. Effects of acute passive 
smoking on exercise-induced bronchoconstnction in asthmatic children. J 

Appl Physiol 1993; 75: 553-558 

Mann SL, Wadsworth MEJ, Colley JRT. Accumulation of factors influencing 

respiratory illness in members of a national birth cohort and their offspring. J 

Epidemiol Community Health 1992; 46: 286-292 



175 

Margetts BM, Jackson AA. Interactions between people's diet and their 
smoking habits: the dietary and nutritional survey of British adults. BMJ 1993; 
307: 1381-1384 

Manne WM, Gern B, Jacobsen N. Clinically important respiratory effects of 
dust exposure and smoking in British coal miners. Am Rev Resp Dis 1988; 
137: 106-112 

Maritz GS, Woolward K. Effect of maternal nicotine exposure on neonatal 
lung elastic tissue and possible consequences. S Afr Med J 1992; 81: 517- 
519 

Marsh MJ, Fox GF, Ingram D, Milner AD. The effect of maternal smoking 
during pregnancy on infant lung function, growth and development [Abstract]. 
Proceedings of Bntish Paediatric Association Annual Meeting 1994; 66: 28 

Martin AJ, McLennan L, Landau LI, Phelan PD. The natural history of 
childhood asthma to adult life. BMJ 1980; 280: 1397-1400 

Martin CJ, Platt SD, Hunt SM. Housing conditions and ill health. BMJ 1987; 
294: 1125-1127 

Martin RJ, Cicutto LC, Smith HR, Ballard RD, Szefler SJ. Airways 
inflammation in nocturnal asthma. Am Rev Respir Dis 1991; 143: 351-357 

Martin TR. Bracken MB. Association of low birth weight with passive smoke 
exposure in pregnancy. Am J Epi 1986; 124: 633-642 

Martinez FD, Antognoni G, Macri F, Bonci E, Midulla F, Castro G, et al. 
Parental smoking enhances bronchial responsiveness in nine year old 
children. Am Rev Respir Dis 1988; 138: 518-523 

Martinez FD, Morgan WJ, Wright AL, Holberg C, Taussig LM, The Group 
Health Medical Associates. Initial airway function is a risk factor for recurrent 
wheezing respiratory illnesses during the first three years of life. Am Rev 
Respir Dis 1991; 143: 312-316 

Martinez FD, Wright AL, Holberg CJ, Morgan WJ, Taussig LM. Maternal age 
as a risk factor for wheezing lower respiratory illnesses in the first year of life. 

Am J Epi 1992; 136: 1258-1268 

Martinez FD, Wright AL, Taussig LM, Holberg CJ, Halonen M, Morgan WJ, 

The Group Health Medical Associates. Asthma and wheezing in the first six 

years of life. N Eng J Med 1995; 332: 133-138 

Mazur B. Peak expiratory flow values in children relative to the degree of 

atmospheric air pollution. Acta Paediatr 1995; 84: 203-205 

McCance and Widdowson. The composition of food. Fifth Edition. 1992 



176 

McCormac BM. Introduction to the scientific study of atmospheric pollution. 
Dordrecht, D. Reidel Publishing Company, 1971 

McFadden ER. Exercise and asthma. New Eng J Med 1987; 317: 502-504 

McFadden ER. Airway function: regulation by physical factors. In: Crystal R, 
West J et a! eds. The Lung. Philadelphia, Lippincott-Raven, 1997; ch. 96: 
1333-1344 

McLeod A, Ross P, Mitchell S, Tay D, Hunter L, Hall A, Paton J, Mutch L. 
Respiratory health in a total very low birthweight cohort and their classroom 
controls. Arch Dis Child 1996; 74: 188-194 

McQuitty JC, Lewiston NJ. Pulmonary function testing in children. In. 
Pulmonary function testing guidelines and controversies. Academic Press 
Inc., 1982; ch. 26: 321-330 

Meetham AR. Atmospheric pollution. Its origins and prevention. Bottom DW, 
Clayton S Eds. London, Pergammon Press. Third Edition 1964. 

Melia RJW, Chinn S, Rona RJ. Respiratory illness and home environment of 
ethnic groups. BMJ 1988; 296: 1438-1441 

Melia RJW, Florey C du V, Altman DG, Swan AV. Association between gas 
cooking and respiratory disease in children. BMJ 1977; 2: 149-152 

Melia RJW, Florey C du V, Chinn S. The relation between respiratory illness 
in primary schoolchildren and the use of gas for cooking. I- results from a 
national survey. Int J Epidemiol 1979; 8: 333-338 

Mellis CM, Kaftan M, Keens TG, Levison H. Comparative study of histamine 

and exercise challenges in asthmatic children. Am Rev RespirDis 1978; 117: 
911-915 

Menzel DB. Antioxidant vitamins and prevention of lung disease. Ann NY 
Acad Sci 1992; 669: 141-155. 

Miedema I, Feskens EJM, Heederik D, Kromhout D. Dietary determinants of 
long-term incidence of chronic non-specific lung diseases. The Zutphen study. 
Am J Epi 1993; 138: 37-45 

Ministry of Health. Mortality and morbidity during the London fog of December 

1952. London, HMSO, 1954 

Mitchell EA, Stewart AW, Pattemore PK, Asher MI, Harrison AC, Rea HH. 

Socioeconomic status in childhood asthma. Int J Epidemiol 1989; 18: 888-890 

Mitchell EA, Anderson HR, Freeling P, White PT. Why are hospital admission 

and mortality rates for childhood asthma higher in New Zealand than in the 

United Kingdom? Thorax 1990; 45: 176-182 



177 

Mohsenin V. Effect of vitamin C on N02-induced airway hyperresponsiveness 
in normal subjects. A randomised double-blind experiment. Am Rev Respir 
Dis 1987; 136: 1408-1411 

Mohsenin V, Dubois AB, Douglas JS. Effect of ascorbic acid on response to 
methacholine challenge in asthmatic subjects. Am Rev Respir Dis 1983; 127- 
143-147 

Molfino NA, Slutski AS, Zamel N. The effects of air pollution on allergic 
bronchial responsiveness. Clin Exp Allergy 1992; 22: 667-672 

Molfino NA, Wright SC, Katz I, Tarlo S, Silverman F, McClean PA, Szalai JA, 
Raizenne M, Slutsky AS, Zamel N. Effect of low concentrations of ozone on 
inhaled allergen responses in asthmatic subjects. Lancet 1991; 338: 199-203 

Morabia A, Menkes MJS, Comstock GW, Tockman MS. Serum retinol and 
airway obstruction. Am J Epi 1990; 132: 77-82. 

Morabia A, Sorenson A, Kumanyika SK, Abbey H, Cohen BH, Chee E. 
Vitamin A, cigarette smoking, and airway obstruction. Am Rev Respir Dis 
1989; 140: 1312-1316. 

Morgan WKC. Industrial bronchitis. In Morgan WKC, Seaton A eds. 
Occupational Lung Diseases. Philadelphia, Saunders, 1984 

Mun CT. Prevalece and age of onset of adult asthma. Singapore Med J. 
1972; 13: 154 

Munir AKM, Einarsson R, Dreborg SKG. Mite (Der p 1, Der f 1), cat (fel d I) and 
dog (Can F I) allergens in dust from Swedish day-care centres. Clin Exp 
Allergy 1995; 25: 119-126 

Murray AB, Morrison BJ. The effect of cigarette smoke from the mother on 
bronchial hyperresponsiveness and severity of symptoms in children with 
asthma. J Allergy Clin lmmunol 1986; 77: 575-581 

Murray AB, Morrison BJ. Passive smoking by asthmatics: its greater effect on 
boys than on girls and on older than younger children. Pediatrics 1989; 84: 
451-459 

Murray AB, Morrison BJ. It is children with atopic dermatitis who develop 

asthma more frequently if the mother smokes. J Allergy Clin Immunol 1990; 
86: 732-739 

Murray M, Webb MSC, O'Callaghan C, Swarbrick AS, Milner AD. Respiratory 

status and allergy after bronchiolitis. Arch Dis Child 1992; 67: 482-487- 



178 

Murray V, Venables L, Laing-Morton T, Partridge M, Thurston J, Williams D. 
Epidemic of asthma possibly related to thunderstorms. BMJ 1994; 309: 131- 
132 

Naeye RL. Effects of maternal cigarette smoking on the fetus and placenta. B 
J Obs Gyn 1978,85: 732-737 

Nakadate T, Kagawa J. Pulmonary function development in children with past 
history of asthma. J Epidemiol Community Health 1992; 46: 437-442 

Nath P, Joshi AP, Agrawal KP. Biochemical correlates of airway 
hyperreactivity in guinea-pigs, role of lysophosphatidyl choline. J Allergy Clin 
Immunol 1983,72: 351-358 

Neas LM, Dockery DW, Koutrakis P, Tollerud DJ, Speizer FE. The association 
of ambient air pollution with twice daily peak expiratory flow rate 
measurements in children. Am J Epi 1995; 141: 111-122 

Neas LM, Dockery DW, Spengler JD, Speizer FE, Tollerud DJ. The 
association of ambient air pollution with twice daily peak expiratory flow 
measurements in children [Abstract]. Am Rev Respir Dis 1992; 145: 1123- 
1128 

Neas LM, Dockery DW, Ware JH, Spengler JD, Ferris BG, Speizer FE. 
Concentration of indoor particulate matter as a determinant of respiratory 
health in children. Am J Epi 1994; 139.1088-1099 

Newman-Taylor A. Environmental determinants of asthma. Lancet 1995; 345: 
296-299 

Nichols DJB, Longsworth FG. Prevalence of exercise-induced asthma in 

schoolchildren in Kingston, St. Andrew and St. Catherine, Jamaica. WI Med J 
1995; 44: 16-19 

Nikki E. Action of ascorbic acid as a scavenger of active stable oxygen 
radicals. Am J Clin Nutr 1991; 54 (Suppl. ): 1119S-1124S 

Ninan TK. Persistent cough in childhood. Paed Resp Med 1993; 2: 11-14 

Ninan TK, MacDonald L, Russell G. Persistent nocturnal cough in childhood: 
a population based study. Arch Dis Child 1995; 73: 403-407 

Ninan TK, Russell G. Respiratory symptoms and atopy in Aberdeen 

schoolchildren: evidence from two surveys 25 years apart. BMJ 1992; 
304: 873-875 

Ninan TK, Russell G. Is exercise testing useful in a community 
based asthma survey? Thorax 1993; 48: 1218-1221 



179 

Ogawa H, Tominaga S, Hon K, Noguchi K, Kanou I, Matsubara M. Passive 
smoking by pregnant women and fetal growth. J Epidemiol Community Health 
1991: 45: 164-168 

O'Hollaren MT, Yunginger JW, Offord KP, Somers MJ, O'Connell EJ, Ballard 
DJ, Sachs MI. Exposure to an aeroallergen as a possible precipitating factor 
in respiratory arrest in young patients with asthma N Eng J Med 1991,324: 
359-363 

Omran M, Russell G. Continuing increase in respiratory symptoms and atopy 
in Aberdeen schoolchildren. BMJ 1996; 312: 34 

Orehek J, Massan JP, Gayrard P, Grimaud C, Charpin J. Effect of short-term, 
low-level nitrogen dioxide exposure on bronchial sensitivity of asthmatic 
patients. J Clin Invest 1976; 57: 301-307 

Ostrea EM, Knapp DK, Romero A, Montes M, Ostrea AR. Meconium analysis 
to assess fetal exposure to nicotine by active and passive maternal smoking. 
Pediatrics 1994; 124: 471-476 

Ostro B, Lipsett M, Mann J, Braxton-Owens H. An epidemiologic investigation 
of the effects of air pollution on pediatric asthma [Abstract]. Am J Respir Crit 
Care Med 1994; 149 (4 Part 2): A658 

Ownby DR. Environmental factors versus genetic determinants of childhood 
inhalant allergies. J All Clin Immunol 1990; 86: 279-287 

Packe GE, Ayers JG. Asthma outbreak during a thunderstorm. Lancet 1985; 
ii: 199-204 

Packer JE, Slater TF, Willson RL. Direct observation of a free radical 
interaction between vitamin E and vitamin C. Nature 1979; 278: 737-738. 

Pararajasingham CD, Sittampalam L, Damani P, Pattemore PK, Holgate ST. 
Comparison of the prevalence of asthma among Asian and European children 
in Southampton. Thorax 1996; 51: 529-532 

Parfitt VJ, Rubba P, Bolton C, Marotta G, Hartog M, Mancini M. A comparison 
of antioxidant status and free radical peroxidation of plasma lipoproteins in 
healthy young persons from Naples and Bristol. Eur Heart J 1994; 15: 871- 
876 

Park ES, Golding J, Carswell F, Stewart-Brown S. Preschool wheezing and 
prognosis at 10. Arch Dis Child 1986; 61: 642-646 

Parkes WR. Aerosols: their deposition and clearance. In: Parkes WR ed. 
Occupational lung disorders. Third edition. Oxford, Butterworth-Heinam 1995; 

ch. 3: 35-51 



180 

Partridge MR, Gibson GJ, Pride NB. Asthma in Asian immigrants. Clin Allergy 
1979; 9: 489-494 

Patlow JH, Montgomery D, Morgan MA, Towers CV, Porto M. Severity of 
asthma and perinatal outcome. Am J Obstet Gynecol 1992: 167: 693-697 

Pattemore PK, Asher MI, Harrison AC, Mitchell EA, Rea HH, Stewart AW. 
Ethnic differences in prevalence of asthma symptoms and bronchial 
hyperresponsiveness in New Zealand schoolchildren. Thorax 1989; 44: 168- 
176 

Pattemore PK, Asher MI, Harrison AC, Mitchell EA, Rea HH, Stewart AW. The 
interrelationship among bronchial hyperresponsiveness, the diagnosis of 
asthma symptoms. Am Rev Respir Dis 1990; 142: 549-554 

Pattermore PK, Holgate ST. Bronchial hyperresponsiveness and its 
relationship to asthma. Clin Exp All 1993,23: 886-900 

Pattemore P, Johnston S, Bardin P, et al. Viruses as precipitants of asthma 
symptoms. I. Epidemiology. Clin Exp All 1992; 22: 325-336 

Pauwels R, Joos G, Van Der Straeten M. Bronchial hyperresponsiveness is 
not bronchial hyperresponsiveness is not asthma. Clin Allergy 1988; 18: 317- 
321 

Peacock JL, Bland JM, Anderson HR. Preterm delivery: effects of 
socioeconomic factors, psychological stress, smoking, alcohol, and caffeine. 
BMJ 1995; 311: 531-536 

Pearce N, Weiland S, Keil U, Langridge P, Anderson HR, Strachan D, 
Bauman A, Young L, Gluyas P, Ruffin D, Crane J, Beasley R. Self-reported 
prevalence of asthma symptoms in children in Australia, England, Germany 
and New Zealand: an international comparison using the ISACC protocol. Eur 
Respir J 1993; 6: 1455-1461 

Peat JK, Salome CM, Toelle BG, Bauman A, Woolcock AJ. Reliability of a 
respiratory history questionnaire and effect of mode of administration on 
classification of asthma in children. Chest 1992b; 102: 153-157 

Peat JK, Salome CM, Woolcock A. I. Longitudinal changes in atopy during a4 
year period: relation to bronchial hyperresponsiveness and respiratory 
symptoms in a population sample of Australian schoolchildren. J Allergy Clin 
Immunol 1990; 85,65-74 

Peat JK, Salome CM, Woolcock AJ. Factors associated with bronchial 
hyperresponsiveness in Australian adults and children. Eur Respir J 1992a; 5: 
921-929 



181 

Peat JK, Tovey E, Mellis CM, Leeder SR, Woolcock AJ. Importance of house 
dust mite and Altemana allergens in childhood asthma: an epidemiological 
study in two climatic regions of Australia. Clin Exp Allergy 1993; 23: 812-820 

Peat JK, van den Berg R, Green WF, Mellis CM, Leeder SR, Woolcock AJ. 
Changing prevalence of asthma in Australian children. BMJ 1994; 308: 1591- 
1596 

Pepys J. Types of allergic reaction. Clan Allergy 1973; 3 (Suppl. )6: 491-509 

Pepys J. Skin testing Br J Hosp Med 1975: 412-417 

Peters A, Beyer U, Spix C, Kranke F, Gutschmidt K, Heinrich J, Dockery D, 
Dumyahn T, Spengler J, Vhylidahl F, Schubertova E, Wichmann HE. Short 
term of air pollution in a polluted area in the Czech Republic [Abstract]. Am J 
Respir Crit Care Med 1994; 149 (4 Part 2): A662 

Peters A, Goldstein IF, Beyer U, Franke K, Heinrich J, Dockery DW, Spengler 
JD, Wichmann HE. Acute health effects of exposure to high levels of air 
pollution in Eastern Europe. Am J Epi 1996; 144: 570-581 

Picado C, Castillo JA, Schinca N, Pujades M, Ordinas A, Coronas A, Agusti- 
vidal A. Effects of a fish oil enriched diet on aspirin intolerant asthmatic 
patients: a pilot study. Thorax 1988; 43: 93-97 

Platts-Mills TAE, De Weck AL. Dust mite allergens and asthma: a worldwide 
problem. J Allergy Clin Immunol 1989; 83: 416-427 

Platts-Mills TAE, Thomas WR, Aalberse RC, et al. Dust mite allergens and 
asthma: report of a second international workshop. J Allergy Clin Immunol 
1992,89: 1046-1060 

Platts-Mills T, Tovey E, Mitchell E, Moszoro H, Nock P, Wilkins S. Reduction 

of bronchial hyperreactivity during prolonged allergen avoidance. Lancet 
1982; 390: 675-678 

Polgar G, Weng TR. The functional development of the respiratory system. 
From the period of gestation to adulthood. Am Rev Respir Dis 1979; 120: 625- 
695 

Ponsonby AL, Couper D, Dwyer T, Carmichael A, Wood-Baker R. Exercise- 
induced bronchial hyperresponsiveness and parental ISAAC questionnaire 
responses. Eur Respir J 1996; 9 : 1356-1362 

Pope CA. Respiratory disease associated with community air pollution and a 

steel mill, Utah Valley. Am J Public Health 1989; 79: 623-628 

Pope CA, Dockery DW, Spengler JD, Raizenne ME. Respiratory health and 
PM10 pollution. A daily time series analysis. Am Rev Respir Dis 1991; 144: 

668-674 



182 

Pope CA, Dockery DW. Acute health effects of PM1o pollution on symptomatic 
and asymptomatic children. Am Rev Respir Dis 1992; 145: 1123-1128 

Postma DS, Bleecker ER, Amelung PJ, Xu J, Panhuysen CIM, Meyers DA, 
Levitt RC. Genetic susceptibility to asthma - bronchial hyperresponsiveness 
coinhented with a major gene for atopy. N Eng J Med 1995; 333: 894-900 

Powell CVE, Nash AA, Powers HA, Primhak RA. Antioxidant status in asthma. 
Pediatr Pulmonol 1994; 18: 34-38. 

Powell CVE, Primhak RA. Stability of respiratory symptoms in unlabelled 
wheezy illness and nocturnal cough. Arch Dis Child 1996a; 74: 385-391 

Powell CVE, White RD, Primhak R. A. Longitudinal study of free running 
exercise challenge: reproducibility. Arch Dis Child 1996b; 74: 108-114 

Pryor WA. Can vitamin E protect humans against the pathological effects of 
ozone in smog. Am J Clin Nutr 1991,53: 702-722 

Quigley ME. Effects of maternal smoking on increasing Catecholamines and 
foetal heart rates. Am J Obstet Gynecol 1979; 133: 685-690 

Raizenne M, Burnett RT, Stern B, Franklin CA, Spengler JD. Acute lung 
function responses to ambient acid aerosol exposures in children. Environ 
Health Perspec 1989,79: 179-185 

Reihsaus E, Innis M. Maclntyre N, Liggett SB. Mutations in the gene encoding 
for the b2-adrenergic receptor in normal and asthmatic subjects. Am J Respir 
Cell Mol Biol 1993; 8: 334-339 

Repine JE, Heffner JE. Lung antioxidants. In: Crystal R, West J et al eds. The 

Lung. Philadelphia, Lippincott-Raven, 1997; ch. 173: 2259-2269 

Richards RJ, Curtis CG. Biochemical and cellular mechanisms of dust- 
induced lung fibrosis. Environ Health Perspect 1984; 55: 393-416 

Ritter JM, Taylor GW. Fish oil in asthma. Thorax 1988,43: 81-83 

Robertson CF, Heycock E, Bishop J, Nolan T, Olinsky A, Phelan PD. 
Prevalence of asthma in Melbourne schoolchildren: changes over 26 years. 
8MJ 1991; 302: 1116-1118 

Roemer W, Hoek G, Brunekreef B. Effect of ambient winter air pollution on 

respiratory health of children with chronic respiratory symptoms. Am Rev 

Respir Dis 1993; 147: 118-124 

Romagnani S. Human Th1 and Th2 subsets: regulation of differentiation and 

role in protection and immunopathology. Int Arc Allergy Appl lmmunol 1992; 

98: 279-285 



183 

Romieu I, Meneses F, Ruiz S, Sienra JJ, Huerta J, White MC, Etzel RA. 
Effects of air pollution on the respiratory health of asthmatic children living in 
Mexico City. Am J Respir Crit Care 1996,154: 300-307 

Romieu I. Meneses F, Sienra JJ, Huerta J, Ruiz-Velasco S, White MC, Etzel 
R, Hemandez-Avila M Effect of ambient ozone on respiratory health in 
Mexican children with mild asthma [Abstract]. Am J Respir Crit Care Med 
1994: 149 (4 Part 2): A659 

Romleu I, Meneses F, Sienra-Monge JJL, Huerta J, Velasco SR, White MC, 
Etzel RA, Hernandez-Avila M. Effects of urban air pollutants on emergency 
visits for childhood asthma in Mexico City. Am J Epi 1995; 141: 546-553 

Rona RJ, Chinn S. Lung function, respiratory illness, and passive smoking in 
British primary school children. Thorax 1993; 48: 21-25 

Rona RJ, Chinn S, Bumey PGJ. Trends in the prevalence of asthma in 
Scottish and English primary school children 1982-92. Thorax 1995; 50: 992- 
993 

Rona RJ, Gulliford MC, Chinn S. Effects of prematurity and intrauterine 
growth on respiratory health and lung function in childhood. BMJ 1993; 306: 
817-820 

Ronchetti R, Bonci E. Cutrera R, De Castro G, Indinnimeo L, Midulla F, 
Tancredi G, Martinez FD. Enhanced allergic sensation related to parental 
smoking. Arch Dis Child 1992; 67: 496-500 

Roorda RJ, Gerntsen J, Van Aalderen WMC, Schouten JP, Veltman JC, 
Weiss ST, Knol K. Risk factors for the persistence of respiratory symptoms in 

childhood asthma. Am Rev Respir Dis 1993; 148: 1490-1495 

Roorda RJ, Gerritsen J, Van Aalderen WMC, Schouten JP, Veltman JC, 
Weiss ST, Knol K. Follow-up of asthma from childhood to adulthood: 
influence of potential childhood risk factors on the outcome of pulmonary 
function and bronchial responsiveness in adulthood. J Allergy Clin Immunol 

1994; 93: 575-584 

Rosenthal M, Bain SH, Cramer D, Helms P, Denison D, Bush A, Warner JO. 
Lung function in white children aged 4 to 19 years: I-spirometry. Thorax 1993; 

48: 794-802 

Rossi OVJ, Kinnula VL, Tienari J, Hunti E. Association of severe asthma 
attacks with weather, pollen, and air pollutants. Thorax 1993; 48: 244-248 

Rubin DH, Krasilnikoff PA, Leventhal JM, Weile B, Berget A. Effect of passive 

smoking on birth-weight. Lancet 1986; 347: 415-417 



184 

Rusos K, King E, Brand P. Short-term variations of size distribution and 
concentration of atmospheric aerosol particles. J Aerosol SC, 1991; 22,5629- 
5632 

Rutishauser M, Ackermann-Liebrich U, Braun CH, Gnehm HP, Wanner HU. 
Significant association between outdoor NO2 and respiratory symptoms in 
preschool children. Lung 1990; 168 (Suppl): 347-352 

Saannen NM, Kajosaari M. Breastfeeding as prophylaxis against atopic 
disease: prospective follow-up study until 17 years old. Lancet 1995; 346: 
1065-1069 

Salathe M, O'Riordan TG, Wanner A. Mucociliary clearance. In: Crystal R, 
West J et al eds. The Lung. Philadelphia, Lippincott-Raven, 1997; ch. 177: 
2295-2308 

Salome CM, Peat JK, Bntton WJ, Woolcock AJ. Bronchial 
hyperresponsiveness in two populations of Australian schoolchildren. I. 
Relation to respiratory symptoms and diagnosed asthma. Clin Allergy 1987; 
IT 271-281 

Sandstrom T, Stjernberg N, Eklund A, Ledin MC, Bjerrner L, Kolmodin- 
Hedman B, Lindstrom K, Rosenhall L, Angstrom T. Inflammatory cell 
response in bronchoalveolar lavage fluid after nitrogen dioxide exposure of 
healthy subjects- a dose-response study. Eur Respir J 1991; 4: 332-339 

Schatz M, Zeiger RS, Hoffman CP. Intrauterine growth is related to 
gestational pulmonary function in pregnant asthmatic women. Chest 1990; 98- 
389-392 

Schatz M, Zeiger RS, Hoffman CP, Harden K, Forsythe A, Chilingar L, 
Saunders B, Porreco R, Sperling W, Kagnoff M, Benenson AS. Perinatal 
outcomes in the pregnancies of asthmatic women: a prospective controlled 
analysis. Am J Crit Care Med 1995; 151: 1170-1174 

Schenker MB, Samet JM, Speizer FE. Risk factors for childhood respiratory 
disease: the effect of host factors and home environmental exposures. Am 
Rev Resp Dis 1983; 128: 1038-1043 

Schwartz J, Dockery DW. Increased mortality in Philadelphia associated with 
daily air pollution concentrations. Am Rev Respir Dis 1992; 145: 600-604 

Schwartz J, Gold D, Dockery DW, Weiss ST, Speizer FE. Predictors of 
asthma and persistent wheeze in a national sample of children in the United 
States, association with social class, perinatal events and race. Am Rev 
Respir Dis 1990; 142: 555-562 

Schwartz J, Weiss ST. Dietary factors and their relation to respiratory 
symptoms. Am J Epi. 1990; 132: 67-76. 



185 

Schwartz J, Weiss ST. the relationship of dietary fish intake to level of 
pulmonary function in the first National Health and Nutrition Survey 
(NHANES I). Eur Resp J 1994; 7 1821-1824 

Sears MR, Burrows B, Flannery EM, Herbison GP, Hewitt CJ, Holdaway MD. 
Relation between airway responsiveness and serum IgE in children with 
asthma and in apparently normal children. N Eng J Med 1991; 325: 1067- 
1071 

Sears MR, Burrows B, Flannery EM, Herbison GP, Holdaway MD. Atopy in 
childhood. I. Gender and allergen related risks for development of hay fever 
and asthma. Clin Exp Allergy 1993b; 23: 941-948 

Sears MR, Burrows B, Herbison GP, Holdaway MD, Flannery EM. Atopy in 
childhood. II. Relationship to airway responsiveness and asthma. Clin Exp 
Allergy 1993a; 23: 949-956 

Sears MR, Holdaway MD, Flannery EM, Herbison GP, Silva PA. Parental and 
neonatal risk factors for atopy, airway hyper-responsiveness, and asthma. 
Arch Dis Child 1996,75: 392-398 

Sears MR, Jones DT, Holdaway MD, Hewitt CJ, Flannery EM, Herbison GP, 
Silva PA. Prevalence of bronchial reactivity to inhaled methacholine in New 
Zealand children. Thorax 1986; 41: 283-289 

Seaton A, Godden DJ, Brown K. Increase in asthma: a more toxic 
environment, or a more susceptible population? Thorax 1994; 49: 171-174 

Seaton A, MacNee W, Donaldson K, Godden D. Particulate air pollution and 
acute health effects. Lancet 1995,345: 176-178 

Seidman DS, Laor A, Gale R, Stevenson DK, Danon YL. Is low birth weight a 
risk factor for asthma during adolescence? Arch Dis Child 1991; 66: 584-587 

Seidman DS, Slater PE, Ever-Hadani P, Gale R. Accuracy of mothers' recall 

of birthweight and gestational age. Br J Obstet Gynaecol 1987; 94: 731-735 

Shahar E, Folsom AR, Melnick SL, Tockman MS, Comstock GW, Shimakawa 
T, Higgins MW, Sorlie PD, Szklo M. Does dietary vitamin A protect against 
airway obstruction? Am J Respir Crit Care Med 1994; 150: 978-982. 

Shaheen SO, Aaby P, Hall AJ, Barker DJP, Heyes CB, Shiell AW, Goudiaby 

A. Measles and atopy in Guinea-Bissau. Lancet 1996; 347: 1792-1796 

Shaheen SO, Barker DJP. Early lung growth and chronic airflow obstruction. 
Thorax 1994; 49: 533-536 

Sharp DS, Rodriguez BL, Shahar E, Hwang L, Burchfiel CM. Fish 

consumption may limit the damage of smoking on the lung. Am J Cnit Care 

Med 1994; 150: 983-987 



186 

Sherman CB, Tosteson TD, Tager IB, Speizer FE, Weiss ST. Early childhood 
predictors of asthma. Ani J Epidemiol 1990; 132: 83-95 

Shirakawa T, Li A, Dubowitz M. et al. Association between atopy and variants 
of the beta subunit of the high-affinity immunoglobin E receptor. Nature 
Genet 1994: 7: 125-130 

Sibbald B, Rink E, D'Sousa M. Is the prevalence of atopy increasing? BrJ 
Gen Pract 1990; 40: 338-340 

Silverman M, Anderson SD. Standardisation of exercise tests in asthmatic 
children. Arch Dis Child 1972a0 47 882-889 

Silverman M, Anderson SD. Metabolic cost of treadmill exercise in children. J 
Appl Ph ysiol 1972b, 31 696-698 

Skobeloff EM, Spivey WH, McNamara RM, Greenspon L. Intravenous 
magnesium sulfate for the treatment of acute asthma in the emergency 
department. JAMA 1989; 262: 1210-1213 

Smith JM, Harding LK, Cumming G. The changing prevalence of asthma in 
school children. Clinical Allergy 1971; 1.57-61 

Sobral HR. Air pollution and respiratory diseases in children in Sao Paulo, 
Brazil. Soc Sci Med 1989; 8 959-964 

Sokol RJ, Balistreri WF, Hoofnagle JH, Jones EA. Vitamin E deficiency in 

adults with chronic liver disease. Am J Cin Nutr 1985; 41: 66-72 

Somerville SM, Rona RJ, Chinn S. Passive smoking and respiratory 
conditions in primary school children. J Epidemiol Comm Health 1988; 42: 
105-110 

Souhrada JF, Souhrada M. Significance of the sodium pump for airway 
smooth muscle. Eur J Respir Dis 1983; 128 (Suppl. ): 196-205 

Soutar A, Seaton A, Brown K. Bronchial reactivity and dietary antioxidants. 
Thorax 1997; 52: 166-170 

Soyseth V, Kongerud J, Boe J. Postnatal maternal smoking increases the 

prevalence of asthma but not of bronchial hype rresponsiveness or atopy in 

their children. Chest 1995a; 107: 389-394 

Soyseth V, Kongerud J, Haarr D, Strand 0, Bolle R, Boe J. Relation of 

exposure to airway irritants in infancy to prevalence of bronchial hyper- 

responsiveness in schoolchildren. Lancet 1995b; 345: 217-220 



187 

Sparrow D, O'Connor GT, Rosner B, Weiss ST, DeAmario SL. Methacholine 
airway responsiveness and 24 hour urine excretion of sodium and potassium. 
Am Rev Respir Dis 1991,144: 722-725 

Spektor DM, Lippmann M, Lioy PJ, Thurston GD, Citak K, James DJ, Bock N, 
Speizer FE, Hayes C. Effects of ambient ozone on respiratory function in 
active, normal children. Am Rev Respir Dis 1988; 137: 313-320 

Spector DM, Thurston GD, Mao J, He D, Hayes C, Lippmann M. Effects of 
single and multi-day exposures on respiratory function in active normal 
children. Environ Res 1991; 55: 107-122 

Speight ANP, Lee DA, Hey EN. Under-diagnosis and under-treatment of 
asthma in childhood. BMJ 1983-, 286-. 1255-1258 

Sponk R, Chapman MD, Platts-Mills TAE. House dust mite exposure as a 
cause of asthma. Clin Exp Allergy 1992,22: 897-906 

Sponk R, Ingram JM, Price W, Sussman JH, Honsinger RW, Platts-Mills TAE. 
Association of asthma with serum IgE and skin test reactivity to allergens 
among children living at high altitude. Tickling the dragon's breath. Am J 
Respir Crit Care Med 1995; 151: 1388-1392 

Spank R, Holgate ST, Platts-Mills TAE, Cogswell JJ. Exposure to house-dust 
mite allergen (Der p I) and the development of asthma in childhood: a 
prospective study. N Eng J Med 1990; 323: 502-507 

Stadtman ER. Ascorbic acid and oxidative inactivation of proteins. Am J Clin 
Nutr 1991; 54 (Suppl. ): 1125S-1128S 

Stebbings JH, Fogleman DG, McClain KE, Townsend MC. Effect of the 
Pittsburg air pollution episode upon pulmonary function in schoolchildren. 
JAPCA 1976; 26: 547-553 

Stick SM, Burton PR, Gurrin L, Sly PD, LeSouef PN. Effects of maternal 
smoking during pregnancy and a family history of asthma on respiratory 
function in newborn infants. Lancet 1996; 348: 1060-1064 

Stoddard JJ, Miller T. Impact of parental smoking on the prevalence of 
wheezing respiratory illness in children. Am J Epi 1995; 141: 96-102 

Stone J, Hinks LJ, Beasley R, Holgate ST, Clayton BA. Reduced selenium 

status of patients with asthma. Clin Sci 1989; 77: 495-500 

Strachan DP. Damp housing and childhood asthma: validation of reporting of 

symptoms. BMJ 1988; 297: 1223-1226 

Strachan DP. Hay fever, hygiene, and household size. BMJ 1989a; 299: 

1259-1260 



188 

Strachan DP. Repeatability of ventilatory function measurements in a 
population survey of 7 year old children. Thorax 1989b; 44: 474-479 

Strachan DP. Epidemiology. In: Silverman M ed. Childhood Asthma and Other 
Wheezing Disorders. London, Chapman & Hall, 1995a, ch. 2: 7-31 

Strachan DP, Anderson HR. Trends in hospital admission rates for asthma in 
children. BMJ 1992,304'. 819-820 

Strachan DP, Anderson HR, Limb ES, O'Neill A, Wells N. A national survey of 
asthma prevalence, severity, and treatment in Great Britain. Arch Dis Child 
1994,70: 174-178 

Strachan DP, Butland BK, Anderson HR. Incidence and prognosis of asthma 
and wheezing illness from early childhood to age 33 in a national British 
cohort. BMJ 1996a; 312: 1195-1199 

Strachan DP, Carey IM. Home environment and severe asthma in 
adolescence: a population based case-control study. BMJ 1995b; 311: 1053- 
1056 

Strachan DP, Cox BD, Erzinclioglu SW, Walters DE, Whichelow MJ. 
Ventilatory function and winter fresh fruit consumption in a random sample of 
British adults. Thorax 1991; 46: 624-629. 

Strachan DP, Griffiths JM, Johnston IDA, Anderson HR. Ventilatory function in 
British adults after asthma or wheezing illness at ages 0-35. Am J Respir Crit 
Care Med 1996b; 154: 1629-1635 

Strachan DP, Jarvis MJ, Feyerabend C. The relationship of salivary cotinine to 

respiratory symptoms, spirometry, and exercise-induced bronchospasm in 

seven-year-old children. Am Rev Respir Dis 1990; 142: 147-151 

Studnicka MJ, Frischer T, Meinert R, Studnicka-Benke A, Hajek K, Spengler 
JD, Neumann MG. Acidic particles and lung function in children. A summer 
camp study in the Austrian Alps. Am J Respir Crit Care Med 1995; 151: 423- 
430 

Sultz HA, Feldman JG, Schlesinger ER, Mosher WE. An effect of continued 

exposure to air pollution on the incidence of chronic childhood allergic 
disease. Am J Public Health 1970; 60: 891-900 

Suphioglu C, Singh MB, Taylor P, Bellomo R, Holmes P, Puy R, Knox RB. 

Mechanisms of grass-pollen-induced asthma. Lancet 1992; 339: 569-572 

Tager IB, Weiss ST, Munoz A, Rosner B, Speizer FE. Longitudinal study of 

the effects of maternal smoking on pulmonary function in children. N Eng J 

Med 1983; 309: 699-703 



189 

Tam AY C, Wong CM, Lam TH, Ong SG, Peters J, Hedley AJ. Bronchial 
responsiveness to children exposed to atmospheric pollution in Hong Kong. 
Chest 1994,106- 1056-1060 

Tanner JM, Thomson AM. Standards for birthweight at gestation periods from 
32-42 weeks allowing for maternal height and weight. Arch Dis Child 1970; 45: 
566 

Taussig LM, Landau LI, Godfrey S, Arad I. Determinants of forced expiratory 
flows in newborn infants. J Appl Physiol 1982; 53: 1220-1227 

Taylor B, Wadsworth J. Maternal smoking during pregnancy and lower 
respiratory illness in early life. Arch Dis Child 1987; 62: 786-791 

Taylor B, Wadsworth J, Wadsworth M, Peckham C. Changes in the reported 
prevalence of childhood eczema since the 1939-40 war. Lancet 1984; i: 1255- 
1257 

Temple JMF, Sykes AM. Asthma and open cast mining. BMJ 1992; 305: 396- 
397 

Thames Regions Accident and Emergency Trainees Association, Davidson 
AC, Emberlin J, Cook AD, Venables KM. A major outbreak of asthma 
associated with a thunderstorm: experience of accident and emergency 
departments and patients' characteristics. BMJ 1996; 312: 601-604 

Thomgren M, Gustafson A. Effects of 11-week increase in dietary 
eicosapentaenoic acid on bleeding time, lipids and platelet aggregation. 
Lancet 1981; ii: 1190-1193 

Thumham DI, Davies JA, Crump BJ, Situnayake RD, Davis M. The use of 
different lipids to express serum tocopherol: Iipid ratios for the measurement of 
vitamin E status. Ann Clin Biochem 1986; 23: 514-520 

Tilley BC, Barnes AB, Bergstralh E, Labarthe D, Noller KL, Colton T, Adam E. 
A comparison of pregnancy history recall and medical records. Am J Epi 
1985; 121: 269-281 

Toelle BG, Peat JK, Salome CM, Mellis CM, Woolcock AJ. Toward a 
definition of asthma for epidemiology. Am Rev Respir Dis 1992; 146: 633-637 

Triglyceride N standard kit, Wako Laboratories. 

Troisi RJ, Willett WC, Weiss ST, Trichopoulos D, Rosner B, Speizer FE. A 

prospective study of diet and adult-onset asthma. Am J Respir Cnt Care Med 

1995; 151: 1401-1408 

Tsanakas JN, Milner RDG, Bannister OM, Boon AW. Free running asthma 

screening test. Arch Dis Child 1988; 63: 261-265 



190 

Tunnicliffe WS, Burge PS, Ayers JG. Effect of domestic concentrations of 
nitrogen dioxide on airway responses to inhaled allergen in asthmatic patients. 
Lancet 1994,344: 1733-1736 

Van Herwerden L, Harrap SB, Wong ZYH, Abramson MJ, Kutin JJ, Forbes 
AB, Raven J, Lanigan A, Walters EH. Linkage of high-afinity IgE receptor 
gene with bronchial hyperreactivity, even in absence of atopy. Lancet 1995; 
346.1262-1265 

Van Niekerk CH, Weinberg EG, Shore SC, De V. Heese H, Van Schalkwyk 
DJ. Prevalence of asthma: a comparative study of urban and rural Xhosa 
children. Clin Allergy 1979; 9: 319-324 

Vanto T, Viander M, Koivikko A. Humoral and cell-mediated immune response 
to dog dander and hair in asthmatic children. Allergy 1983; 38: 103-112 

Vanzetti G. For the determination of haemoglobin in whole blood. J Lab Clin 
Med 1966; 67-. 1-116. 

Vedal S, Schenker MB, Munoz A, Samet JM, Batterman S, Speizer FE. Daily 
air pollution effects on children's respiratory symptoms and peak expiratory 
flow. Am J Public Health 1987; 77: 694-698 

Verhoeff AP, Van Stien RT, Van W jnen JH, Brunekreef B. Damp housing and 
childhood respiratory symptoms: the role of sensitisation to dust mites and 
moulds. Am J Epi 1995; 141: 103-110 

Verhoeff AP, Van Wijnen JH, Brunekreef B, et al. Presence of viable mould 
propagules in indoor air in relation to house damp and outdoor air. Allergy 
1992; 47- 83-91 

Von Mutius, Fntzsch C, Weiland SK, Roll G, Magnussen H. Prevalence of 
asthma and allergic disorders among children in united Germany: a 
descriptive comparison. BMJ 1992; 305: 1395-1399 

Von Mutius E, Illi S, Nicolai T, Martinez FD. Relation of indoor heating with 
asthma, allergic sensitisation, and bronchial responsiveness: survey of 
children in South Bravaria. BMJ 1996; 312: 1448-1450 

Von Mutius, Martinez FD, Fritzsch T, Nicholai T, Reitmeir P, Thiemann H-H. 
Skin reactivity and number of siblings. BMJ 1994; 308: 692-695 

Von Mutius E, Nicholai T, Martinez FD. Prematurity as a risk factor for asthma 
in preadolescent children. J Pediatr 1993; 123: 223-229 

Voter KZ, Henry MM, Stewart PW, Henderson FW. Lower respiratory illness 

in early childhood and lung function and bronchial reactivity in adolescent 

males. Am Rev Respir Dis 1988; 137: 302-307 



191 

Waegenaekers M, Van Wageningen N. Brunekreef B, et al. Respiratory 
symptoms in damp homes-a pilot study. Allergy 1989; 44: 192-198 

Waite DA, Eyles EF, Tonkin SL, O'Donnell TV. Asthma prevalence 
in Tokelauan children in two environments. Clinical Allergy 1980,10: 71-75 

Wang JY, Hsiue TR, Chen HI. Bronchial responsiveness in an area of air 
pollution resulting from wire reclamation. Arch Dis Child 1992; 67: 488-490 

Wang X, Wypij D, Gold DR, Speizer FE, Ware JH, Ferris BG, Dockery DW. A 
longitudinal study of the effects of parental smoking on pulmonary function in 
children 6-18 years. Am J Respir Crit Care Med 1994; 149: 1420-1425 

Ware JH, Dockery DW, Spiro A, Speizer FE. Passive smoking, gas cooking 
and respiratory health of children living in six cities. Am Rev Respir Dis 1984; 
129: 366-374 

Ware JH, Ferns BG, Dockery DW, Spengler JD, Stram DO, Speizer FE. 
Effects of ambient sulfur oxides and suspended particles on respiratory health 
of preadolescent children. Am Rev Respir Dis 1986; 133: 834- 842 

Warner JA, Little SA, Pollock I, Longbottom JL, Warner JO. The influence of 
exposure to house-dust mite, cat pollen and fungal allergens in the home on 
primary sensitisation in asthma. Pediatr Allergy Immunol 1991; 1: 79-86 

Warner JA. Warner JO. Allergy. In Silverman M ed. Childhood Asthma and 
Other Wheezing Disorders. London, Chapman & Hill, 1995; ch. 8a: 203-213 

Warrell DA, Fawcett IW, Harrison BDW, Agamah AJ, Ibu JO, Pope HM, 
Maberly DJ. Bronchial asthma in the Nigerian savanna region. Quart J Med 
1975: 174: 325-347 

Weitzman M, Gortmaker S, Sobol A. Racial, social, and environmental risks 
for childhood asthma. Am J Dis Child 1990; 144: 1189-1194 

Weitzman M, Gortmaker S, Sobol A, Perrin JM. Recent trends in the 
prevalence and severity of childhood asthma. JAMA 1992; 268: 2673-2677 

Wen SW, Goldenberg RL, Cutter GR, Hoffman HJ, Cliver SP, Davis RO, 
DuBard MB. Smoking, maternal age, fetal growth, and gestational age at 
delivery. Am J Obstet Gynecol 1990; 162: 53-58 

West JV, Robertson CF, Roberts R, Olinsky A. Evaluation of bronchial 

responsiveness to exercise in children as an objective measure of asthma in 

epidemiological surveys. Thorax 1996; 51: 590-595 

Whittemore AS, Korn EL. Asthma and air pollution in the Los Angeles area. 
AM J Public Health 1980; 70: 687-696 



192 

Wickman M, Emenius G, Egmar A-C, Axelson G, Pershagen G. Reduced mite 
allergen levels in dwellings with mechanical exhaust and supply ventilation. 
Clin Exp Allergy 1994,24: 109-114 

Williams D, Brunton J, Wilson I. Screening a state middle school for asthma 
using the free running asthma screening test. Arch Dis Child 1993; 69: 667- 
669 

Williams H. McNicol KN. Prevalence, natural history, and relationship of 
wheezy bronchitis and asthma in children. An epidemiological study. BMJ 
1969; 4: 321-325 

Williams HC, Strachan DP, Hay RJ. Childhood eczema: disease of the 
advantaged? BMJ 1994; 308: 1132-1135 

Willis AL. Nutritional and pharmacological factors in eicosanoid biology. Nut 
Rev 1981; 39: 289-301 

Wilson NM, Bridge P, Silverman M. Bronchial responsiveness and symptoms 
in 5-6 year old children: a comparison of a direct and indirect challenge. 
Thorax 1995; 50: 339-345 

Wilson NM, Dore CJ, Silverman M. Factors relating to the severity of 
symptoms at 5 yrs in children with severe wheeze in the first 2 yrs of life. Eur 
RespirJ 1997; 10: 346-353 

Woodward A, Grgurinovich N, Ryan P. Breast feeding and smoking hygiene: 
major influences on cotenine in urine of smokers' infants. J Epidemiol Comm 
Health 1986; 40: 309-315 

Wright A, Holberg C, Martinez FD, et al. Breast feeding and lower respiratory 
tract illness in the first year of life. BMJ 1989; 299: 946-949 

Wright A, Holberg C, Martinez FD, et al. Relationship of parental smoking to 

wheezing and non-wheezing lower respiratory illnesses in infancy. J Pediatr 

1991; 118: 207-214 

Young S, Le Souef PN, Geelhoed GC, Stick SM, Turner KJ, Landau IL. The 
influence of a family history of asthma and parental smoking on airway 
responsiveness in early infancy. N Eng J Med 1991; 324: 1168-1173 

Young RP, Sharp PA, Lynch JR, et al. Confirmation of genetic linkage 
between atopic IgE responses and chromosome 11g13. J Med Genet 1992; 

29: 256-258 

Yuksel B, Greenough A. Persistence of respiratory symptoms into the second 

year of life: predictive factors in infants born preterm. Acta Paediatr 1992; 81: 

832-835 

a 



193 

Yunginger JW, Reed CE, O'Connell EJ, Melton LJ, O'Fallon WM, Silverstein 
MD. A community-based study of the epidemiology of asthma. Incidence 
rates, 1964-1983. Am Rev Respir Dis 1992; 146: 888-894 

Zhang J, Ratcliffe JM. Paternal smoking and birthweight in Shanghai. Am J 
Public Health 1993; 83: 207-210 

Zuskin E, Lewis AJ, Bouhuys A. Inhibition of histamine induced airway 
constriction by ascorbic acid. J Allergy Clin Immunol 1975; 51: 218-226 



Appendix A 

Questionnaire used in cross-sectional and 
longitudinal surveys 



till' I'll SN: VI'ON IIEAUI'll AUTHORI'T'Y 
kND WIRRAL AREA h ALTH AUTHORITY 

('HILDREN'S QUESTIONNAIRE 

IMPORTANT : Before completing this questionnaire please give the following details: 

Child's Name. 
-------------------! - 

Class 

Home address: 

Postcode :------- 

Home telephone No: 

School: 
---------------------- 

These questions can be answered by ticking the best answer or by filling in the blank 

Example : Do you live in England? 
1 4YES 

Child's ; ýgc Years Months 

Sex: T] Boy 
2F-] 

Girl 

How long has your child been attending this school? 

II] Years Months 

Has your child been resident at your present address for 3 years? 

Q YES Q NO 

2 
I] NO 

If NO what has been your residential address in the last 3 years ? 

Please give postcode. 



PART A\ GENERAL 
1. Has your child cva boon diagnosed 12 

hN aý odor as hay ing aýchma or 
bronchial asthma ? 

FIYFS 
NO 

I. For what length of timt did your child exhibit symtoms of Asthma 
before he/she A is diagnosed by :º doctor"' I MONTHS 

3. If your child has Asthma do you consider it is well controlled? 12 
YES E NO 

4. Do you con. idzr ý our L held Lobe healthy ?12 

If no Ahy not -- -- -------------- 

EYES [] NO 

5. Has your child cvez been diagnosed 12 
YES NO 

hý a doctor a< having bronchitis? 

6. Has your child ever been diagnosed 
by a doctor as having croup? 

12 
YES 

[]No 

1 
7. Does your child have my allergies ? El 

YEs 

212 

NO Hayfever YES 
[]NO 

12 
Eczema []YES [] NO 

8. Has your child ever had any other health problems ?12 

[IIYES [] NO if l If "YES" y ease spec p 

9. How many smokers are there in your Cigarette smokers F1 household (smoking at least 1 cigarette per day) 
smokers Pi pe 

At present Previously 
10. Do you have a family pet or 122 

owned one within the past 3 years? Cat YES NO YES NO 

Dog YES NO YES NO 

Bird YES NO YES NO 

Other 
[] YES Fj NO u YES U NO 



A 
continued 

11. To build up a complete picture of the health of all MOTHER 
children it is important to know exactly as possible --------- 
the occupation at present of each parent. FATHER 
(if never in employment please state none). --------- 

12. Last occupation of parent MOTHER 

FATHER 

13. Are you prtscndy in paid employment ? MOTHER 
1 
[] YES 2 NO 

FATHER YES NO 

14. Do you work in a dusty environment ? MOTHER 
1 

YES 2 
NO 

FATHER [] YES [] NO 

15. Do you own your home? 1 
Pay a mortgage? 2 
Rent your home? 3 

16. What was the birth weight of your child? 

17. Was your baby born prematurely? 
'2 

YES ý NO 

18. Did you brcastfeed your baby ?I2 
YES NO 

19. For what length of time did you breastfeed your baby ?IJ MONTHS 

20. Is your child taking any medicine at present ?1[: ] YES 
2 [] NO 

[F' YES ' COPY FROM THE LABEL ON THE MEDICINE, THE FOLLOWING DETAILS 

8 

b 
C 

d 

C 

f 

8 

h 

NAME OF DRUG IiOW Of-EN NUMBER OF TABLETS NO. OF PUFFS 

PER DAY PER DAY 



1. Does the child's father or 
12 

Father YES 
mother suffer from Asthma NO 

( diagnosed by a doctor) Mother LI YES [] 
NO 

h 
Coal fins 

1 
fl YES 

2 
[] NO 

e main method of 2 2. What is t 
heating in your living roan'? 

Electric units 
[] YES Q NO 

Gas units [] YES []NO 

Central heating []YES []NO 

Ohr Paraffin Q YES NO 

What is the main method of Coal fire 
1 
Q 

YES 
2 
LI 

NO 
heating in your child's Electric units 

[]YEs 
NO EJ 

bedrmn? 
Gas units El YES []No 

Central heating []YEs fl NO 
Other Paraffin []YES El NO 

24. In which room do you 
have carpets or rugs ? Living room 

1 
[]YES 

2 
[]NO 

Bedroom []YES [} NO 

25. How frcquendy do you vacuum ? 
Sys ( Give number of days per week) 

11 

12 
26. Is your house troubled with dampness ? YES E] NO 

2 
Rising dampness YES [] NO 

Condensation EYES []NO 

Penetrating dampness []yrs NO 

27. During the past 12 months has your child visited 12 
your family doctor with an illncss or boon Fam fly motor H YES HNO. 
admitted to hospital ? 

Hospital YES NO 

28. Name and address of your family doctor. 



PART IB WHEEZE 
lYES 1. Has your child ever had an attack of whcCring Q IF M, CO"NUE (by wheezing I mean noisy breathing with a 

whistling sound coming from the chest not the 
du-oat)?. 

2 NO 
NO 

IF NO CONTINUE TO 

PART 110 G 

2. Has your child sometimes woken I 
NO 

ht whoczin at ni ? g g 
YES during the last 12 months 

3 L-i YES but prior to the last 12 months 

3. Has your child sometimes been 
particularly wheezy ferst thing 

1 NO 
in the mpg, ?2 YES during the last 12 months 

3 YES but not for the last 12 months 

4. What length of time does morning or 1 Less than 15 minutes 
night wheeze usually last ? 

HALF hour 

HALF to ONE hour 

4 Longer than ONE hour 

5. At what age did you_[01 notice Years m Months 
your child wh ezing ? 

6. At what age did you JASI notice Years ýMonths 

your child wheezing ? 

7. Did your child wheeze before 
Before YES 

2 
NO 

or after auending School ? 
After YES NO 

8. Has your child wheezed at any time during the last 12 months? 
1 

YES 
2 

NO 

2 
9. Does your child wheeze usually following an infection ? [1 YES [I NO 

12 
10. In which season (s) do you notice your child's wheeze ? Spring E] YES Q NO 

Summer YES []NO 

Autumn [] YES [] NO 

Winter YES [] NO 

I 1. Over the last 12 months what I Less than 1 week 
has been the longest period 

2 1 wed to I month 
without any wheezing ? 

ME-A 3 1 month to 3 months 

4 Longer than 3 months 



SHORTNESS OF BREATH 
PART (L 

Has your child ever been either unexpectedly 1 YES NO 
bred Mess at rust of mors bmathlc,, s than yew Q 

11 Y[S COM7NUE 
2 

would expect after exercise (by brrathlccs I NO CONITNUE TO 
Q 

mean out of bncath or puffed) ý' PART 
TD 

1. Has your child sometimes woken 
at 1jighl brea th l ss ? lF] NO 

2 [] YES, during the last 12 months 
3 LI YES, but not for the last 12 months 

2. Has she / he sometimes been I []NO 

particularly breathless first thing 
in mg2 

[]YES, during the last 12 months the 
3F] YES, but not for the last 12 months 

3. Ifyour child has shortness of breath IF] Less than 15 minutes 
how long does it usually last? 

2 HALF hour 

3 HALF to ONE hour 

4 [] Longer than ONE hour 

4. Around what age did you first notice Months l11 Yew LJt J your child breathless ? _ 
5. Around what age did you last notice [JI]Yrs EII Months 

your child breathkss ? 

6. Did your child have shortness of breath before Before 
Q 

YE 
Q 12 

NO 

or after attending school After 
E] 

YES 
[] NO 

7. Has your child been breathless at any time during the last El YES U NO 

12 months ? 

8. Does your child's shortness of breath usually follow an infection [] YES El NO 

1 
YES 

2 

ring ss S h 
[]No 

p ortne 9. In which season(s) do you notice your child has s 
of breath summer 

El YES []NO 

Autumn YES []NO 

Winter E] YES []NO 

10. Ova the last 12 months what E] Less than 1 week I month to 3 months 
has been the longest period [] 
without breathlessness 7 i week to I month Longer than 3 months 



PART ID COUGH 
1. Has ', our chili cvcr secmed to 

Lough more (or to get more coughs) 
compared to other children '' 

2. Has your child cvcr woken at night 
with %: oughºng for 3 or more nights 
in a row (: span from during the First 
5 days of a cold) 7 

NO 

2 YFS during the last 12 months 
3n YES but not for the last 12'months 

I 
[] NO 

2 YES during the last 12 months 

YES but not for the last } months 

Has your child sometimes had a 
tendcnc' to cough first thing in the 
morning ? 

I []NO 

2E] YES, during the last 12 months 

3D YES, but not for the last 12 months 

ý. When your child has a cough for what 1 Less than 15 minutes 
length of time does it last? 

2ý Up to HALF hour 

3F] HALF to ONE hour 

4 []Longer than ONE hour 

5. What has 'our doctor told you is the 
cause of this, if anything ? 
(You can tick more than one box) 

Chest infection 
IF] 

YES 2 []NO 

Bronchitis []YES U NO 

Croup []YES NO 

Asthma [] YES NO 

None of these 
0 YES El NO 

6. How many days has your child lost 
from school with cough or whcczc 
or breathlessness over the past 
12 months ? 

7. Has your child ever been admitted 
to hospital for a day or more with 
wheezing or breathlessness ? 

1 None 

21 to 5 

3 6to20 

4 More than 20 

1 LiNO 

2 [] YES, during the last 12 months 

3 r] YES, but not for the last 12 months 



OUGIIIN(, / WIIEEZIN(j/ BREATHLESSNESS 
PART JE 

I)u_rinil 1he lam 12 c have you pArticu1arlY noticed that any 
of the following have tended to make your child cough or wheeze 
or become breathless. 

1. Particular p1i cs (, cg. on holiday or 
in someone c1'ß'\ hour. ) 

Changes of temperature (cg. going from a 
warm to a cold n3om. ) 

3. Head ý)Id' 
4 lnf\ i fl Y, 

5. Emotion (cg. strr: s, anxiety, laughing or 

,. r) ing) 

6. Weather (cg. ,A indh , cold, damp, humid. ) 

7. Exercise ; cg. ' igorous sports, running etc, ) 

8. Household chemicals (eg. bleach, hair spray, 
perfumes. etc,. 

Bresthletsness 

or wheezing 
2 

LI 
YES []NO 

flYES 

LI YES 

YES 

YES 

flYLS 

1-1 YES 

NO 

NO 
LJNO 

NO 

NO 

L1NO 

Cough 

12 

LI YES P 
NO 

YES LJ NO 

LI YES NO 

LI 
YES 

[] 
NO 

LI YES [] NO 

F] YES [] NO 

YES Q NO 

YES LI NO YES [] NO 

9. Things around ý our child (cg. dusting, []YES NO 
bed making, hoovering, pets, mowing grass, 
feather quilts, pillows or cu\h m, I 

11 YES LI NO 

10. Smoke and fumes: - YES N() YES NO 

Cigarcttc,, YES NO YES NO 

Traffic fumes YES NO YES NO 

Coal dust YES NO YES NO 

Grain YES 
LI 

NO YES NO 

Other substances - specify 

2 
During the last 12 months has your child 

YE NO 
ever appeared to suffer from chest pain 

or discomfort or chest tightnesS 

12 
Does your child sometimes have difficulty YES 

[] NO 

sleeping because of chestiness ? 



Appendix B 

Additional questions used in 1993 



1. 

2.. 

Did the child's mother smoke during pregnancy ? 

Yes Q1 NoQ2 

Did the child's father during the mother's pregnancy ? 

Yes Q1 No Q2 



Appendix C 

Parent information document 



South Sefton (Merseyside) Health Authority 

y. ýý District Headquarters, Fazakerley Hospital 
Longmoor Lane, Liverpool L9 7AL 
Telephone 051-525 3622 
Fax. 051-525 6086 

(Phew quote our reference in rtolyl 

Our Ref. When telephoning or calling please ask for 

Your Ref. 
............................................................... . 

Dear Parent, 

re: Questionnaire on Asthna in ehildren 

In recent months, concern has been expressed about the frequency 
of asthma attacks and wheezing episodes in some of the school chi]Aren 
within this district. 

This questiameire will help us to determine what basis there 
is for this conoern. 

The information given in this questionnaire will remain confidential 
at all times. We appreciate the )eV you are giving us by filling 
in and returning the questionnaire. 

Thank you for your co-operation. 

Yours sincerely, 

Dr. M. J. S1nath 

CONSULTANT CC MJNITY PAEDIATRICI»I 



Appendix D 

Dust pollution measurements 



Table 1. British Standard gauge results - total undissolved solids 
Exposed area 

Site I Site 2 
Control area 2 

April 1991 - March 1992 
* N° of monthly samples 12 4 2 

available 
Mean (mg/m2/day) 153.1 113.3 25.4 
Max. recorded valuer 456.0 181.6 31.5 
Min recorded valuet 66.9 67.3 19.2 

March 1993 - January 1994 
N° of monthly samples 11 11 2 

available 
Mean (mglm2/day) 107.3 143.2 34.6 
Max. recorded valuet 288.1 297.2 39.6 
Min recorded valuet 38.7 56.4 29.5 
Low NO due to vandalism 

t At any sample site 

Table 2. Frisbee type gauge results* - total undlssolwd solids 
Exposed area Conto/ area 2 

(17 sites) (2 sites) 

March 1991 - March 1992 
N° of fortnightly samples available 382 36 
Mean (mg/m2/day) 104.2 36.2 
Max. recorded valuer 401.2 79.1 
Min recorded valuet 22.9 8.6 

March 1993 - March 1994 
N° of fortnightly samples available 421 51 
Mean (mg/m2/day) 66.9 31.3 
Max. recorded valuer 406.4 121.3 
Min recorded valuet 8.7 5.9 
Frisbee type gauge provides dust deposition measurements 

t At any sample site 



Appendix E 

Questionnaire for case-control study 



CHILDREN'S QUESTIONNAIRE 

ALL INFORMATION CONTAINED IN THIS DOCUMENT IS CONFIDENTIAL 

Questionnaire N°. 
0000 

Child's Name 

Home address 

PostcodeElEITInn 

Tel No 

School 

Child's age Years 
QQ 

Sex Boy 1, Girl 02 

Family Doctor 

Class 

Months 
QQ 

Address 

Tel N° 



PART A- ABOUT THE MOTHER 

1. What was the mothers age when the survey child was born ? 

Years 
QQ 

2. Did the mother suffer any illnesses during the pregnancy 

Q, Q2 
If "yes" please give details 

3. Do you have any other children ? 0i 02 

If "yes" how many ? 
QQ 

2 What position in the sibship does occupy ?Q 

Please give details of your other children 

S Age live status Asthma Hayfever Eczema 

NAME Y M Y, N2 Yi N2 Y1 N2 Y1 N2 



4. Does the mother or the father of the child have asthma ? 

Mother Qi Q2 

Father Qi Q2 

If "no" has the mother or father ever had asthma ? 

Mother Q, Q2 

Father Q, Q2 

If either parent has asthma what medications are used ? 

Mother Releiver Q1 02 

Preventer Q, O2 

Father Releiver Q1 02 

Preventer Q, 02 

5. Has the child's mother or father ever had hayfever or eczema ? 

Mother Hayfever Q1 132 

Eczema Q, ©2 

Father Hayfever Q1 112 

Eczema Q, 112 



PART B- ABOUT THE CHILD 

1. Has your child ever been diagnosed by a doctor as having asthma ? 

Q, 02 

If "yes" was it by your GP ? Q1 02 

2. Has your child been treated for asthma in the past year ? Q1 02 

3. Is your child taking any medication(s) at present ? Q1 02 

if "yes" which of the following 

Inhaled Bronchodilator Q1 02 

Inhaled steroid Qi 112 

Oral bronchodilator Qi 02 

Oral steroid Q, 12 

Intal/cromoglycate Q1 02 

Nedcromil Q1 112 

Nebuliser Q1 02 

Other Q, 02 

4. Is your child's asthma well controlled ? Q, 112 

If "no" can you suggest a way of improving your child's asthma 
management ? 

5. What was the birthweight of your child 
Pounds 

QQ 
ounces 

QQ 



6. Was your child bom prematurely ? Q1 Q2 

If "yes" did a doctor, midwife or nurse tell you that your child was 
premature or is this based on your own estimation ? 

Doctor/Midwife/Nurse Q, Self 112 

If "self what do you mean by premature ? 

No Days 
QD 

7. Was your child bom at hospital or home ? 

Hospital QI Home 02 

Which hospital ? 

8 Was the child breast fed ? 

No Q1 

<1 month 112 

1-3 months 13 

>3 months Ü4 

9. Did the child have any respiratory illnesses when aged less than two ? 
years? 
Q1 Q2 

10. Was your baby ever admitted to the Special Care Baby Unit due to 
breathing difficulties ? 

Q, 02 

11. If "yes", how long was he/she on the unit ? 
QQ 

days 

Was the baby helped to breath with a machine ? Q, 02 



12. Has your child been to the hospital in the past 12 months with chest 
problems ? 

Q1 02 

If "yes" how many times 
QQ 

13. Does your child have hayfever or eczema ? 

Hayfever Ql Ü2 

Eczema Ql 02 

14. Does your child have any allergies ? Q1 112 

15. Has your child had wheezing in the past 12 months ? (by wheezing I 
mean a whistling or wheezing noise coming from the throat or chest) 
Ql 02 

16. Has your child been unexpectedly breathless in the past 12 months, 
at rest or more breathless than you. would expect after exercise ? 
Q1 Q2 

17. Has your child had excess cough in the past 12 months (that is 
coughed more or gotten more coughs compared to other children) ? 

01 a2 

18. Does your child cough after exercise ? 

No 01 Not very often 112 Often 113 

19. Does our child cough at night ? 

No Q, Only with a cold 02 Often 03 

20. Do colds go to your child's clot ? Q, 02 

21. When your child coughs does he/she bring up phlegm ? Eli 02 



22. Has your child been vaccinated against the following 

Diptheria Q, 02 

Polio Q, 112 
Whooping cough Q, 112 

Tetanus Q, 02 

Measles Q, D2 

23. Does your child have any of the following ? 

Diabetes Q, 02 

Seizures/Fits Q, 02 
Cystic Fibrosis Q, 02 

Eye problems Q1 Ü2 

Hearing/Ear problems Q1 02 

Speech problems Q1 132 

Skin infections QI 02 

Water infections Q, 112 
Learning difficulties Ql 02 

Surgery Ql 112 

Other Q1 02 

Please specify 

24. Does your child's health affect his/her school performance ? Qi 02 

25. How many days has your child lost from school in the past 12 months 
due to cough, wheeze or breathlessness ? 

26. How many days has your child lost from school in the past 12 months 
due other reasons'? 

no 



PART C- ABOUT THE HOME 

1. Does your home have damp patches on the walls ? 

No D, A few 02 A lot 03 

2. Is there any mould in the following rooms ? 

Living room Q, 02 

Child's bedroom Q, 112 

Bathroom Q, 02 

3. Does your home have central heating ? Q, 02 

4. Does your home have an electric fire ? Ü, 02 

5. Does your home have a gas/coat fire ? Q, 02 

6. For cooking do you use 

Gas C}, 

Electricity 02 

Both (1g 

Other a 

7. Does any person in the household smoke ? 0i 02 

8. Has the mother ever smoked ? Q, 02 

If "yes" did she/you smoke during pregnancy ? Q1 12 

First half of pregnancy Eli 02 

Second half of pregnancy 1,112 



Appendix F 

Dietary diary . 



LIVERPOOL 
SCHOOL OF 
TROPICAL 
MEDICINE 

CONFIDENTIAL 

Name: ......................................................... 
Address : .................................................... 

.................................................... 

.................................................... 

.................................................... 
Telephone : .................................. 
Survey Days :1........................................ 

2........................................ 
3........................................ 

If you have concerns or queries with any part of 
this survey please contact Mrs. Lynne Burgess 

Tel: ......................... 

OFFICIAL USE ONLY 



HOW TO COMPLETE YOUR THREE DAY DIET DIARY I 

1. Use this booklet to record ALL FOOD and DRINK consumed on each 
the three (3) days shown on the front page. 

2. Write down the TIME, the AMOUNT, and DESCRIPTION of all food 
drink consumed on that day, including MEALS and SNACKS eaten 

outside the home. Please also record any LEFTOVERS 

3. If VITAMIN supplements are taken please give the BRAND NAME ar 

the NUMBER taken each day. 

PLEASE GIVE AS MUCH INFORMATION AS 
POSSIBLE FOR EXAMPLE : 

(a). Type of food eaten, Eg. Semi skimmed milk 

(b). Amount eaten eg. (2 slices), (3 slices), (3 tablespoons). 

(c). Cooking method eg. potatoes boiled in salted water, chips cooked 
in vegetable oil. 

(d). Wherever possible give the brand name eg. Heinz beans 

(e). Where necessary state whether the food is fresh, tinned or frozen. 

(f). Record any sauces or dressings eaten eg. tomato ketchup, gravy, 
mayonnaise 



IMPORTANT 

Please make sure you record everything 
consumed including SWEETS, DRINKS AND SNACKS. 

An example of this part of a day's diary is shown below: 

PVIMA Amount Food or Drink 

. 30 2 Weetabix 
Teas on Sugar 
1 /4 int Skimmed milk 

10.15 Cu Instant coffee with whole milk 
Fun size Mars Bar 

12.30 Holland's chesse pie 
Larne Banana - left half 
Can Lemonade 

Tea with skimmed milk 
Larne thick Whole al brea 

slice 
1 /4 teaspoon Marmite butter spread thinly 

0 u Boiled white rice 
vegetable Tesco's 

350 tin 
Ski strawberry yoghurt 



Day one ................................. 

Time Amount Food or Drink 



LOO 1_ Amount I Food or Drink 



Day two ... » ...................... ».... 

Time I Amount I Food or Drink 



'irre I Amount I Food or Drink 



Day three 

or Drink 



IL. I Amount I Food or Drink 



Time Amount Food or Drink 



I Amount Food or Drink 
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Maternal asthma, premature birth, and the risk 
of respiratory morbidity in schoolchildren in 
Merseyside 

Y1 Kelly, BJ Brahin, P Milligan, I) P Heal, J Reid, MG Pearson 

Abstract 
Background -A study was carried out to 
analyse the impact of maternal asthma 
on the risk of preterm delivery and the 
contribution of preterm delivery to the 
development of childhood asthma. 
Methods - Two cross sectional community 
studies of 1S72 children (5-11 years) in 1991 
and 346 children in 1993 were performed. 
A respiratory health questionnaire was 
distributed throughout 15 schools in Mer- 
seyside and completed by the parents of 
the children. 
Results - Asthmatic mothers were more 
likely to have a preterm delivery than non- 
asthmatic mothers (odds ratio (OR) 1.49; 
95'/. CI 1.10 to 2.02). Smoking was a sep- 
arate risk factor for preterm delivery (OR 
1.35; 95'/o CI 1.10 to 1.65). Asthmatic 
mothers did not have an increased risk of 
delivering small, growth retarded babies. 
Maternal asthma, paternal asthma, and 
premature birth, in that order, increased 
the risk of later childhood respiratory 
morbidity (OR 3.13,95% CI 2.36 to 416; 
2.23,95'/oCl 1.62to3.05; 1.40,95%CI 1.10 
to 1. -9). Conversely, babies who were 
small for gestational age appeared less 
likely to develop doctor diagnosed asthma 
or the symptom triad of cough, wheeze, 
and breathlessness in childhood, although 
this was not statistically significant (OR 
0.63,95'/o CI 0.28 to 1.41). 
Conclusions - Maternal smoking during 

pregnancy and maternal asthma are in- 
dependent risk factors associated with 
preterm delivery. Asthma in mothers 
predisposes to preterm delivery but not 
fetal growth retardation. Preterm birth, 
but not growth retardation, predisposes 
the child to the development of subsequent 
asthma. 
(T orax 1995; S0: 5? 5 530) 

Kc}u-uurds: asthma, prcterm dcl"crti, maternal asthma, 
smolung, children. 

In a study of children born in one week in 
1970, ' wheezing at the age of five was reported 
to be more common in those who were born 
prematurely or who were of low birthweight. 
There are a number of possible explanations 
for this; small, premature infants are more 
prone to respiratory illnesses in early life which 
can result in airways obstruction and impaired 
lung function. ' There is an effect of maternal 

smoking on preterm delivery, low birthweight, 
and infant lung function. ' Children of asth- 
matic mothers are at increased risk of atopic 
disease and bronchial hyperreactivity, 4' and it 
has been suggested that maternal asthma may 
predispose to premature labour. b' Hyper- 
activity of uterine smooth muscle could occur 
in women with bronchial hyperresponsiveness 
and ji agonists might be beneficial in prolonging 
gestation. " There is some evidence that asth- 
matic mothers not requiring inhaled ß agonist 
bronchodilators during pregnancy have a 
higher incidence of low birthweight babies. ' 
However, a recent controlled prospective study 
did not significantly associate use of inhaled 
bronchodilators with preterm births, low birth- 
weight, or adverse perinatal outcome. '° 

These studies do not report on respiratory 
outcome in children for whom both perinatal 
outcome, parental history of asthma, and smok- 
ing during pregnancy are known. This paper 
is a further analysis of a study designed to 
collect information on environmental ex- 
posures and respiratory symptoms in primary 
schoolchildren for whom we had data on 
perinatal outcome (shown as prematurity and 
birthweight), as well as current respiratory 
symptoms, 5 11 years later. We have analysed 
the impact of maternal asthma on prematurity 
and birthweight and the subsequent effect of 
all of these factors on the development of 
respiratory symptoms in children. 

Methods 
STUD N' I)ESICiti 

A cross ,c tional survey to determine the pre- 
valence of respiratory symptoms in primary 
schoolchildren (5-11 years) was performed be- 

tween October and December 1991 in three 
communities in Merseyside. Briefly, in 1991 

a parent-completed questionnaire was dis- 

tributed to every alternate child on the class 
register in five schools in each of the three 

communities. All communities were recognised 
as having major housing and unemployment 
problems, and one of the areas was known to 
be exposed to increased levels of air pollution. 
The general data and detailed methods are 

reported elsewhere. " This survey indicated a 

probable association between maternal asthma 

and pretcrm delivery. In the same months of 
1993 a second survey of a larger sample which 
included all children in the same school popu- 
lation was performed, using the same ques- 

tionnaire, but with additional questions relating 

to pregnancy, history of smoking, and maternal 
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mcdiL aeon for asthma. The larger sample size 
in the ýccond 'urvev enabled the associations 
and 5tati"uL: Il , ignificance between maternal 
a. thnia and preterm delivery to be assessed in 
detail. 

`U1 NTIONNAIRF 

The questionnaire was adapted and modified 
from a questionnaire designed by Cliff rd cr 
. 1. '" It included questions on factors related to 
risk of prcterm delivery including maternal and 
paternal , ociocconomic factors, employment 
status. and smoking of either parent during the 
pregnancy or , uhsequently. The birthweight of 
'he child was requested and preterm delivery 
was defined according it, the parental response 
to the question "Was your baby born pre- 
maturely'** Several factors related to the risk 
of asthma in the children were requested, and 
included type of dwelling (carpet,,, dampness); 
type of heating: presence of furry pets in the 
home: type of infant feeding; family history of 
allergy, and exposure to air pollutants. Wheeze 
and dvspnt ea were identified by the questions 
"Has . -our child ever had an attack of wheezing 
(by wheezing I mean noisy breathing and a 
whistling , ound coming from the chest or 
throaty" and "Has your child ever been either 
unexpectedly breathless at rest or more breath- 
less than you would expect after exercise (by 
breathless I mean out of breath or puffed)? " 
The question used to identify abnormal cough 
was "Has your child ever seemed to cough (or 

get more coughs) than other children? " All 

parents were asked it their child had ever been 
diagnosed by a doctor as having asthma or 
bronchial asthma. Parental asthma was iden- 

tified with the question "Does the child's 
mother or father suffer from asthma%" and 
maternal smoking during pregnancy with the 

question "Lid the mother or father of this child 
smoke during the mother's pregnancy %" 

Questionnaires were delivered to schools and 
sur,. veyys completed concurrently in South Sef- 

Kelly, Brabin, Milligan, Heal, Reid, Pearson 

ton, Waterloo, Netherton, and Bootle (north 
and cast of the Mersey estuary), and Wallasey 
(south of the Mersey estuary). Children re- 
turned questionnaires during the following two 
week period. Repeat visits to schools were made 
by a research worker for absentees. Ethical 
approval for the study was given by the South 
Sefton ethical committee. Children were de- 
fined as low birthweight if <2.5 kg at delivery 
and preterm according to the parental response 
to the prematurity question. Small for gest- 
ational age infants were those reported as full 
term babies whose birthweight was <2.5 kg. 

STRATIFIED ANALYSIS 
Contingency tables were analysed using hier- 
archical log linear modelling. Odds ratios cal- 
culated for the main effects of interest were 
adjusted for confounders using logistic re- 
gression. Potential confounders were of three 
main types: socioeconomic, environmental, 
and factors related to predisposition. 

Results 
In 1991 a total of 1872 questionnaires were 
returned out of 2035 sent to parents (92%). 
In the second survey in 1993 a total of 3746 
out of 4288 sent to parents were returned 
(87%); 1093 children were surveyed on both 
occasions. Of the 1991 respondents 97-1% 
answered the question on preterm delivery and 
95.9% provided their child's birthweight. In 
1993 the figures were 97.4% and 96.8%, re- 
spectively. Response rates for the main res- 
piratory variables in 1991 were 89.5% (doctor 
diagnosed asthma), 85.8% (wheezing), 86.6% 
(breathlessness), and 90.1 % (cough). Very sim- 
ilar response rates were observed for the 1993 
surnvev. For parents who completed the ques- 
tionnaire in both surveys the agreement be- 
tween answers on prematurity and birthweight 
were 97% and 98%, respectively. The mean 
difference in birthweights that did not match 
was small (168 g). The agreement for res- 
piraton" symptoms was doctor diagnosed 
asthma (93.1 °%)), wheezing (69.9%), breath- 
lessness (62-1%), maternal asthma (89.7%), 

and paternal asthma (77.8%). 

MATERNAL ASTHMA AND PRETERM BIRTH 

In both surveys there was a significant increase 
in reported preterm delivery associated with 
maternal but not paternal asthma (table 1). 

Ta&c 2 Pars ale n< i of pvnerm, g'r wth rvtardr'J, and full t. rm J, ! tt nos to rrlatwn to parrntal asthmatic stanze (1993 survey) 

Atthmarr. r"rrrnt 

Pami: 

Mother 
(n' 317) 

Father 
in - 2291 

Full u rm llt rann 

<2.? kg' e25 krt -: 5 k, r 

3 
(0 '+; 

2 
(0.9) 

"Von-althmanc parrot 

Full term Av" m 

<2.5 kg ! 2.5 kg 
`'S kg `2 . 5ke , 2-5kg} 

253 
(74 $) 

24 
(7 6) 

37 
(11 7) 

59 
In - 1120) (1.9) 

2657 
(85.1) 

162 
(5.3) 

243 
(7.8) 

193 13 21 1n30301 54 
(1"S) 

2573 
(849) 

155 
(5.1) 

247 
(8.2) 

(84 3) (57) iii 2) 

" Small for gc*taturnal age (full term and 42-5 kg hirthwnght), 
t Appropriate for gestational age (full term and e29 kg btrthweight) 

eternal and maternal asthma were assessed by log linear 
Numbers in parentheses are percentages. Asoctatv, rn among prctcrm delivery, low htrthwesght (2 S kg), p 

analysis of the four-way table. ö; beat fitting hierarchical model showed two significant aasoctations: preterm birth and low birthweight (p<0. O01); maternal 

asthma and pretcrm birth (p 
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Ever diagnosed asthma 19 R (505 255 3 13.0 (7 5-1) 
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Small for gestational age. Ewcr diagnosed asthma ffi asthma diagnosed by a doctor, cough - excess cough in previous 12 
months; wheeze - snack of wheezing at any time; breathlessness - attack of breathlessness at any 
time. 

The prevalence of preterm delivery among the 
2652 children surveyed in 1993 but not in 
1991 was 17-1% for asthmatic and 13.0% for 
non-asthmatic mothers. Children in the 1993 
survey were separated into birth categories de- 
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termined by birthweight (<2.5 kg or >, 2.5 kg) 
and prematurity status. Significantly more pre- 
term babies were born to asthmatic mothers 
(table 2), but amongst these preterm babies 
asthma did not significantly increase the risk 
of low birthweight (<2.5 kg). The mean (SD) 
birthweight of preterm babies over 2.5 kg was 
2.62 (0.64) kg which corresponds to a 50th 
percentile at 34.5 weeks gestation on the Tan- 
ner and Thomson growth charts. " No differ- 
ence in prevalence of growth retarded babies 
(full term gestation and <2.5 kg) was observed 
in relation to parental asthmatic status. The 
mean (SD) birthweights for growth retarded 
full term and normal full term infants were 
2.2 5 (0.19) kg and 3.47 (0.46) kg, respectively. 

Maternal asthma and smoking during preg- 
nancy each increased the risk of preterm de- 
livery. Table 3 shows the unadjusted odds ratios 
for the various categories of mothers. Asthmatic 
mothers who smoked were at the highest risk. 
Logistic regression was used to calculate ad- 
justed odds ratios for the effects of smoking 
and asthma. This was done separately for the 
1991 and 1993 surveys (table 4). In both 1991 
and 1993 maternal asthma was the pre- 
dominant risk factor for preterm delivery. "Any 
smokers in the household" was the only sig- 
nificant risk factor identified for the 1991 
model. The 1993 survey showed that it was 
maternal smoking during pregnancy, rather 
than paternal smoking or other smokers in the 
household (that is, passive smoking), which 
was directly associated with increased risk of 
preterm delivery. There was no statistical in- 
teraction between maternal asthma and smok- 
ing, indicating that they had separate effects. 
Other health problems, allergies, and paternal 
unemployment - though significant when con- 
sidered in isolation - did not have odds ratios 
significantly different from unity after ad- 
justment for known confounders. Adding any 
more predictors did not significantly improve 
the models nor change the parameter estimates. 
Information on maternal parity was not avail- 
able on the questionnaire and could not be 
added to the model. Maternal smoking during 
pregnancy was not associated with increased 
risk of delivering a baby that was small for 
gestational age (odds ratio (OR) 1.63,95% CI 
0.97 to 2.73). 

PARENTAL ASTHMA, BIRTHWEIGHT, 

PREMATURITY, AND LATER CHILDHOOD 

RESPIRATORY MORBIDITY 

Adjusted odds ratios were estimated using lo- 
gistic regression analysis of the data in table 5 
and showed an effect of maternal asthma (OR 
3.13; 95% CI 2.36 to 4.16); paternal asthma 
(OR 2.23; 95% CI 1.62 to 3.05), and preterm 
birth (OR 1.40; 95% CI 1.10 to 1.79) on 
increasing the risk of developing ever diagnosed 

asthma. Using the definition of asthma as the 
presence of cough, wheezing, and breath- 
lessness, the analysis showed a similar pattern: 
maternal asthma (OR 3.30; 95% CI 2.17 to 
5.03), paternal asthma (OR 1.94; 95% CI 1.16 

to 3.25), premature birth (OR 1.89; 95% CI 

1.29 to 2.76). A number of environmental, 
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so*. ce ncýllltc', and pt'c'dilspositig tac'tt'rs con- 
tribute to the risk of respiratorv morbidity in 
children. These include tither allergies and health problems, voting age, sex (boy), parental 
unemployment, household dampness, rented 
ac contmodation, and geographical area. Ad- 
lusting for each tit* these variables the odd-, 
ratio for developing 

ever diagnosed 
asthma in 

pretcrn babies was 1 "1 I (05",, CI 1.06 to 
1 1,71, and for developing cough, whrerr, and hreathlessnc%% I S2 k05"� Cl 1.15 to 2.88). 
Smoking during pregnancy or passive smoking 
was not associated with any of the respiratory 
outcome variables in univariate tests in the 
199 1 data It was therefore not an important 
c Aontounder of the relationship between preterm 
birth and later respiratory symptom. 

"l'ahlc t shýýýý s that infants in our survey' born 
, mall for gestational age to either asthmatic or 
non-asthmatic parents were at reduced risk 
of developing asthmatic respiratory symptoms 
compared with full term normal birthweight 
babies. This difference did not reach statistical 
ýi gniticancc, the odds ratio for deg-cl 
diagnosed asthma being Ost, 3 (95°c CI 0.28 to 
1A 1) and for developing cough, wheeze, and 
breathlessness 0- i; (9S°� CI 0.05 to 2-73). 
These findings are of interest as the reduction 
in risk was consistent in the different groups 
and contrasted with the results for preterm 
infants. 

Discussion 
Qt; EST O NNA1Rt 

Studies which rely on self-administered qucs- 
tnonnaires are limited by the reliability and 
validity of the instruments used. Similar ques- 
tionnaires have been shown to yield re- 
producible answers, " although the National 
(: held Development Study found that lifelong 
reports of asthma and reports over the previous 
year did not show good agreement. " The va- 
lidity of the survey is dependent on the response 
rate, and our high compliance figures of 92",, 

and 87% compare favourably with other sur- 
vevs, - and reduce the effects of bias. Over 95% 

of our respondents answered the key questions 
relating t,, preterm delivery and hirthweight. 

For all the main respiratory symptom van- 
ables response rates were over 85",,. The meas- 
ure of agreement for important measures in 

those who completed both surveys was gen- 
erally good, although it was only 62,1% for 
breathlessness. Ascertainment of prematurity 
by the question "Was your baby born pre- 
maturely? " is dependent on the mother's know- 
ledge and understanding of gestational age at 
delivery, which may have been explained in a 
number of ways by the attending doctor or 
nurse. The validity of the answers is supported 
by the observation that the mean birthweight 

of babies above 2.5 kg and reported as preterm 
by the mother was 2.62 kg. This corresponds 
to the 50th percentile at 34.5 weeks gestation 
on the Tanner and Thomson growth charts. " 
Only four preterm infants were above the 97th 
centile for birthweight at 37 weeks gestation. 
This distribution of birthweights for the pre- 
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tern group is comparable to reference per- 
centiles for premature babies and supports the 
validity of parental recognition of preterm de- 
livery. The prevalence of reported preterm de- 
livery was 14% in the 1991 survey and 13% in 
the 1993 survey. Both these figures are ap- 
preciably higher than previous surveys using 
prospective data. A stronger case for the caus- 
ality of the associations would be demonstrated 
if the validity of the preterm delivery data 
was confirmed against original birth registers. 
Current work in this study population is ex- 
amining this information. 

. MATERNAL ASTHMA, SMOKING, AND PRETERM 
DELIVERY 
Biological and obstetric factors can play an 
important part in determining gestational dura- 
tion. A recent meta-analysis identified 43 fac- 
tors associated with preterm delivery, " but did 
not mention maternal asthma as a significant 
risk factor. Our analysis indicates a significant 
association between maternal asthma and pre- 
term birth but, amongst preterm births, asthma 
does not increase the risk of low birthweight. 
This suggests that the effect of maternal asthma 
is primarily to shorten gestation to 34-37 weeks 
rather than leading to very preterm delivery. 
The regression analysis which controlled for 
socioeconomic factors identified maternal 
asthma in both the 1991 and 1993 surveys as 
a risk factor for preterm delivery. Hypotheses 
to explain the association of maternal asthma 
and preterm delivery remain to be elucidated. 
An attractive theory is that of uterine smooth 
muscle hyperreactivity in women with bron- 
chial hyperresponsiveness. The effect of ß 
agonists in inhibiting labour supports this 
hypothesis, and asthmatic patients not using ß 
agonist bronchodilators during pregnancy have 
been reported to have a higher incidence of low 
birthweight babies. ' Our data cannot address 
issues such as whether it is the severity of 
asthma or its treatment or control that is im- 
portant. 

The 1991 survey showed smokers in the 
household as a significant factor in increasing 
risk of preterm delivery. The greater detail on 
parental smoking collected in 1993 showed 
that maternal smoking during pregnancy was 
the important risk factor and not the passive 
effects of paternal smoking. Maternal asthma 
and maternal smoking appear to have in- 
dependent and separate effects on increasing 

the incidence for prematurity. There is a large 

amount of literature on maternal smoking as 
an adverse factor on intrauterine growth (with 
birthweight reductions of up to 200 g) and 
gestational duration. " Previous studies have 

suggested that the effect of passive smoking on 
mean birthweight was 2-10 times less than that 

of active smoking. '8 Maternal smoking could 

cause preterm delivery through several mech- 

anisms. Nicotine may result in an increase 

in maternal catecholamines and consequent 

uterine vasoconstriction. j9 

Maternal smoking was not associated with 

an increased risk of delivering a small for dates 

baby although the confidence interval for the 
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odds ratio was close to significance (0.97 to 
2-73). Many women do give up smoking in 
early pregnancy and do not consider themselves 
to have smoked during pregnancy when sub- 
sequently questioned. The question asked 
could not separate out this group and this 
question should he addressed to exclude pos- 
sible confounding. 

PREMATURE BIRTH AND c: 1111. DHOOD ASTHMA 
\Vhile it is well established that children who 
survive bronchopulmonary dysplasia have poor 
airway function at school age, the long term 
outcome for preterm infants who do not de- 
velop bronchopulmonary dysplasia has been 
little studied. This is particularly the case for 
preterm infants who are born with birthweights 
greater than 2-5 kg. Our analysis indicates that 
preterm, but not low birthweight, babies are at 
particular risk for developing childhood 
asthma. Of preterm babies born to asthmatic 
parents almost half have been diagnosed as 
asthmatic at some time by a doctor. Asthma 
diagnosed by a doctor at some time could 
significantly overstate the current problem so 
we also defined a group of children with the 
symptom triad of cough, wheeze, and breath- 
Ieymness on the grounds that the occurrence of 
all three together was most likely to be asthma. 
This symptom triad is also highly significantly 
associated with having been born prematurely, 
although the absolute risk is about half the 
genetic risk from having asthmatic parents. 

We observed that the risk of asthma (doctor 
diagnosed or cough, wheeze, and breath- 
lcssness; was greater for premature babies. Ba- 
bies born at full term but who were less than 
2"5 kg - that is, small for gestational age - were 
less likely than either full term normal weight 
or preterm babies toi develop the symptom triad 
of cough, wheeze, and breathlessness or doctor 
diagnosed asthma. This did not reach statistical 
significance and the percentage of asympto- 
matic children is similar to that in children 
born appropriate for gestational age. Never- 

theless, this observation may be worth study- 
ing in a larger cohort. Could it be that growth 
retardation in utero in some way protects 
against asthma? 

The relationship of prenatal and early post- 
natal events to lung function and airways re- 
sponsiveness in schoolchildren has been 

studied prospectively for infants with birth- 

%eights less than 2000 g. 20 2 In these studies a 
reduction in airway function was observed in 
low birthweight children which was associated 
with cough but not wheeze. More recent re- 
search indicates that birthweight is related to 
lung size and methacholinc responsiveness, and 
that prematurity and smoking during preg- 

nancy appear to diminish airway size and in- 

crease the likelihood of exercise-induced 
bronchospasm or of asthma diagnosis. 22 2' A 

re-analysis controlling for confounding factors 

of the British National Birth Cohort of children 
born in one week of 1970 also confirms the 

original observations of Golding and Butler 
implicating low birthweight in the aetiology of 
childhood wheezing. 25 u' 
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Studies relating passive smoking, low birth- 
weight, and prematurity have been reviewed 
recently" but the interrelationships of maternal 
asthma, active versus passive smoking by the 
parents, prematurity, and birthweight have not 
been systematically studied. Thus, if maternal 
asthma leads to prematurity and also influences 
the development of asthma, it is likely that 
univariate analysis will show prematurity as- 
sociated with childhood asthma. Our data show 
that prematurity remains important even when 
the parental asthma is controlled, and also that 
it is the prematurity that is relevant regardless 
of birthweight. 

A recent review of the literature19 cites 13 
references that implicate smoking in pregnancy 
as a factor in causing wheezing illness in chil- 
dren. Our data suggest that paternal smoking 
(passive to the unborn child) is not significant 
after adjusting for maternal smoking. This is 
probably because maternal and paternal smok- 
ing incidence is highly correlated. Thus, passive 
smoking may be relatively unimportant and 
future studies should concentrate on maternal 
smoking. Active smoking results in nicotine 
and other vasoactive substances reaching the 
circulation which could affect the fetus. 

Chan et a! have suggested a model of the 
aetiology of chronic respiratory morbidity in 
childhood based on birthweight, maternal 
smoking, genetic, and environmental 
factors. 202' They were unable to determine the 
relative importance of these factors because of 
the small size of their study. Analysis of our 
more extensive data suggests that several 
different pathways are involved in the de- 
velopment of recurrent cough and wheeze in 
childhood. Maternal asthma is associated with 
premature birth which is compounded if the 
mother smokes during pregnancy. Premature 
birth is associated with an increased risk of 
childhood wheezing and breathlessness, 
whether or not the parents are asthmatic. Ma- 
ternal asthma is also associated with recurrent 
respiratory symptoms in children in- 
dependently of whether the child is born pre- 
term. Thus, it seems that there are several 
pathways by which asthma evolves. 

Our results indicate the importance of pre- 
term delivery in predisposing to recurrent 
cough and wheeze in children. If this is con- 
firmed then it should be possible to target 
particular groups of mothers or preterm babies 
for intervention studies testing hypotheses re- 
lated to causation. For example, premature 
babies of asthmatic mothers are at very high 

risk of childhood symptoms and would permit 
smaller longitudinal studies of asthma causa- 
tion than would otherwise be possible. These 

are the obvious target groups upon which to 
test the effectiveness of interventions in the 
future. 

The questionnaire format was designed by Mr Ken Jones of 
the medical illustration unit of the Liverpool School of Tropical 
Medicine. We wish to thank Mrs Wanda Russell of the Epi- 
demiology and Statistics Unit. Several people have supported 
and advised on the project since its inception. We are especially 
grateful to Fr Michael de Felice, the headteachers of schools 
surveyed, health visitors and school nurses who assisted with 
the surveys, Dr H Klenka and the staff of Sefton and Wirral 
Environmental Health Departments. This study was made pos- 
sible by grants from the Sefton Health Authority and Sefton 
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Clinical significance of cough and wheeze in the 
diagnosis of asthma 

Yvonne J Kelle, Bernard J Brabin, Paul JM Milligan, John A Reid, David Heaf, 
Michael G Pearson 

Abstract 
Objectives`-(1) To determine the preva- 
lence of cough, wheeze, and breathless- 
ness, both as single symptoms and in 
combination, in primary schoolchildren 
and their relation to doctor diagnosed 
asthma. (2) To identify in areas with 
different levels of dust pollution whether 
questionnaire reported `cough alone' 
(without wheeze or breathlessness) had 
similar risk factors to the questionnaire 
reported triad of `cough, wheeze, and 
breathlessness'. 
Subjects and methods-Two cross sec- 
tional community surveys of primary 
schoolchildren (5-11 years) were per- 
formed in 1991 and 1993. Parent com- 
pleted questionnaires related to 
socioeconomic and respiratory factors 
were distributed through 15 schools in 
three areas of Merseyside, one of which 
had a relatively high level of dust pollu- 
tion. Data were analysed to determine the 
prevalence of different respiratory symp- 
tom patterns. Univariate and multiple 
logistic regressions were used to investi- 

gate the associations between respiratory 
symptom profiles and potential risk fac- 

tors. 
Results-The proportions of completed 
questionnaires that were returned were 
similarly high in both surveys, 92% in 1991 
(1872 of 2035) and 87% in 1993 (3746 of 
4288). The proportions of children with 
different respiratory symptom patterns 
were similar in the two surveys: in 1991, 

asymptomatic children 70.1% (1109 of 
1583), those with cough alone 8.9% (141 of 
1583), and children with the symptom 
triad of cough, wheeze, and breathlessness 
8.3% (132 of 1583); the figures for 1993 

were 69.5% (2144 of 3083), 9.2% (284 of 
3083), and 7.3% (224 of 3083) respectively. 
The prevalence of doctor diagnosed 

asthma increased from 17.4% in 1991 to 
22.1% in 1993. The symptom of cough 

alone was associated with going to school 
in an area of increased air pollution. The 

symptom triad of cough, wheeze, and 
breathlessness was associated with re- 

ported allergies, familial history of atopy 

and preterm birth. In 1991, of children 

with the symptom of cough alone one in 

eight were diagnosed asthmatic; twice as 

many doctors made the diagnosis on this 
basis in 1993. 

Conclusion-The respiratory symptom of 
cough alone and cough, wheeze, and 
breathlessness represent clinical re- 
sponses to different specific risk factors. 
Cough alone was associated with the envi- 
ronmental factors of school in the dust 
exposed zone and dampness in the home, 
whereas cough, wheeze, and breathless- 
ness related to allergic history and pre- 
term birth, and may be the best surrogate 
of asthma. Diagnosis of asthma on the 
basis of cough alone partly explains the 
increased prevalence of doctor diagnosed 
asthma, especially in dust polluted areas. 
(. -arch Dis Child 1996; 75: 489-493) 

Keywords: asthma diagnosis, cough, wheeze, breathless- 
ness. 

Many studies have reported the prevalence of 
asthma and of respiratory symptoms in 
children. ' ' However, it is difficult to compare 
the results of different prevalence surveys 
because study populations have different 
socioeconomic profiles, environmental risk 
factors vary with time and between different 
areas, and the criteria used to define asthma 
differ. The pattern of respiratory symptoms 
can vary depending on the magnitude of 
specific risk factors in the area surveyed. It is 
necessary to distinguish which symptoms are 
associated with which risk factors in order to 
determine which group(s) of symptoms is/are 
the best surrogate of asthma and therefore esti- 
mate the true prevalence of asthma in groups of 
children with different respiratory symptom 
patterns. 

We have re-examined questionnaire reported 
data from two cross sectional surveys per- 
formed in 1991 and 1993 to assess the possible 
impact of a dust pollution source on the respi- 
ratory health of primary schoolchildren on 
Merseyside. We previously reported in this 
population a 60% greater prevalence of excess 
cough (without wheeze and without breathless- 
ness) in primary schoolchildren living in an 
area of increased dust pollution compared with 
other areas. ' We were uncertain whether this 
increased reporting of cough alone represented 
an increase in asthma or whether it was a non- 
asthmatic response to increased levels of 
inhaled dust. We hypothesised that the symp- 
tom triad of cough with wheeze and breathless- 

ness was likely to represent current sympto- 
matic asthma and also examined questionnaire 
reported `ever diagnosed asthma' which is 
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Table 1 General description of children for both surveys 

1991 
(n=1872) 

1993 
(n=3746) 

Mean age (years) (SD) 7.09 (2.0) 7.15 (2.0) 
Sex (boy) (%) 51.0 50.2 
Doctor diagnosed asthma (%) 17.4 22.1*** 

living in the area of increased 25.9 25.0 

air pollution 
" With wheezing 20.6 21.3 
% With breathlessness 12.8 12.7 
% With cough 22.8 23.3 

Wheezing: severe attack of wheezing at any time. Breathlessness: 

severe attack of breathlessness at any time. Cough: excess cough 
in the previous 12 months. 
*** p<0.001, compared with 1991. For other variables there 

was no significant difference between 1991 and 1993. 

Table 2 Comparison of the prevalence (%) of respirawry 
symptom profiles in 1991 and 1993 

1991 (n=1583) * 1993 (n=3083) * 

C-W-B- 70.1 69.5 
C+W-B- 8.9 9.2 
C+W+B+ 8.3 7.3 
C+W+B- 4.7 4.7 
C-W+B- 4.1 5.0 
C-W+B+ 1.5 1.8 
C+W-B+ 1.7 1.1 
C-W-B+ 0.7 1.3 

* Number of questionnaires returned with responses for all res- 
piratory variables. C= excess cough in the previous 12 months; 
B= seven attack of breathlessness at any time; W= severe 
attack of wheezing at any time; + or - indicates the presence or 
absence of a symptom. The symptom patterns of cough alone 
(C+W-B-) and cough, wheeze, and breathlessness (C+W+B+) 
are more common than one would expect if the symptoms were 
independent of each other. Log linear analysis shows that there 
is a strong positive association between wheeze and breathless- 

ness ()0 = 443, pe0.001). There is also a positive association 
between cough and wheeze (x2 = 197, p<0.001) and between 
cough and breathlessness (X= = 104, p<0.001). 

often used as a marker of asthma in prevalence 
studies. 

In this paper our objectives were: (1) to 
determine the prevalence of cough, wheeze, 
and breathlessness either singly or in combina- 
tion, (2) to identify whether questionnaire 
reported cough alone has similar risk factors to 
the questionnaire reported triad of cough, 
wheeze, and breathlessness, and (3) to com- 
pare the prevalence of doctor diagnosed 
asthma in children with different symptom 
patterns. 

Subjects and methods 
DESIGN 
Two cross sectional community based surveys 
of primary schoolchildren (aged 5-11 years) 
were performed in 1991 and 1993 in five 

schools in each of three separate areas in Mer- 

seyside. In 1991 every second child on the class 
register was chosen for the survey (2035), and 

Table 3 Proportions of different symptom combinations for children with doctor diagnosed 
asthma 

Significance 
1991 1993 level 
(n=237) (n=533) (p value) 

Cough, wheeze, and breathlessness (C+W+B+) 45.6 37.7 0.05 
Cough or breathlessness with wheeze (C+B-W+ or 30.7 32.5 0.71 

C-B+W+) 
Cough and/or breathlessness without wheeze (C+B+W- or 23.7 29.8 0.09 

C+B-W- or C-B+W-) 

C= excess cough in the previous 12 months; B= severe attack of breathlessness at any time; W= 

severe attack of wheezing at any time; + or - indicates the presence or absence of a symptom. 
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in 1993 all children in each school were 
surveyed (4288). 

QUESTIONNAIRE 
The questionnaire was a modified version of 
that designed by Clifford et al' and has been 
fully described elsewhere. " Class teachers 
distributed and collected parent completed 
questionnaires which asked questions about 
parental smoking patterns, and socioeconomic 
and respiratory variables. Cough, wheeze, and 
breathlessness were assessed by the questions, 
`has your child ever seemed to cough more (or 

get more coughs) compared to other chil- 
dren? '; `has your child ever had wheezing (by 

wheezing I mean noisy breathing with a 
whistling sound coming from the chest or 
throat)? '; `has your child ever been unexpect- 
edly breathless at rest or more breathless than 
you would expect after exercise (by breathless I 
mean out of breath or puffed)? ' The symptom 
triad of cough, wheeze, and breathlessness was 
deduced from positive responses to all three 
questions. 

STATISTICAL METHODS 
Two types of analysis were performed. Univari- 
ate analysis stratified for single risk factors and 
multiple logistic regression analysis were used 
to quantify risk factors associated with respira- 
tory symptom profiles. 

Results 
The proportions of questionnaires returned 
were similarly high in both surveys, 1872 of 
2035 (92%) in 1991 and 3746 of 4288 (87%) 
in 1993. Table 1 gives a general description of 
the study population. More children were 
diagnosed asthmatic by a doctor in 1993 but 
there were no differences in the overall 
prevalence of symptoms between the surveys 
(table 1). 

The proportion of children with no symp- 
toms, with the single symptom of cough, or 
with cough, wheeze, and breathlessness in 
combination were also similar in the two 
surveys (table 2). 

In 1993 children with doctor diagnosed 
asthma were less likely to have the symptom 
triad of cough, wheeze, and breathlessness 
(37.7% v 45.6%), and more likely to have been 
labelled as asthmatic without ever having 
wheezed (29.8% v 23.7%) (table 3). 

UNIVARIATE STRATIFIED ANALYSIS 
A comparison of socioeconomic and maternal 
factors in 1991 and 1993 for asymptomatic 
children and those with cough alone and 
cough, wheeze, and breathlessness is shown in 
table 4. Univariate analysis showed that 
respiratory symptoms were significantly associ- 
ated with renting rather than owning a property 
(p<0.05) and with the reported presence of 
dampness in the home (p<0.01), but not with 
the presence of smokers in the home or with 
having been breast fed. The symptom triad of 
cough, wheeze, and breathlessness was signifi- 
cantly associated with having been born 

prematurely (p<0.01). 
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In both surveys asymptomatic children were 
less likely to have doctor diagnosed asthma, 
allergies, medicines prescribed, admissions to 
hospital for respiratory symptoms, absenteeism 
from school (for more than six days) due to 

respiratory symptoms (all p<0.01), compared 
with children with cough alone or cough, 
wheeze, and brcathles%ncss ( table 5). Children 

with cough alone had a lower prevalence of 
each of these ill health indicators when 
compared with children with cough, wheeze, 
and breathlessness. 
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In 1993 the children with cough alone were 
more likely to have been diagnosed as asth- 
matic by a doctor (p<0.05) and to report prob- 
lems with allergies. Significantly more children 
with the symptom triad received prescribed 
medicines in 1993 (p<0.05), although 25% 
were reported to be receiving no medication. In 
1991,2.1% (23 of 1109) and in 1993,3.0% 
(63 of 2144) of asymptomatic children had a 
history of doctor diagnosed asthma. Although 
none of these children had current symptoms, 
52% in 1991 (12 of 23) and 38% in 1993 (24 
of 63) had a cough at some time in life which 
had been diagnosed as asthma. Reported diag- 
nosis of asthma in other asymptomatic children 
remains unexplained. 

REGRESSION ANALYSIS 
Adjusted odds ratios for risk factors were 
calculated for respiratory symptom profiles by 
logistic regression in order to control for multi- 
ple confounding factors (table 6). Maternal 
asthma, allergies, and other health problems 
were strongly associated with cough, wheeze, 
and breathlessness. Preterm birth and paternal 
asthma were associated with cough and 
wheeze. The risk of cough and wheeze 
decreased with age (more steeply for cough). 
Of the other risk factors, some were associated 
with wheeze and some only with cough. 
Children with environmental risk factors such 
as going to school in the area of increased dust 
pollution, dampness in the home and rented 
accommodation were more likely to have 
cough alone. 

Discussion 
PREVALENCE OF RESPIRATORY SYMPTOM PROFILES 

Questionnaires are often used in respiratory 
health surveys, and data collected in this way 
have been shown to be reproducible. ' ' Confi- 
dence that the information collected is valid is 
dependent upon response rates, which in this 
study compared favourably with other 
reports. ' '' 

The two surveys were performed in parallel 
in the same areas and in the same months 
(October to December), avoiding variations 
due to seasonal influences. The prevalence of 
wheezing, cough, and breathlessness is compa- 
rable with previous reports. " 1° The cumula- 
tive prevalence of doctor diagnosed asthma is 
higher than reported elsewhere, although this 
may be confounded partly by the low social 
class of the three areas in this study. 

Table 6l ogsts regression models for cough, tvhee: e, and breathlessness for 1993 data; results are odds ratio (9 

confidence interval) 

Cough 

Child has eliergte" 3 29 (2.50 to 4.11 
Maternal asthma 1.67 (1.65 to 2.41) 
Child has other health problem% I. 91 (1.44 to 2.53) 
Age in years 0.83 (0.78 to 0.88) 

Preterm birth I n5 (1.24 to 2.20) 

Paternal asthma 1.4 i (0.96 to 2.12 ) 

Sex (buy) o. 83 (0.67 to 1.03) 
Father works in dusty environment 1,15 (O. QO to 1.48) 
Unemployed mother 1.31 (1.01 to 1.68) 
School in area of increased dust pollution 1.46 (1.1 1 to 1.87) 
Damp home i . S6 (I . I'i to 2.04) 
Rented accommodation 1.32 (1.08 to 1.60) 

W 7iecze 

4.47 (3.36 to 5.94) 
2.71 (1.87 to 3.91) 
1.82 (1.34 to 2.46) 
0.92 (0.87 to 0.97) 
1.46 (1.08 to 2.00) 
1.71 (1.13 to 2.58) 
0.79 (0.63 to 1.00) 
1.64 (1.27 to 2.12) 
1.28 (0.97 to 1.68) 
1.22 (0.93 to 1.60) 
1.21 (0.92 to 1.62) 
1.08 (0.83 to 1.39) 

Breathlessness 

5.26 (3.79 to 7.29) 
2.87 (1.91 to 4.33) 
1.65 (1.10 to 2.46) 
0.99 (0.93 to 1.06) 
1.38 (0.95 to 1.99) 
1.25 (0.75 to 2.08) 
0.91 (0.69 to 1.19) 
1.13 (0.82 to 1.55) 
1.11 (0.80 to 1.55) 
1.28 (0.93 to 1.78) 
1.25 (0.88 to 1.78) 
0.88 (0.64 to 1.21) 
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School absenteeism for respiratory symp- 
toms is a useful indicator of respiratory 
morbidity. ' 6" Absences from school (for more 
than six days) due to respiratory symptoms and 
admissions to hospital for the same reason 
declined slightly between 1991 and 1993. 

RISK FACTORS FOR SYMPTOM PROFILES 
Reports of the effects of parental smoking on 
lung function and respiratory health of children 
are inconsistent. There are reports of strong 
associations of childhood respiratory symp- 
toms with passive smoking especially in suscep- 
tible children, " " and suggestions that the 
findings may be dependent on the amount of 
contact between parent and child, " or whether 
the mother smoked during pregnancy. 1S16 We 
have been unable to replicate these findings in 
1993 despite the large numbers in the study 
and controlling directly for many social class 
and environmental factors. Neither was there 
an association between having been breast fed 
and later childhood respiratory symptoms, 
which is in agreement with other recent 
reports. ""' Reported wheeze has been shown 
to be more likely with the reported presence of 
dampness in the home, " our study supports 
this. Babies born preterm were more likely to 
develop the symptom triad during childhood 
than babies born full term. 2° 

There are significant detrimental effects of 
air pollution on respiratory health. 21-' In asth- 
matic children an increase in the severity, but 
not the prevalence, of respiratory symptoms 
has been associated with air pollution. 25 Other 
surveys have reported cough as the main respi- 
ratory symptom associated with high levels of 
air pollution. 12"9 

Our earlier report showed that excess cough 
as a single symptom was associated with 
particulate air pollution, and the more sophis- 
ticated analysis in this paper confirms that 
observation. However, the single symptom of 
wheezing and the symptom triad of cough, 
wheeze, and breathlessness did not correlate 
with pollution. The symptom triad correlates 
best with the features of atopy and also with 
having been born prematurely. The difference 
in risk profiles between cough alone and the 
triad of cough, wheeze, and breathlessness are 
consistent whether the data are analysed by 
simple univariate comparisons or multiple 
logistic regression, which suggests that these 
epidemiological classifications may represent 
distinct clinical entities. Thus, if a child has 
cough, wheeze, and breathlessness, then a 
diagnosis of asthma seems very probable, and 
conversely the single symptom of excess cough 
could be a non-specific response to adverse 
environmental conditions and not represent 
asthma at all. Such a hypothesis cannot be 
answered from cross sectional studies alone but 
there is a further observation that supports it. 

Doctor diagnosed asthma was reported in 83 
and 90% of children with the symptom triad in 
1991 and 1993 against only 10 and 23% of 
those with excess cough only and hardly at all 
in asymptomatic children. Treatment prescrib- 
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ing follows a similar pattern. Thus doctors 
appear to have recognised a similar distinction 
in clinical practice. 

Between 1991 and 1993 there was a signifi- 
cant increase in the prevalence of doctor diag- 
nosed asthma and also in the number of 
children receiving medication for asthma. 
Since overall symptom prevalence was un- 
changed, this suggests a change in medical 
behaviour. The increase in labelling was most 
marked in those reporting the single symptom 
`excess cough', with more than twice as many 
of these children being diagnosed as asthmatic 
and, if allowance is made for the non-asthma 
medication being unchanged, nearly twice as 
many received asthma therapy. In 1993, one in 
eight children that doctors had diagnosed as 
asthmatic had been diagnosed on the basis of 
the single symptom of cough. Whether these 
children really have asthma warranting treat- 
ment or whether doctors have become more 
aware of, and aggressive towards, cough as a 
marker of asthma remains unknown. Possibly 
doctors use cough together with auscultation of 
the chest to reach a diagnosis. If the index of 
asthma in our survey had been `doctor diagno- 
sis of asthma' we would be reporting an 
increase in asthma of nearly 5% over 2 years, 
which, since overall symptom prevalence was 
unchanged, would have been misleading. 

In conclusion, we hypothesise that the 
symptom triad of cough, wheeze, and breath- 
lessness occurring in a child may be a better 
marker of true asthma in epidemiological 
surveys than relying on either single symptoms 
or doctor diagnostic patterns. Since asthma 
prevalence is so dependent on the definition 
adopted, further studies are needed either to 
confirm this hypothesis or produce a better 
version that can be adopted as a standard. 
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