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ABSTRACT

Asthma is a common chronic disorder in Western countries and 15 wcreasing in
prevalence in both children and adults. Although genetic risk for atopy is an
important factor for the development of asthma, it does not explain the tremendous
ncrease 1n prevalence seen i recent decades. Environmental exposures in early life
that affect immune marturation appear  be the key factors for the development of
asthma. The mdoor environment is a likely candidate since infants spend 90% ot the
time indoors at a time when immune deviation usually occurs. Exposure to wndoor
potlutants represents a potentiallv modifiable cause of allergic sensitization and
asthma. [n this contexr, it becomes unportant to establish which environmental
factors might mfluence the development of asthma m predisposed individuals.
Allergic reactions to certain environmental allergens such as house dust mites, cats,
and cockroaches, have shown a high level of association with asthma prevalence, but
in the last five years increasing attention is bemng paid to indoor environmental
factors, other than allergens, that may be involved in the development of this
disorder. The potential iritants include nitrogen dioxide, environmental tobacco

smoke, formaldehyde, volatile organic compounds, and particulate matter (PMa 5,10)-

The aim of the study was to examine the nature of the relationship between asthma

and environmental exposure to indoor environmental irritants.

A population based case-control study had been carried out in Perth, Western
Australia. The study population consisted of young children (N = 192) aged between
6 months and 3 years old. Cases (n = 38) were asthmatic children who attended the
Accident and Emergency Department at Princess Margaret Hospital for Children and
were discharged with asthma as a primary diagnosis.  Controls {n = 104) were
children in the same age group as cases who had never been diagnosed with asthma.

identified from birth records accessed through the Health Department of Western
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Australia.  Information, regarding the respuatory condutions experienced by the
study children and characteristics of the home, was collected using a standardised
questionnaire. The questionnarre consists of questions about potential risk factors
tfor asthma and these factors were grouped m three categones. The first category
included mformation on personal and social factors such as age and gender of the
child, and mother's and father’s educauonal level. The second category was related
to personal susceptibilicy factors such as child’s allergy, parental and sibling’s
asthma, eczema and hay fever. The last categon included environmental exposure
in the house such as parental and viswors smokimng mnside the bouse, exposure 0 gas
hearing and cooking, kerosene space heaters, open fireplaces, and pets. Other
questions related to environmental exposure were the presence of air conditioning,
humidifiers, and type of floor covering in the child’s bedroom and the living room
Measurements of mdoor nitrogen dioxide (NO,), formaldehyde (HCHO), volatie
organic compounds (VOCs), particulate matter {PM,p), and house dust mite exposure
were ade on two occasions over one vear, winter (middle June through September
1998) and summer (December 1998 through March 1999). Indoor temperature and

relative humidity were also measured. The atopic status of the children was assessed

by skin prick tests to common allergens.

The study results indicated that age, gender, family history of asthma, atopy and
domestic exposure to indoor environmental factors were significant predictors of
asthma early in life. The study found thar indoor exposure to formaldehyde, volatile
organic compounds and house dust mite significantly increased the risk of having

asthma. Presence of air conditioning appeared to be a protective factor for asthma.

[n conclusion, the study results confirmed the role of susceptibility factors in asthma
and show that indoor environmental factors contribute as risk factors for asthma in
early stage of lite. The observation that exposure 0 indoor air pollutants in early
childhood is associated with asthma suggests the possibility that uritants in mndoot

arr might be volved in the initiation phase of asthma. Since the quality of the



indoor environment 15 potentially modifiable there might be opportunities for
mrervention to reduce asthma symptoms. [n order to counteract the increasing
prevalence m asthma. the significance of the indoor environment where children

grow and spend most of their time need to be given greater attention.
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CHAPTER ONE

INTRODUCTION

1.1 Indoaor air pollution

Indoor air pollution is recognised as a significant public health problem m
Western countries. Cne of the characteristic features of these societies is that the
majority of peopie, especially young children, elderly and sick people spend most
of thetr time indoors — up t0 90%. Srudies have found that exposure 0 indoor air

contaminants is associated with adverse health effects.

The health concern of exposure to airborne pollutants is not new. As early as
1500 BC, the Egyptians realised thar silica dust produced by cutting of stones
caused respiratory disease. [n 460-374 BC, Hippocrates of Cos found that air in
mimes can produce adverse health effects in humans (Brooks, 1992). By the 13"
century, air pollution due to coal combustion emissions was reported as a source
of illness and death (Brimblecombe, 1978). It was not until the 17® century that
serious discussion of the assoctarion between poor air quality and adverse health
effects emerged (Tedeschi, 1970). After dramatic episodes of iflness and death
due 10 air pollurion w Belgium, 1930 and Loundon m 1952, concerted etforts to
improve air quality began and many governments wtiated programs to reduce

the level of specific air pollutants (Fry, 1933; Salvaggio 1990). In the U.S., the



Clean Air Legislation of 1955 began federal ar pollution regulation, followed by
the 1963 Clean Air Act and The Arr Quality Acts of 1967, 1970, 1977, and 1990.
The U.S. Environmental Protection Ageuncy (EPA) sponsored a significant

amount of research on ambient air pollution {Brooks, 1992).

As ourdoor air quality began to improve, a cognizance of potential adverse health
effects due ro indoor air pollution emerged (Lebowitz, 1983; Spengler, 1984).
Thus, indoor air quality became an unportant health issue through the following

events:

1} the use of syathetic building matenals and furnishings after the World War [T,

2) the energy conservation measures after the energy crisis m early 1970
resulted m a reduction of fresh air indoors;

3) the time people spend indoors — up to 90% (Chapin, 1974); and

4) the final major event, which significantly affected indoor air quality, was the
development of new technologies including the computer revolution, colour
reproduction  equipment, and high performing printers.  These new
technologies mstafled at home without adequate ventiation can modify

mdoor arr quality and may adversely affect human health.

Concern over indoor air has now risen to such an extent that the United States
Centre for Disease Control has classified indoor air pollution as a factor of high
environmental risk (CDC, 1994). Domestic atr pollurion 1s now seen as a major
public health issue and if the asthma problem s to be successfully tackled, it
seems that a good understanding of the risks it poses may be vital (Cohen, 1995).
The causal role of indoor air pollution in producing adverse humaun health effects
is certainly more complex and less well understood than outdoors (Burge, 1988).
Assessment of human exposure o indoor air pollution is difficult w quantify
because of the many environmental characteristics mvolved. The level of
countaminants in one building may be quite different from those in another,
depending on several factors such as the presence and usage of sources of

pollutants and arr movement. Also, individuals i the indoor environment are



usually exposed 0 complex mixtures of contaminants rather than a single

pollutant.

People are exposed to indoor air in a number of different settmgs. These include
mdustry, offices, public buildings, schools, sports centres, and homes. The focus

of this study is on indoor air quality in domestic premises.

Alr quality is of particular importance w© mfants and children because they are
more vulnerable and susceptible to pollutants due to thew wnmature and
developing systems. Chuldren may be exposed o a wide array of environmental
agents at home, in day care ceutres and schools. A number of epidemiological
studies have reported that indoor environmental pollutants exacerbate childhood
asthma and other respiratory illness. Since indoor ar pollution has been
identified as a critical problem affecting children’s health worldwide there is a
need for further information on adverse health effects from indoor air

contamynants and the implementation of remedial measures.

The evaluation and resolution of indoor air quality problems require an

understanding of emission sources, ventilation rate and processes affecting the

transport of contaminants.
1.2  Sources of indoor air pollution

The primary causes of indoor air quality problems in homes are indoor pollution

sources that release gases or particles into the air, which include:

+ combustion sources such as gas, oiu. kerosene, wood, coal, and tobacco
products;

¢ building materials and furnishings;

* products for household cleaning and maintenance;

* personal care or hobbies; and

¢ central heatng, cooling systems and humidification devices.

)



Outdoor sources such as radom, pesucides, and outdoor air pollutants also

contribute to indoor air gquality problems.

1.3 Health effects associated with exposure to indoor air

pollutants

The entrance of arr pollutants into the body is mainly through the respiratory wact
and humans have oanly limited ability to select the marerials they inhale, when
compared to what they eat or drink. Air pollutants are capable of acute and
chronic health effects within the respiratory tract itself and they are also absorbed

from the respiratory tract o the bloodsweam and distributed to other organs

{Brooks, 1992).

Many epidemiological studies have investigated health effects related to exposure
to some indoor aw pollutants and evidence points to pollutants such as mirrogen
oxide, mtrogen dioxide, carbon monoxide, carbon dioxide, formaidehyde, volarile
organic compounds, and respirable particulate matter (PMa 5; PM ) being related
to adverse health effects in people and especially in children. It has been
acknowledged that children face significant threats to health from an array of
environmental hazards. Due to differences i children’s immune response
compared to adults they are particularly vulnerable to pollution and may become
more easily sensitized. Among the most important environmental health threats

to children worldwide are microbiological and chemical contaminants.

The main health effects associated with exposure to indoor air pollution are listed
below (Maroui, 1995):

¢ effects on respuratory system

e allergic and hypersensitivity etfects

¢ hypersensitivity pneumonitis (HP)

* humidifier fever

* fritative effects

* sensory effects



* cancer and effects on reproduction
* toxic effects on the pervous system

s cardiovascular effects

1.4  Statement of the problem

Asthma is a growing medical concern and there is evidence that asthina
prevalence may be mcreasing in young children (Magnus, 1997). [n 1991, a
study by Robertson and colleagues, demonstrates an increase in asthma
prevalence m Australian chuldren of 14!% over the 26 years period from 1964 ©
1990 (Robertson, 1991). According to Peat, the prevalence of current asthma in
Australia in children s estimated of 24% (Peat, 1995). It has been reported thar
asthma affects approximately one in five Australian children and one m ten adults
(NHMRC, 1988). A study in Western Australia (1998) esumartes that the
prevalence of current asthma in Western Australia is 18% of the total population
while the prevalence of docror-diagnosed asthma is between 31% and 41% of

children with at least one positive skin prick test.

Although epidemiological srudies have contributed to the understanding of the
nsk factors that may be associated with increased wcidence of asthma, the
aetiology of asthma remains unclear. While genetic factors are clearly important
i determing the risk of development of asthma, interactions between genetic and

environmental factors are likely to explain differences in prevalence.

Consequently, research is needed in order to enable identification, first of, those
features of the descriptive epidemiology that are artifacts arising from differences
10 children's exposure o ndoor environment and, secondly, those fearures within
the individual and the indoor enviromment that have a significant influence on the

likelihood of the development of asthma.
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1.5

Objectives of the study

An analytical epidemiological study was conducted m order to determune the

indoor environmental risk tactors contributing to childhood asthma.

The overall aims of this study were:

to deterrune the extent to which differences in the amount of exposure (o
mdoor environmental factors can explam the risk of the development of

asthma:

to determme the extent to which other charactenstics of the child, his or
her parents/guardians and siblings, modify the relationship between
indoor air pollutants and childhood asthma. Factors considered mcluded
farnily history of asthma, personal susceptibility factors, and parents

educational level;

to determine the mifluence of certain house characteristics on the risk of

asthma m early childhood. Exposure to gas appliances, kerosene space
heaters, maternal and paternal smoking, presence of air conditioning, pets,

type of floor covering, indoor temperature and relative humidity were

assessed;

to determine the extent to which the house characteristics, mentioned
above, influence the concentrations of indoor air pollutants (mitrogen
dioxide, formaldehyde, volatile organic compounds, particulate matter,

and house dust mites);

to use the study results to identify and quantify modifiable risk factors for

asthrna, and

to propose recommendations for creating a healthy indoor environment,

based on the study results, in order to reduce asthra prevalence among



children mm Australia.

1.6 Prevention of further increase in asthma prevalence -

significance of the study

Asthma is a particularly unportant disease to consider in the context of

environmental hazards to which children are exposed, due to their unmarure and

developing systems.

Thus, the approach to setting priorites for the prevention of childhood asthma
has been examined in the present study, using an analytical epidemiological study
that assesses risk factors contributing to asthma and respiratory Symptoms in a
series of cases of asthmatic children and in representative controls. The
information will assist in making decisions on the appropriate approach o reduce
the incidence and prevalence of asthma, and in assigning priorities to identify

preventive strategies.

Such a study should make a direct contmibution to the reduction of asthma
prevalence in Western Australia. Moreover, the identification of potential causal
factors in childhood asthma and clarification of the way in which each of these

factors contributes to the asthma problem would be of value both nationally and

internationally.

Recommendations to enhance indoor eavironment i order to prevent air quality-

related health problems and create a healthy home environment for Australian

children will be proposed.
1.7  Structure of the thesis

The thesis provides a comprehensive overview of childhood asthma worldwide
and in Australia. [t begins with a review of asthma epidemiology and also

identifies the limitations of previous research (Chapter two). Chapter three



reviews the existing literature related to the mam features of the indoor
environment. [t highlights the potential indoor environmental risk factors for
adverse health effects and their occurrence and source. Separately, an extensive
review of the existing risk factors for asthma mcluding predisposing, causal, and
contributing factors as well as the asthmna triggers, s presented wn Chapter four.
Taken together, these four Chapters identify the unanswered questions, which are

examined n the case-control study described m Chapters five to eight.



CHAPTER TWO

EPIDEMIOLOGY OF CHILDHOOD ASTHMA:
A LITERATURE REVIEW

2.1 Introduction

Epidemiology is defined as the scientific method used to study disease occurrence
m human populations (Tinkelman, 1993}, A key fearure of epidemiology is the
measurement of disease outcomes in relation to a population at risk. The
population at risk is a group of people who would be counted as cases if they had
the disease being studied. Incidence, mortality, and prevalence rates describe the
occurrence of disease in a study population (Lilienfeld, 1980). The incidence rate
of a disease is the rate of the number of new cases to the population at risk during
a specified period. Mortality is a similar ratio, with the number of deaths as the
numerator. Pount Prevalence rate of a disease is the proportion of a population

that is cases at a particular tume. Diseases with a longer duration have a higher

prevalence.

[n epidemological studies cross-secrional surveys are used o measure disease
prevalence. Case-control and cohort studies are designed to identify risk factors

for disease. In a cohorr study, subjects are classified on the basis of the presence

g.



or absence of exposure to a parucular factor and then followed for a specified
period of time to determine the development of disease in each exposure group.
The occurrence of the possible cause is compared berween cases (people with
disease) and controls (people without disease). A case-control design involves
the identification of a case series, such as persons with asthrna. and an
appropriate control group, followed by comparison of the proportions of cases

and controls exposed to the nisk factor of mterest.

These epidemiological approaches provide important information about the

occurrence and causes of asthma.
2.2 Methodological features of asthma epidemiology

Clinical, physiclogical tests, and questionnaires are used to identify subjects m
the context of an epidemiological investigation. In studies of childhood asthma,
symptom questioonaires are widely used to classify subjects as affected due to
the difficulties with young children cooperating adequately in physiological and
clinical tests (Tinkelman, 1993). However, even a comprehensive questionnaire
may not detect all cases of asthma, because of the imperfect sensitivity of
questionnaires (Woolcock, 1997). Depending on the definition used for asthma
m questionnaires, it may underestimate or overestimate the prevalence of the
disorder. Furthermore, epidemiological studies are observational and comparative
and therefore dependent on the type of measurements made. If the measurements

are not well standardized then the results may be misleadng.

Although epidemiological studies have contributed to the understanding of
asthma as a disease, they are not consistent or systematic about their findings.
One of the reasons is due to the lack of any clear definition of asthma and the
histoncal lack of any standardised instrument for the descriptive epidemiology of
the condition. It is impossible to compare studies that use different methods and
questionnaires. The American Thoracic Society has developed a standardised

respiratory symptoms questionnaire for children (1978) bur it s stll not
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comprehensive wn covering the symptoms of thus complex disease. Recently the
International Study of Asthma and Allergy in Cluldhood (ISAAC) has developed
a stapdardised methodology, which contmbutes significantly to describing the

prevalence and severity of asthma, rhinitis and eczema in children throughout the

world (ISAAC, 1998).

Also, asthma epidemiology faces difficulties in measuring asthma incidence in
population-based studies due to the fact that it is difficult to determine the date on
which a particular person become “asthmatic” (Pearce, 1998). There are similar
problems with measuring asthma morbidiry studies. The reason is the uncertainry
related o the health services and asthma management policies, which reflect real

asthma morbidiry.

Although there are fewer problems with studying asthma morzalicy, asthma
deaths are rare and mortalicy studies are only suitable for studies of large

populations rather than small patient groups.

All these distinctive characteristics of asthma epidemiology have provided the

basis for the development of methods in asthma studies.
2.3  Definition and recognition of asthma

The word asthma is derived from the ancient Greek for panting, and even the
ancient world recognized that asthma could cause death by suffocation (Boushey,
1987). The Hippocratic writings of the tourth and ritth centuries B.C. recognised
the relationship between prevailing winds and asthma (Lloyd, 1978). In the
second century AD, a Greek physician provided the first accurate wnirten

description of an asthrma attack, which is as follows (Unger, 1974):

“ The precursory symptoms of this disorder are weight ar the chest. an
unwillingness to attend 1o one's ordinary vocation, or [0 business altogether, an

uneasiness of respiration in running, or going uphil.. . Under increasing



disorder the cheeks flush, the eyes are prominent as in cases of strangularion, a

snoring is heard while they are awake and the evil is much augmented during the

sleep...”

Thus, many important asthma signs and symptoms were recognized about 1800

years ago.

The understanding of asthma was progressively increased by the observauons of

Moses Maimonides in the 12® century. He recorded that deaths from asthma
could occur “should the rules of management go unheeded and one’s desires and
habits be followed indiscriminately’” and even more, he recognised that viral
respratory infections are tmportant in the exacerbation of severe asthma

(Boushey, 1987).

Later, in the seventeenth century, Van Helmont observed that asthma involved “a
drawing together of the smallest terrninal bronchi” (Ellul-Micallef, 1976) and

identified exposure to dust and eatmg fish as inggers ot asthma (Stolkind, 1933).

Despite several carefully worded statements during the past decade (Scadding,
1983; Godfrey, 1983, Sears, 1997), there is still no definition of asthma that is
applicable to all asthma cases. The reason is not only due to the lack of a single
biological marker or clinical test for asthma but also difficulties as a consequence
of the variable expression of symptoms, aeticlogical factors, heterogeneous

responses to treatment and different outcomes.

[n 1959 a Ciba Foundarion Symposium defined asthma as:
“... the condition of subjects with widespread narrowing of the bronchial airways

which changes its severity over short periods of time either spontaneously or

under trearment”’

This defmition had a strong and lasting influence and was difficult to improve

uatd the American Thoracic Society tried to remforce the physiological nature of



this definition by introducing the concept of bronchial hyper-responsiveness to

the defmition.

The most frequently used definition of asthma emerges from the National
Institurte of Health, 1997 Guidelines for the Diagnosis and Management of

asthmma (National Heart, Lung, and Blood Institute, 1993), and it is as follows:

“Asthma is a chronic inflammatory disease of the airways in which many cells
and cellular elements play a role. in particular mase cells, eosinophils, T
{ymphocytes, macrophages, newtrophilis, and epithelial cells. In susceptible
individuals, this inflammation causes recurrent episodes of wheezing,
breathlessness, chest rightness, and coughing, particularly at night or in the early

morning .

The major features of asthma in the definition above are airway obstructiom,

bronchial hyperresponsivenes, and airway inflammation.

Environmental Risk Factors (causes)

AN 74
Inflammation
4 N
Airways Airflow
Hyperresponsivenes -  Limitation

%
N Symptoms
Triggers

Fig 1. Mechanisms underiying the definition of asthma
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The mechanisms underlving the definition of asthma are demonstrated m Fig |
(NHLB/WHO Workshop, 1995}, [nflammation causes recurrent episodes of
wheezing, breathlessness, chest tghtness, and cough that charactenise typical
asthma svmproms. These episodes are associated with airflow obstruction.

Allergens may also cause the onset of asthma by contmuously stimularing

allergic inflammation of the airways.

[nflammation seems to be a major feature of asthma, the importance of which
was first suggested in the lare 19% century by Sir Andrew Clark (Clark, 1886).
The mflammation also causes associated mncrease m the existing bronchial
hyperresponsiveness to a variety of stimuli (National Hearth, Lung, and Blood
[nstitute, 1995). Subjects with asthma were known to have extreme sensitivity
of the airways, and thus led the American Thoracic Society Commurtee o use
bronchial hyperresponsiveness as a diagnostic criterion (ATS Comimittee, 1962).
Although many factors have been wcrunmated i causing bronchial

hyperresponsiveness, the principal focus is now directed toward those that cause

and regulate airway inflammation.

2.4 Measuring asthma risk factors in epidemiological studies

Asthma epidemiological studies involve measuring the effect of an exposure on a
particular outcome in a population. The term exposure refers to the presence of a
substance in the environment (e.g., indoor air pollutant), whereas the term dose
refers to the amount of substance that reaches susceptible target organ within the
body (Pearce, 1998). Exposure levels can be assessed with regard to the
concentration of the substance in the environment and the duration of time in

which exposure accurs.

According to Armstrong (1992) the methods of exposure measurement in
epidemiology mclude personal interviews or self-administered questionnaires
(completed either by the study participant or by a proxy respondent), diaries,

observation, routine records, physical or chemical measurements on the



environgnent, or on the person. Measurements on the persou can relate either to

exogenous exposure (e.g., airborne dust) or mrernal dose.

» Questionnaires

Selt-admmistered or interviewer-adrmunistered questionnaires have been
successfully used in epidemiolgy to measure exposure to most non-biological risk
factors. The validity of questionnaire data depends on the structure, formart,
content, and wording ot questionnaires. as well as methods of administration and

selection and trajning of mterviewers (Armsmroag 1992).
+ Routine health care records

[n most cases, mformation on demographic factors can be obrained m a
straightforward manner from routine health care records or with questionnaires
(Armstrong, 1992). There are a variety of demographic factors that are
associated with asthma such as gender and age (Anderson, 1992), birth order
(Shaw, 1994), season of birth (Aberget, 1989), counay (ECRHS, 1996), and
ethnicity (Cunningham, 1996a). Liberatos (1988) suggests that socioeconomic
status is also related to asthma, although it may pose significant measurement
problems in some demographic groups. Socioeconomic status can be measured

in different ways, including occupation, mcome, and education or a combination

of these.
+ Serum IgE and skin testing

Artopy is characterized by the production of circulating (Immunoglobin E) [gE m
response to environmental allergens (Pearce, 1998). Martinez and colleagues
(19935) show that high levels of serum IgE predict the development of asthma m
childhood. Furthermore, Croner and colleagues (1982) found that 70% of

newborn infants with elevated cord IgE levels develop probable aropic disease
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such as asthma, rhinoconjunctivitis, derrnattis, allergic urticana, before the age

of 18 months compared with 4.9% of other infants.

Skin prick resting is also a convenient test for atopy in epidemiological studies
(Burrows, 1976). It has been used to assess clinical allergic diseases smce the
nineteenth century and prevalence of asthma is shown to be closely related o the
severity of skin test reactions to common inhaled allergens. The development of
skin-rest reactivity to a particular antigen depends on previous levels of allergen
exposure and according to Sporic and Plarts-Mills (1992} reactivity to dust mute

allergen is strongly related to the level of exposure early i life.

A variety of standardised skin testing protocols are used i epidemiological
studies. The ECRHS protocol uses lancers precoated with standardized allergen
exiracts (Burney, 1994). The ISAAC skin testing protocol uses the ALK lancet,

which has good precision, safety and reproducibility (Strachan, 1993).

o« Direct physical and chemical measurements on the

environment

Investigators use a variety of exposure measurement technmiques, including
questionnaires reg;fdmg home conditions such as heating and ventilation, damp
patches, visible mold growth and home pets. Although questionnaires are a good
source of mnformation, systematic reportung bias can give inaccuracies m
responses to some questions. Questionnaires can be combined with measures of
environmental exposures to obtain a quantitative esimmate of individual
exposures, which give good validity with regard to cument exposures
(Armstrong, 1992). Direct measurements of indoor and outdoor pollutants.

allergens, temperature and humdity can be performed using a variety of methods

and techniques.
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2.5 Prevalence ¢f asthma in children worldwide

Most of the wmformation concerning the occurrence of asthma 15 prevalence data
has been collected in cross-sectional survevs There 1s a substanual vanarion 1
the prevalence rates between countries, rangwg mom less than 1% in areas of

[ndia and Africa 0 20-30% in Australia (W)st, 1996).

Analysis of all published dara suggests that mcrease w asthma prevalence began
in the mud-to-fate 1970s. The earliest reports of an increasing prevalence of
asthma comes from surveys of schoolchildren in Bumingham in the late of 1960s
(Morrison- Smith, 1971) and in New Zealand m the early 1980s (Mitchell, 1983).
Since then, increases have been reported from national studies in other countnes
such as Sweden (Aberg, [989), England (Burney, 1990), and Australia (Peat,
1994b).

There is a debate about whether asthma increase is real or is due to diagnostic
problems, but recent studies indicate that both wheezing illness and asthma have
shown a real increase. For example, U.S data from 1982 to 1992 demonstrates 42
% increase in the prevalence rate of seif reported asthma. Sirmular dramatic
increases occurred in New Zealand, Australia and the UK. Shaw (1990) reported
that current asthma prevalence in New Zealand is increased by 60% and current
wheezing by 50 %. A study in Aberdeen, Scotland, showed a doubling m the
prevalence of wheezing from 0% to 20% for the mterval from 1964 to 1989 and
the prevalence of diagnosed asthmia has risen from 4% to 10% for the same
period o ‘children aged 7 years. In Switzeriand the prevalence is lower at about
7% (Robertson, 1993) and in Germany the prevalence rates were about 5%
1994 (Von Mutus, 1994). There is evidence that asthma was rare in African
children up to the late 1970s but recent research showed that asthma prevalence 1s
also increasing in Kenya (Odliambo, 1994) and in Zimbabwe (Keeley, 1991). It

is 0ot clear whether this is a real increase ot asthma prevalence or it is due to

unproved diagnosis.



Despite the many reports on prevalence and mortality of asthma m different
populations, the lack of a precise definmion of asthma and of standardised
methods make the comparison ot reported prevalence {rom different parts of the
world difficult. Thus, data are not easily compared and provide little information
that can be used in health planning. On ihe other hand, most prevalence swdies
use questionnaire data that may underestmate or overestimate the prevalence of
the disorder. Questionnaire definirions of asthma include “wheeze ever” and
“diagnosed asthma”. However, children in some communities have asthma that
has never been diagnosed (Lee, 1983). A study wm Newcastle shows under
diagnosis of asthma (Spright, 1983) and reports that many practtioners are
reluctant to label the young children as asttumatic, and this affects cheiwr

willingness to acknowledge the presence of broochospasm and ireat it with

bronchodilators.

Woolcock and Peat (1997) state that there seems little doubt that asthma and
wheezing illness are increasing m children and young adults on the base of
questionnaire studies. Data for “asthma ever diagnosed” or “current asthma” are

shown in Table 1.1, above, which lists studies that use the same methods in the

same populations on at least two 0ccasiouns.

From the results given o the table, it is clear that asthma prevalence has
increased worldwide in both developed and developing countries and asthma

prevalence in Australia has doubled in the last ten years.
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Table 1.1 Changes in prevalence of asthma in children and young aduits

fraom questionnaire studies.

Country | Study | Number | Age Asthma ever References
year diagnased (%)
Australia | 1982 769 B-11 12.9 Britton et al, 1986
1992 795 8-11 29.7 Peat et al, 1994
New 1975 715 12-18 26.2 Shaw et al, 1990
Zealand [ 1989 435 12-18 34 Shaw et al, 1990
Wales 1973 318 12 6 Burr et al, 1989
1988 965 12 12 Barry et al, 1989
Scotland | 1964 2743 8-13 4.1 Ninan&Russell,
1992
1989 3942 8-13 10.2 Ninan&Russeil,
1992
1994 4034 8-13 19.6 Omran&Russell
1996
USA 1971- 4941 6-11 4.8 Cergen et al, 1988
1974
1976- 7399 3-17 7.6 Cergen et al, 1988
1980
France 1968 8140 21 3.3 Perdrizet et al,
1982 10559 21 5.4 1987
Perdrizet et al,
1987
Norway 1981 1772 - 34 Skjonsberg et al,
1993 4521 - 8 1995

Skjonsberg et al,
1995

Modified from Woolcock, 1997

{n 1998, the International Study of Asthma and Allergy in Childhood (ISSAC,

1998) surveyed 463, 801 children, aged 13-14 years to describe the prevalence

and severity of asthma, rhinitis and eczema.

[t was a collaborative project,




including 135 centres m 56 countnes, which developed a systematic, standardised
methodology for international comparison of asthma and allergy prevalence. All
study children completed a simple questionnaire regarding the symptoms of the
three disorders: asthrna, rhunitis and eczema. @ 42 countries, a video asthma
questionnaire was used in order w show the clinical signs and symptoms of
asthma, followed by questions abour whether their breathing has been like the

person in the video. The terms of asthma or wheezing were not been mentioned.

The finding of the first phase of The [nternational Study of Asthma and Allergy
in Childhood (ISAAC) showed that the highest asthma prevalence rates are in
Australia, New Zealand, the UK and Republic of Ireland with centres m North,
Central, and South America next oa the list. The lowest prevalence of asthma
was reported in several Eastern European countries, [ndonesia, Greece, China,
Taiwan, Uzbekistan, India, and Ethuiopia. So, the ghest asthma prevalence was
found mainly in English - speaking centres in Western countries,- with the
suggestion that environmental factors related to the living conditions in these
countries might play an important role m the development of asthma. Also, the
study reported an interesting finding thac ambient air pollution ts not a risk factor
for the developmeur of asthma while recognising that the forms of air pollutants
may be different. Regions such as Chuna and Eastern Europe with some of the
highest levels of ar pollution had low rates of asthma prevalence, whereas those

such as Australia and New Zealand with the lowest levels of air pollution have

the highest prevalence of asthma.

This finding of the ISSAC created considerable concern about the bving
environment indoors of the children in Western society and provided a
framework for further aetiological research mto lhfestyle, genetic and
environmental factors which may aftfect the prevalence rate of asthma and
allergy. Furthermore, this study provided significant evidence that asthma
prevalence is continuing to increase in most countries and presented data for
prevalence rates for wheezmg among 13-14 year olds. The prevalence rates of

wheeze and asthma in some countries are shown m Table 1.2.



Table 1.2 Prevalence rates among 13-14 year olds of wheezing

Counfry Wheeze Wheeze more Ever had
than 4 per year asthma
Australia 294 10 28.2
New Zealand 28 8 24
UK 32.2 9.3 20.7
Hong Kong 124 4.4 11.2
Spain 10.3 2.7 10.5
Germany 13.8 3.4 5.7
Poland 8.1 1.9 2.4
China 4.2 0.9 6.1

Modified from ISAAC, 1998

According to Ahmad von Schlegell (1999), “while studies such as the
International Study of Asthma and Allergies n Childhood (ISAAC) and the
European Community Respiratory Health Survey (ECRHS) are essenual for the
understanding the global burden of asthma, studies of variations in the prevalence
of asthma and morbidity in small areas within communities are more likely to
elucidare some of the key interrelations between host, agent, and environment for
this disease”. In this context turther research should increase the understanding

of this muiti-factorial disease under local conditions.
2.6 Prevalence of asthma in Australian children

Asthma is a major health problem and one of the most common chronic
childhood diseases m Australia (Landau, 1993). The Nartional Health and
Medical Research Council of Australia, reports thar asthma affects approximately
one n five Australian children (NHRMC, 1988). Also, Australia has the second
highest asthma mortality rate (12.8%) in the world after New Zealand at 13.3%
(Jackson, 1988). It has been estimated, that more than a fifth of Australian
children with asthma report weekly wheeze and cough, two-thirds report school

absences, and one-third report frequent sleep disturbances due t0 asthma

(Bauman, 1992).

Ot major concern is the fact thar the prevalence of chiidhood asthma in Australia

15 rising. A study in Melbourne (Robertson, 1991) shows an increase in the



prevalence of wheeze or asthma of 141% over the 26 years from 1964 to 1990
(from 19.1% in 1964 0 46% w 1990). Peat and colleagues (1994) investigates
whether the prevalence of asthma in chuldren aged 8-10 had mcreased wn two
regions m NSW, Belmont and Wagga Wagga over a period of ten years. The
study results demonstrarte thar the prevalence of asthma, recent use of drugs, and
episodes of wheeze had increased sigmficantly m both regions for the srudy

pericd (see Figure 2).
Figure 2. Changes in prevalence of respiratory symptoms, hay fever, and
use of asthma drugs in children aged 8-10 in two towns between 1982 and

1992,

“N" -number of the studied children
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A study, as part of phase one of the International Study of Asthma and Allergy in
Children (ISAAC), has been conducted in Australia (Robertson, 1998). The aim
of the study is to determine the prevalence of asthma and other atopic diseases in
Australian schoolchildren using the protocol of [SAAC. The study subjects are
chuldren, aged 6-7 years and 13-14 years, randomly selected from primary and
secondary schools trom Melboume. Sydney, Adelaide, and Perth. A five-page
questionnaire has been completed by parents ot the 6-7 year olds, and by the 13--

14 year olds. The results are presented in Table 1.3 and Table 1.4, which

~J
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compare the prevalence of atopic diseases between the four cuies. The study

found that the prevalence of current wheeze is similar to that reported in recent

epidermuological studies w Australia (Peat, 1994).

Furthermore, the study

demonstrates a significant difference in the prevalence of current wheeze and

current rhinitus berween eastern and western states.

According o Robertson

(1998) the possible explanation is the difference m patterns of immigration.

More children in the eastern cities are born outside Australia. than m the west.

Table 1.3 Prevalence (%) of atopic diseases among Australian

schoolchildren, aged 6-7 years old.

Meibourne Sydney Adelaide Perth Total
N=2843 N=2807 N=3071 N=2193 N=10 914
Current wheeze 27.2 22.3 26.2 22.1 24.6
Wheeze ever 40.7 35.2 41.2 36.9 38.6
Asthma ever 28.6 24.4 274 28.4 271
Current eczema 11.1 10.1 11.0 1.4 10.8
Eczema ever 22.6 18.8 24.9 25.1 228
Current rhinitis 9.8 9.4 14.5 14.9 12.0
Hayfever ever 15.4 12.2 234 20.6 17.9
Table 1.4 Prevalence (%) of atopic diseases among Australian
schoolchildren, aged 13-14 years old
Meibourne Sydney Adelaide Perth Total

N=2759 [ N=2841 N=3030 N=3650 N=12280
Current wheeze 27.3 24.5 335 314 29.4
Wheeze ever 38.5 356 46.1 48.5 42.7
Asthma ever 26.6 24.9 30.4 30.2 28.2
Current eczema 10.3 B.6 9.8 10.1 9.7
Eczema ever 16.7 9.9 19.8 17.4 15.8
Current rhinitis 16.6 15.4 22.6 226 19.6
Hayfever ever 42.3 24.8 54.4 49.2 434

Modified from Robertson, 1998




An wnteresting finding of this study is thar children born in Australia are more
likely to report current wheeze than those bom elsewhere. Also, the study
provides evidence that asthma prevalence in Australian schoolchildren is

conunpumg to ipcrease and is higher among Australian — born chuldren than

among those born elsewhere,

The overall mternational findings of the ISAAC shows that Australia ranks third
highest m the prevalence of current wheeze for 13-14 year olds and second
highest for 6-7 vear olds (Beasley, 1998). A comparison of available dara from
11 developed countries shows Australia to have the highest mortality rate due to
asthma in 1990 (Robertson, 1995). Morbidity due 10 asthma also remains
significant, with high levels of symptoms, emergency department artendances and
hospital admussions. The Deparument of Human Services in Victoria estimates
that asthme 15 the second most common reason for admission to a pediatric
hospital bed in Victoria, with a rate for children of 738 per 100,000 of the total
population in 1994-1995 (Information Analysis Unit, 1997).

Apparently the prevalence of childhood asthma m Australia is amoogst the
highest rates in the world. The reasons for that are not known. According to Peat
and colleagues (1994) the research is concentrated mainly on treating asthma, and
little attenuion is given to prevention. There are not enough studies to quantify
the strength of association berween asthma and its aetiological factors. Woolcock
(1996) recommends to find out why asthma prevalence is still increasing and she
points out that more artention should be paid to changes in lifestyle leading to a
loss of protective factors and a concormutant mcrease in risk facrors such as
exposure to allergens and to domestic air pollution. There is a need to continue
geoetic research in parallel with environmental research to help i the

understanding of the aetiological factors for this complex disease.

[f the increase i asthma prevalence among children contmues into adult life this

will create substantial health problems and may have mmportant economuic



consequences through time off work, and the cost of weatment, as well as a

decrease in the quaiity of life.



CHAPTER THREE

INDOOR ENVIRONMENT
A LITERATURE REVIEW

3.1 Introduction

[ndoor air is defined as the air inside buildings in non-industrial areas, hospitals,
and offices (Brown, 1994). [n the last 20 years, the indoor environment has
changed considerably with the introduction of soft furpishings, carpets, and
central heating. The indoor relative humudity has increased, indoor ventilation has
decreased, and the concenrrations of indoor pollutants and airborne allerzens
have increased significantly. Monitoring studies have shown mdoor awr as a
mixture of biological, chemical and physical contaminants. Also, it has been
tound that overall pollutant concentrations can be sigmticantly higher in mdoor
air compared to outdoor air and exposure to wmdoor ar pollutants has been
associated with a wide variety of adverse health effects m humans (Maroni.
1995). The American Thoracic Soctety {1983) and U.S. Envuonmental
Frotection Authority (U.S.EPA, 1994) have published guidelines on toxicological
effects and degrees of etfect thar might form a basis for limuting or lowering
levels of air pollutants. According to U.S. Environmental Protection Authority
(EPA) policy, ar pollution limuts must be set on the basis of a clinically

significant adverse effect.
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The American Thoracic Society (ATS) defines adverse respiratory health effects
as medically significant physiologic or pathologic changes. The American
Thoracic Scociety (ATS) states that “rhe eyes, nose, and throar irritation
associated with urban smog or photochemical oxidant awr pollution is nor
medically importanr and it is therefore, not considered as an adverse health

gffect” m relation to the Clean Air Act.

The impact of indoor air oo human health is determined by the following
components of the indoor environment (Maroni, 1993} indoor air quality and

indoor climate, which might be causally linked

[ndoor arr gualiey includes physical, chemical, and biological polutants, and

thewr relanonshup to human health.

Indoor ciimare, which deals with iemperature, relative humidity, and air velociry.

[t determines human comfort.

3.2 . Indoor air quality

According the American Society of Heating, Refrigeration and Air Conditioning
Engineers (ASHRAE) standards (1987), acceptable indoor air quality is defined
as “Air in which there are no known contaminants ar harmful concentrations and
with which a substantial majority of the people exposed do not express

dissarisfacrion”.

A growing body of scientific evidence indicates that the arr within homes and
other buildings can be more seriously polluted than the outdoor ar even in the
largest and most industrialized cities (Brooks, 1992). Because of the time people
spend indoors (approxumnately 90%) the nisks 0 health may be greater due to
exposure t0 ar pollution indoors than outdoors. [n addition, people who are
exposed to indoor air pollution for a longer time are often those most susceptible

to the etfects of mdoor air pollutants and such groups include the voung, the



elderly and chromically ill. especially those suffermg from respiratory or

cardiovascular disease.

The pollutant levels from wndividual sources may not cause a significant health
risk by themselves but most homes have more than one source that can contribute
to mdoor air pollution, which mclude:
* combustion sources such as oil, gas, kerosene, coal. wood. and tobacco
products;
+ building materials and furnishings, wet or damp carpet, cabinetry or
furnuture made of certain pressed wood products;
* products for household cleaning and maintenance, personal care or
hobbies;
* central heatng, cooling systems and hurmidification devices, and
« sources such as pesrticides, radon and outdoor air pollutants, which aiso

contribute to the indoor contamination.

Thus, the combined effects of these sources could significantly increase the
concentrations of indoor air pollutants, which may cause adverse health effects m
exposed people. Also, it must be taken into account that inadequate ventiarion

allows various pollutants to reach concentrations that are considered harmful

The quality of indoor air is influenced both by the quality of ourdoor air and

emussion from indoor sources.

A indoor sources of chemical pollutants

There are maoy wmdoor sources of air pollutants and they can be grouped as
follows:

* combustion processes for heating and cooking;

* butlding matenals and furnishmgs:;

¢ human activities,;

* products for household cleaning and maintenance, and



¢ central heating and cooling systems;

The mportance of any source depends on how much of a given pollutant is
emitted and how hazardous those emissions are. Factors such as age of the
source and whether 1t is properly mamtained are of great importance. For
example, improperly adjusted gas stoves can emit sigmificantly more carbon

monoxide and mitrogen dioxide than those that are properly adjusted.

Some sources can release pollutants more or less conunuously such as building
materials, furnishings, and household products. Qther sources release pollutants
irregularly. These include cigarette smoking inside, use of unvented stoves,
space heaters and the use of cleaning products. After some of these activities

high pollutant concentrations can remain o the air for a long tirne.

Contaminants associated with wood-burning stoves and fireplaces mclude carbon
monoxide, nitrogen oxides, sulphur oxides, aldehydes and aromatic
hydrocarbons. Emissions from gas-fired stoves or kerosene hearers can contribute

to indoor levels of carbon monoxide, mtrogen oxides and formaidehyde.
8 Outdoor sources of chemical pollutants

Qutdoor air enters and leaves a house by infiltration, natural veotilation, and
mechanical ventilation. Infiltration is a process when outdoor air flows into the
house through openings, joints and cracks i walls, floors and cetlings. [n narural
ventilation, air moves through open windows and doors. There are a number of
mechanical ventilation devices, from outdoor vented tans to systems that use fans
aod duct work to continuously remove mdoor air and distribute filtered and
conditioned outdoor air throughout the building. The rate at which outdoor arr
replaces indoor air is described as the “awr exchange rate”. When the infiltration,
natural ventilation or mechanical ventilation is not sufficient. the arr exchange

rate is low and pollutant levels can increase (Marom, 1993}



Because of the continuous exchange of indoor ar with the outside air, all outdoor
contaminants are iikely to be present indoors. This includes carbon monoxide,
oxides of mierogen, oxides of sulphur, particulate matter, ozone and lead. The

outdoor contamination originates from automobiles, factory emissions and other

SOUrces.

C Health effects associated with exposure to indoor

air poilutants

Many studies have reported an association berween exposure to mdoor pollutants
and adverse health mnpacts on humans. The occurrence of the health effects may
be experienced soon after exposure, or possibly, years later (Woods, 1989; EPA,
1989).

The acceptable short-term exposure range is “Thar concentration range to which
it is believed from existing information that a person may be exposed over the

specified time period without undue risk to health” (Maronj, 1995).

Acute health effects may show up after a single exposure or repeated exposures
and these include:

* irritation of the eyes, nose and throat;

e headaches;
¢ dizziness;
e fatigue;

e asthma;

» hypersensitivity pnewmonitis, and

¢ humidifier fever.
Other health effects may show up years after exposure has occurred, or only after

long or repearted periods ot exposure. The acceprable long-rerm exposure range

1s “That concentration range to which it 15 believed from existng information
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that a person may be exposed over a lifetime withour undue risk 1o health”

(Maroni, 1993).

The health effects associated with long-term exposure include:
s respuratory disease;
* heart disease, and

* Cancer.

There is uncertainty about what concentrations or periods of exposure are
necessary to produce specific health problems. There is a need for further
research to increase the understanding about which health effects occur after
exposure to average pollutanr concentrations found in the house, and which result

from exposure to higher concentrauons for short periods of time.
3.2.1 Biological poliutants
A Qccurrence and sources

Louis Pasteur first recognise biological agents as mdoor pollutants in the 19®
century by demonstrating that infectious disease can be transmitted through
mdoor air (Brooks, 1992). The first acrual evidence that patients could be
spectfically sensitised to house dust comes in the 1920s when Kern (1921)
reports that responses produced by skin testing with extracts of dust come from
homes of sensitised individuals. Experiments 10 identify the house dust allergen
continue untl 1964 when Voorhorst and tus colleagues m Holland demonstrate

the importance of house dust mutes (Voorhorst, 1967, 1969).

The US EPA (1993) has specified the major categories of biological agents,
which may affect mdoor air:
e dust mites and their faeces;

* dander from pets and other furred animals;

¢ fungt including molds and yeast;
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* bacteria, including actenomycetes;
*  mycoloXins,
* cockmaches, and

* pollen.
« Dust mite allergen

Dust mites are sightless, eight-legged arachmds that are up t0 0.3 mm long. They
are related to ticks, spiders and scabies mites. House mutes live in the dust that
accumulates in bedding, carpets, fabrics, and soft furnishings (Plart-Mills, 1997).
Human skin scales are mite's major food source and the bedding 1s the primary
site of dust mite infestation. The highest number of mites may vary from [0 w©

1000 mites/g of house dust (Pollart, 1988).

Table 1.5 indicates recently reported values of the house dust mite allergen (Der

p [) obtained with immuno-chemical assays (Verhoeff, 1994).

Table 1.5 Der p | concentrations in house dust (ug/gm of fine dust)

N

Sample type Geametric Range (Number of

mean samples}
Living room, 0.37 0.10 - 31.08 112
Uncarpeted
Living room, 3.98 0.09 - 150.52 400
carpeted
Bedroom, 0.64 0.09 - 14,10 144
uncarpeted
Bedroom, 3.36 0.10 - 103.56 370
carpeted
Mattress 5.07 0.10 — 280.88 512

(From Verhaoeff, 1994)

As can be seen from the table above, the highest concentration of house dust

rutes 1s located m carpered rooms and mattresses.
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House dust nutes have been identified in most parts of the world. They require
particular conditions of temperarure and humudity in order to grow. The optimum

conditions are 25°C and relative hurmudity of 70-80%.

Three methods are commonly used to estimate exposure to dust mites: mite
“counts” assays of mite allergens, and measurements of guanine. Determinaticn
of mite counts does permut the dentification of live and dead mites, but 1
requires expertise, and it is time-consuming. Direct measuremnent of mite
allergens m dust samples is possible with an enzyme-linked mmrnunosorbent
assay (ELISA). The measurement of guanine, which is an end product of purine

digestio/extraction that is excreted in mite faeces, can also be measured tw©

estimate dust mite exposure.

[t has become of great umportance for future research to establish which

environmental factors lead to an increase the amount of house dust mites.

s Animal allergens

Studies suggest that cat's skin is the primary and most abundant source of
allergens. Unlike mite allergens, the cat allergen (Fel d 1) is carried on small
particles and can be detected m the air of undisturbed rooms as well as on wall
surfaces (Bollinger, 1996; de Blay, 1991). Cat allergen is “sticky” and adheres to
walls, furniture, carpet and clothing (Luczynska, 1990). Soft furnishings, carpets,
and mattresses are reservoirs for the cat allergen. Also, Fel d | has been detected
in carpet dust of houses where cats have never been present, suggesting it can be
carried on the clothing of people exposed to cats (Bollinger, 1996). There is also
concern that children with cats at home may carry cat illergen © school on their
clothes. In a recent study from Sweden, cat allergen 1+ tound to be higher m

classrooms than in some houses with a cat (Munir, 1993)



Dogs are also a common source of indoor allergen. Dog saliva and dog dander
appear to be the main sources ot dog allergen, Can f t. Dog allergen, like the car

allergen, has been detected in pubtic places, mcluding schooils (Munir, 1993).

« Cockroach aflergen

The cockroach allergen is recogmised m the 1960s and since then, it has been
identified as an underlying cause of asthma morbidity (Rosenstreich, 1997).

Socioeconomic status and race are independent nisk factors for cockroach

allergen exposure (Sarpong, 1996).

Water and food sources may be the key to population growth of cockroaches as
the lughest concentration of cockroach allergen is found in the kitchen, and dust

from bedrooms is usually the best indicator of cockroach allergen exposure

(Sarpoug, 1996).

Cockroach allergens are similar in size to dust mite allergens and can be detected

only when they are disturbed and fall withn 10 minutes (Sarpong, 1993).

Two methods are used to estimate exposure to cockroach allergen: visual
evidence of infestation and assays of cockroach allergen. Allergens derived
mainly from faecal pellets and body parts. The major cockroaches allergens
tnclude Bla g | and Bla ¢ 2. Direct measurement of Bla g | and Bla g 2 allergens

in dust samples is possible with an ELISA (Pollart, [991).

o  Molids

Molds or tungi are found as well indoors as outdoors and are able to adapt to
most climares. Fungi exist m two forms. yeast and mycelia. They ofiea grow on
shower curtains in damp basements and on mdoor plants. The most common

species of indoor molds are Aspergiullus. Penicillium and Rhizopus (Solomon,

1976).
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Hypersensitivity to molds is well demonstrated with positive skin test results and

elevated serum [gE apubodies.
B Health effects

Some biological contaminants trigger allergic reactions, including:
* hypersensitivity pneumonitis;
¢ ailergic rhmutis; and

s asthma.

[nfectious illnesses, such as influenza measles, and chicken pox are transmitted
throueh the air. Other symptoms of health problems caused by biological
pollutants mclude:

s sneezing;

s watery eyes;

* coughing;

* shortness of breath;
¢ dizziness;

* lethargy;

¢ fever; and

* digestive problems.

Molds and mildews release disease-causing toxins. Fungi can be the cause of
individual cases of rhinits, asthma, and atopic allergic dermatitis. A number of

cases of respiratory problems are primarily associated with exposure to higher

concentrations of pollen outdoors.

However, allergens produced by house dust mites and dander of furred domestic
animals are generally the most imporrant causes of disease episodes i aropic

individuals.



3.2.2 Inorganic pollutants- nitrogen dioxide (NO,)
A Physico-chemical nature

There are a number of differeat nitrrogen oxides (NOx) of which mitrogen dioxide
(NO,) 1s the most widely considered m mdoor arr pollution studies. Nitrogen

dioxide is a water-soluble red to brewn, colorless gas with an acrid odor.
8 Sources and occurrence

Nitrogen dioxide is emitted tfrom indoor combustion sources - tobacco smoke.
gas appliances, kerosene space heaters, wood burmung stoves, and fireplaces.

Qurtdoor air can also contnbute to indoor concentrations of NO,.

[ndoor sources such as gas cooking or cigarette smoKing may be the mam

contributors to mdividual exposure.
c Health effects

In humans, 80-90% of NO, can be absorbed upon mhalation. It has been a long-
standing concern thar nitrogen dioxide produced by unflued gas heating and
cooking appliances contributes to respiratory morbidity in both children and
adults. Also nitrogen dioxide exposure has been associated with mcreased
airway reactivity, harmed pulmonary function, acute respiratory iilness and
respratory symptoms (Samet, [990). The weight of evidence is that nitrogen
dioxide can adversely affect the respiratory health of children (Hassetbad, 1992).
The underlying mechamsm for these adverse respiratory effects is unclear.
although it has been shown that NO, can harm the fung’s immune defense
mechanisms (Frampton 1991 Devalia and colleagues (1994) suggested that
mdoor exposure o anroven dioxide might increase the permeability of the
bronchial mucous to allergens. Although more evidence suggests that aitrogen

dioxide exposure contributes to respiratory morbudity, the levels of nirogen



dioxide that are harmful have been widely debated because of the wnconsistency
of findings from laboratory, clinical and epidemiological studies (Samet, 1990).
While some studies have reported an association between exposure 10 nirrogen
dioxide and resprratory symptoms in children (Melia, 1979), others have found
no such association (Keller, 1979). Spewzer (1980} and Dekker (1991) have
reported a significant assoctarion between gas cooking appliances and the
prevalence of asthma in children, while Ware (1984) and Weiss (1980) have not
found such a relationship. Samet and Utell (1990) have explamned these

mconsistent results due to misclassification of exposure and outcome and also to

small study sizes.

Recently, Pilotto (1997) suggests that NO, exposure may be considered as a

determinant of respiratory illness but sull further research is needed.

Even though the results are inconclusivé, many mounitoring studies have found
that nitrogen dioxide concentrations that do not cause any harm could range from
0.005 ppm to about 0.3 ppm (36.4 pg/rrﬁ). Most studies show that substantial
changes n pulmonary function can happen at levels above of 2 ppm (5376 ug/mr).
Asthmatics appear to be responsive at about 0.5 ppm (94 ug/m’), and subjective
complaints have been reported ar that level also {US EPA, 1982b; WHO, 1987).

3.2.3 Organic potlutants -~ formaldehyde and volatile organic

compounds

In contrast to inorganic pollurants, organic compounds in ndoor air occur i a
much larger number of forms (Maroni, 1995). Hundreds of such chemicals have
been identified but the main concern is that many of the compounds are

genoroxic. Even more, monitoring studies found that the concentrations of many

organic compounds in mdoor air exceed that those outdoors.
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A World Health Organisation Working Group categorises the range of organic

mdoor pollutants into four groups (WHO, [989):

1. Very volatile orgamic compounds (VVOC) with boiling - point range:
<0 to 50°%100°C.
2. Volatile organic compounds (VOC) with boiling - point range:

50°-100°C to 240°-260°C.

Semivolatile organic compounds (SVOC) with boiling - point range:

240° - 260°C 10 380° - 400°C.

4. Organic compounds associated with particulate matter or particulate

organic matter (POM} with boiling-pomt range > 380°C.

Ll

For analytical reasons, some organic compounds camnot be mclude i the

classification scheme, e.g. formaldehyde.
« Formaldehyde

A Physico-chemical nature

Formaldehyde (HCHQ) is a colourless, swong-smelling gas and the most
common aldehyde found in the indoor and outdoor enviromment. Although
formaldehyde 1s a volaule compound 1t is not detected by the gas
chromatographical methods applied to VOC analysis. For the detection of
formaldehyde, the 2,4 dmitrophenylhydrazine (2,4-DNPH) method is used and
analysed by liquid chromatography.

B Occurrence and sources

Formaldehyde is present m substantial concentranons indoors and ocutdoors,
although the sources of formaldehyde affecting human beings are mostly found
indoors (Maroni, 1993). The major sources of formaldehyde inside include-

* urea-tormaldehyde foam msulation;

» durable-press fabrics, draperies and coated paper products;
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¢ cosmetics, paints, coanngs;
» pressed wood products. and

* combustion SOurces.

The most significant sources of formaldehyde wnside are more likely to be pressed

wood products made using adhesives that contamn urea formaldehyde (UF) resms.

Formaldehyde levels mndoors depend mamly oun the source of the released

formaldehyde, temperature, relative humidity and air exchange.

Increasing the airflow of outdoor air inside decreases the councentration of
formaldehyde but when the temperature or relative humdity rises, more
formaldehyde is released from the products. Thus, indoor formaldehyde levels
change with the season and may change from day-to-day and day-to-mghe.

Levels may be high on a hot and humid day and low on a cool and dry day (U.S.
EPA, 1990).

c Health effects

Formaldehyde can affect people differently. Some people are very semsitive (o

formaldehyde exposure while others may not have any noticeable reaction to the

same level.

Formaldehyde may cause watery eyes, burning sensations in the eyes and throat,
nausea, and difficulty in breattung in some humans exposed to levels above 0.1
ppm (Maroni, 1995). While some people may develop allergic reactions to
formaldehyde through skin contact with solutions of formaldehyde or durable-
press clothing containing formaldehyde, others may develop asthmatic reactions
and skin rashes. A number of studies point to formaldehyde as a potential risk
factor for children to respiratory tract mfections and expbsure to the indoor
environment may cause asthma-like svmptoms (Helwig, 1977). Formaldehyde 1s

a reactive indoor air pollutant that may also wmduce airway iritation at low
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concentrations (Norbick, 1995; Samet, 1990). Higher concentrations may trigger
attacks i people with asthma and Norbéck and colleagues (1995) have reported a
relationship between artacks of nocturnal breathlessness and indoor
concentrations of formaldehyde and VOCs. In addition, the emissions of
formaldehyde or other VOCs from wood paint, can be a contributory cause of
bronchial hyperresponsiveness (BHR) and symptoms related to asthma
{Weislander, 1997)

Table 1.6 summarises the human health effects of formaldehyde exposure. It
shows that the adverse health effects start at 0.1 mg/mj, progressing to eye

irritation at 0.5 mg/m’ and the irritation and discomfort mcreases between 1 and

20 mg/m’.

Table 1.6 Effects of formaldehyde on humans after short-term exposure

Effects Formaldehyde concentration

(/s

Estimated median reported range

QOdour detection
threshald 0.1 p.06-1.2

Eye irritation 0.5 0.01-1.39

Throat irritation
threshold a.6 0.1- 3.1

Biting sensation
in nose, eye 3.1 25- 3.7
Modified from Maroni, 1995

» Volatile organic compounds (VOCs)
A Physico-chemical nature
The Volatile Organic Compound (VOC) category has been defined by a boiling-
point range with a lower limit of between 30°C and 100°C and an upper limit of

between 240°C and 260°C. It exists mainly in the gas phase in a temperature and

hurmidity range encountered indoors.
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B Occurrence and sources

Volatie Organic Compounds are ubiquitous m indoor arr. Compilations of 307

VOCs have been identified indoors by authors from different countres

(Berglund, 1986), and by 1989 over 900 compounds had been identified (U.S.

EPA, 1989). The sources of VOCs consist of a broad range of products and

appliances. The mam are listed below:

consumer and commercial products;
paints and associated supplies;
pesticides;

adhesives;

cosrmetic/personal care products;
auromouve products:

hobby supplies;

furnishings and clothing;

butlding matenals,

heating, ventilating, and air-conditionng systems;
garage attached to the house;
combustion appliaoces;

tobacco smoke;

pets and indoor plants;

outdoor air:

potable water, and

contaminated groundwater and soil.

( Health effects

Exposure to VOCs results in both acute and chronic effects. VOCs can cause

uritation of the eyes and respratory tract and sensitisation reactions, which

nvolve eyes, skin, and the respiratory tract. Also. they could affect the liver and



kidney, central nervous systerm, and result in depression of the central nervous
system. Two experimental studies show that VOCs may affecrt the airways, as to
mduce inflammation {Koren, 1992) and awrway obstruction (Harving, 1991) even
at low concentrations ot 25 mg/m’. In one population study the presence of
newly painted surfaces mdoors is asscciated with an increased prevalence of
asthma related symptoms (Norback, 1994). More recently, Norbick and
colleagues (1993) report a relationship between nocturnal attacks of

breathlessness and indoor concentrauwoas of VOCs.

The health symptorms related to VOCs exposure may include:
« farigue;

» headache;

» dizzmess;

+ weakness;

» skin uTitation,

+ eyes irritation, and

* respiratory tract gritation.

Table 1.7 summarises the health effects associated with exposure w0 selected

volatile organic compounds according to Maroni and colleagues (1993).

Table 1.7. Volatile organic compounds and associated health effects

Compound Health effects

Benzene Respiratory tract irritant, carconogen

Ethyl benzene Severe irritation to eyes and
respiratory tract,

1,4-Dichiorobenzene eye and respiratory tract irritant;

Benzyl chioride eye and respiratory tract irritant;

Xylenes irritant, narcotic

Toluene Irritant, narcotic

Styrene | lrritant, possible human carcinogen

Modified from Maroni, 1995



Many of the VOCs such as benzene and which have been measured indoors are
known human carcinogens and according to U.S. EPA (1989), exposure o VOCs

is likely to pose a significant risk of cancer.
3.2.4 Particulate matter {PM)
A Physico-chemical nature

Airborne particulate matter (PM} represents a complex mixture of organic and
mnorganic substances. The majority of particles are i the submicron fraction, and
numerous distinctions exist between fine (under 2.3 micrometer) and course (over
2.5 micrometer) particulates. These distinctions are significant in terms of health
effects. Most important is that tine particulates contain a disproportionate armnount
of toxic substances, such as arsen:c and lead. Even when inert, they can serve as
carriers of harmful or carcinogenic vapors (Kane, 1985). Organic substances

constitute 30-40% of all fine particulates (Perera, 1979).
B Occurrence and sources

Combustion appliances and tobacco smoke are probably the chief indoor source

of fine particles although sprays and cooking aerosols may also contribute to the

occurrence of particulates.

Biological contaminants such as viruses, bacteria, fungal spores and fragments,

house dust mites faeces and antmal dander may also be found primarily i the

fine-mode fraction.

U.5. Department of Energy (1985) have published the emission rates for

particulate marter from indoor combustion sources, which are presented in Table

1.8 (Maroni, 1995)
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As can be seen from the table, wood heaters and kerosene space heaters have the

highest and the lowest emission rates, respectively.

Table 1.8 Emission rates for particulate matter and particulate-build

materials (mg/h),

Saurce Appliance type Emission rate (mg/hr)
Particles Benzopyrene

Kerosene a. Radiant 0.13-0.16 Not detected
space
heaters b. Convective | <0.03-0.03 Not detected
Gas space 0.21-3.23 Not detected
heaters
Wood 2.6 1.4.10°- 3.5.10°
heaters
Gas Range 1.9-30 Not detected
appliances (1burner)

Oven 0.118 -0.126

Modified from Maroni, 1995

Environmental tobacco smoke can aiso be a significant source of indoor particles
and these particles are especially hazardous due to their chemical composition.

They are inhalable and remain airborne for hours after smoking stops.
c Health effects

The most extensive data on the health effects from exposure to particles are
derived from epidemiological studies. Evaluating the existing data indicates, that
particulate matter can cause adverse health etrects, such as:

* gyes, nose, and throat irritarion;

¢ respiratory infections;

e bronchutis, and

* lung cancer.

The Natijonal Academy of Science m U.S. {1973), believes there is a possibility
that exposure ¢ suspended sulfates 15 related to an increase wm lower respiratory
tract infection and decreased lung function n chuldren. Because of the small size

of particulates and easy and deeper deposition tn the respiratory tract, they pose a



particular threat to small children. A substantial percentage is deposited in the
alveoli, the air sacs of the lung. In the pulmonary region, fine particulates can
slow down or block the clearing mechamsm of the lower lung, thus cause other

toxic materials to remain (Kane, 1979).

3.2.5 Environmental tobacco smoke (ETS)
A Physico-chemical nature

Environmental tobacco smoke is probably the most important contaminant of
mdoor air where smoking exists. The mhalation of ETS is known as “involuntary
smoking™ or “passive smoking”. ETS is a mixture of smoke that comes from

burning of a cigarette pipe, or cigar, and smoke exhaled by the smoker.

ETS 1s a complex mix of several thousand compounds. This mix conrains many

known or suspected human carcinogens and toxic agents.
B Health effects

There have been a number of studies, which have examined the stfect of ETS on
respiratory illness and pulmonary functuon among young chiudren. Several
studies have confirmed the exposure and uptake of ETS i young children by
assaying saliva, serum, or urine for cotinine. The Nauonal Research Council 1n
America (1986) has reported the potential association between parental smoking
and respiratory disorders in their chiidren and these effects include:

* symptoms of respiratory uritation-cough, sputum, or wheeze;

¢ acute diseases of the lower respratory tract - pnewmnonia, bronchitis,

bronchiolitis, asthma;

¢ reduced lung function;

* acute upper respiratory tract infections;

¢ lung cancer;

¢ major coronary events, and
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* sudden mfant deaths.

The US Environmental Protection Agency (1992) has reviewed epidemiological
studies of the association between parental smoking and childhood respiratory
diseases in detail. A review of 26 studies about the prevalence of cough, sputum
and wheezing in children show that parental smoking increases the risk, more in
mfants than school age children. The results of 20 studies of acute iflness m
infants and in older children have demonstrated a greater risk in children exposed
to tobacco smoke ar home. Furthermore, ten studies have reported that passive
smoking increases the frequency and severity of asthma episodes in children who

already have the disease and increases the mcidence rate.

There 18 a strong evidence to support the counclusion that parental smoking
wmcreases the risk of respiratory illness i infancy and childhood. The results
consistently show a stronger relationship with matemal than paternal smoking n

younger than older children, and demonstrate reduced lung function in children

of parents who smoke (NHMRC, 1986).

3.3 Indoor air climate

Environmental conditions existing inside a building at any given moment are a
product of a number of physical factors including temperature, relative humudity,
air movement, ventilation, lighting, noise, vibration and a variety of electrical and
magnetic phenomena Many of these factors have been evaluated for their
potential contribution to adverse health effects or comfort complaints but most

artention has been paid mamly to termperature, relative humidity and air

T1I0 vement.

-

Parameters that affect the thermal balance of the body as a whole mclude ar
temperature, radiant temperature, arr movement and relauve humidity, which
Jointly comprise the thermal environment or indoor air climate (Tromp, 1974).

Relative humidity affects thermal comfort by its effect on evaporative heat losses
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from the body and awr velocity affects heat loss by convection. Under warm
conditions velocity induced convective heat losses are desirable ro maimtam
thermal comfort. Radiant temperanure is a commen cause of thermal comfort
coroplamts also, and these may occur despite the fact that air temperarure is m the
comfort range. When a wall is warm, @ radiates heat toward an individual who
absorbs it. When a wall is cold, heat will be lost from the portion of the body

facing ir, and the person may experience a chilling effect (Tromp, 1974).

The majority of people, especially the elderly, sick people and young children,
spend a greater part of therr nme indoors and comsequently in an artificial
climate. Whatever artificial climate is created for human occupation, the rhermal
environment has 1o be adapted, so that each individual is in a thermal comfort.
Fanger (1984) defined the thermal comfort as “Thar condirion which expresses

sanisfaction with the thermal environment” .

The thermal comfort requirements for winter and summertime conditions

recommended by Fanger are summrparised i the Table 1.9

Tabie 1.9 Thermal comfort requirements during summertime and

wintertime conditions

Summertime Wintertime
Air temperature - 23°C - 26°C. Air temperature - 20°C - 24°C
Verticai air temperature difference Surface temperature of floor
between 1.1 and 0.1 m above floor between 19°C and 26°C.

less than 3°C.
Vertical air temperature

Difference between 1.1 and 0.1
m (head and ankle level), less
than 3°C.

Mean air velocity less than 0.25m/s. Mean air velocity less than 0.15
my/s.

From Fanger, 1984. Praceedings, Third International Conference on Indoor Air Quality and

Climate, vol. 1, Stockholm.
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Studies have found that thermal environmental factors have the potential to affect
humans either directly or mdirectly. Serous attention has been given w0 both
temperarure and relative hurudity. A significant linear relationship has been
reported between the temperature range of 21°C -25°C and allergic or asthmaric
symptoms (Reinkainen, 1993). In a study, Green (1934; shows a significant
association between mdoor humidity levels and wmcreased prevalence of acute

respiratory wmfections.

There is evidence to suggest that arway cooling through inhalation of cold and
dry air, and large changes i air temnperature over short periods of time can induce
bronchoconstriction.  The combunation of high humidity and low temperarure

mught contribute to susceptibility of respiratory dlness in children (Tromp, 1974).

Particular conditions of temperature and relative humidiry could be a good source
for increasing house dust mites population and indoor mold. Furthermore, a
study has shown that temperature above the thermal comfort range (23°C-26°C)
may increase the level of volarile orgamic compounds (American Society of
Heating, 1981). According to Godish (1986) humidity levels can significantly
affect the concentrations of formaldehyde, as a one percent rise in relative

hurmdity will result in a one percent mcrease in formaldehyde levels.

Relatively few studies have attempted to address the relationship between air
movement and adverse health effects and the uncertainties are 0o great to make

any inferences (Godish, 1994).

Because of the lack of enough evidence there is a need for further research, which
could give msight into the understanding of the potential contribution of the

parameters of the thermal environment to childhood respiratory diseases.
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CHAPTER FOUR

RISK FACTORS FOR ASTHMA
A LITERATURE REVIEW

Risk factors are determunants of the rsk of developing disease (Tinkelman,
1993). Risk factors may increase the probability ot disease, and are applied by

epidemiologists to personal characteristics, and to environmental characteristics.

Asthma is a chronic inflammatory disorder of the awways. This chronic
inflammation is considered responsible for imcreased airway hyper

responsiveness to a variety of stimuli and airflow limitation characteristic of

asthma.

This chapter reviews the risk factors involved m the development or onset of
asthma and then the risk factors (mmggers) involved in the development of

exacerbartions.

4.1 Risk factors involved in the development of asthma
4.1.1 Predisposing factors

Predisposing tactors are the factors that give an mdividual suscepubility to

asthma. These include atopy, gender and genetic factors.
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A Atopy

Atopy is defined as the "susceptibility for developing immunoglobulin IgE
directed (o epitopes expressed on common environmental allergens such as
domesnc mites, animal protens, pollens, and fung” (Cookson, 1993). As a

comsequence, the mast cell is sensitised, and when activated leads to the

mflammatory response.

In the context of an epidemiological investigation, atopic starus may be assessed
by (Zimmerman, [988):
¢ measuring skin test reactivity to COmumon antigens;
* measuring serum levels of [gE;
* questiopnaire evaluation of diseases, associated with atopy (eczema,
allergic rhinitis), and
* assessment of parental history of atopy as marker of genetic

predisposition.

Several investigators have examined whether evidence of eczema, ailergic
rhinitis, and skin test reactivity to antigens is associated with asthma in children.
Buffum (1966) find that 11.4% of the study children with eczema have severe
asthma compared with 2.4% of those without. Similarly, 15.4% of those with
positive skin test reaction to whole-egg extract have had severe disease after 10
years of follow up compared with only 3.5% of nonreactors. Blair (1977) has
reported that persistence of infantile eczema 13 associated with chromic or
recurrent asthma m 88% of subjects. He has not found an association between
skin test reactivity and prognosis of asthma. Later, Sears (1991) reports that the
prevalence of asthma is more strongly associated with levels of [gE than a skin
reactivity test. Amnother study demoanstrates that the prevalence of asthma

mcreases with increasing levels of IgE (Bumrows, 1989).

A large percentage of asthmaric patients are atopic 10 allergens such as house dust

mite, mold and pollen. In ths case, asthma results from an immunological



response to the inhalation of atrbome allergens, which are primarily of biological
otigin. Srudies report that the dominant allergens associated with asthma are

found indoors, Le., dust mutes, molid, cats, dogs and cockroaches (Platts-Mills,

1993).

Although, asthma in childhood (less then six vears old} is frequently associated
with atopy, in cases atopy occurs in the absence of asthma. However, when it
becomes expressed i the lower airways, aropy is one of the sirongest

predisposing factors for the development of asthma.
B Gender

Gender is also considered as an important predisposing factor for asthma,
although investigators to date have not provided consistent results concerming
child's gender as a predictor of asthma. [n 1932, Rackemann and Edwards have
followed 688 asthmaric children over 20 years and found that boys and girls do
not differ m the severity of asthma. Blair’s (1977) findings m a study of 244
children evaluated over 20 years were stmilar. In contrast to these reports m
1964, Williams and McNicol have studied sample of 30,000 Australian
schoolchildren and report that at age of 14 years, a higher proportion of boys had
severe asthma Likewise, Weiss (1980) has demonstrated that M:F ratwo for
asthma was 1.8:1 and for “recurrent wheeze most days or nights” was [:1. [n
1984, Verity suggests that male predominance of asthma relates to a greater
degree of bronchial liability and nort to a greater prevalence of atopy. Similar
results m a study of Peat (1992), no difference in asthma prevalence among boys
and giris, after correcting for atopy, has been found. [n 1993, Sears has suggested
that gender differences i diagnosed asthma o children can be explaned by

gender differences in allergen sensitivities.
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C Genetic factors

Asthma is a complex gepetic disorder with a high population prevalence
compared with other genetic pulmonary disorders. In an mtensive search for the
“asthma gene” researchers have used atopy and airway responsiveness as markers

of the phenotype of asthma rather than using asthma symptoms.

It is clear that asthma has a genetic compounent, i.e., there is a greater risk of an
individual to develop asthma, if asthma, allergic rhinits, or eczema already exisis
in a family member: The prevalence of asthma, hay fever, and eczema 1S
significantly higher among relatives of patients with atopic asthma than among
relatives of non-atopic asthmarics (Sibbald, 1980). Higgins and Keller (1975)
have found that the prevalence of asthma increases among children younger than
16 vears when one or both parents had asthma. The prevalence increase m boys
from 7.4% when neither parent had asthma, to 18.3% when one or both parents
had asthma. Among girls the prevalence increase from 4.1% to 11.7‘%’3. In 1976,
Leeder and colleagues have investigated the influence of famuly factors on
asthma and wheezing during the first five years of Lfe and find that asthma
incidence increases from 2.3% if neither parent had asthma to 5.4% if one parent
had asthma. /In addition, Foucard and Sjoberg (1984) report that mfants and
children with wheezy, bronchitis and a family history of asthma or allergy have
twice the risk of developing persistent asthma compared o those without such a

family history) Studies in twins have shown a genetic effect on serum [gE levels

in adults and children (Bazaral, 1974).

Genetic factors are clearly important in deterrning the risk of the development of
asthma, but the increase in prevalence over the past decade is much too grear (o
be arttributed only to genetic variauons. Studies in migrating populations who
have developed more airway responsiveness and more atopy when changing
environments, for example, differences in asthma between urban and rural
populations, indicate the important role of environmenral factors (Crane, 1989).

Peat and colleagues (1992) have suggested that the increase responsiveness n
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atopic children may be due to a change wn the degree of exposure to allergens m a
child’s environment. Further evidence of imporrant environmental intluences
comes from a study, which mvestigates the relation berween asthma and atopy i
genetically similar children living in East and West Germany (von Mutius, 1994).
The results show that sensitisation 0 common aeroallergens is more frequent n
West Germany which can be explained by the difference in the lifestyle berween
western and eastern countries in Europe. Consequently, environmental factors are

likely to be one of the primary deterrmunants of expression of that disorder.
4.1.2 Causal factors

Causal risk factors are these factors that cause the onset of asthma. Allergens
sensitise atopic subjects by sumulating the production of specific IgE antibodies.
Once 2 subject is sensitised, she or he s predisposed to develop allergic
mflammation and asthma exacerbations upon re-exposure (Pope, 1993).
Popularion studies have demonstrated a correlation between prevalence of asthma
and long-term allergen exposure (Platts-Mills, 1991), and the improvement of
asthma after cessation of exposure (Plaus-Mills, [932) There s also a
suggestion that allergen exposure may cause the onsei of astha by continuously
stimulating chronic allergic inflammation of the awrways. In contrast to these
findings, Pearce (2000) states that no longitudinal studies have been identifted tn
which allergen expoosure during infancy in a random population sample has been
related to asthma risk after the age of six years. Evenmore, many of the dentified
prevalence studies in children showed negative assossiations between allergen
exposure and current asthma so currently available evidencce does not indicate

that allergen exposure is a major risk factor for the primary causation of asthma

i children.

The most common allergens, indoors and outdoors, suspected o cause the onset

of asthma, are explained below.
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A Indoor allergens

Indoor allergens mclude house-dust mutes, animal allergens (cat and dog),

cockroach allergen, and fungi.

s  House-dust mites

House dust mite allergy has been first documented i 1920s when Cooke and
Kern find that dust from vacuum cleaner bags caused positive skin reactions in
asthmatics (Kerm, 1921, Cooke, 1922). Later, it has been found thar mises are
unplicated in the development of dust allergy (Voorhorst, 1964) and furthermore
that house dust mites are a2 major source of allergens for asthma and allergic
rhinitis  (Voorhorst, 1967). The two most important species are

Demarophagoides preronyssinus (Der p I) and Dermatophagoides farinae (Der t

D.

The relationship between symptoms and dust-mite ailergen exposure has been
well studied bur the results have been controversial [n 1991, Velvioef observed
a dose-response relationship between the mite allergen concentration in dust and
the severity of asthuna symptoms ammong mdividuals with mite allergy. Sporik
(1990) finds that exposure to domestic mites in the first years of life correlates
with the subsequent development of asthma. Furthermore, studies suggest that
continuing exposure to allergens plays an important role in most cases of chronic
asthma, as reductions in allergen exposure could reduce symptoms, bronchial

reactivity, and signs of inflamrnation (Boner 1985; Charpin, 1991).

[n contrast to these findings, several research groups have failed to find a clear
dose-response relationship between symptoms of asthma and exposure to mdoor
allergens. Recently, Ingram and colleagues (1995) reported that among
schooichildren who are allergic to cats or dogs, no clear relationship has been
found between sensitisation or symptoms and the current level ot allergens m an

individual house {Ingram, 1999). Furthermore, Marks and colleagues (1993) have
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demonstrated thar the concentration of mute ailergens :s no higher in the houses of
asthmatic patients with rmite allergy than in other houses in the swudy town
Sydpey, Australia. The concentrations of mite and cockroach allergens, found in
the dust from apartments of asthmaric and nonasthmatic children in Atlanea,
USA, have also been very similar (Call, 1992) There is still little evidence on
the effects of allergen exposure at different ages on the development of asthma
Exposure of infants, younger than 6 months, 1o dust rmutes is usually low, because
their mattresses are comrnonly covered with impervious marerial and because

their bedding 15 washed frequently.

Although there are still many uncertamties about the causal relationship between
allergen exposure and asthma, some studies have provided consistent results that
have led to the proposal that exposure 10 more than 2 pg/gm of fine dust of
Dermarophagoides pteronyssinus allergen, Der p 1, is a significant risk factor for
the development of sensitisation in at-risk individuals, and exposure 1o more than
10 pg/gm of fine dust has been associated with acute asthma symptoms and

hospital admission (Platts-Mills, 1992).

Though asthma and exposure to dust mites have been studied widely there are
stll many areas that need to be clarified. There are still insufficient data abour
the relationship of exposure to mites and severe or fatal asthma. Also, there is

still not enough evidence to state the concentration of allergen exposure at which

the risk of asthma m sensitised individuals increases.
e Animal allergens

Cats

Cats and dogs are likely to be the most commoun amimal species with which
humans have close domestic contacts. The allergens produced by pets are mostly
associated with dander, hair, saliva and urine (Lowenstem 1986). The most

important source of cat allergens 1s dander. The major allergzen of the cat, Feld I,

sy
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is found in cat pelt. The allergen becomes airborne as particles 1-10 pm in
diameter, presumably after it dries and flakes off the fur (Reed, 1986). A study
suggests (Lopes da Mata, 1990) that cats are the most important pets causing
allerey i the home. The threshold risk levels of Fel d 1 exposure for
sensitisation and asthma have not been as well defined as they have for the murte
allergen. The current tentarive proposal as the threshold level for both

sensitisation and asthma 15 > 8 pg Feld 1/g of fine dust (Plarts-Mills, 1997).
Dogs

Allergic sepsitivity to dogs is not as common as to cats. Nevertheless, up to 50%
of allergic individuals have positive skin tests to dog extracts. A dog allergen has
been purified from dog hair and dander. Thus antigen, Ca d I, is present in large

coucentrations in saliva and can be measured in house dust (Ford, 1989).

o Cockroach

In some locations and among some ethnic groups, sensitisation to cockroach
allergen may be even more common than to the domestic dust mite. Most species
of cockroaches live in tropical climates. The main cockroach species are
German, American, and Oriental. The cockroach allergy was first recognized in

the 1960s and identified as an underlying cause of asthma morbidity in many

mner city children (Pollart, 1989).

s Fungi

Fungi grow n dark, humid, poorly ventitated places, both mdoors and ourdoors.

They also grow well within the systems used for cooling, heating, and

humidification.

A large number of species can be tound in indoor air but those of prime mterest
m mdoor environments are molds and yeasts. Among these 15 Alternaria, which

1s an established risk tactor of asthrma in different populations and has been



associated with the risk of asthma death in the Umted States (Holaren, 1991).
The prevalence of fungi shows wide seasonal differences (Gravesen, 1972) with
highest numbers m outdoor air found during summer and autumn. During these

seasons the outdoor air is the main source ot fungi mdoors.

The most common indoor tungi are Penicillium, Aspergillus, Alrernaria,

Cladosporium, and Candida (Salvaggio, 1981).
4.1.3 Contributing factors

The contributing factors either enhance the likelthood of asthma developing or
may mcrease susceptibility to asthma. These mclude tobacco smoke, air

pollution, viral infections, small size at birth, and diet {Tinkelman, 1993).
Studies are necessary to clarify the potential role of the contriburing factors.
A Environmemntal tobacco smoke

Tobacco smoke produces a large and complex mixture of gases, vapors, and
particulate matter. More than 4500 compounds and contamunapts have been
identified in tobacco smoke, mcluding respirable particles, carbon monoxide,
carbon dioxide, nitrogen dioxide, and nicotine. Exposure o tobacco smoke has
been associated with increased lower respwatory symptoms i children {cough
and wheeze) and an increased risk for the development and exacerbation of
asthma (Chilmonczyk, 1993; Weitzman, 1990). Several srudies have reported
that the risk of asthrna appears to increase in children exposed to passive smoking
by parents who smoke, especially in those with mothers who smoke (Sherill,

1992; Magnusson, 1986). In contrast, some other studies failed to confirm these

tindings (Peat, 1992b).
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B Air pollution
Both indoor and outdoor irritants contribute to air pollution.

» Qutdoor pollutants

Environmental pollurants such as sulfur dioxide, ozone, and nitrogen oxide can,
at concentrations found in heavily polluted cirties, trigger bronchoconstruction,
may increase airway respousiveness, and enhance allergic responses. Although
asthma seems to be more frequent in industrialised countries, there is little
evidence that air pollution is directly responsible for the increased prevalence of
asthma in these countries {Pierson, 1992). The association between air pollution
and the development of asthma has been studied by comparing the prevalence of
asthma in school children living in two German cines: Leipzig with heavy
industrial pollution and Munich with its heavy automobile traffic. The results
show that asthma is more prevalent in Munich, while bronchitis is more prevalent

m Leipzig (von Mutius, 1994).

According to Woolcock (1996) “it is time to stop blaming air pollution and

examme other possibilities”
e Indoor poliutants
The relationship between human health and indoor awr pollutants is an area of

growing interest. Some data suggest that indoor air pollutants may contribute to

the development of asthma, but due to lack of enough evidence is difficult to

make any clear mferences.
» Viral respiratory infections

There is no evidence that viral respiratory infections directly cause the

development of asthma. although it ts well established that the viral respiratory
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mfections can exacerbate asthma, acting as a trigger (Busse, 1993). Also, a study
{Pullan, 1982) has suggested thart there is an association between viral mfections,
partcularly bronchiolitis, in early life and the later development of asthma.
According t0 Busse (1993), the viral resptratory infections should be considered

as one of the nisk factors that may contribute to the development of asthma.

Woolcock (1996) has stated that with the hygienic western lifestyle, infants have
few bactenal infections, muliiple anmunisations, frequent courses of antibiotics,
which lead to a loss of protective factors and the poteatal for the development of

asthma.
C Diet

The influence of diet on asthma is not well examined. Contoversial results have
been reported about the protective effect of breast-teeding for the development of
asthma (Chandra. 1985, Arshad, 1992a). A study has suggested that the
elimination of eggs from the diet of mother and child in the first year of life
appears 1o reduce the incidence of atopic diseases (Arshad, 1992b).

Although the relationship between diet and the development of asthma is stull

unclear there is some evidence of the association between food allergy in infancy

and asthma.

Woolcock (1996) points out that possible change to the diet, mcluding shorter

periods of breastfeeding, lower antioxidant intake, and higher salt intake could

prevent late development of asthma.

4.2 Risk factors that cause asthma exacerbations — asthma

triggers

Tnggers cannot cause asthma development but can exacecbate asthma once it is

present. Triggers vary from person to person and from time to ume. They
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include exposure t cold awr, uritant gases, weather changes, emortional

expression, and exercise.
4.2.1 Air pollutants and allergens

Once the subject is seasitised, exposure to indoor and outdoor air pollutants and
allergens can cause asthma exacerbations. Some recent studies have shown that
even small amounts of airborne allergens are able to cause asthma exacerbations.
Sulfur dioxide is an irritant that can trigger asthmatic patients at concentrations as

low as 1 ppm, although it has no etfect on the airways of gormal subjects at

higher concentrations (Hackney, 1993).

Other oritants such as volaule organic compounds, formaldehyde and wood

smoke may also exacerbate asthma but because of lack of evidence no clear

conclusions can be made.
4.2.2 Respiratory infections

While there is a need for more evidence to prove the role of viral infections for
the development of asthma, it 1s well established that viral respiratory infections
can exacerbate asthma in children under age of 10 (Busse, 1993). Respiratory
virus, rhinovirus, and influenza virus have been notced mn the majority of the

exacerbations of childhood asthma.
4.2.3 Weather change

Published reports have related asthma exacerbations to various environmental
factors such as low atmospheric temperature, high humidity, thunderstorms, and
episodes of acute pollution (Khot, 1988; Ayres, [994). A recent study reports a
significant association between asthrna and lightning strikes, increase in hurmdity

or sulphur dioxide concentration, a drop in temperature or high ramnfall the
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previous day. Also a decrease in maximum air pressure or changes wn grass

pollen counts have been related to asthma (Celenza, 1996).

4.2.4 Exercise

Exercise is probably one ot the most common triggers of asthma as it mcites
arrflow lumutations m most children. The mechamisms of exercise-induced
asthma are mainly related 0 changes m the arway mucous induced by the

associated hyperventilation, either cooling or rewarmung (Blackie, 1990).

4.2.5 Emotion

Emotional stress itself (anxiety, frustration, anger) can trigger asthma, because
extreme expressions of laughing, crymng, anger, or fear can lead to
hypervenrtilation that can cause airway narrowing (Lehrer, 1993). These normal

emotional responses involve deep rapid breathing, which in turn can trigger

asthma.
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CHAPTER FIVE

RESEARCH METHODOLOGY

5.1 Study design

A population based case - control study was chosen as appropriate to achieve the
aims of the study and there were a number of reasons for choosmg this srudy
design. First, case-control studies are relatively quick and inexpensive compared
with other analytical designs. Secondly, considering the multifactorial nature of
asthma, this study design allowed multiple aetiological factors to be examined.
Third, in order to explore the variables age and gender as nisk factors for asthma
and incorporate them in a multivariate analysis, a population case-control study
was appropriate to conduct, which would not be possible to accomplish m a
matched case-control study. Thus, the case and control subjects were not mached
by age or amy other variables but the age group was restricted for cases and

controls by defining an eligible age range within which childhood asthma genesis

was believed to occur.



5.2 Study samples

The study was carried out in the Perth Metropolitan area from December 1997
through to March 1999. The participants (N = 192) were children, aged between
6 months and 3 years old. This young age group of chuldren was chosen in order
to identify risk factors for asthma that mught be important early in life or early in
the natural history of the disease. The age group was restricted for cases and
controls by defining an eligible age range and hence they were not matched by
age. The cases were (n=88) children who attended the Accident and Emergency
Department at Princess Margaret Hospital and were discharged with asthma as
the primary diagnosis. The size of the case group was deterrmned by the
availability of case subjects from the above source over a period of 8 months.
Coantrols (n = 104) were children in the same age group as cases who had never
been diagnosed with asthma, and identified from birth records accessed through

the Midwife's Notification System at the Health Department of Western

Australia.

Information on health and house characteristics was collected by using a
questionnaire, completed by each child’s parents or guardians. In order to assess
atopy, skin prick tests for common allergens were performed on each child.
Assessment of exposure to indoor environmental factors was conducted twice,
winter and summer to detect seasonal variation in indoor pollutants. Each
household was monitored for the following pollutants and physical factors:
nitrogen dioxide (NO,), formaldehyde (HCHO), volatile organic compounds
{VOCs), allergen levels of house dust mite, particulate matter with size less than

10 microns (PM g), temperature (T°C) and relative hurmudity (RH %).
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5.3  Study population
5.3.1 Definition and selection of cases

Cases were defined as children, who attended the Accident and Emergency
Department at Princess Margaret Hospital for children and were discharged with
asthma as the primarv diagnosis. The choice of the age range between § w0 36
months was made in order to measure potential risk factors m early periods in
life, from birth to the time of diagnosis. Due to time constraints, asthmatic

children were recruited only for a limited period of time, between January and

August 1998.

Cases were identified from a computerised roster which was kept at the hospital
that included, date of birth, age of the chuld, home address, the discharge
diagnosis, and child’s medical record number. From this roster, children,
between 6 months and 3 years old, who were discharged with asthma diagnosis,
and reside in the Perth Merropolitan area, were contacted. Parents or guardians
were contacted by a letter, explaining the nature of the study. Parents who agreed
to participate in the study were asked to sign a consent form, complete a

questionnaire and return them to the researcher m a reply-prepaid envelope.

5.3.2 Definition and selection of controls

As cases were selected to represent childhood asthma m a defmed population -
the Perth metropolitan area, community-based controls were selected from the
same area to ensure that the results of the study could be generalised to the

population (Miertinen, 19835; Schlesselman, 1982).

Controls were children of the same age group as the cases, aged between 6
months and 3 vers old, who had had no diagnosis of asthma made by a physician.
Parents who had children aged between 6 months and 3 years old were randomly

approached by mail through the Midwite's Notification System m the Health
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[nformational Centre at the Health Department of Western Australia and invited
to participate in the study. Parents were asked to notify their willingness by
completing a consent form and a questionnaire and to retwmn them mn a reply-
prepaid envelope to the researcher. The control group was recruited in the period

between December 1997 and July 1998.

5.4 Sample size

Selecting enough participants tor studies that investigate disease-exposure

relationships is a fundameatal consideration m planning of studies.

When the frequency of exposure between cases and controls is compared by
means of a staustical test, the probability of making a Type I error is called the
level of significance, and it is denoted by alpha-error (®¢) . The probability of
making a Type [I error is represented by “B* and the quantity (1-B) is called
the power of the study. This is the ability of the study to demonstrate an

association, given that an association exists. The power of a study is strongly

influenced by the sample size.

To select adequate subjects for a case-control study, the calculation of sample

size considers the following factors:

a} the relative frequency of exposure among coutrols i the target
population, denoted by P,;

b) a hypothesized relacive risk associated with exposure that would have
public health importance, denoted by R;

c) desired level of significance, &; and

d) desired study power, 1- B.

In the present unmaiched case-control study, it was assumed that there is no need

to have equal numbers of cases and controls. The desired values for ® and B

were specified as® = Q0.05and $=0.10.



The required sample size for each group (“n” per group) was calculated, using the

following formula:

n=1{z, vy2p'q" + 2z (PG + p.A01%/ (pi =~ P’ (1)
where

P; = PR/L1 + p,(R - 1)]

and ‘
p, = t/&(r-:"t + po)
qQ =1~ p;
q; = 1- Pr
d, = 1- B.

For practical purposes the formula (1) is given m the following way:
n=2p'q (2, + 2°/(ps = Po)° (2

Corresponding o of = 0.05 (two-sided) and f = 0.10, ope has z, = 1.96
and Zg = 1.28, equarion (2) reduces to the following simple formula:

.
T~

n=21pq /(p: - pJ*

In the present study it was supposed that the expected rate of exposure among

comtrols is p, = 0.40. Furthermore, with the significance level of «
0.05 (two sided), power of 90% (B = 0.10), and hypothesized relative

risk R = 2.5, the calculations of the sample size proceed as follows:
n = 21%0.51%0.49/(0.625-0.4)° = 104
Thus, the desired sample size was 208.

An essential part of the study was finding participants willing to have a detailed
arr sampling of their home, which can be considered as an mtrusion mto ther
private life. Also, all parucipants were required to complete aspects of the study

such as skin prick tests. Thus, the recruitment of the study partucipants was a
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greater challenge than expected. Although an encouraging letter was sent to all
parents, which had a good response, a good deal of time was spent contacting
people to remuned them of the study and explaining certan aspects that were of
concern. The limired number of asthmatic chidren m the required age group

presenting at the hospital was also a contributing facter to the difficulties

experienced.

Assumptions for sample size calculations were based on odds ratio of 2.0, which
applies to dichotomous risk factors. However, due to ume and other resource
constraints the odds ratio of 2.5 was chosen. This corresponds to a smaller sample
size of 208 study subjects and consequently resulted in a study with lower
statistical power, which s acknowledged as a limitation of the study.
Consequently this will result in increased the probability of a Type I emor for

non-significanr risk factors.

Because of the limiations explained above, 194 children were selected and that
sample size allowed the study to have sufficient power 1o detect odds ratio of 2.5

with high precision. Out of 194, 106 were conirols and 38 were cases.

5.5 Data collection
5.5.1 Procedure for admission to study

As highlighted earlier, once an asthmatic child was identified through the
Accident and Emergency Department at Princess Margaret Hospital, the
researcher sent a letter to the parent or guardian of the child mnforming him or her
of the nature of the study and mviting participation m it. After recetving the
completed consent form and the questionnaire, a telephone call was made by the

researcher to answer any questions of concern and to arrange a time for indoor

momnitoring w the house.

67



As previously alluded to, controls were randomly drawn from the community
within the Perth Metropolitan area. [n order to maximuse ther participation, a
personal letter of encouragement from the Health Department of Western
Australia was sent to children’s parent or guardian. After receiving the
completed consent form and questiomnaire, a telephone call was made by the

researcher to answer any questions and make an appointment for house

momtoring.
5.5.2 Sources of data

There were three sources of collecting the darta tor this study:
¢ The first included a comprehensive health and dwelling questionnaire;
* The second entailed winter and summer mdoor monitoring of the
houselold of each participant, and
» Finally, atopy assessment was performed on each child by conducting

skin prick tests to common air-bome allergens.

i) Questionnaire survey data

The questionnaire used in the presenr study was based upon the Amernican
Thoracic Society (ATS) (Ferris, 1978) questuonnaire for respiratory symptoms.
The questionnaire (See Appendix C) was admunistered to the parent or guardian
of all participants in the study before the wmter monitoring commenced. It
comprised two parts: the first part asked mainly about the child’s heaith and the

second part was a dwelling questionnamre, related to the child’s home

environment.

The aim of the questionnaire survey was to0 measure the severity of asthmma and to
assess the potential effects of the house charactenistcs on respiratory Symptoms

in chuidren.
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[n the first part of the questionnaire, standard questions about inforrnation on
personal and social factors such as age and gender of the child, mother’s and
father’s educational level (elementary school, high school, collage, and
university) were included. Also, the questionnaire asked if the child had ever had
asthma diagnosed by a physician had ever had wheeze or an attack of wheezmmg
that had caused himvher shortness of breath. Some further questions, related w0
personal susceptibiliry factors such as child’s hay fever, wouble breathing, aflergy
reactions, or runny nose, were also asked. Questions assessmg family history of
asthma, such as parental or sibling’s asthma, eczema, and hay fever were also

mcluded.

The second part of the questionnaire survey was mamly related w0 the child’s
home eavironment. This included maternal and paternal smoking, exposure ©
gas appliances, kerosene space heaters, fireplaces or wood fires. Environmental
factors of a physical nature such as presence of air conditioning, humdifier in the
child’s room and ventilation in the house were covered. Questions on the
presence of family pets, type of floor coverings, age of the house, garage attached

to the house, and occupant density per room were also asked.

During the second visit in summer, all parents were asked to complete a short
questionnaire in order to test for any changes in child’s bealth conditions and
his/her home environment (See Appendix D). Parents were asked to report
whether thetrr child had a cough, wheeze, hay fever, eczema, allergies, runny
nose, and watery eves in the month before the summer mounitoring commence.
Questions related 0 any changes mnside the house such as current smoking, new
carpeting, new furnirure, newly painted walls, and use of gas or electricity for

cooking were included.
ii) Atopy Assessment
In order to determine the atopic status of the study children, sk prick tests were

performed on all study ctuldren using a lancet technique. Subjects were tested ©
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extracts of: cows milk, egg white, rye grass, grass mix, house dust mites
Dermatophagoides farinae (Der p {) and Dermatophagoides pteronyssinus (Der f

1), cat hair, dog hair, fungi (Alrernaria and Aspergillus).

A saline solution was used as a negative control, and histanune was used as a
positive control. The tests were performed between July and September 1993,
during the winter monitoring. Largest wheal diameters were measured 20
minutes after pricking. The ratio of allergen wheal size divided by the histamine
wheal size was calculated, and tests were considered posiuve if the ratio was
equal to or exceeded 0.5 (Meinert, 1994). Children with at least one positive skin

test were defined as atopic.

iii) Indoor Air Monitoring - methods and instruments

In the present study indoor momtoring ot formaldehyde (HCHO), VOCs (volatile
organic compounds), particulate matter with size less than 10 microns (PM,p) and
nitrogen dioxide (NO,) was performed in each household. Sarmples ot house dust

were also collected for dust mute assessment.

Indoor concentrations of the air pollutants were measured in the bvimg room,
winter and summer. Additional measurements of formaldehyde and nitrogen

dioxide were performed in the child's bedroom.  Samples of dust mites were

collected winter and summer from the child’s bedroom floor and child’s bedding.

Indoor temperature (T°C) and relative humidity (H%) were also measured.

The methods and instruments used n the monitoring of the indoor environmental

factors are described below.



A. Nitrogen Dioxide (NO7)

Nitrogen dioxide sampling was performed using a passive sampler with
triethanolamine used as an absorbing reagent. The method used follows that

described by Palmes and colleagues (Palmes, 1976).

The passive sampler consists of a tube of seven ¢m length and ten mm mrernal
diameter, containing triethanolamine, which was used as an absorbing reagent
The sampling procedure was based on the measurement of the quantity of the gas
transferred through a tube to the absorbent by molecular diffusion durng a given
exposure period. The sampling period was eight hours for the child’s bedroom
and the living area. After exposure, the nitrite formed was eluted with water and

determined spectrophotometnically. The concentration of nitrogen dioxide was

evaluated from a prepared calibration curve.
A1  Procedure for use of sampler

Commercial acrylic tubmg was used in the study. The tubes were washed with
detergent, rinsed with distilled water and air-dried. Stainless steel grids were cut,
as each screen was with 0.3 mm diameter. The screens were cleaned and coated
with triethanolamine (TEA). Three screeus were stacked at the bottom of the
tube and a “fixed cup” was used o hold the triethanolamine coated screens m
position. For protection during storage, the other end of the tube was closed with
the same type of cap, the so-called “removable cap”. Finally, the fixed cap was

secured with a plastic tape and the tube was ready for sampling.

During the sampling the protective cap was removed and the tube was exposed to
the atmosphere. The sampling period tor nitrogen dioxide i che study was eight.
After the exposure the protective cap was replaced and the samples were kept at

room temperature until analysis.
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A2 Analysis

The analyses were performed usmng a spectrophotometer at 540 nm.  After
removing the protective cap, 2.1 ml of a combined reagent was added directly

into the sampler, mixed well and read after ten to thirty minutes trom the

spectrophotormeter.

After the analysis the stamless steel screens were cleaned by dipping them m
chromic acid, then rinsed thoroughly with distilled water, drned m an oven at
125°C, cooled and dipped mto solution of irtethanolamine (TEA) in acetone. The
screens were left on paper for 10-15 minutes to allow the acetone 0 evaporate.

After fimshing this procedure the sample was ready for a new sampling.

B. Formaldehyde

Measurements of the indoor councentrations of fortnaldehyde were conducted
using the passive sampling method described by Levin (1985). This method
utilizes passive diffusers containing acidified 2,4-dinitrophenylhydrazine
(DNPH), which reacts with ammospheric formaldehyde to form stable and non-
volatile hydrazme. The hydrazine was desorbed into a suitable solvent and its
concentration determined by high-performance liquid chromatography (HPLC).

The air sampling rate was 77 mi/min for 8 hours.

B 1 Filters used in the passive sampling

In the present study 37-mm diameter dinitropheny!-coated filters were used. The

filters were mounted with a support pad in a standard 37 mm three section filter

cassette.



B2 Diffusive sampler preparation

To prepare the 2 4-dinirophenylhydrazine (DNPH) solution, double
recrystallized 2,4-dinitrophenylhydrazine was dissolved in a solution of 83%
orthophosphoric acid (1.7 ml) and 20:80 glycerolethanoi n 90 ml of HPLC
grade acetonitrile. To prepare the filters for sampling, 0.5 mi of 2.4-
dintrophenylhydrazine solution was dispensed onto the glass fiber (filter
positioned on a sheet of glass and dried m an oven (40°-50°C). Then the filter
contaming 2,4-dinitrophenythydrazine was mounted between the muddle and the
third sections of the cassette so the cassette remained sealed untid use m the

sampling procedure. The first secton of the cassette was removed during the

sampling.
The sampling rate for the sampler was calculated from Flick's law:

Sampling rate (ml/min) = D (A/L) * 60,

where D is the diffusion coetficient of formaldehyde 0.16 cm’s™
A is the crossectional area of the sampler 8.04 crr
L is the diffusion path length [.0cm

B 3 Preparing the samples for analysis

The first step was t remove the filter from the cassette and place it in a 5 ml
plastic screw cap test tube. Theq, 3.0 ml of HPLC grade acentotrile was added to
the tube and shaken for about 1 minute before the solution was injected mro the

liquid chromatography for analyses. The concentration of formaldehyde was

determined in ppb and pg/m’.

B4 Liquid Chromatography



In the present study, high-performance liquid chromatography (HPLC), model
Hewlett Packard, series 1100 performed the formaldehyde analysis with Vanacle
Wavelength Detector. Data acquisition was done using a HP ChemSration

A.06.01. The column was Merck LiChrosper RP-18.
C. Volatile organic compounds (VOCS)

The indoor concentranion of volatde orgamc compounds m the study was
measured using active sorbent sampling method. For this purpose a relatively
small and lghtweight battery driven pump with an adjustable constant sample
flow was used. The sorbent used m the study was charcoal. The duration of the

sampling period was eight hours with sample tlow rate of 1 V/min.

C 1 Gas Chromatograph

A Perkin Elmer Autosystemn XL gas chromarograph, equipped with a detector
(FID at 250°C) and mjector at 200°C, was used in this smudy. The injection
volume was [ pl, Data acquisition was handled by Turbochrom 6.1.02:607.

The oven temperature was programmed with:
1) Initial temperature at 35°C for 6 minutes;
2) Ramp | at 20°C/min to 100°C holds for O min, and
3) Ramp 2 at 8°C/min to 200°C holds for 5 min.

C 2 Preparing the charcoal tubes for analysis

The charcoal tubes were desorbed with | mi of carbon disulfide, followed by

transferring the solvent into a vial and then analyzed by gas chromatograph (GC).
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Table 2.0 Volatile organic compounds and the corresponding

retention time

Component Name Retantion Area

Time (min) {uVv.s)

Benzene 6.645 104190.73
Toluene 9.040 125202.85
Chlorobenzene 10.261 96810.6

Ethylbenzene 10.560 132715.15
o,p — xylene 10.704 256958.90
Styrene 11.003 146338.12
m — xylene 11.093 145561.91

1,3- dichlorohenzene 12997 84102.42
1,4- dichlerobenzene 13.083 88992.39
1,2 - 13.509 89194.50

dichlorobenzene

Ten components, related to respiratory symptoms, were identified and quantified
by the external standard technique, by comparing the retention time (Table 2.0).

The concentration of VOCs is presented n pg/m’

D. Allergen levels of dust mites

Dust samples were collected from two sites: 1) the child’s bedroom floor and 2)
child’s bedding. A portable vacuum cleaner (Hoover Dustette), with disposable
bags, was used in the study. The dust was collected by vacuunung a 1-m’ surface
area of each sampling site for two minutes, which was followed by taking the bag
to the laboratory, emptied into a sealable plastic container and stored at -20°C

until analyses.



E 2 Maintenance of the DustTrak

» Each day zero checking and cleaning the 1.0 Pm and 2.5 pm inlet

conditioners were performed.

* The sample flow rate was adjusted regularly to 1.7 L/min.

¢ The internal filters were replaced when it was needed.

F. Temperature and air humidity

Tinytalk II Data Loggers measured temperature and relative hurmdity.

F1 Tinytalk Il Data Loggers.

Tinytalk [I is a battery-operated device. This unit is small and easy to use. The

logger may be programmed to delay the start of the logging cycle by up to 45

days. It can store 1800 data readings. Data may be exported from the host

software in text formats suitable for importation into spreadsheet programis.

e Tinytalk [T — Temperature Loggers: all loggers use 10K NTC Thermistors.
The available ranges of temperature measurements are from ~40°C 10 75°C.

¢ Tinytalk 1T — Relative Humidity Logger: the operating range is from 0 to 95%
relative hurmdity (RH%). The relative humidity sensor has to be exposed and

hence care must be taken not to cause damage.
F.2 Temperature and relative humidity measurements

The temperature and relative hunudity were measured in each household twice
per year, winter and summer n the living room.  The sampling period was 3

hours.



5.6  Statistical analysis

The analysis involved preliminary assessment of both the case and control
subjects datasets to ensure that coding of the data had been performed correctly.
This involved assessing the frequencies, mean, mode and median for each
variable, as well as cross tabulations of variabies. This procedure was undertaken
twice during the dara collection phase. The first time was midway through the
data collection phase and the second at the completion of data collection. Data

found to be incorrectly coded were corrected.

The next stage imvolved assessment of the mussing variables and outliers, and
determining the distributions of the variables. The latter were assessed for

continuous variables via stem and leaf plots.

A single missing value of continuous variable was replaced by the mean for all

Cases.

Variations in proportions between cases and countrols were initially assessed using
the Pearson Chi-square test. Systematic trends in the proportion of cases and
controls across the levels of an ordered categorical variable were assessed using
the Pearson Chi-square test for trend whiist dirferences between paired
proportions of cases and controls across levels ot a categorical variable, were
assessed using the McNemar test and the Spearman Rank correlation coefficient.
Differences in the means between case and control subjects were examined using
unpaired t-tests. A Levene F Test ot sumtlarity of variance preceded each t-test.

The critical level of significance adopted for each statistical test was 0.05.

Multiple regression analyses were used to analyze the relationship between one
continuous dependent variable and set of independent or predictor variables.
These analyses were performed to identify those house characteristics that

atfected the indoor concenerations of nitrogen dioxide (NO.), tormaldehyde
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(HCHO), volatile organic compounds (VOCs), particulate martter (PM,p}, and

house dust mute.

The process of constructing a multivariate regression model started with a tull
mode! including all relevant house characteristics and all possible two way
interactions. The modeling process then continued with the removal of variables
trom this full medel using the forward logistic regression  So, only the variables
that made 4 wiwiaticant contribution to the levels of indoor air pollutants were left

i1 the model

The independent contributions to the overall risk of asthma and respiratory
symptoms in children of wvariables shown to be significant in the univariate
analyses were assessed using multiple logistic regression analysis. Logistic
regression was used 1o establish a relationship between one dependent
dichotomous variable, such as asthma, and the respiratory symptoms mcluding
wheeze, cough, runny nose, and hayfever with values of 0 and 1, and one or more
independent variables. Instead of producing regression coefficients, as n the
multiple reviession models, the logistic regression generates an odds ratio. An
odds rato 1s defined as the probability or the nsk of developing a disease under
given exposure conditions related to the probability ot not developing the disease.
In every case, the process of constructing a logistic regression model started with
a full model includimg all relevant mawn effects and all possible two way
interactions. The next step in the modeling process was the removal of variables
from this full model using Backward Logistic Regression, Forward Logistic
Regression and finally Enter selection method.  Variables that only had
significant  (p<0.05) or marginally significant effect (p<0.09) on childhood

asthma and respiratory symptoms were included in the final regression model

Odds ratios and 93 percent confidence intervals were derived from the logistic
model. The parameters of the model were estimated using the maximum-

likelhihood method.
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Statistical analyses were performed usmg SPSS for Windows, version 9.

Finally, in order to assess the potential impact of the exposure to the significant
risk factors for asthma a population attwributable risk proportion (PARP) was
calculated using the formula described by Fleiss (1979). The population
attributable risk (PAR) is defined as the fracuion of all cases of a disease in a
population, which can be attributed to exposure to a given risk factor. If Pe
denotes the proportion of the population exposed to the risk factor and R the

relative risk, PAR may be defined as:
PAR=P,(R-1)/Pe(R~-1)+1

Some authors (Cole and MacMahon, 1971; Walter, 1975) have considered PAR
estimation from case-control studies, when it was assumed that the odds ratio
closely approximates R and that the rate of exposure in the control group closely
approximates P,. So, the formula, which corresponds to a case-control study,

may be defined as:
PARP=P.(OR-1)/1+ P, (OR -1) (1)

In the present study, the population attributable risk proportions (PARP) were
calculated using the odds ratios from the multivariate model. The population
attributable fraction is defined as the fraction of the total number of causes of the
disease that would not have occurred in the population if the causally related
factor had been absent. Thus, this is an estimate of the fraction of the cases of the

disease that might be prevented by eliminating exposure to a risk factor,

Finally, a number of measures of reliability and validity were built into the study
design. Proportion of agreement, Kappa statistic and McNemar test for
significance of change were used to assess the reliability of the questtonnare

{Altman, 1995).
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3.7 Ethical considerations

[t was acknowledged thar all participants had to spend some time on the study
and the major considerarion was to minumise participant inconvenience. All
parents or guardians of the study children were invited in writing to participate mn
the study. Those parents willing to participate responded by signing a “consent
to participate” form and completing a respiratory questionnaire. Each child was
given an identification number and names were not used. All the study data
remained strictly confidential and it is stored m locked archives at Curtn
Umversity. All research data was aggregated and the research findings will be
published in a form that will not allow identification of any mdividual

Throughout the study the privacy of the participants was protected at all times.

The Human Research Ethics Committee at Cwrtin University, the Princess
Margaret Hospital Ethics Coummittee and the Confidentiality of Health

Information Committee at the Health Department of Western Australia approved

the study and the questionnaire.
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CHAPTER SIX

RESULTS

6.1 Introduction

This chapter describes the resuits of univariate and multivariate analyses. The
wmitial part of the Chapter describes the demographic features of the case and

conwel subjects, their health stamus, child’s family factors and house

characreristics.
This is followed by multivariate models of asthma and respiratory symptoms.

The remainder of the Chapter includes multivariate models of the studied indoor
air pollutants including nirogen dioxide, formaldehyde, volatile orgamc
compounds, allergen levels of house dust mire, and particulate matter. These
analyses examine potential house characteristcs that might influence the mdoor
levels of air pollutants such as ventilation, gas appliances, presence of air

conditioning, humidifier and etc. Multivariate models of indoor temperature and

relative hurmdity are also included.

There are two separate models for winter and surmmer. These analyses address

the aims and objectives of the study.



Finally, the public health tmpact of the exposure variables, that were signuficantly
predictive of the likelithood of childhood asthma, 15 examined by population

attributable risk proportion (PARP).
6.2  Study poputation
One hundred and mnety two children participated m the study. Eighty eight

children were diagnosed with asthma and 104 children were conmols.

6.2.1 Demographic features of the sample
1) Age

Children aged between 6 months and 5 years old, participated in the study. The

summary statistics for age of the study subject are reported m Table 2.1

Table 2.1 Summary statistics for age (months) in winter

Asthma N Minimum Maximum | Mean Std. 95% CI
Status - : Deviation
No 104 6 36 19.59 7.54 |18.12-21.05
Yes 88 6 36 24.50 7.46 |22.92-26.08

From Table 2.1 is evident that the mean age of case subjects was higher than

controls and the difference was significant (t = -4.32, df = 190; p = 0.000).

During summer [2 participants were lost to follow up due to moving interstate or
overseas but the distribution of the age was sumilar as those in winter (Table 2.2).
The difference in mean age between case subjects and controls (t = - 4.52; df =

178; p = 0.000) remained significant.
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Table 2.2 Summary statistics for age (months) in summer

Asthma N Minimum |Maximum| Mean Sid. 95% €I
child Deviation
No 96 5] 36 19.51 7.63 17.95-21.05
Yes 84 6 36 24.74 7.64 |23.04-26.38

2) Gender of the study subjects

Of the 192 children in the study, 124 (65%) were boys and 68 (35%) were girls.

Table 2.3 and Table 2.4 report the distribution of gender according to asthma

starus.

Although there were significantly more boys (69.3%) as girls (30.7%) diagnosed

with asthma, the ditference in gender between case and control subjects was not

significant in winter (* = 1.58; df = 1, p = 0.20).

Though twelve children were lost to follow up during the summer monitoring,
more boys 116 (64%) than girls 64 (36%) continued to participate in the srudy.

The difference i gender between asthmatic and non-asthmatic children was not

significant (x> = 1.45;df=1,p=0.23).

Table 2.3 Distribution of gender according to asthma
status of the children in winter

Asthma | Gender | Percent 95% CI
child (%) (%)

No Girls 394 29.99-49.48

Boys 60.6 50.51-70.02

Yes Girls 30.7 21.29-41.42

Boys 69.3 58.58-78.71
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Table 2.4 Distribution of gender according to
asthma status of the children in summer

Asthma | Gender Percent 95% CI
child (%) (%)
No Girls 40.9 30.71-51.13
Bays 59.4 48.87-69.28
Yes Girls 31.0 21.31-41.98
Boys 69.0 58.02-78.68

6.2.2 Day care attendance

[n order to collect information on whether the study subjects were exposed to
indoor environment, different from those at home, the health questionnaire asked
questions pertaining o a day care attendance and if so, for how many hours on a

daily basis. The study results are reported in Table 2.5 and in Table 2.6.

It is evident from the Table 2.5 that more asthmatic (48%) than non-asthmatic
children (31%) have artended a day care and the difference was significant (x2 =
578, df =1, p=0.016).

Table 2.5 Attendance of day care according to
asthma status of the study subjects

Asthma: [ Attendance | Percent 95% ClI

child jofdaycare| (%) | (%}
No No 69.2 59.42-77.91
Yes 30.8 22.09-40.58
Yas No 523 41.35-63.04
Yes No 52.3 41.35-63.04
Yes 47.7 36.96-58.65
Yes 47.7 36.96-58.65

Accordmg to Table 2.6, children diagnosed with asthma spend more hours at day
care than the non-asthmaric children. The difference is significant (p=0.02) and

the value of the Spearman's rank correlation isr = 0.163.
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Table 2.6 Attendance a day care per week among case and control

subjects
Time : Asthma Status

Asthmatic 95%Cl  Non- 95% Ct

: asthmatic o

No attendar;ce 45 34.80-56.42 71 61.44-79.62
1-5 hrs 9 4.0-17.13 6 2.1-12.13
6-10 hrs 11 15.58-19.90 8 2.1-12.14
11-20hrs 6 2.10-12.13 10 4.70-18.97
21 hrs or more 17 9.87-26.55 11 15.58-19.90

6.3 Characteristics of the child’s family

Each parent or guardian has answered a schedule of questions pertaining to the
family characteristics of the study subjects such as asthma status of the child’s
parents and siblings, presence of eczema and hayfever. Questions regarding the

educational level of the parents and smoking habits inside the house have also

been mcluded.

6.3.1 Health characteristics of child’s parents and siblings

Among the mothers of the case subjects 36% had asthma compared to 20% of
those i coutrols and the difference was significant (x> =62,df = 1, p = 0.01)
(Table 2.7). Withmn the case group, 26% of the fathers reported to bave asthma,
whilst in the control group 21% had asthma but the difference was not significant
(::c2 =0.55; df = 1, p = 0.45). More than a double the number of siblings of the
asthmatic had asthma compared to those of non-asthmatic children and the
difference was sigmificant (x*= 10.78; df = 1; p = 0.001).
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Table 2.7 Prevalence of asthma among child's parents and siblings

Cases 95% Cl Controis 95% Cl | P-value
. (R ' (%) -
Asthma mother 36.4 26.37-47.31 20.2 12.95-29.19 0.012
Asthma father 26.1 17.35-36.59 221 14.56-31.31 0.45
Asthma 6.4 26.37-47.31 15.4 9,05-23.77 0.001
brother/sister [

According to the results presented in Table 2.8 both parents of the case subjects
suffered from eczema more than those of the control subjects but the difterence
was not significant for the mothers (3* = 0.80; df = 1; p = 0.37) or for the fathers
(¢ = 1.32; df = L; p = 0.22). Although more siblings of the case subjects were
reported to have eczema, the difference between cases and controls was also not

significant (= 0.56; df = 1; p = 0.45).

Table 2.8 Prevalence of hay fever and eczema among child’s parents and

siblings
Cases . 95% €l Cantrols 95% Cl - P-value
. (%) (%) - S
Eczema mather 30.7 21.29-41 42 25 17.03-34.44 0.37
" Eczema father 18.2 | 10.76-27.84 12.5 6.83-20.44 0.25
Eczema 26.1 | 17.35-36.59 21.2 13.75-30.25 0.45
brother/sister
Hayfever mother 54.5 43.57-65.2 49 39.10-59.03 Q.35
Hayfever father 386 28.44-49.62 375 28.19-47.53 0.67
Hayfever 22,7 14.47-32.90 12,5 6.82-20.42 0.06
brother/sister

The number of sibiings reported to have symproms of hayfever was margmally
different for the case and control subjects (x*=3.3;df = 1, p = 0.06). The
difference of having hayfever between asthmaric and non-asthmatic children was
not significant for mothers (x* = 0.86, df = 1; p = 0.35) or for fathers (xz =0.17,
df=1; p=0.67).

87



6.3.2 Educational ievel of the parents

In order to mvestigate the relationshup berween parent’s education and childhood

asthma, all parents or guardians were asked to give information on the level of

education they attained.

Table 2.9 and Table 3.0 illustrate the level of educarion attamed by the parents
according ro the asthma status of the study subjects. The educational level was
classitied as lower secondary school (years 8 to 10), upper secondary school
{years |1 and 12), Technical and Further Educauion (TAFE), and tertiary

(aniversity) education. Most of the parents of the case and control subjects

completed upper secondary school education.

The Kruskal Wallis test showed that there was no significant duference m the
level of maternal education (x* = 0.00; df = 1; p = 0.99) and paternal education

(x* = 1.50; df =1, p = 0.22) between cases and controls.
p

Table 2.9 Distribution of case and control subjects by
mother’s educational level
Asthma Level of Percent || 95%Cl

Child. Education {%o) {75}
No Year 10 and 231 14.56-31.31
below

Year 11 and 12 2.0 12.95-29.19

TAFE 15.4 9.05-23.78

University 36.5 27.31-46.55

Yes Year 10 and 30.7 21.29-41.42

belaow
Year 12 12.5 6.40-21.26
TAFE 14.8 8.11-23.93

University 39.8 29.49-50.77

|
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Table 3.0 Distribution of case and control subjects by
father's educational level

Asthma |Levei of Education| Percent 95% CI

child (%6) (%)
No Year 10 and below 26.0 17.85-35.48
Year 11 and 12 16.3 9.82-24 87
TAFE 27.8 19.53-37.53
University 28.8 20.38-38.55
Yes Year 10 and below 19.3 11.67-29.12
Year 11 and 12 19.3 11.67-29.12
TAFE 18.2 10.76-27.84
University 38.6 28.44-49.62

6.4 Health status of the study subjects

The data related o child’s health status covered the following topics:
l. Asthma status of the children
2. Respiratory symptoms, including cough, wheeze, shortness of breath;
runny nose, gouble breathing, hayfever in cases and controls;

Atopic status of the case and control subjects.

Ll

All parents or guardians were asked to report any of the following symptoms
experienced from their child 3 months before the monitoring commnenced:

*  Asthma status;

s Wheeze;

+  Breathlessuess;

* Cough;,

+ Runny nose and haytever, and

* Atopic status.
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6.4.1 Asthma status of the study subjects

Due to family reasons twelve children pulled out of the study so out ot 180, 84

were cases and 96 were contro! subjects.
6.4.2 Wheeze

As wheezing is one of the classic sign of asthma (the definition is referred to the
description given by the International Study of Allergy and Asthma in Children,
ISAAC, 1998) the health questionnaire asked whether the child had ever
experienced wheezing and if so how often this symptom occurred:

¢ with a cold:

* apart froma cold; and

* most of the day and night.

The frequency of wheeze according to asthma status of the children is reported i

Table 3.1.

Table 3.1 Frequency of wheeze among case and control subjects in winter

Asthma child Wheeze Frequency (%) 95% Cl (%)

Yes No 34 0.71 - 9.64
With a cold 28.4 19.30 - 39.02
Apart from a cold 8.0 3.26 - 15.71
Most of the time 60.2 49.23 - 70.51

No No 56.7 46.65-66.41
With a cold 24.0 16.20-33.41
Apart from a coid 9.6 4.71-16.97
Most of the time 9.7 4.61-16.97

%0



[t is evident from the table that asthmartic children had six times more wheezing
most of the time than non-asthmatic children. As an overall estimation, 96.6% of

the case subjects had wheeze compared to 43.3% of the control subjects and the

difference was significant with (x> =72.86;df = L, p = 0.000).

The frequency of wheeze appeared to be fewer in summer (Table 5.2) compared
to winter, and the test for significance of change, showed that the difference

the frequency of wheeze between both seasons, wmter and summer, was

significant (x°= 16.26; df =1; p = 0.000).

Table 3.2 Frequency of wheeze in summer

Asthma Wheeze

status Yes (%) 95% Cl (%) No (%) 95% CI (%)
Cases 51.2 40.03 -62.25 48.8 37.74 - 59.56
Controis 3.1 0.65 - 8.86 96.9 91.14-99.35

6.4.3 Breathlessness

The study investigated whether the study subjects had experienced shortness of

breath (the definition s referred 10 ISAAC, 1998) and if so, how often it

occurred. The results are reported in Table 3.3.

Tabie 3.3 Frequency of shortness of breath in cases and controls

Asthma | Shortness of breath Frequency 95% Ct
child (%) (%)

No No 86.5 78.44-92.44
1-3 episodes per week 1.0 + 0.02-524
>3 episodes per week 12.5 6.83-20.43

Yes No 18.2 10.76-27.84
1-3 episodes per week 25.0 16.38-35.37
>3 episodes per week 56,8 45.82-67.34
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The majority of asthma free children (86.3%) did not report such symptoms,
while 82% among the asthmaric children had three or more episodes per week.
The Chi Square test of significance showed that the difference w the frequency of
breathlessness between cases and controls was significant (x3 =101.21;df=1;p

= 0.000).
6.4.4 Cough

As part of the health questionnaire, all parents were asked to provide information
tf therr child had experienced a cough in the last 6 months before the monitoring
commenced:

* with a cold;

* apart from a cold; and

* most of the day and might;
The study results for winter months are reported in the Table 3.4.

The table above shows that two and a half times more asthmatic children had a

cough most of cthe tme, compared with non-asthmaric children and the Chi-

Square test was significant (°= 38.26; df = 1; p = 0.000).

Table 3.4 Frequency of cough in cases and controls in winter

Cough Cases 95% CI Controls 95% CI
(%} (%} - (%) (%)

No 34 0.71-9.64 269 18.69-36.51

With coid _ 28.4 19.30-39.02 385 29.09-48.51

Apart from cold 8 3.26-15.70 10.6 5.40-18.13

Most days and 60.2 49.23-70.51 2449 16.20-33.41

nights




Table 3.5 reports the frequency of cougn among the case and control subjects
during summer and the study findings showed that the asthmaric children
experienced cough twice as often as non-asthmatic children and the difference
was significant (3 = 21.19; df = [; p = 0.000).

The McNemar test for the significance of change, showed a significant change o
the frequency of cough between winter and sumnmer, for cases (p= 0.000) and

controls (p= 0.000). [n wmter 97% of the case subjects reporied having a cough

while m summer they were only 67%.

Table 3.5 Frequency of cough in cases and controls in summer

Asthma Cough
status Yes (%) 95% Cl (%) Nao (%) 95% CI (%)
Cases 66.7 55.54-76.58 33.3 | 23.42-44.48

Controls 32.3 23.10-42.61 62.7 | 52.03-72.18

6.4.5 Runny nose and hay fever

As part of the study, each parent or guardian answered questions related to
presence of symptorns of haytever and runny nose in their child. The results
{Table 3.6) showed that 94% of the case subjects reported o have a runny nose

commpared with 63% ot the control subjects and the difference was significant

(x* =27.55,di = 1, p = 0.000).

Table 3.6 Frequency of runny nose in study children in winter

Runny nose Case subjects "~ Control subjects
(Occurrence} | % 95% Cl (%) | % 95% Ct (%)
No 5.7 1.87-12.76 | 308 22.09 - 40.58
Occasionally | 60 49.23 - 70.51 | 58.7 48.58 — 68.22
Frequently 34.1 24.31 - 44.97 | 106 5.4-18.14

With regard to hay fasver, 28% of the asthmatic children had this symptom

compared with 6.8% to non-asthunatic children and the ditference was significant

(> =17 34; df = 1; p = 0.000) (Table 3.7).
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Table 3.7 Frequency of hay fever in study children in winter

Hay fever Case subjects Control subjects
(QOccurrence) | % 95% Ct{%) | % 95% ClI (%)
No 65.9 55.03-75.68 | 93.3 86.62 - 97.25
Occasionally | 27.3 18.32 - 37.80 5.8 2.14-12.13
Frequently 1.1 0.03-56.17 1.0 0.02-5.24

In order o determune whether there is a change in the frequency of runny nose
and hay fever between summer and winter months, all parents were asked ©
report if their child had runny nose and hay tever in the month before the summer

visit. The results are shown in Table 3.8 and Table 3.9.

The Chi-square test of significance showed that there was a significant difference
in the frequency of runny nose and hay fever during summer between the case
and (xz = 10.23; df = |, p=0.0014) and control subjects (;{_2 = 14.32; df:
p=0.0002). With regard to runny nose, 71% asthmatic children complamed

having runny nose compared with 48% in control subjects.

Table 3.8 Frequency of runny nose among cases and controls in summer

Runny nose Case subjects Control subjects
(Occurrence) i % 95% Cl (%) | % 95% CI (%)
No 28.6 19.24 - 39.47 | 52.1 4164 - 62.39
Yes 71.4 60.53 -80.76 | 47.9 37.61-58.35

The McNemar test shows that there was a significant change m the frequency of

having runny nose and hay fever berween winter and summer, for the case and

control subjects with p=0.0000 and p=0.0000, respectively.

Tabie 3.9 Frequency of hay fever among cases and controls in summer

Hay fever Case subjects Control subjects
{Qccurrence) | % 95% CI (%) Y% 95% Cl (%}
| No 1 70.92 - 88.70 97.9 92.67 - 99.74
Yes 19 11.30 - 29.08 2.1 0.25 - 7.32
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6.4.6 Atopic status of the study subjects

[n order to deterrmmne the atopic status of the study children, skin prick tests were
performed on all children for common allergens (See Chapter 3.1). The results

are reported o the Table 4.0.

Sixty three percent of all chuldren were found to be atopic, but more cases (72%)

than controls (50%) were defined as atopic and the difference was significant

with (3> = 10.6; df = 1; p = 0.001).

Table 4.0 Atopic status of cases and controls

Atopy Cases 95% Cl Controls 95% Cl

(%) (%) (%) (%)
Yes 71.6 60.98-80.70 50.0 40.03-59.97
No 227 14.46-32.89 45.2 35.41-55.25
Missing data 5.7 4.8

6.5 House characteristics

As part of the study all parents or guardians completed a dwelling questionnaire
to gather information on the living environment of the residents to ascertain if
this affected the indoor air quality and child’s respiratory symptoms. Each parent
or guardian answered a schedule of questions related to their house such as type
of heatmg and cooking; air conditioning and ventilarion in the child’s bedroom
and the living room; smoking wmside the house; use of humidifier and kerosene
for heattng. Questions such as family pets, type of tloor coverings, age of the
house, and occupant density per room were also included. Table 4.1 summarises
the results of the study with regard to the following house characteristics:
presence of gas and electric appliances; presence of closed and open fire places;

smoking status in the house; presence of air conditioning; presence of humidifier;

attached garage 1o the house, and age of the house.
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Fifty five percent of all study fanulies reported to use gas heaters, as more
controls (55%) than cases (51°%) were exposed to them but the difference was not
significant (x° = 0.49; df = i, p = 0.48). Thirty nine percent of cases were
exposed to uaflued gas heaters compared o 36% of control subjects and the

difference was also ot significant (x> = 1.06;df = 1; p = 0.3).

Table 4.1 Comparison in some house characteristics between case and

control subjects

Hause appliances Cases (%) Controls (%) P-vaiue
Gas heaters 51 55 0.48
Gas cooking 69 85 0.47
appliances
Electric appliances 61.4 55.8 0.48
Closed wood fire 19.3 28.8 0.13
Open fireplace 4.5 9.6 0.18
Kerosene space 0 6.7 0.01
heater

Smoking inside:

- visitiors 6.7 6.8 0.51

- parents 4.5 8.7 0.99
Air conditioning:

- in child’ bedroom 27.3 36.5 0.17
- central 33 51.9 0.008
Humidifier 17 10.6 0.19
Attached garage 36.4 44.2 0.27
Age of the house

- < 5 years old 227 18.3 6.7

- 5-10 years 13.6 16.3

- 10 years oid 65.6 64.4

Eighty percent of the families used gas for cooking as 85% of controls and 69%
of cases but the ditference was also not sigmificant (:(1 =031.df=1; p=0.47).
Furthermore, no case subjects reported to have kerosene space heaters inside the
house while among the controls they were 7%. Within the case group, 24% had

fireptaces whilst in the control group there were 38% but the difference was not
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significant (* = 1.81; df = 1; p =0.18). The study showed that the frequency of
using closed wood fire and fireplaces 15 hugher among controls compared to cases

but the difference was not significant for wood fire (=234, df =1, p=0.12) or

fire place (}*= 1.81;df = 1, p=0.18).

The study results demonstrated that 90% of the families avoided smoking instde

and within the control group only 13.4% of the families reported to smoke inside

whilst'in the case group they were 11.3%.

Forty three percent of the famulies indicated of having central air conditioning m

the house as 52% were conmols compared to 33% of cases and the difference was

significant (x*= 5.12;df = 1, p = 0.008).

Only 13% of the study residences had a humidifier. The frequency was greater w
the case than in the control group but the difference was not significant (X =
1 70; df =1, p=0.193). There was also 1o significant difference in having a

garage attached to the house between case and control subjects (x*=122,df;p=

0.26).

According to the study results, 20% of all families live i a mew house, aged less

then 5 years as cases were more (23%) than controls ( 139 but the difference was

not significant (3* = 0.14; df = 1, p = 0.71).

The present study found that 34% among the case subjects kept family pets mside
the house compared to 44% in controls but the Chi — square test showed no

significant difference berween case and control subjects (x° = 2.05. df = 1, p =

0.15).
6.5.1 Ventilation in the house

Table 4.2 shows the results with regard to the type of ventilation in the house.
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The Chi-square test for significance showed thar there is no sigmificant difference
with regard to the subjective perception of the adequacy of ventilation in the
house between case and control subjects for the ctuld's bedrocm (x2 = 0.00; df

=1, p =0.98) and the living room(xlz 0.01; df =1, p =0.92).

Table 4.2 Parent’s evaluation of ventilation in the child’s bedroom and the

living room in dwellings with and without asthmatic child

Ventilation Cases [ 95% ClI Controis 95% Cl
(%) (%) (%) (%)

Living room

very good 54.5 43.58-65.20 896.7 46.65-66.41

good 375 27.40-48-46 39.4 29.98-49.49

poor 2.3 0.27-7.97 2.9 0.59-8.19

Child’s room

very good 30.7 21.29-41.42 32.7 23.81-42.59

good 63.6 52.69-73.63 58.7 48.58-68.22

poor 5.7 1.87-12.76 8.7 4.03-15.79

6.5.2 Floor covering in the child’s bedroom and the living

raom

The dwelling questionnaire investigated the type of floor covering people used

most, which mcluded carpet. slate, ceramic, floorboards or parquet, linoleum, and

concrete.

Table 4.3 and Table 4.4 present the results and it becomes evident that the most

commonly used floor covering 1§ carpet.
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Table 4.3 Floor coverings used in dwellings with asthmatic child

Cases
Floor Child’s 95% Cli Living 95% CI Both 95% ClI
covering rgom (%) room {%) rooms (%)
Y% Y% %

Carpet 318 22.29-42.61 1.1 0.03-6.17 43.2 32.66-54.18

Ceramic 0] 26 17.25-36-59 1.1 0.03-6.17

Lincleum 2.3 0.27-7.97 8.0 3.26-15.70 1.1 0.03-6.17
Concrete | 0 4.5 1.35-11.23 1.1 0.03-6.17

Slate 0 - 8.7 2.54-14.25 0 -

Parquet/ 9 4.00-17.13 12 6.41-21.27 12 6.41-21.27

floor

boards

Ninety one percent of the study families reported to have carpet m both rooms, in

the child’s bedroom and in the living area, as 49% were cases and 43% were

controls but the difference was not significant (* = 2.50; df = 1; p = 0.11). The

second most frequently used floor covering is parquet or floor boards with 12%

among cases and the same percent in controls.

Tabie 4.4 Fioor coverings used in dwellings with non-asthmatic child

Contrais

Fioor Child’'s 95% CI i.iving 95% ClI Both 95% Ct
covering Roem {%%) room (%) roams (%6}

o % %
Carpet 356 26.43-42.61 3.3 1.06-9.55 49.0 39.10-59.03
Ceramic 0 - 21.2 13.75-30.28 0 -
Linoleum 0 - 13.5 7.56-21.55 0 -
Concrete - 1.9 0.23-6.77 0 -
Slate ()] - 9.1 4.03-15.79 0 -
Parquet/ 3 0.60-8.20 3 6.11-19.30 12.5 6.31-20.43
Floor
boards
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6.6 Concentrations of indoor environmental irritants

During the study the following four air pollutants were monitored inside each
house:

¢ Nitrogen dioxide {(NGa);

¢ Formaldehyde (HCHO);

e Volatile organic compounds (VOCs);

* Particulate matter (PM ).

The allergen levels of house dust mites, indoor temperature and relative humidicy

were also measured.

In order to examine if there was a seasonal difference in the levels of indoor air

pollutants, each household was monitored twice over one year in wimter and

suminer.

6.6.1 indoor concentrations of nitrogen dioxide (NO)

Recently, the Committee of the Nartional Environmental Protection Council
(statutory body established in Australia, 1995, to develop environmental
protection policy) proposed a maximum one-hour exposure level of 125 ppb (235
ug/uf) to nitrogen dioxide, which was adopted as the recommended standard

level of nitrogen dioxide for Australia (NEPCC, 1997).

The levels of NO, during winter in the child’s bedroom ranged from 7 3 ppb (15
ug/mr) to 271 ppb (510 ug/m’) and these levels tended to be lower than those in
the living room. which ranged from 9.6 ppb (13 ug/m’) to 296 ppb (356 ug/m’).
There was a small but staustically signiticant positive correlation between the

levels of the two rooms (r = 0.497, p = 0.000).

The distribution of nitrogen dioxide is not normal and thus a transformation was

performed to reduce the skewness. Normal [ogarithmic transformations were
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apptied and the geometric mean and geometric standard deviation were calculated
as an estunate of average for the transtormed data. Table 4.5 displays the

summary statistics for mrrogen dioxide, winter monito ring.

The study results indicated that the mean levels of NO, in winter were lower then
the recommended stapdard value. Higher levels than the standard were measured

m 13 families with and among 31 farmilies withour asthrnatic child.

The results ffom summer mouitoring showed a small but statistically significant

positive correlation between summer levels of nitrogen dioxide m both rooms,

the child’s bedroom and the living room, (r=0.350, p=0.000).

Table 4.5 Summary statistics for indoor concentrations of NO; (ppb) in

winter and summer

Cases Controls p-
Geometric StDev ; Geometric St Dev value
mean Mean

Winter
- child's room 4.15 0.65 4.40 0.63 0.008
- living rcom 4.11 0.74 4.26 0.88 0.22
Summer
- child’s room B.36 2.63 8.39 2.89 0.41
- living roam B.57 2.33 B.59 2.72 0.38

The leveis of NO, in the child’s bedroom were lower than those in the living

ro0m N swmimer.

The Wilcoxon Signed Pared Test showed a significant difference m the
concentrations of nitrogen dioxide between winter and summer for the child’s

bedroom (Z = -5.616; p = 0.000) but not tor the living room (Z = -1.217; p=0.22).
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6.6.2 Indoor concentrations of formaldehyde (HCHO)

According to the Narional Health and Research Medical Council, the maximurn
permissible level of exposure to formaldehyde within domestic premises and

schools in Australia is 120 pg/m’ (NHRMC, 1983).

There was a statistically significant positive correlation between the levels of
formaldehyde in the child’s bedroom and the living room {r=0.384, p=0.000) fer

the winrer.

To reduce the extreme skewness and improve the normality, the data for

formaldehyde was logarithmically transformed.

Summary statistics for formaldehyde (HCHO) for wimter and summer for both

rooms, the child’s bedroom and in the living room are presented in the Table 4.6.

Table 4.6 Summary statistics for indoor concentrations of formaldehyde

(HCHO) (ng/m”) in winter and summer

Cases Controls p-
Geometric St Dev Geometric StDev | value
mean mearn

Winter
- child’s room 3.63 1.43 3.85 1.58 0.32
- living room 3.64 1.37 3.77 1.39 0.50
Summer
- child’s room 3.20 1.00 2,94 0.67 0.04
- living room 3.13 0.88 2.80 0.88 0.01

During winter monitoring the levels of formaldehyde in the bedroom ranged trom
0.24 to 62.91 pg/m’ and these fevels tended to be lower than those i the living
room, which ranged from 0.61 to 80.05 wg/m’. During the winter, all children

were exposed to levels lower than the recommended levels of exposure.
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There was a staristically significant positive correlation between formaldehyde
levels (summer) in the chiuld’s bedroom and the Lving room {r = 0.365. p =
0.000). The levels of formaldehyde in the child’s bedroom ranged from 0.49 two
223 ug/ml, which levels were higher than those in the lving room, which varied

from 0.73 o 189.72 ug/m’.

The Wilcoxon Signed Ranked test showed staustical significance for
formaldehyde levels between winter and summer for the child’s’ bedroom (Z = -

10.41; p=0.000) and the living room and the living room (Z = - 6.61; p=0.000).

6.6.3 Indoor concentrations of volatile organic compounds
(VOCs)

The following ten volatile organic compounds were momutored during winter and
surmer, m the living room: benzene; toluene; chlorobenzene; ethylbenzene; p-
xylene; sryrene; m-xylene: 1 3-dichlorobencene; I 4-dichlorobenzene, and I2-
dichlorobenzene. According to the National Health and Medical Research
Council, the maximum premissible level of exposure to VOCs is 500 pg/nf

average per hour, as a single compound should not contribute more than 50% of

the toral

The evaluation of assumptions for normality led w0 wansformation of the data for
all compounds to reduce skewnes, reduce the number of outliers and improve the
normahity. All possible transformations were perfonmed but normality was

improved after delering some outliers.

Summary statistic for the volatile organic compounds, winter and surnmer data,
are shown in Table 4.7. The results demonstrate that the levels of VOCs didn't
exceed the recommended threshold Limit of exposure. Also, the mean values for
most volatile compounds in winter appeared to be similar for the case and control

subjects, with no significant difference between them, except for m-xylene.

13



Table 4.7 Summary statistics for selected volatile organic compounds

(ug/m*), winter and summer

Volatile Organic Cases Controls P-value
Compound itean St Dev Mean St Dev

Winter

- Benzene 49.26 32.94 46.49 23.64 0.5
- Toluene 16.06 19.01 19.77 14.02 0.82
- Chlorobenzene 1.49 413 275 6.64 0.06
- Ethylbenzene 1.70 3.00 1.90 3.24 0.44
- P-xylene 11.86 11.98 12.26 12.13 0.75
- Styrene 0.73 2.83 0.77 1.82 0.42
- M-xylene 1.68 3.91 2.8 5.43 0.02
- 1,3 Dichlorobenzene 12.58 9.26 17.26  26.29 0.22
- 1,4 Dichiorobenzene 5.67 14.11 3.24 6.25 0.27
- 1,2 Dichlorobenzene 16.87 31.25 28.40 35.56 0.12
Summer .
- Benzene 20.92 14.57 8.35 9.84 0.000
- Toluene 17.08 20.88 7.90 6.38 0.000
- Chlorobenzene 1.57 6.36 0.27 1.06 0.02
- Ethylbenzene 2.23 .16 1.9 1.38 0.001
- P-xylene 9.89 15.41 4.75 4860 0.001
- Styrene 0.46 1.25 0.13 0.65 0.1
- M-xylene 16.29 79.44 1.87 4.42 0.008
- 1,3 Dichlorobenzene 13.03 27.85 4.36 9.83 0.001
- 1,4 Dichiorobenzene 2.56 13.75 036 138 0.001
- 1,2 Dichlorcbenzene 16.73 27.1 B.09 1341 0.016

In contrast to the findings for wimnter, the difference in the mean values of all
compounds berween the case and control subjects for summer is significant as
case subjects were exposed o significantly higher levels compared o control

subjects.

Ll %

The t-test found a statistically significant difference between summer and winter
mean concentrations for ail study volarie organic compounds. sxcept for

ethylbenzeae (p = 0.4) and m-xylene {p = 0.2)
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6.6.4 Indoor concentrations of particulate matter (PM,)

United States Environmental Protection Agency has established 24-hour standard

of exposure to particulate mater, which is 150 pg/m’.

The evaluation of the assumption of normality led to logarithmic transformation

of the data for particulate marter (PMq).
The study found that the average concentration for indoor particles in winter was

45.71ug/m’ (St Dev: 40.09), which is slightly higher than those in summer -
39.12 pg/m’ (St Dev- 22.20) but the difference was not significant (p = 0.26).

Summary statistics for particulate matter (PMip) m winter and summer is

displayed in the Table 4.8.

Table 4.8 Summary statistics for particulate matter (PM,q) in pg/m’

Cases Controts p-value .
‘Mean StDev | Mean St Dev
Winter 4553 39.79 |45.86 40.55 0.95
Summer | 40.14 19.28 |[3824 2455 0.56

There was no notable difference in concentrations of the particles between cases
and coutrols for winter and summer. Furthermore, the difference in the

concentrations of particulate matter between winter and summer was also not

significant (p=0.129).
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6.6.5 Allergen {evels of house dust mite

The evaluation of the assumption of normality led to wansformation of the data
for house dust mite for winter and summer. All possible transtormations were

used but normality was improved after deleting some outliers.

The summary statistics for house dust mites, winter and surmmer data, are shown
m Table 4.9. The mean allergen level of house dust mites for winter was 0.65
png/em which was iess then those in summer (1.1 [ pg/gm) and the difference was
significant with p= 0.009. The dJdutcrence in the levels of house dust mite
between cases and controls was signuficantly different for winter (-2.73; df =190;

p = 0.007) and summer (- 4.53; df = 178; p = 0.000).

Table 4.9 Summary statistics for the allergen levels of house dust mites

for case and ¢ontrol subjects

Cases Controls p-value
Mean St Dev Mean  Stdev
Winter 1.15 3.50 0.19 0.56 0.007
Summer 1.99 3.39 0.34 1.05 0.000

6.6.6 Indoor temperature (T°C) and relative humidity (RH%)

The distribution of the relative humidity and the temperature were not normal and
in order to reduce the skewness, number of outliers and improve the gormality a
log linear transformation was used for both, the temperature and the relative

hunudity. Summary statistic for the indoor temperature and relative humadity is

displayed in the Table 3.0.
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Table 5.0 Summary statistics for the average indoor temperature (T°C) and

relative humidity (RH%), winter and summer

Cases Controls p-vaiue
Geom. Mean StDev | Geom. Mean StDev

Temperature ( C)

Winter 2.99 0.14 2.95 c.11 0.13
Summer 3.27 0.14 3.26 0.09 0.41
Relative Humidity (%)

Winter 4.01 0.18 3.97 0.18 0.41
Summer 3.96 0.17 3.3 0.17 0.38

The study did not find a significant difference in the temperature and in the
relative humidity between case and control subjects but there was a sigmficant
difference in the values for of the temperanue and relative humdity between
winter and summer, (t = 7.1; df = 179; p=0.000) (t = 12.98; df = 179; p=0.021},

respectively.

6.6.7 Summary statistics for indoor concentrations of the

environmental irritants

Table 5.1 summarises the nformation found in the study with regard to the

concentrations of the study indoor pollutants.
Nitrogen dioxide levels were significantly different between case and countrol

subjects in winter, as the lugher copcentrations were measured m houses of noa-

asthmatic children.

It is evident from the study findings that indoor concentrations of formaldehyde
are much higher during summer compared to those i winter. Also, the
concentrations of formaldehyde vary between the houses with and without

asthmatic children and between the two seasons, winter and summer.
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_Table 5.1 Seasonal variations of the studied indoor air pollutants for the

case and cantrol subjects

Environmental Winter Summer
Irritant Cases | Controis | P-value | Cases | Controls P-value
Nitrogen Dioxide
ppb (Wg/m’)
Mean 76.75 99.65 0.004 76.72 78.71 0.80
(144) (187) (144) (148)
St Dev 46.08 46.08 43.82 58.67
Formaldehyde
(ng/m3)
Mean 15.32 17.32 0.26 37.78 23.50 0.001
St Dev 11.47 13.54 37.80 16.56
PM1Q (pg/m3)
Mean 45.53 45.86 0.95 40.14 38.24 0.57
St Dev 39.79 40.55 19.28 24.55
Dust mite
(Ha/gm)
Mean 1.15 0.194 0.007 1.99 0.34 0.000
. St Dev 3.50 0.56 3.40 1.05
Benzene
(ng/m3)
Mean 49.26 46.49 0.50 20,92 8.35 0.000
St Dev 32.94 23.64 14.57 19.84
Toluene (pg/m3)
Mean 16.06 19.77 0.31 17.08 7.90 0.000
St Dev 19.01 29.56 20.88 6.39
M-xylene (pg/m3)
Mean 1.68 2.81 0.10 16.29 187 0.07
St Dev 3.92 5.43 79.44 4.42
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Table 5.1 (cont.}

P-xylene (ug/m3) T
Mean 11.86 12.25 0.82 9.89 4.75 0.002
St Dev 11.98 12.13 15.14 4.60
Styrene (ug/m3)
Mean 0.73 0.77 0.34 0.46 0.14 0.03
St Dev 2.83 1.82 1.25 0.65
Chlorobenzene (ug/m3)
Mean 1.49 275 0.12 1.57 0.26 0.04
St Dev 4.13 6.64 6.360 1.086
Ethylbenzene (ug/m3)
Mean 1.70 1.80 0.65 2.23 1.10 0.002
St Dev 3.00 3.25 3.16 1.38

There is no notable difference in the concentrations of particulare matter between
cases and coptrols and no significant seasonal vanation m the particles was

measured.

Allergen levels of house dust mite are higher in summer compared to those in

winter and the difference is significant.

Regarding the volatile organic compounds, there is a significant difference m

sumimer concentrations between case and control subjects.
6.7 Predictors of asthma and respiratory symptoms

As described in section 4.5.5 in the study, logistic regression analysis was

pertformed in order 10:

* investigate the association between the respiratory symptoms and asthma

and indoor enviroamental factors;

e estimate the factors which made a significant effecf™on asthma and
respuratory symptoms, and

¢ evaluate and compare the odds ratio of the significant predicrors.
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Logistic regression analysis was performed using SPSS 9.0 tor Windows. Several

models were tested and the model was chosen by the criteria used for assessing

model fit (Altman, 1991).

Logistic regression analysis was employed on the following respiratory disorders:
a. Asthma
b. Wheeze
c. Runny nose
d. Hay fever
e. Cough

Unconditional logistic regression was used to analyse the unmatched dara sets.
Odds ratos and thewr 95 percent confidence mtervals were estimated. All
statistical tests were two-sided. A multivariate model was developed that
included all the studied variables. Logistic regression analyses were performed
for winter and summer in order to determine if there is a difference m the
potential risk factors for asthma between the two seasons. Variabies, which made

en independent contribution (p<0.5) and those, which were marginally

significant (p<0.05) are included.

>

The four statistics, which are listed below for each of the variables selected inro

the models, have the following interpretations:

iy The odds ratio (OR)

=

2) Significance (p) is the alpha probability of an error if the null hypothesis
is rejected. Adopting a conventional level of alpha of 0.05, all variables with a
significant regression coefficient into the model were selected. However the
significance alone is not enough to assess the importance of a variable m the

model and the next two parameters provide this information.

3 95% CI
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4) The counstant term in a logistic regression analysis is an indication of
whether the regression equation requires a constant term (o express the

probability when all of the independents have the value zero

The model chi-square is a method of assessing goodness of fit and if the p vaiue
is highiy significant it indicates that the model with all selected vartables is a

better predictor of asthma than a model, which includes the constant.
6.7.1 Predictors of asthma
Logistic regression analysis for asthma, winter data, is presented in the Table 5.2.

Table 5.2 Predictors of asthma, winter

Dependant Model Predictors Odds Sign 95% Cl
Variable Characteristics Ratio {p)
Asthma Goodness of fit: Age (months) 1.08 0.002 1.03~-1.13
(living 168.11 Atopy (ves) 3.29 0.003 1.48 -7.33
rocm) Model chi-square = | Family history of
69.36 asthma (yes) 2.82 | 0006 | 1.33-5.96
df=9 Gender (m) 1.90 0.112 | 0.86-4.20
p = 0.000 House dust mites 1.94 0.005 1.22 - 3.07
Humidifier (yes) 2.77 0.064 0.94 - 8.15
Air conditioning (yes) 0.28 0.002 0.12~0.63
Fireplace (yes) 0.41 0.027 | 0.18-0.30
Asthma Goodness of fit: Age (months}) 1.08 0.003 1.02-1.01
(child’s 159.47 Atapy (yes) 3.24 0.005 | 1.43-7.36
bedroom) | Madel chi-square = | Family history of
75.41 asthma (yes) 2.87 | 0.006 | 1.34-6.14
Gender (m) 1.81 0.149 0.80-4.05
df =9 House dust mites 202 | 0005 | 1.24~3.28
p = 0.000 Humidifier (yes) 2.59 0.088 | 087-7.76
Air conditioning (yes) 0.28 0.003 | 0.12-0.65
Fireplace (yes) 0.35 0.014 | 0.15-0.81
NO; 0.99 0.009 0.98 -0.99
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[t is evident from the table that the predictors of asthma for child’s bedroom and
the living room are sumilar except that exposure to nurogen dioxide in the child’s

bedroom has a signuficant etfect on asthma.

Interpretation of the study results regarding the asthma risk factors for the living

room (child’s bedroom) is presented below.

The first variable to enter both models is age and it 15 a powerful predictor of

asthma. The odds ratio has been adjusted to indicate that for each one month

increase n age the probability of having asthma increases by 8%.

Atopy is the next significant risk factor for asthmma. This categorical variable 1s
scored 1 for having atopy and 0 for not having atopy. This is the most powerful
predictor and the odds ratio of OR = 3.29 (3 24) indicates that children who were

defined as atopic resulted in a three fold increase in the odds ot having asthma.

Family history of asthma is the third entered variable. This is also a categornical
variable as 1 scored for having any first degree relative (mother, father or sibling)
who has a history of asthma, and O scored for the opposite. It is also a strong
predictor with an odds ratio of OR = 2.82 (2.87) indicating that children with
family tustory of asthma are at three times higher risk of having asthma compared

to those who do not have any first degree relarives diagnosed with asthma.

According to the regression model, exposure to house dust mites results m a two-

fold increase, OR = 1.94, (OR = 2.02) in the odds of having asthma, which makes

dust mites also a very strong predictor.

Air conditioning and fireplaces are two categorical variables as 1 scored for use
and Q for non-use of these appliances. The odds ratios indicate that the use of air

conditioning and fireplaces at home decrease the probability of having asthma by

28 percent and 40 percenr, respectively.



Exposure to humidifier has a marginally significant etfect on asthma with p =

0.06 (0.08). The variable that was included in the model but didn’t appear to be a

significant factor for asthma is gender. The predictors of asthma, summer, are

reported m the Table 5.3

The predictors of asthma tor the child’s bedroom and the living room are very

similar. The first significant predictor of asthma for both models > agze  The odds

ratio OR = 1.10 wndicates that for each month mcrease in age the probability of

having asthma increases by 10%.

Table 5.3 Predictors of asthma, summer

Dependant Model Predictors Odds | Sign 95% Cl
Variable Characteristics Ratio (p)
Asthma Goodness of fit: 144.80 Age (months) 1.10 0.001 | 1.03-1.17
{living Model chi-square = 98.62 | Gender 2.55 0.038 | 1.05-6.17
rcom) df=9 House dust mites | 1.82 0.007 | 1,17 - 2.83
P =0.000 Formaldehyde 1.02 0.051 |1.00-1.03
Benzene 1.07 0.000 | 1.03-1.11
Toluene 1.09 0050 |[1.02-1.16
Family history of
asthma (yes) 2.35 0.050 | 1.00-5.53
Time outdoors
( >2hrs a day) 0.41 0.008 | 0.01-0.55
Asthma Goodness of fit: 178.75 Age (months) 1.11 0.001 |1.04-1.18
(child's Model chi-square = | Gender (m) 2.29 0.069 | 0,93 -5.64
bedrocom) 105.53 House dust mites | 1.86 0.005 |1.19-2.90
df=8 Formaldehyde 1.03 0.003 | 1.00-1.05
P =0.000 Benzene 1.07 0.000 | 1.03-1.11
Toiluene 1.09 0.004 |1.03-1.16
Family history of
asthma (yes) 2.19 0.07 0.91-525
Time outdoors
(>2hrs a day) 0.25 0,003 | 0.10-0.64

Gender appears as a significant factor for asthma for the living room and

marginally significant for the child’s bedroom. The odds ratio of OR = 2.53
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{ORpeq = 2.29 for the child’s bedroom) indicates that boys are at two and a half

times increased risk of having asthma compared to girls.

The next variable to enter the model is house dust mites. This variable 1s also a
very strong predictor of the probability of having asthma. The odds ratio of OR =
1.82 (ORyeq = 1.86), indicates that chuldren who are exposed to house dust mutes,
for every one unit increase in the allergen level of dust mites results in two fold

increase in odds ot having asthma.

The next significant predictor of asthima is domestic exposure to formaldehyde.
During hot months indoor exposure to formaldehyde is a significant risk factor
for asthma as the odds ratio of OR = 1.02 indicates that for every one umit
(pg/n) increase in the level of formaldehyde the risk of having asthma increases
by 2%. Given a range of formaldehyde from 0 - 200 p g/m’ this means that if the
concentrations of formaldehyde increase by 20% (40 pg/m®) this is associated

with 80% mcrease in risk of having asthma.

Benzene and toluene, both volatile organic compounds, are the next variables to
enter into the model. The odds ratios of OR = 1.07 for benzene and OR = 1.09
for toluene indicate that tor every one unit (pg/ma) increase in benzene and
toluene, the risk of having asthma increases by 7% and 9% respectively. Similar
to the explanation given above for formaldehyde, having a range ot benzene and
toluene from 0 - 50 ug/m’ means that id the concentrations of benzene or toluene
increase by 20% (10 pg/m’) this is associated with 70% or 90% increase in risk

of having asthma, respectively.

Children who spend at least 2 hours a day outdoors are at less risk of having
asthma compared to those who do not spend such a time. Thus, spending more

time outdoors has a protective ettect for asthma.

Family history ot asthma appears to be a strong predictor of asthma with odds

ratio of OR = 2.57 which explains that children with family history of asthma
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results in a two-told increase in the odds of having asthma compared to those
without any first degree relatives with asthma. In the model for the child’s

bedroom family history of asthma appears as a marginally significant variable.
6.7.2 Predictors of wheeze

The logistic regression model of wheeze, winter data, is presented n the Tabie

3.4.

Because of the similarity between the models in the child’s bedroom and i the
living room, the logistic regression model of wheeze in the living room is not

displayed.

Table 5.4 Predictors of wheeze, winter

Dependant Model Predictors Odds Sign 85% ClI
Variable Characteristics Ratio {p)
Wheeze Goodness of fit: 214.47 | Age {months) 1.07 0.02 1.02-1.12
(child’s Model chi-square = | Gender 1.98 0.047 | 1.01-3.89
bedroom) | 27.08 House dust mites 1.53 0.077 | 0.95-2.46
df =5 P-xylene 1.03 0.076 | 1.00-1.06
P =0.000 Humidity (%) 1.04 0.018 | 0.27 -1.07

The first variable to enter the model is age and the odds ratio of OR = 1.07

indicates that for each month increase in age the probability of wheeze increases

by 7%.

Gender is the next variable to enter. The odds ratio of OR = 1.98 shows that boys
are at double risk of having wheeze than girls. [t should be noted that since age 1s

already part of the model, the odds ratio for gender 1~ age adjusted.
High humidity appears to have significant effect on wheeze with the odds ratio of

OR =1.04, which indicates that for every one percent increase in the humudity,

the risk of having wheeze increases by 4%.
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Exposure to house dust mites and p-xylene (volatile organic compo und) appeared
in the model with marginally significant effect on wheeze with p = 0.077 and p =

0.076, respectively.

The factors that significantly contributed to wheeze during summer for ctuld’s

bedroom and the living room are shown in the Table 5.5.

Table 5.5 Predictors of wheeze, summer

Dependant Model Predictors Odds | Sign | 95% Cl
Variable Characteristics Ratio {p)

Wheeze Goodness of fit: 180.19 | Age (months) 1.09 0.000 | 1.03-1.15
(living Model chi-square = | Benzene 1.02 0.082 |0.99-1.05
room) 21.07

df=2

P =0.000
Wheeze Goodness of fit: 184.82 | Age (months) 1.09 0.000 |1.03-1.15
{child's Model chi-square = | Benzene 1.02 0.090 | 0.99~-1.05
bedroom) 27.42 Formaldehyde | 1.02 0.015 |1.00-1.03

df=3

P = 0.000

The predictors of asthma for both rooms, the child’s bedroom and the living room
are similar except that formaldehyde is not a significant indicator of wheeze in

the model for the living room.

The first significant predictor of wheeze is age. The odds ratio of OR = 1.09
indicates thar an increase with one month of age is being associated with a 9%

increase in the probability of having wheeze.
Indoor exposure to formaldehyde is a significant nisk factor for wheeze only 1n

the child’s bedroom with odds ratio of OR = 1.02. Wuh each unit increase i

formaldehyde level (pg/mr’) the probability of having wheeze is increasin by
¥ HE P g g
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2%. Formaldehyde was also a signiticant risk tactor for asthma with sinular

odds ratio of OR = 1.03.

Domestic exposure has margwally significant effect on wheeze with p = 0.08.

6.7.3 Predictors of hay fever

Table 5.6 presents the ~wiuncant predictors ot haytever tor winter and summer

data.

Table 5.6 Predictors of hayfever, child's bedroom

Dependant Model Predictors Qdds | Sign 95% Cli
Variable Characteristics Ratio {p}

Hayfever Goodness of fit: 212.35 Age {(months) 1.07 0.047 | 1.00-1.13
Winter Model chi-square = 52,8 | Carpet 5.54 0.035 [ 1.12-27.3
df=8 Gas heaters 1.98 0.157 | 0.77-5.08
p = 0.060 Humidity 1.06 0.032 1.0 ~-1.1
NG, 0.98 0.039 | 0.97-0.98
Temperature 1.36 0.004 {1.10-1.68
Toluene 1.02 0.047 | 1.00-1.03
Pets allergy 23.82 | 0.002 | 3.93-206.8
Hayfever Goodness of fit: 100.7 Benzene 1.05 0.002 | 1.02-1.08
Summer Model chi-square = 16.33 | Temperature 1.14 0.025 | 1.02-1.29

df=2
p = 0.000

Due o similarity of the logistic regression models of hayfever for the child’s

bedroom and the living room, the regression model for the living room is not

presented.

+

The first variable to enter the model is age. The odds ratio of OR = 1.07 indicates

that for each month increase in age the probability of having haytever increases

by 7%.
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The next variable in the model is carpet. This categorical variable is scored 1 for
presence of carpet wn the house and O for absence. Presence of carpet 15 very
powerful indicator of haytfever with odds ratio of OR = 5.54, which indicates that
having carpet i the house resuits in a five and a half fold increase m the odds of

having hayfever.

The most upowerful predictor of the probability ot hayfever appeared to be child’s
allergy to pets with odds ratio of OR = 23.8. Child who has allergy to pets results

m a twenty-four fold increase in the odds of having hayfever.

Gas heating is a significant indicator of wheeze with odds ratio of OR = 1.98,
which explains that exposure to a gus heater results in two fold increase of having

hayfever.

The next variable to enter the model is the relative humidity. The odds ratio of
OR = 1.06 indicates that with each percent increase in the relative humidity the

probability of having hayfever increases by 6%

Nitrogen dioxide (NO,) is a variable also included in the regression model. The
odds ratio of OR = 098 wmdicates that exposure to nitrogen dioxide has a

protective effect on haytever.

Temperature with odds ratio of OR = 1.36 explains that for each unit increase in

the temperature there was an increase of 36% in risk of having havfever.

Although toluene i1s not a strong predictor, it contributes significantly to the
probability of having symptoms of hayfever with odds ratio of OR = 1.02. For

every one umnit increase in toluene (pg/mj) there is an increase of 2% in risk of

having hayfever.

During summer, out of 180 study children, ouly 18 reported to have haytever, as

[6 (90%) were asthmartic and 2 (11%) were controls. Since the logistic
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regression models for the child’s room and the living room are similar, the model

for the chuld’s bedroom is presented only, see Table 5.6.

There are two variables only, which have a significant effect on hayfever dunng

the hot months, which are benzene and temperature.

The odds ratio of OR = 1.05 tor benzene indicates that for every one unit (i g/m3}
mcrease in the level of benzene the prc;bability of having haytever increases by

5%.

Indoor temperature is also a significant predictor with odds ratio of OR = 1.14.
For every one degree increase m the temperature there is an increase of 14% in

the risk of having hayfever.
6.7.4 Predictors of runny nose

Runny nose is the next study respiratory symptom. This categorical variable is

scored 1 for presence of runny nose and 0 for absence.

According to the study results the predictors of runny nose for winter and
sumimer are shown in Table 5.7. Due to similarity of the models for the child’s
bedroom and the living room, the logistic regression analysis for the living room

1S not presented.

For winter data, there are three variables, which are significant predictors of
runny nose among young children, which are age, dichlorobenzene and family
history ot asthma.

The first variable to enter the model is age and the odds ratio of OR = 1.07
indicates that for each month increase in age the probability of having runny nose

mcreases by 7%.
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Dichlorobelizene is a volatile organic compound and although it 15 not a swong
predictor (OR = 1.02), it significantly contributes to the likelihood of having a
runny nose. For every one unit (pg/nf ) increase in 1,3 Dichlorobenzene there is

an increase of 2% in the risk of having asthma.

Family history of asthma is a very powerful predictor and the odds ratio of OR =
2.7 indicates that child with a family history of asthma results in three fold

mcrease the risk of having runny nose.

Table 5.7 Predictors of runny nose

Dependant Model Predictors Odds Sign 95% Cl
Variable Characteristics Ratio {P
Runny nose | Goodness of fit: Age (months) 1.07 0.012 | 1.02-1.09
Winter 168.65 1,3-
Model chi-square = | Dichlorobenzene 1.02 0.058 | 1.0 -1.45
15.82 Family history of
df=3 asthma 2.7 0.014 2.1-5.9
p = 0.001
Runny nose | Goodness of fit: Ethylbenzene 1.05 0.002 | 1.02-1.08
Summer 177.97 Family history of
Model chi-square = | asthma(3) 3.16 0.000 |1.87-6.90
23.49 Time outdoors (1) | 0.28 0.045 | 0.08 -0.97
df=4
p=0.000

Similar to the logistic regression model for winter, family history of asthma 1s the
strongest predictor of runny nose for summer data with odds ratio of OR =3.16.

Ethylbenzene as a volatile organic compound, which also is a significant
indicator for runny nose with odds ratio of OR = 1.20. During surnmer, for every
one unit mcrease in ethylbenzene (pg/m3) the risk of having runny nose is

associated with 20% increase.

Time spend outdoors is the last variable to enter the model. This categorical

variable is scored 0 for time spends outdoors of one hour or less; 1 for spending
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2-3 hours a day, and 2 tor spending 4 or more hours a day. The odds ratio of OR
= (.28 mdicates that children who spend 2-3 hours a day is associated with 28%

decrease of the probability of having runny nose.

6.7.5 Predictors of cough
The logistic regression analyses ot cough, winter and summer, are presented in
the Table 5.8 and the results show that there are only two variables, which have a

significant association with cough for wmnter data.

Table 5.8 Predictors of cough

Dependant Model Predictors Qdds | Sign 95% ClI
Variable Characteristics Ratio {P)

Cough Goodness of fit: 226.69 | Day care

Winter Model chi-square = | attendance 3.35 0.021 [ 1.20-9.34
16.59 House dust mites | 3.10 0.056 | 0.93-1.33
df=3 Temperature 1.1 0243 | 0.97-9.96
p = 0.009

Cough Goodness of fit: 171.17 | Airconditioning 0.05 0.050 | 0.27-1.00

Summer Model chi-square = | Particulate matter | 1.01 0.064 |0.99-1.03
21.73 Benzene 1.04 0.012 | 1.00-0.06
df=4 Atopy 2.30 0.019 | 1.14-4.60
p = 0.003

The first ndependent variable entered the model is attending a day care centre.
This is a powerful predictor and the odds ratio of OR = 3.335 indicates that
children who attend a day care centers results in a three fold increase m odds of

having cough.

The second variable is allergen levels of house dust mite, which is also a very
strong indicator with odds ratio of OR = 3.10. For every one unit increase in the
level of dust mites (pg/mj) results in three fold increase the risk ot having cough.
During the hot months the presence of air conditioning appears to be a protective

factors with odds ratio OR = {.519 which indicates that children who live in




houses with air conditioning it is associated with 32 percent reducing the

probability of having cough.

Domestic exposure to benzene is a significant predictor of cough with an odds
ratto of OR = 1.03 which explains that children who are exposed to benzene, for
every one unit increase in the level of benzene (pg/m’) there is an increase of 3%

in the risk of having cough.

Atopy 18 the most powertul predictor for this respiratory symptom. The odds
ratio of OR = 2.3Q indicates that children who are defined as atopic are two times

more likely to have a cough than nonatopic children.

Particulate matter (PM,p) appeared as a marginally significant factor for cough

with value p = 0.06.

6.8 Factors contributing to indoor levels of the environmentai

irritants

In order to meet the objectives of the study to determine the extent to which
certain house characteristics influence the concentrations of the indoor arr
pollutants multiple linear regression analysis were performed. The description of
statistics given blew applies here. Only the specific model parameters will be

described.

Multiple “R” indicates the multiple correlation coefficient of all independent
variables in the model with the dependent variable. It can vary between +1 and 0
as a high value close to +1 shows a good prediction of the dependent variable by

the independents.

Adjusted “R*” provides an indication of what proportion of the variance in the

dependent variable is explained by the joint effect of the independent variables.



The “F” statistics-is testing the null hypothesis that the model is no better at
predicting the dependent variable than the constant would be alone. The

significance shows that the F test is sigmficant.

“B” is the regression coefticient and it is indicator of the strength of association
between each independent variable and the dependent. One-unit increase in the
independent variable is associated with one unit change in the dependent. A
positive value of B indicates a direct linear association, and the negative indicates

an inverse linear rejationship.

“B” is the standardised regression coefficient and indicates the change in the
dependent variable, which is associated with one standard deviation change in the
dependent variable. B allows comparing the relative effect of changes in the

different variables.

The “p-value” shows the signtficant effect of each independent variable, testing
the null hypothesis that there is no association between that variable and the

dependent, allowing for the effect of all other variables in the model

6.8.1 Factors associated with indoor levels of formaldehyde

As discussed in Chapter 3, the major sources of formaldehyde include
combustion sources, tobacco smoke, and urea-formaldehyde resins. Table 5.9
illustrates the variations tn the levels of formaldehyde in houses with and without
the following selected house characteristics: new furniture, cooking appliances;
gas heater; cooking and heating appliances; cigarette smoking inside, and air

conditioning.



Table 5.9 Concentrations of HCHO (ug/m®) in homes with and without

selected house characteristics

Mean levels of Mean levels of
formaldehyde in formaldehyde in
House characteristics the living room the child’'s rcom
(ug/m’} (ug/m’)
Mean StDev | Mean St Dev
All appliances 16.37 12.64 15.67 11.79
Without gas heater 14.41 10.19 12.60 7.68
Without gas cooking | 14.32 12.82 13.35 8.97
appliances
Without any gas | 12.66 12.12 12.22 799
appliances
Without air conditioning | 15.85 12.09 15.12 11.97
Without new furniture 15.00 11.12 14.47 9.33

It is evident from the table above that the use of gas for heating and cooking
made most notable effect on formaldehyde level, followed by the presence of

new furniture.

Multiple linear regression analysis was performed to assess the potential
relationship between tormaldehyde and several important variables, which were
likely to affect its levels. These include indoor temperature, relative humidity,
age of the house; use of gas for heating and cooking; presence of air conditioning,
kerosene, humidifier, closed wood fire, open fire place, attached garage, smoking

inside the house, carpet and floor boards.

According to the study results, the factors, which made significant effect on the
level of formaldehyde in the living room for winter data, are reported in the Table

6.0.



6.8.2 Factors associated with indoor levels of nitrogen
dioxide (NQ,)

Table 6.1 reports the average concentrations of nitrogen dioxide in homes with
and without selected house characteristics, such as gas hearer, Jcooking
appliances, any gas appliances (including heating and cooking apphances), air
conditioning, and smoking inside. The table shows that the presence of gas
heater has major effect on the levels of nitrogen dioxide. Smoking inside the

house does not make any notable effect on the nitrogen dioxide levels.

Table 6.1 Summary statistics of NO, in ppb (pg/m®) in homes
with and without selected house characteristics

House Mean levels of NO; Mean levels of NO;
characteristis in living room in child’s bedgoom
ppb (pg/m’) PPRb (ug/m7)
Mean St Dev Mean 5t Dev
All appliances 88.61 66.83 89.16 55.62
{166) (125) (168) (104)
Without gas 80.61 63.34 84.16 52.05
heaters {151) (119) {158) {98)
Without gas 81.64 58.43 91.59 56.79
cooking (153) {110) (172) (107)
Without air | 8294 66.12 84.08 55.18
conditioning (156) (124) (158) (104)
No smoking 88.30 66.28 8a.77 52.05
Inside (162) (125) (167) (98)

The independent variables included in the multiple 1epgression model for winter
and summer that might have an effect on nitrogen diox:de levels were: indoor

temperature and relative humidity, smoking inside humidifier, gas heating, gas

cooking, kerosene, smoking inside, air-conditioning, and ventilation in the house.

Results from the multiple linear regression analysis of nitrogen dioxide are

presented in the Table 6.2.



Table 6.2 Indicators of nitrogen dioxide {(NO,)

Dependent Modei Predicted B St {p)
Variable characteristics Variables Error
Winter R =017 Gas heater 0.34 0.14 0.017
living room | R*=0.03
F =5.85
Summer R =0.16 Air conditioning | -0.80 | -0.16 | 0.03
Living room | R*=0.025 ' 0.09
F =44

The variable that influenced significantly the levels of nitrogen dioxide in winter

is the use of gas for heating which is associated with increase of the level of

nitrogen dioxide with €% = 1.4 ppb (2.5 pg/m’).

According to the model for summer data, only presence of air conditioning in the
house 1s a signiticant indicator of nitrogen dioxide which is assoclated with g0 8%

=0.45 ppb (0.8 pgAm’) decrease in the level of nitrogen dioxide.

6.8.3 Factors associated with indoor levels of volatile organic

compounds (VOCs)

Since the correlation analysis (see Appendix) indicated significant but week
correlation between the different volatile compounds, separate multiple

regression models for each compound were needed.

Multiple linear regression analysis was performed to assess the relationship
between the studied volartile organic compounds and several important variables,
which were likely to atfect their levels. These variables include age of the house,
combustion appliances, artached garage, new furniture, floor boards or parquet,
presence of kerosene and humidifier, fire places, air conditioning, ventilation mn

the house, new turniture, new painting, and new carpet in the house.




B. Indicators of benzene

Benzene is an aromatic hydrocarbon and its main sources are automotive

products (motor oils, automouve cleaners), vehicular exhaust, paints, solvents

and cigarette smoking.

In order to reduce the skewness ot benzene, some outliers were deleted which

improved its normal distribution.

The results of the multiple linear regression anaiysis ot benzene, in winter. are

displayed in the Table 6.3.

Tahle 6.3 Indicators of benzene

Dependent Model Predicted B St Error Sign
Variable characieristics | Variables {p)
Winter R =0.72 Ventilation | - 0.021 0.02 0.03
Benzene R?=0.02

F =1.02

The only variable that has a significant effect on benzene is the adequacy of the

ventilation in the house. Since the relationship between benzene and ventilation
is a positive, it shows that better ventilation in the house is associated with e?%” =

| ug/m’ decreases of the level of benzene.

According to the study finding, there was no variable, which had a significant

influence on benzene concentrarions i sumimer.
C. Indicators of ethyl benzene

Ethyl benzene is also an aromatic hydrocarbon and the main sources are solveats,

plastics, paints, synthetic rubber and resus.



[n order to find any seasonal differences in the variables that might have
influenced the concentrarions of ethyl benzene, multiple linear regression models

tor winter and summmer were performed (Table 6.4).

The distribution of ethyl benzene for the winter and summer data were very
skewed. All possible transformations were used but the normality was mmproved

atter deleting 10 outliers and then performing a square root transformation.

From the Table 6.4 is evident that for winter, tobacco smoke is a significant
indicator for ethyl benzene with a positive relationship with 1t. If people smoke
mside the house the level of ethyl benzene is associated with an increases of e’®!

= 1.8 pg/m’.

Table 6.4 indicators of ethylbenzene

Dependent Model Predicted B St Significance
Variable characteristics Variables Errar {p)
Winter Smoke inside 0.61 0.24 0.006
Ethylbenzene | R = 0.36 New carpet 0.51 0.24 0.015
R?*=0.11 Humidity -0.01 | 0.007 0.015
F =6.24
Summer
Ethylbenzene =0.33 Smoking
R*= 0.06 inside 0.79 | 0.25 0.05
F=2.06 New furniture 0.57 0.12 0.004

New carpet is also a strong indicator of ethyl benzene with a positive relationship

with it. The presence of a new carpet in the house is associated with an increase

of the concentrations of ethyl benzene with €°°' = 1.6 pg/m’.

The last variable entered the model is the average humidity.

percent increase in the humidity, the level of ethyl benzene decreases with e

1.0 pghr’.

For every one

D00 _




Similarly with the multipte linear regression model for winter data, tobacco
smoke is a significant indicator with a positive relationship with ethylbenzene.
Smoking inside is associated with an increase the level of ethylbenzene with e’”

=2.2 pg/my’.

The second variable, significantly associated with ethylbenzene is the new
furniture, which is assocrated with an increase of the concentrations of

07 =22 ugim’.

ethylbenzene with e

D. Indicators of toluene

Toluene also belongs to aromatic hydrocarbons but its presence is more common
indoors than the other hydrocarbons. The sources include quite large range as
solvents, adhesives, pamt, combustion appliances, mmcluding tobacco smoke,

viny! floor covering, and chipboards.

Table 6.5 displays the predictors of toluene.

Table 6.5 Indicators of toluene

Dependent Model 1 Predicted B St Error | Sign.
Variable characteristics Variables (p)
Winter R =0.227
Toluene R?*=0.07 New carpet | 0.29 | 0.014 0.01
F =37

According to the study results, only presence of a new carpet has a significant
relationship with toluene for winter data and it is associared with % = [.3

pg/m’ increase of the level of toluene.
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E. Indicators of xylenes: m-xylene and o,p-xylene

Xylenes as o,p-xylene and m-xylene are aromatic hydrocarbons  The main

sources are adhesives, floor covering, dyes, tobacco smoke, kerosene, solvents,

and wallpaper.

The multiple regression analysis of o,p-xylene and m-xylene are presented n the

Table 6.6.

Table 6.6 Indicators of o0,p-xylene and m-xylene

Dependent Model Predicted B St Sign.
Variable characteristics Variables Error ({s)!
Winter R =0.28
p-xylene R%*= 0.07 Attached garage | 0.207 | 0.106 0.05
F =135
m-xylene R =0.40 Kerosene
R?=0.16 New carpet 0.8 0.4 0.048
F =3.07 Smoking inside 0.71 0.36 0.05
Age of the 0.72 | 0.26 0.006
house 020 | 0.098 0.035
Summer R =0.26
p-xylene R?= 0.07 New furniture 0.48 | 0.22 | 0.035
F =212 New painting 0.42 0.19 0.027
m-xylene R =0.42
R?=0.18 New furniture 0.99 | 0.39 0.01
F =63 New painting 152 |033 0.000

There is only one significant mdicator ot o,p-xylene for winter data which is a

garage attached to the house. House with an attached garave 15 associated with

™% — 12 pg/m3 increase of the level of o,p-xylene.
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There are four significant predictors of m-xylene for winter data. The first
variable is kerosene, which is a strong indicator of the levels of m-xylene. The
presence of kerosene heater is associated with e °* = 2.2 pg/m’ increase of the

levels of m-xylene.

The second variable in the model 15 the presence of new carpet. It is a significant
mdicator for the concentrations of m-xylene as the presence of new furniture is
associated with an increase of the concentrations of m-xylene with

e =20 pg!mj.

Smoking inside is the next variable to enter the mode! and it isassociated with

with e ®™ = 2.05 pg/m’ increase of the level of m-xylene.
Age of the house has also significant effect on m-xylene levels with p = 0.055.

According to the study there are two variable that have a significant influence on
the levels of o,p-xylene and m-xylene for summer, which are new painting and
new furniture. The presence of new furniture is associated with €°** = 1.6 pg/nr’
increase of the level of 0,p-xylene and with e’ =27 pg/m3 increase of the level
of m-xylene. New painting is also a significant predictor for those two variables

as new painring of the house increases the level of p-xylene with e =15

peg/m’ and the level of m-xylene withe'” = 4.5 pg/my’.

F. Indicators of styrene
Styrene 1s an aromaric hydrocarbon but with gquite limited sources compared to
others such as xylenes and toluene. The mam origin of styrene wndoors mclude

plastics, paints, synthetic rubber, and resins.

The results ot the multiple linear regression analysis of styrene are presented

the Table 6.7.



Table 6.7 Indicators of styrene

Dependent Model Predicted B B Significance
Variable characteristics Variables (p)
Winter R =0.40
Styrene R*=0.16 Kerosene 1.22 0.26 0.000
F =2.83 New Carpet 0.64 0.24 0.008
Summer R =0.20
Styrene R’=0.04 New painting 0.15 0.06 0.016
F =128

According to the study, there are two variables thar significantly influence the

concentrations of styrene for winter data, which are kerosene and humiditier. The
use of kerosene indicates an increase in the level of styrene with €' > = 3.3 ug/m’

and presence of a new carpet is assoclated with an increase of the level of styrene

with €%% = 1.2 ug/ml.

For summer data, there is only one significant predictor of styrene, which 15 a

new painting. New painting in the house contributes to the increase of the level of

015 = 1.1 pg/m’.

styrene with €

G. Indicators of chlorobenzene

Chlorobenzene belongs to chlorinated hydrocarbons with major sources of

solvent and textile additives.

Table 6.8 shows the variables that significantly contribute to the concentrations

of chlorobenzene.
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Table 6.8 Indicators of chlorobenzene

Dependent Model Predicted B St | Significance
Variable characteristics Variables Error P
Winter R =045 Kerosene 222 | 047
Chiorobenzene | R=0.17 Attached 0.000
F =279 garage 0.5 0.19 0.000

For winter data there are two predictors of the concentration ot chlorobenzene.
Kerosene space heater is the most powertul indicator of chlorobenzene as the use

. . - . 272 . - .
of kerosene is associated with € ** = 9.2 pp/m’ increase of the level of

chiorobenzene.

Garage attached to the house is the next variable entered the model. It has a

positive relatiouship with chlorobenzene and it is associated with an increase of

the level of chlorobenzene with e ** = 1.6 ug/m’.

There are no variables, which appeared to have significant effect on

chlorobenzene during summer.

H. Indicators of 1,3-dichlorobenzene, 1,2-dichlorobenzene and

1,4-dichlorobenzene

The following three compounds 1,3- dichlorobenzene, 1,2- dichlorobenzene and
1,4- dichlorobenzene are halogenated hydrocarbons. Their major sources include

consurmer products, commercial products and pesticides.
There were no variables found to be significantly associated with 13-
dichlorobenzene, 1,2 - dichlorobenzene and 1,4 - dichlorobenzene for winter and

with 1,2 - dichlorobenzene and 1,4 - dichlorobenzene for surmmer.

Table 6.9 presents the multiple hnear regression analysis of 1,3-Dichlorobenzene

tor summer.
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The only one variable

that has a sigunificant

relationship with

1,3 -

dichlorobenzene is the new pamting. A treshly painted house is associated with &

0.596

Table 6.9 Indicators of 1.3 - Dichlorobenzene

= 1.8 pg/m’ increase of the concentrations of 1,3 - dichlorobenzene.

Dependent Model Predicted B St Significance
Variable characteristics Variables Error {p)
Summer R=0.36
1,3- R?=0.12 New painting | 0.60 | 0.29 0.000
dichlorobenzene | F =13.08

6.8.4 Factors associated with indoor allergen levels of house

dust mites

The results from the multiple linear regression analysis of house dust mites are

presented in Table 7.0.

In order to improve the normal distribution of house dust mites dara, some

outliers needed to be deleted.

Table 7.0 Indicators of house dust mites in winter

Dependent Maodel Predicted B St Significance
Variable characteristics Variables Error (p)

Winter R =0.31 Number of people

House dust | R*=0.1 live in the child’s

mites F =147 reom 0.24 0.24 0.003

There is only one predictor of house dust mites for winter data, which is the

number of people who shared the child’s bedroomt. The regression coefficient

indicates that with every second person that lives in the child's bedroom the

- - . . - “a .
allergen level ot house dust mutes 1s associated with € 0% = 3 g/gm increase.
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There are no variables that appeared to have a significant effect on the allergen

level of house dust mites for summer.

6.8.5 Factors associated with indoor levels of particulate
matter (PM1o)

Multiple linear regression analysis of particulate matter (PMp), winter, is

displayed in Table 7.1.

For winter data, there are two predictors of the concentrations of particulate
matter, smoking inside and presence of carpet. Smoking inside the house 1s
associated with @ ™ = 1.6 ug/m’ increase of the concentrations of the particles.
Presence of carpet is related to an increase of the indoor concentrations of

particulate matter (PM o) with 034 -1 4 pgfnf.

Table 7.1 Indicators of particulate matter (PM,,)

Dependent Model Predicted B St | Significance
Variable characteristics Variables Error (P}

Winter R =025 Smoking

Particulate | R*= 0.05 inside 0.49 0.21 0.02

Matter F =5.75 Carpet 0.34 0.17 0.048

There are no variables that showed to have significant association with the level

of particulate matter for the summer data.

6.9 The public health impact

Since the domestic exposure to formaldehyde, benzene, toluene, and house dust
mites predicted the likelihood of childhood asthma, it is useful to estumate the
potential public health umnpact of the levels of indoor air pollutants. In order 1o
assess the potential impact of the indoor air pollutants a population attributable

risk proportion (PARP) was calculated (see Chapter 5). All estimates for the
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PARP were calculated using odds ratios from the multivariate model. Table 7.2

displays the popuiation attributable risk proportions.

Table 7.2 Population Attributable Risk Proportions (PARP)

Measures of PARP* 95% Cl
exposure

Formaldehyde

>100 pg/m’ 8.57 0.49 -17.36
Benzene

> 50 pg/m® 3.57 0.01- 7.54
Toluene

> 50 pg/m’ 5.95 0.89 - 11.01
Dust mites

> 1.0 yg/gm 42.86 23.65 - 62.06

+ All values are percentages

The results i Table 7.2 suggest that approximately §.6% of childhood asthma

can be attributed to domestic exposure to formaldehyde.

According to the results for benzene (Table 7.2), of all asthmatic children,
approximately 3.6% suffer from asthma as a consequence of exposure to benzene

levels higher than 50 g/

Exposure to toluene appeared to be also a significant predictor for asthma. The
estimation of population attributable risk proportion indicates that almost 6% of
childhood asthma can be attributed to indoor exposure to toluene with

concentration higher than 50 yug/m’,

[t has been proposed that exposure to dust with concentrations of house dust mite
allergen Der p 1 greater than 2 pg/gm is a risk factor tor the development of
asthma and that exposure do dust with an allergen concentration greater 10
ug/gm is a risk factor for acute attacks of asthma (Platts-Mills T, 1989), although
Price (1990) proposed lower thresholds. The present study shows that 42.8% of

137



childhood asthma can be attributed to exposure to house dust mite with allergen

level greater than 1 pg/gm (Table 7.2).
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CHAPTER SEVEN

DISCUSSION AND CONCLUSION

7.1 Introduction

This Chapter discusses the findings of the study within three sections, namely,
indoor envirommental risk factors for asthma, house characteristics, and indoor
environmental risk factors for respwratory Symptoms. The final section of this
Chapter describes the conclusions of the smdy findings and gives some

recommendations for further research.

Before discussing the findings, the reliability of the questionnaire is assessed, and
also the representativeness of the series of cases and controls is considered as this

has a fundamental influence on the validity of the results.

7.2  Reliability assessment of the questionnaire

The questionnaire used in the present study was designed on the base of the
standardised questionnaire of the American Thoracic Society. In order o assess
the reliability of the questionnaire in Australia, which has a different climate and

culture, a test-retest was conducted. The reliability assessment was conducted
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on nine questions, which were considered to be the most important. The number
of the children involved mn the test-retest was 20. Stauistical analyses used for
assessing the reliability of the questionnaire were proportion of agreemeut (%),

the McNarnar test, and Kappa coefficient.

The reliability assessment of the questionnaire on respiratory Symproms IS

presented in Table 7.3

Table 7.3 Reliability assessment of the questionnaire used in the study

Questions a b c¢c d PA McNemar Kappa
(Yo} Test Coefficien
t

During the last month, has your 14 3 2 0 73.7 1.000 «0.134
child had runny nose?
During the last month, has your | 16 1 2 0 842 1.060 -0.075
child had cough?
During the last month, has your | 9 1 2 7 842 1.00 0.681
child had wheeze?
During the last month, has your | 15 1 1 2 895 0.250 0.604
child had hayfever?
During the last month, has your | 17 1 0 1 847 1.000 0.641
child had eczemna?
During the last month, has your | 8 3 5 3 45§78 0.726 0.105
child had allergies?
Does anybody currently smoke | 13 3 1 2 263 0.625 0377
inside the house - parents or other
family members?
Does anybody currently smoke | 14 3 2 0 737 1.000 0.144
inside the house - visitors”
Do you use gas for cooking? s 2 1 11 842 1.000 0.650

Number of study subjects (N) = 20; ““a” and “d’’ are numbers of agreement; b’ and “¢”’ are

numbers of disagreement; ‘“PA” is the proportion of agreement.

The results showed that seven questions have a proportion of agreement between

73.7% and 94.7% and only two questions have lower values of 26 3% and 57.9%.
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The Kappa coefficients of those two questions are 38% and 10%, respecuvely,

which values represent poor agreement.

The wide range of Kappa coefficients (- 0.144 to 0.681) found in thus study may
be due to instability of the Kappa coefficient under certam condiuoﬁs, which are
referred to as limited variation. According to Haas (1991), the lmuted vartation
occurs when there is a large proporucn of agreement: greater than 85%. As can
be seen from Tabie 7.3, six out of nine questions have a proportion of agreement
greater than 84%. Thus, according to Scwartz (1994), the Kappa becomes
unstable and imappropriate as a reliability measurement in case of a large
proportion of agreement. Although the limitations of Kappa, there (s no other

alternatives for assessing reliability of a questionnaire.
7.3 Validity of research

In a case — conuol study the threats to validity are numerous and mamly arise
from the potential for bias related to the selection of subjects and the collection of

data. The following provides an overview of the potential various threats to the

validity.

It is acknowledged that the selection of the case and the control groups could
generate selection bias. The cases were identified through the Accident and
Emergency Department at Princess Margaret Hospital for Cluldren however
according to statistics, 80% of the children within the Perth Metopolitan area
attend the Accident and Emergency Department at Princess Margaret Hospital for

children which could minimise the selection bias, generared through the selection

process of the study subjects.

A further source of selection bias in this study may arise from refusal of cases or
selected contols © participate in the study. Two strategies were employed
throughout the data collection phase in order to minimize this possibility. First,

to ensure maximum participation by countrol subjects the author prepared a
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A further source of selection bias in this study may arise from refusal of cases or
selected controls to participate w the study. Two swmategies were employed
throughour the data collecuon phase in order to munimize this possibility. First,
10 ensure maximum participation by coutrol subjects the author prepared a
personal mvitation to the pareats or guardians. Second letters of encouragement
from the Health Department and Princess Margaret Hosputal for Children
supported the written mvitauon. [f participation by the respondents was not
forthcoming on the first conract, a second strategy of making telephone calls ar

different time in the day was employed.

The validity of the diagnosis of asthma may also have mtroduced a bias
(observation or mformation) due to the young age of the study subjects and the
difficulty differentiating wheezing illnesses in this age-group. However, had
many cases not been asthmati¢c and many controls under diagnosed, 1t 15 unlikely

that the study would have shown thar atopy and family history of asthma mcrease
the risk of asthma.

Further sources of mformation and selection bias could be introduced from the
cover letter sent to the parents or guardians, which explains the nature of the

study. Although detailed information of the study has not been provided, it could

generate such a bias.

It is acknowlwdged, that selection of young children with mild asthma but not

diagnosed with asthma could have been recruired as conirol subjects, it is a

limitation of the study.

Due to nme and resourse restrictions, smgle measurements of the temperature

and the relative humidity have been performed, which is also a Limitation of the

study.

Because children may be umnable to cooperate adequately with physiological

testing and, for reasons of feasibility, epidemiological studies of childhood



asthma have rended to use questionnaires as the most widely used method for

classifying subjects as affected (Tinkelman, 1993).

The questionpaire used in the present study was a standardised guestionnaire
based upon the questionnaire of the American Thoracic Society. [t included
questions On major respiratory symproms and questons related to asthma but it is
likely thar the questionnaire does not cover all symproms of this complex disease.
Also, questionnaire responses may be a subject to recall or observation biases.
Even with the use of a standardised questionmaire of respiratory symptoms,

parents may apply different interpretations of the symptom questions in reporting

therr children’s symptoms.

Confounding bias may also occur when an environmenta! factor (confounder),
which is associated with the exposure of interest, is also associated with the
development of asthma, independently of the exposure. Thus, the confounding
variable may underestimate or overestimate the association between exposure and
outcome. There are several statistical methods available to control confounding
such as stapdardisation, the Mantel-Haenzel method, and the logistic regression
analysis. The present study used logistic regression analysis, which provided
adjusted estimates of the odds ratio. There are also other factors that were not
measured in the present study but could distort the estimation of the exposure

effects. In order to control the effect of the potential extraneous variables,

multivariate analysis were used in the study.

In terms of the external validity, Western Australia has specific climate
conditions, which may lead to limitation of the generalization of the study results

to populations in other countries, and even to populations in other states

Australia.

Finally, the validity of the study could have been eroded as a direct consequence
of the unreliability of the recorded data. To ensure reliability of che data, qualiry

control measures were instituted by the author 1 the coflection of the dara.
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Furthermore, the coding of the data was undertaken consistently by the author,

with minimal misclassification.

7.4 Discussion of the findings

7.4.1 Risk factors for asthma

Asthma is a considerable health burden in western societies and there is evidence
that it may increase in young children (Magnus, [997). Although
epidemiological studies have given insight into the risk factors that may be
associated with the increased mcidence of asthma, the aetiology of asthma
remains unclear. Genetic factors appear o be important for determining the risk
for asthroa in an tndividual but cannot be responsible for the observed increased
prevalence. Environmental exposure in early life that affect immune maturation
appear to be key factors for the development of asthma. The indoor environment
is a likely candidate since infants spend abour 90% of the time mdoors ar a time
when nmune deviation usually occurs. Therefore, interactions between genetic
and environmental factors are most likely to explain differences in prevalence
worldwide. In this context, it is of paramount importance to establish the

environmental factors thar influence the development of asthma m predisposed

mdividuals.

Most of the potential risk factors for childhood asthma considered in the present
study have been studied before. According to the logistic regression model for
winter data, atopic status was strongly associated with asthma with an odds ratio
(OR =3.29; 95% CI: 1.47 — 7.33} and this is in agreement with previous studies
(Burrows, 1989; Claire [nfante-Rivard, 1993). According to Marsh (1981) atopic
individuals characteristically enhanced formation of specific IgE antibody after
exposure to antigens. Although many studies have demonstrated a relanionship
between atopy and asthma, the mechanistic pathways, either casual or noncasual,

thac link atopy and asthma are not well defined. Nevertheless, atopy w ctuldren
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does predict increased risk of asthma, and its presence or absence may be used as

an empiric predictor (Tinkelman, 1993).

[n the present study, farmily history of asthma also appeared to be an independent
risk factor for asthma with odds ratio OR = 2.82 /19575 CI 1.34 ~ 5.93) and this 1s
generally couosistent with previous findings. Leeder and colleagues (1976)
evaluated a cohort of 200 children from birth to age five years and found thar the
incidence of asthma increased from 2.5 percent if neither parent had asthma to
5.4 percent if one parent had asthma. Similar findings were reported by Lebowitz
(1984) in a study of 344 families from Tucson, Arizona. When neither parent
had asthma, 6.5 percent of the children had physician-diagnosed asthma; when
one or both parents had asthma, 19.7 percent and 63.6 percent of the children had
asthma, respectively. Studies of the familial aggregation of asthma m general
population samples indicate a stwong familial influence on the prevalence of

childhood asthma, but do not separate genetic from environmental effects.

Investigations to date do not provide consistent results concerning child’s gender
as a predictor of asthma. Rackemann and Edwards (1952) described the clinical
course of 688 asthmatic children selected from a private practice and followed
over 20 vears. They found that boys and grrls did not differ in the starus of
asthma  Gortmaker and colleagues (1982) had similar results. The present study
found that boys are at higher risk for the development of asthma with odds rato
of OR = 2.55 (95% CI: 1.05 — 6.17) and this result is consistent with the study
findings of Schenker (1983), Kaplan (1985) and Melia (1982). A difference m
airway geometry in boys and girls is one explanation for the male excess.
Taussig (1977) measured expiratory flow rates in 65 normal children and found
lower flow rates in boys. This finding, together with other observations
(Doershuk, 1974) made Tinkelman (1993) to suggest that boys tend to have

smaller airways at a given lung size than girls.

Among the housing characteristics, the presence of air conditioning and

fireplaces appeared as protective factors for asthma with odds ratios, OR = 0.28
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(95% CI- 0 12 - 0.62) and OR = 0.32 (95% CI: 0.18 - 0.90), respectively. Arr
conditiomng may improve the ventilation inside the house and consequently may
reduce the exposure levels of indoor air pollutants. Also, the presence of an air
conditioner can maintain a good and healthy mdoor climate. The observed
protective effect of fireplaces may be confounded by other underlying

relationships or may not have any casual pathway.

The use of a humidifier has a marginally significant effect (p = 0.06) on asthma
with an odds ratio of OR = 2.77 (93% CI: 0.95 - 10.31). A tew studies have
observed the effect of humidifier on respiratory symptoms and found that if a
humidifier is not well maintained and cleaned, it can be a reservoir for infectious
and allergenic agents such as bacteria and fungi (Burge, 1990; Solomon, 1990).
Also, a humidifier may be a moisture source that subsequently leads tw
condensarion and biologic growth on colder surfaces. According to Pollart and
colleagues (1988) high humdity and moderate tempgrarure are conditions

favoring the growth of mites.

As it was explained in the Chapter 5, nitrogen dioxide was mouitored in the
child’s bedroom and in the living room. The logistic regression models for both
rooms are quite similar (Chapter 6) except that nitrogen dioxrde appeared to have
significant but megative association with asthrma in the model for the chiid’s
bedroorn.  The Education Programs that the Asthma Foundation and the Health
Department organise among the community, especially for families with children,
who suffer from asthma, are more likely to explain these findings. These
programs, zlong with the information regarding the triggers and the nisk factors
for asthma, also include recommendartions to use electricity for cooking and
heating, instead of gas appliances, especially unflued gas heaters. These
educational programs are likely to explain the study findings that more controls
(87%) than cases (83%) used gas for cooking and heating while families with
asthmatic children use more electric appliances (62%} than those with non-

asthmatic (36%). Also, seven percent of the controls reported to use kerosene
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space heaters, whilst none of the asthmatic children seemed to be exposed to

kerosene (0%).

The fact that nirrogen dioxide appeared only in the regression model for the
child's bedroom, the poor ventilation in this room s likely 0 be one of the
explapations. Fifty six percent of the families reported 1o have very good
ventilation m the living room, compared to 32 percent in the child’s bedroom
Furthermore, 7.3 percent of the participants indicated that they had very poor
ventlartion in the child’s room, compared to 2.6 percent in the living room [n
addition, higher nitrogen dioxide levels (>100 ppb) were measured mn the chiid’s
bedroom among 63 percent of all families, compared to 41 percent who had such
high levels in the living room According to the World Health Organisation the
recormmended maximum one-hourly exposure level to NO, is 100 ppb, which

was recently changed from 212 ppb (WHQO, 1996).

The present study found that domestic exposure to formaldehyde during hot
months, is a significant risk factor for asthma in children and this finding agrees
with other studies (Quackenboss, 1989; Norbick, 1995; Wieslander, 1997).
Krzyzanowski and colleagues (1990) found that prevalence rates of asthma and
chronic bronchitis in children were significantly greater for children exposed to
formaldehyde levels above 60 ppb (69 rg/m’) in the home. In a recent study of
Franklin and colleagues (2000) it was reported that domestic exposure to
formaldehyde might invoke an inflammatory response in the airways of healthy
children. Formaidehyde concentrations in the study houses were reasonably low,
with a total of seven samples exceeding 120 pg/m’, which is the Na?ional Health
and Medical Research Council {Australia) recormrmnended guideline for maximum
permissible level within domestic preruses and schools (NHMRC, 1982).
Despite the low formaldehyde exposure levels found in the present study, indoor
formaldehyde appeared to be a significant risk factor for asthma m this study
population with odds ratio OR = 1.02. For children exposed to formaldehyde at
levels equivalent to 120 pg/m’ (100 ppb), the lik‘eljhood of having asthma

increases by 35%. Given that, the prevalence of atopy in the control group was



50%, (slightly higher than other Australian population 41%) (Kendall, 1998}
the effect of formaldehyde exposure is likely to be an underestimate. [t 18
important to notice that formaldehyde results were oot confounded for other
factors considered to be potentially risk factors for asthma such as combusticn
sources, age, gender, family history of asthma, atopy, pets, family size, parent’s

educational level, and house dust mites.

Two experimental studies have shown that volatile organic compounds may
affect the airways and induce inflammation (Koren, 1992; Harving, 1991). Two
recent studies have demonstrated a significant relationship berween asthma and
exposure to volatile orgamc compounds (Norback, 1995: Weislander, 1997).
These results are consistent with the findings of the present study that totuene and
benzene are significant predictors of asthma with odds ratios of OR = 109 95%
CI: 1.02 - 1.16) and OR = 1.07 (95% CI. 1.03 - 1.11), respectively. According to
Lansari (1992) potenual source of benzene 1s the use of contaminated water m
showers. Generation of VOCs from gas and electric beating units, CONSUMET

products and from building materials has also been studied (Zweidinger, 1991

DeBertolt, 1986).

Since indoot air pollution has been identified as a critical problem affecting
children’s health worldwide there is a need for further information on adverse
health effects from indoor environmental irritants. Entrance of air pollutants mto
the body is usually through the respiratory tract and environmental irritants such
as formaldehyde and volatile organic compounds are capable of direct acute and
chronic health effects within the respiratory tract itself, depending upon the
pollutants and its deposition site (Brooks, 1992). Obviously, the respuratory (ract
is an important asset that requires protection. Future research should increase the
understanding about which health effects occur after exposure 0 average

pollutant concentrations found in the house, and which result from exposure t©

higher concentrations for short periods of time.
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In the present study, exposure to house dust mite appeared to be a very strong
predictor of asthma and this result is consistent with previous findings {Plarts-
Mills, 1992; Sporik, 1992). The World Health Organization has recogmzed
domestic mite allergy as a universal health problem and it has become of great
importance for furure research to establish which environmental factors lead to an

mcrease the amount of house dust mites.

The present study tound that spending longer hours outside protects chidren
from developing of asthrna with (p = 0.004). Children exposed to fresh air with
less allergens and pollutants are likely to bave less probability of having asthma

compared 1o those who spend most of their time mdoors.

7.4.2 House characteristics associated with indoor air

poliutants

The Lrerature suggests (Maroni, 1995) that the sources of mdoor ar pollution
include oil, gas, kerosene, coal, wood, tobacco products; building materials and
furnishings, asbestos containing mnsulation, wet or a damp carpet, furniture made
of certain pressed wood products; products for household cleaning and
maintenance, personal care, or hobbies; central heating, cooling systems and
humidification devices. The relative imporance of any single source depends on
how much of a given pollutant is emitted and how harmful those erussions could
be. Furthermore, when there is a lrtle infiltrarion, natural ventilation, or

mechanical ventilation, the air exchange rate is low and pollutant levels can

mcrease.

In the present study, indoor concentrations of formaldehyde were measured in the
child’s bedroom and in the living room on two occasions over 12 months, winter
and summer. The study results showed that presence of gas heaters has a
significant influence on formaldehyde levels and thus result is consistent with the
findings of Maroni and cotleagues {1993). Presence of carpet also appeared to

affect the levels of formaldehyde sigruficantly. Carper w1 a house can absorb
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formaldehyde and later start releasing it i the air under particular cooditions

such as high temperature and low ventiation.

Other organic pollutants that were monitored in the study were volatile organic
compounds (VOCs). Accordmg © the study findings, beuzene as a volatile
compound was significantly affected only by the ventilation rate inside, as good
ventilation helps to reduce the indoor levels of benzene. The regression model
showed that there were some more vanables that might have affected the level of
benzene but are not ncluded in the wodel One possible explanation 1s that

indoor concentrations of benzene are more likely to be influenced from outdoor

SQUICES.

The second aromatic hydrocarbon, which was measured, was ethylbenzene. The
present study found that the presence of a pew carpet and new furniture
significantly affect the levels of ethylbenzene and the results are consistent with
the findings of the U.S Environmental Protection Agency (1987). The study also

found that smoking inside influences the concentrations of ethylbenzene.

Furthermore the study found that the presence of new furniture and new paining
significantly affect the indoor levels of m-xylene and p-xylene, which results are

in agreement with the findings of U.S Environmental Protection Agency (1987).

The literature suggests that combustion appliances, which mclude kerosene, gas
heaters, fireplaces, and gas stoves, are the main Sources of aldehydes and
hydrocarbons (U.S.EPA, 1987). The present study also found that these

appliances are significanrly associated with the levels of woluene, xylenes, styrene

and chlorobenzene.

Weislander and colleagues (1997) stated that indoor painting is related to
increased ndoor concentration of volatde orgamc compounds, which is in

agreement with the present study finding. Recently painted surfaces appeared to
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have significant effect on the levels of volatie organic compounds and in

particular, styrene, 1,3 — dichlorobenzene, m-xylene and o,p-xylene.

A study by Norbiack (1990) showed that the VOCs concentrations are higher at
higher room ternperatures. During summer, when the ventilation rate 1s low and
the temperature is high, the emssion rates of VOCs mcrease. This fmding is
consistent with the results of the present study, which found a sigmificant,
positive relationship between indoor temperature and levels of volatile organic

compounds (in particular chlorobenzene, styrene and wluene).

The next imdoor amr pollurant momitored in the study was nitrogen dioxide.
Generally NO; 15 emitted from indoor combustion sources, including tobacco
smoke, gas appliances, kerosene heaters, and fireplaces (Maromi, 1993). The
present study found that during winter the use of gas for heating significantly
increases the levels of nitrigen dioxide which is in consistency with other study
(Devalia, 1994). According to the study tindings, during swmmer families who
use air conditioning are exposed to lower levels of nitrogen dioxide. This result

explains that households with better ventilation are more likely to have lower

levels of pollutants.

Airborne particulate matter (PM) represents a complex mixture of organic and
inorganic substances. Combustion sources, mcluding gas appliances and tobacco
smoke, are probably the major indoor generators of fine-mode particles. Sprays
and cooking aerosols may also contribute to the total concentration (Maroni,
1995). These findings agree with the study results that smoking mside and

presence of carpet significantly increase the levels of particulate marter mdoors.

House dust mites are the most common potential wdoor allergen and mites can be
found in floors and tend to bury themselves deep wn carpets, mattresses, and soft
furnishings (Platts-Mills. 1992; Sporik, 1992). The study found that the number
of people who shared the child’s bedroom appeared to have a significantly

positive relationship with the allergen levels of house dust mute.
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7.4.3 House characteristics

Nowadays people in the western countries live m bomes, which have been
carpeted, heated, cooled, and humidified t0 make them energy efficient. Thus,
the houses become an ideal habuat not only for domestic mites bit some other
imsects, molds and bacteria.  Furthermore, with the modern construction

techniques, indoor air poljution can be greater than outdoors.

According to the study results 55 percent of all families who participated i the
study reported the use of gas appliances and more controls than cases were
exposed to them. Furthermore, none of the families with asthrnatic children used
kerosene, whule 7 percent m those of controls reported having kerosene space
heaters. Thus, it is evident from the study results that cases try to© avoid the use of
gas for heating and cooking as 61 percent of the case subjects used electricity for

cooking compared to 55 percent of the control subjects.

Although some studies report an association between using a humidifier and risk
of asthma (Burge, 1990; Solomon, 1990; Infante-Rivard, 1993), there is still a
betief among the public that some humudiy 18 necessary (O avoid respiratory
illness i children. In this study, more cases (17%) compared to controls (10%)

reported to have a humidifier in the house but the difference was not significant

¢ =17df=1,p=0.19)

Ventilation modification is often used to correct or prevent indoor air quality
problems. If too little outdoor air enters a home, pollutants can accumulate to
levels that can pose health and comfort problems. Also houses, which have a
relative humidity tevel below 60 percent, are likely to have very little house dust
mite and mouid growth This low level of humidity can be achieved with good
ventilation. Coastal regions in Australia have humd ambient climate and only
good venrilation inside the house could mamntain high indoor air quality. In the

present study, only 40 percent of all studied tamilies reported to have air



7.4.4 Characteristics of the study children

The mean age of case subjects was 24 months and 15 days and of controls 19
months and 18 days and a possible explanation of the age difference 15 that the

childhood asthma is more likely to occur and develop at ollder age.

In the study the male: female sex ratios were 1.53:1 and 2.26:1 in cases and
controls, respectively. Investigations to date do not provide consistent results
concerning child’s gender as a predictor of outcorme. This study sumilar as others
(Schenker, 1983; Kaplan, 1935; Melia, 1982) found that childhood asthma is
more prevalent i boys than gwls. Contrary, some other studies (Rackeman,
1952: Blair, 1977; Infante-Rivard, 1993} didn't find that boys were at increased
risk ot asthma.

Epidemiological studies indicate that asthma and atopy are linked (Weiss, 1985,
although the relationship between atopy and asthma is quite complex. Burrows
and colleagues (1976) used skin tests 10 assess the atopic starus of the children,
selected ar random in Tucson. The results showed that skin test reactivity was
strongly associated with the artacks of wheezing. Further analysis of data from
the Tucson population showed that the prevalence of asthma is more sirongly
associated with level of IgE than skin-test reactivity (Burrows, 1989). In the
present study, the atopic status of the children was assessed by sk prick tests
and the difference in the atopic status between asthmatic and non-asthmatic

children was significant (x> = 10.6;,df = 1; p = 0.001) as more cases were defined

as atopic (72%) compared to controls (50%}).

7.4.5 Indoor environmental risk factors for the respiratory

symptoms: wheeze, hay fever, runny nose, and cough.

Wheeze is a classical sign of asthma and it is associated with asthma disorders.
This could explain the study finding of the significant difference (p = 0.000) in

the frequency of wheeze between asthmatic and non-asthmatic children (See



Chaprer 6.3.2). Also, a sigmificant seasonal vanation (p < 0.01) i wheeze was

found in the srudy.

In the logistic regression model for wheeze. age and gender of the study subjects
appeared o be significant factors for this respiratory disorder with odds ratios of
OR = 1.07 (95%CI: 1.02 - 1.12) and OR = 1.98 (95%CI: 1.01 - 3.89),
respectively. Age and gender of the study subjects were also significant factors

for asthma.

According to the study, high hurmdity significantly affects the wheeze m young
children with odds ratio of OR = 1.04 (95% CI. 0.27-1.07). Problems of
condensation and dampness m the house are a common cause of the complaint.
There is widespread public concern that housing is a cause of respiratory il

health (McCarthy, 1985) and dampuess is perceived as a public health 1ssue
(Martin, 1987).

Exposure to house dust mite and p-xylene had only a marginally significant etfect

on wheeze.

During surnmer, domestic exposure to formaldehyde and benzene appeared to be
significantly associated with wheeze with odds ratios of OR = 1.02 (95% CI: 0.99
- 1.04) and OR = 1.02 (95% CIL: 0.99 - 1.03), respectively, which results are
similar to those for asthma. The similarity between the risk factors for asthma and
wheeze confirms that wheeze is a symptom closely related to the asthma disorder.
-
Hayfever is an allergic condition and u has also been associated with asthma
This agrees with the study finding that more cases (28.4%) than contro Is (6.8%)
reported to have hayfever and the difference was significant (p < 0.001).
Domestic exposure to toluene and benzene sigmficantly contributes o this
symptom with odds ratios of OR = 1.02 (95% CI: 1.00-1.03) and OR = 1.05 (95%

CI: 1.02 - 1.08) respectively. Toluene and benzeoe also appeared in the logistic

regression analysis for asthma.
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According to the study, indoor temperature 1s significantly associated with
hayfever with odds ratio of OR = 136 (95% CI. 1.10 — L68). Higher
remperature helps to release some indoor pollutants into the air and hence can
increase their indoor concentrations. [t is well known that house dust wutes
required particular condirions of temperature and humidity n order to grow, as

the optimum conditions are 25°C and 70% - 80%, respectively.

The presence of carpet seemed to be a very powertul indicator for hayfever with
odds ratio of OR = 5.54 (95% CL 1.12 - 27.32). Since carpet is a potenual
reservoir for house dust mites and many other bacteria, these may provoke

hayfever, which is an allergic disorder.

Exposure to gas beaters is also a significant factor (OR = 1.98; 95% CI: 0.77 -
5.08) for hayfever, which relationship could be confouded by age, awendance of
day care and some other confounding factors. Epidemiological studies suggest
that children who are exposed to combustion contaminants from gas appliances
have higher rates of respiratory Symptoms and illness than other children (WHO,
1987). According to the World Health Organisatior, only children who already
have respiratory disorders are likely to be sensitive to the effects of mitrogen
dioxide. Exposure levels can be greatly reduced by opening the windows, having

an extractor fan, and conducting regular maintenance of gas appliances.

As hayfever is an allergic disorder, it is understandable why allergy to pets is the
strongest indicator with the odds ratio of OR = 23.82 (95% CIL: 3.93 - 206.76).
Cat and dog allergens become airborne and are easily inhaled because they are
carried on flakes of dry skip and dried saliva. Because of the small size of the
flakes, they can remain airborne for hours. and high levels can therefore continue
to exist for very long periods even after the pets have been removed. Regular
washing of the pets, removing the carpet and thorough cleaning of dust-collecting

surfaces may help to reduce the airborme pets allergens.



The next respiratory symptom, considered in the present study ts the runny nose.
This symptom is usually associated with colds but it also may originate from an
allergy. The present study found that children who have first-degree relatives
with asthma are at higher risk of runny nose. Also, exposure to volatile orgamic
compounds appeared to contribute significantly to the symproms of runpy nose.
The study found that domestic exposure to ethylbenzene and 1.4 -
dichlorobenzene are significant risk factors for this respiratory symptom with
odds rarios of OR = 1.20 (95%CI: 1.00 - 1.43) and OR = 1.02 (95%CTL: 1.00 ~
1.45), respectively. These two volatle organic compounds are recognised eye
and respiratory tract irritants, so they could provoke runny nose in susceptible
individuals (Tucker, 1988; Dreisbach. 1980; Turiel, 1985). Spendmg longer
hours outdoors seems to protect children from developing a rupny nose with odds
ratio of OR = 0.28 (95% CI: 0.08 - 0.97). According 1o the study, spending more

than 2 hours a day outdoors is 2 protective factor for asthma as well

Cough is the last studied respiratory symptom in children. The study found that
more asthmatics (98%) than non-asthmatic subjects (73%) reported having a
cough. According to the study, attending a day care centre significantly increases

the likelihood of having a cough with the odds ratio of OR = 3.35 (95% CIL: 1.20
-9.34).

As it was mentioned previously, the domestic exposure to benzene is a significant
risk factor for asthma, wheeze and hayfever in young children. The present study
found that this pollutant significantly contributes to having a cough with odds
ratio of OR = 1.04 (95% CI: 1.14 - 4.60). Since benzene is a well known irritant,

exposure (0 benzene may results m provoking a cough in children.

The present study found that children who are defined as atopic are at
significantly greater risk of having cough with odds ratio of OR = 2.3 (93% CI:
1.14 - 4.60) compared to those who did not show a positive reaction 0 common
allergens. It has been acknowledged that the atopic cluldren are more vulnerable

to the effects of exposure to indoor contaminants.



The presence of air conditioning seems to protect children significantly from
asthma as well from having a cough with OR = 0.52 (95% CI: 0.27 - 1.00). If air
conditioning is well maintained it could bring more fresh air inside and decrease

the level of indoor contamination.

Exposure to particulate matter and house dust mites have only margnally

significant effects on cough with p = 0.06 and p = 0.036, respectively.
7.5 Conclusions and recommendations

In the last several years, scientific evidence has indicated that the awr within
homes and other buildings can be more seriously polluted than outdoor air in
even the largest and most mndustrialized cities. Nowadays people spend
approximately 90% of thewr tme indoors, thus for many people the health risks
may be greater due to exposure to air pollutants indoors than outdoors. The
locations of highest concern are those invoilvmg prolonged, contmuing exposure,
which are the home, the school, and the workplace. People who may be exposed
to indoor air pollutants for the longest period of time are often children, elderly

people, and the chronically 1ll.

Children require special protection because thev are more vulnerable to the
effects of environmental hazards. They receive greater exposure per unit of body
weight than adults, and they are more suscepuble to their effects because of the

immature and developing systems (Maroni, 1995).

Today children live in an environment that is vastly different from that of a few
generations  ago. Economic development, increasing urbanization and
mdustrialization have increased the risk of exposure to indoor environmental
hazards. While pollutant levels from individual sources may not pose a
significant health risk by themselves, most homes have more than one source that

contributes to indoor airr contamimation. These mclude combustion sources such

1 &0



as oil, gas, kerosene, coal, wood, and tobacco smoke; building materials and
furnishings, wet or damp carpet, furniture made of certain pressed wood
products, products for cleaning and maintenance, personal care, or hobbies,
central heating and cooling system; and outdoor sources such as radom,
pesticides, and outdoor air pollution. Thus, there can be a serious risk from the

cumulative effecrs of contarninants from these sources.

According to the study finding, domestic expo.sure to formaldehyde and volatile
organic compounds (benzene and toluene) mcrease the risk of asthma m young
children. Due (o extensive use in numerous manufacturing processes and building
materials, formaldehyde is probably the most recognised indoor volatile organic
compound. The predominant route of exposure to formaldehyde in the home 1s
through inbalation, so it prumarily affects the airways. Thus, m order o avoid
exposure to higher levels of formaldehyde, which may lead to adverse health
effects, people need to minimize all products that are releasing formaldehyde m
the indoor air. Carpet and chipboards are products that absorb formaldehyde and
may also start o release this pollutant mro the air under particular conditions.
Overall levels of formaldehyde can be lower if more fresh air goes into the home
by opening doors and windows and installing an exhaust fan. Low levels of

humidity can also help to reduce indoor formaldehyde levels.

Among the other indoor environmental factors, that appeared to be predictors of
asthma, is the allergen levels of house dust mite. The preseuce of air
conditioning at home and spending longer hours outdoors have a significant

protective factor for asthma.

The results of the study confirm the role of susceptibility factors i asthma and
show that indoor environmental factors contribute as risk factors for asthma m
early childhood. Since the quality of the indoor emvironment is potentally
modifiable there might be opportumities for intervention t0 reduce asthma
symptoms. Furthermore, the observation that exposure to formaldehyde,

benzene, and toluene m early childhood is associated with asthma suggests the



possibility that irritants in indoor air might be mvolved in the initiation phase of

asthma.

The World Health Organization European Centre for Environment and Health
has recognised the need to set the priority research mm environmental
epidemiology. An International Workshop held in 1993 identified the following
health outcomes as the most important for assessment:

1. Incidence and development of various states of asthma;

2. Incidence of disease of the lower respiratory system i children,

especially prior to age six; and
3. Development and exacerbation of chronic respiratory disease and

disorders that obstruct the respiratory passage.

The workshop has pointed out that diseases of the respiratory system are of

primary concern when the health effects of exposure to indoor and outdoor air are

concemed.

It 15 always better to prevent an ipess rather than use medicines to treat
symptoms once the illness has developed. This is especially true for asthma,
where inflamration of the airways develops. A healthy indoor environment with
a low allergen level and low concentrations of indoor arr pollutants such as
formaldehyde, volatile organic compounds, carbon dioxide may prevent the

development of allergies and airway inflammation in the first place.

Usually the most effective way to improve indoor air quality is to eliminate the

sources of pollutants or to reduce therr emission.

Another approach to lowering the indoor levels of air pollutants i the house is to
mncrease the amount of outdoor air coming mndoors. Good healthy indoor air
quality needs a good background level of ventilation in the house at all times with
extractor fans in bathroom, kitchen and laundry areas. Opening windows and

doors or running air conditioner mcrease the outdoor ventlation rate. Kitchen or



bathroom fans that exhaust outdoors remove contaminants directly from the room
where the fan is located and merease the outdoor air ventilation rate. During
winter the house needs to be heated in order to reduce the condensation and
maintain adequate ventilation. Also it is important to reduce afl places where
allergen leveis are possibly high  This may require changes the mdoor
environment as removing the carpet, changes to furnishings, keeping pets outside

and any sources, which could increase the relative hurmdicy.

The next important step is to educate the general public about asthma and mdoor
air qualiry. This includes promoting awareness and education regarding mdoor
air quality and the benefit of cleaner and healthy mdoor environment. In
addition, to provide guidelines to susceptible individuals to help them to reduce

the risk of adverse health effects related to mdoor air pollution.
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Appendix A

FORM OF CONSENT

Given names Surname

have read the information explaining the study entitled “Indoor environmentat

risk factors for childhood fespiratory symptoms and asthma”

[ agree to

to participate m the study.

I understand my child may withdraw from the study at any stage and withdrawal

will not interfere with routine care.

I agree that research data gathered from the results of the study may be published,

provided that names are not used.

Dated.....cooooie day Of o 19
PARENT OR GUARDIAN’S SIGNATURE.............cco
s o e have explained the above to

the (Investigator’s full name)
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signatories who stated that he/she understood the same.

SIGNATURE. .. e
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Appendix B

INFORMATION SHEET FOR PARENTS

Dear Parent/Guardian,

We would like to invite you to participate in a study to investigate some indoor
environmental factors affecting childhood respirarory symptoms and asthma. We
are looking for asthmatic babies and young childien aged between 6 months and

3 years old, who have admitted Princess Margaret Hospital with asthma attack.

The research project which we are carrying out in conjunction with the
Respiratory Medicine Departrment ar Princess Margaret Hospital and the Health
Department of Western Australia aims to unprove our knowledge about the
possible link berween substances which may be present in the indoor air and the
development or aggravation of asthma among young children. The type of
substances that we are interested in come from sources such as gas cookmg or

heating and vapors from new furniture and carpets.
The research project has been divided into two stages described below.
The first stage involves completing a questionnaire, which will give us

information about your child’s health history and status and his/her home

environment. The completion of the questionnaire will take you about 5 minutes.
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The second stage involves indoor air monitoring and medical assessment of your

child.

Indoor Air Monitoring

The air will be measured m your home twice per year, once in the summer and
once in the winter. Arr samples will be collected from the living room and the
child’s bedroom. A researcher will contact you to make a visit in your home at a
time convenient for you. Each visit to make the measurements should take no

more than 15-20 minutes.

Child Medical Assessment

The assessment will include a skin prick test to determine the reactivity to some
common allergens, which may be related to respiratory symptoms. These tests are
safe and do not cause discomfort apart from slight itching that goes away after

few minutes.

We would be most grateful if you would be prepared to take part in both stages
and indicate your willingness by completing both the consent section at the end
of the mformation sheet and the questionnaire, and retwrn them in the envelope

provided.

In both stages the information you provide will be kept confidential and will only
be used for research purposes. The resuits will be presented in an aggregated
form, so those individual participants will not be identified.

The medical assessinent will not involve any costs to you and the results of these

tests will be made available to you, as will the results of the air measurements.

Your mvolvement m this study is completely voluntary and you are free to

withdraw at any time.
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Your time to take part in this study is most appreciated and should you have any

questions or concerns about the study please contact me at Curtin University

9266 2817 or home 9354 3333.

Thank you for your assistance.

Yours sincerely

Mrs. Krassi Rumchev
PhD Researcher
School of Public Health

Curtm Universiry
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University of Technology
Western Australia

QUESTIONNAIRE

Name of the child

Date of birth

Address

Telephone number

Date questionnaire completed

201



CHILD HEALTH QUESTIONNAIRE

This questionnaire will ask you mainly about your child’s health
history and status. Be assured that your answers will remain strictly

confidential.

Please answer by placing a tick in the most appropriate box.

1. Sex of child

a) male

0]

b) female

2. Person completing the questionnaire

a) child’s mother
b) child’s father
¢) guardian

d) other

Hininn

Specify relationship

3. What is the highest qualification of

Year 10 Year12 TAFE University

a) the mother? l:] D D D
b) the father? ] (] L] ]

4. Occupation of the mother

5. Occupation of the father

6. Does this child attend child day care
or nursery schooi? Yes No

O



7. If your answer is “Yes” how many hours does this child spend
in the day care or in the nursery school per week?

8. Please, answer the following questions by placing a tick on
“Yes or “No”:

a) During the last 6 months has this

<

child had a cough: es

1) with cold?
2} occasionally apart from colds?

3) most days or nights?

L O O O
01 0O 0O [z

4) no

b) Deoes this child’s chest ever sound

wheezy or whistling:

1) with cold?
2) occasionally apart from colds?

3) most days or nights?

L1 O OO
OO O

4) no, please go to question 9

¢) Has your child ever had an attack
of wheezing that has caused himvher

[
[]

to be short of breath?

d) If “Yes” to 8c) has he/she had 3 or
more such episodes per week within
the past 6 months? E] D
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9. Has a doctor ever said that this child has
any allergies to

-
=z
o

es

a) pollen?

b) dust?

¢) chemicals?
d) cockroach?

e) pets?

OOOO
HNnININn

f) none?

10. Has this child’s biclogical mother ever had know

Yes No
a) asthma? D D
b) eczema? E] D
¢) hayfever? D D

11. Has this child’s biological father ever had know

Yes No

a) asthma? D D
b) eczema? D D
c) hayfever? D D

12. Has any of this child’s brothers or sisters ever had know

Yes No

a) asthma?
b) eczema?

¢) hayfever?

[
L]
L]

.

Don’t

Don’t

L]
[]
[
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13. During the last 3 months, has this child had any of the

14.

15.

16.

following symptoms?

a) running or stuffy nose
b) trouble breathing
¢) hay fever

d) allergies

No

[]
[]
]
]

Occasionally

HimInin

If “Yes”, how long do they usually last ?

a) running or stuffy nose
b) trouble breathing
c) hay fever

d) allergies

Has a doctor ever said that this
child had asthma?

Hours Days

NN

]
[]
]
L]

Yes

]

-

Frequently

N

Month

No

If your answer is “Yes”, do asthma attacks occur more
frequently or more severely during any particular season?

a) spring
b) summer
¢) autumn
d) winter

€) no seasonal difference

NN
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DWELLING QUESTIONNAIRE

The questions in this section relate to your child’s home
environment. Please answer by placing a tick in the most

appropriate box.

-

1. Smoking inside the house es

a) parents
b} visitors

¢) nobody

2. Gas Heating
a) flued
b} unflued
Open Fire Place
Closed Wood Fire
Kerosene Space Heater
Central Air Conditioning
Air Conditioning in Child’s Room
Humidifier in Child’s Room

© ™ NP o ohw

Gas Cooking Appliances

10. Electric Cooking

11. Garage Attached to the Home
12. Pets or Birds (inside)

LOdbdoodondgoso Oodo
N O O B I
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13. What kind of floor coverings do you have?

in child’s bedroom in living room

a) carpet

b) ceramic

c) linoleum

d) concrete

e) slate (stone)

f) parquet

LUogon
HNINNInE.

g) other

-

14. During the last 3 months, have the following changes taken
place?

in child's bedroom in living room

a) new carpeting D D

b) walls painted D D
c) new furniture D D
d) new walil covering D D

15. How would you describe the general ventilation?

in child’s bedroom in living room

a) very good D D
b) good |:| D
¢) poor ] L]

16. How old is your house?
a) Less than 5 years f:]
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b) Between 5 and 10 years

¢) Greater than 10 years

17. How many people live in the house?

18. How many bedrooms do you have?
a) one bedroom
b) two bedrooms
¢) three bedrooms

d) four bedrooms

LOgon O O

e) five bedrooms or more

19. How many people share this child’s
bedroom?

a) own bedroom
b} 1 person

¢) 2 persons

OO0

d) 3 or more

Thank you for your assistance
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Appendix D
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WUl

S g
-y
=

University of Technology
Westemn Australia

QUESTIONNAIRE

Name of the child

Date questionnaire completed

This questionnaire will ask you mainly about your child’s health

status and his/her home environment.

Please, be assured that your answers will remain strictly
confidential.

Please answer each question by placing a tick in the most

appropriate box.



1. During the last month, has your child had any of the following

symptoms?

-

es No

a) runny or stuffy nose?

b} watery eyes
¢) cough

d) wheeze

e) hay fever

f) eczema

L OO0 O
HpinNaEnENE

g) allergies

L]

2. Is your child currently taking any medication? D

If “Yes”, please specify

2. Does anybody currently smoke inside the house?

Yes No

a) parents

il
]

[]

b) other family members

L]

b) visitors D
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3. During the last month, have the following changes taken place?

Yes No

a) new carpeting

1} in child’s bedroom

L1 L]
L

2) in living room

b) walls painted

1) in child’s bedroom

2) inliving room

c) new furniture

1) in child’s bedroom

I W I
I e B e B

2) in living room

d) new wall covering

1) in child’s bedroom

] L
1]

2) inliving room
4, What do you use for cooking?

a) gas cooking appliances D D

b) electric cooking appliances D D



5. How would you describe the general ventilation?

In child’s bedroom in living room

a) very good D

b) good D
c) poor D

6. Do you keep any pets inside the house?
Yes

(——y

]

Thank you for your assistance

L]
[]
[]

No



Appendix E

Definition of terms

Assoctation - statistical dependence between two or more events, characteristics,
or other variables (Last, 1988)

Bias- deviation of results or references from the truth, or processes leading to
such deviation (Last, 1988);

Effect modifier - A factor that modifies the effect of a putative factor under study
(Last, 1988);

Exposure - Proximity and/or coutact with a source of a disease agent in such a
manner that effective transmission of the agent or harmful effects of the agent
may occur (Last, 1988).

Hazard - A factor or exposure that may adversely affect health (Last, 19381,
Odds ratio - The number of people with disease who were exposed to a risk
factor (Ie) over those with disease who were not exposed (Io) divided by those
without disease who were exposed (Ne) over those without who were not
exposed (No), or OR=(Ie/lo)/(Ne/No) (Swinton, 1998),

Risk factor - An aspect of persomal behavior or lifestyle, an environmental
exposure, or an mbom or inherited characteristic, which on the basis of
epidemiological evidence is known to be associated with health-related
condition(s) considered important to prevent (Last, 1938);

Reliability - Tt concerns the extent that repeat measurements made by it under
constant conditions will give the same result (Moser, 1986);

Validity - It concerns the extent to which an instrument measures what it is
mtended to measure (Rothney, 1996),;

Prevalence - The proportion of the population with a disease, disorder, or
abnormality. Cumulative prevalence is the total number of those who have had

the disorder within a given time (Toelle, 1992);



Incidence - The number of individuals who develop an abnormality within a
given time (usually a year) expressed as a percentage of the population (Toelle,
1992);

Morbidity - The degree to which quality of life is impaired (Toelle, 1992);

Airway responsiveness — The response of the airways to varying provoking
stimuli (Toelle, 1992);

Airway hyperresponsiveness — AIrways that narrow too easily or too much mn
response to a provoking stimnulus. In persistent asthma, the airways are
hyperresponsive to many different provoking stimuli. Objective parameters are
required to assess airway hyperresponsiveness (Toelle, 1992);

Atopy — The propensity, usually genetic, for developing IgE-mediated responses
to common environmental allergens (Toelle, 1992);

Exacerbate — to aggravate or make asthma worse. “Exacerbate” replaces the
words “cause”, “induce”.

Exacerbation — any worsening of asthma. Onset can be acute and sudden, or

b i)

gradual over several days. “Exacerbation” replaces the words “attac and

episode™.
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