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Abstract 

Background: The prevalence of childhood asthma varies geographically with a lower 

prevalence of asthma reported among rural compared to urban dwelling children. Although 

several explanations have been proposed, evidence is required to determine which of these 

explanations is most plausible. The purpose of this study was to identify the risk factors 

associated with current childhood asthma and wheeze and to determine which risk factors best 

explain the variations of asthma prevalence between urban and rural settings 

Methods: In 2013, we conducted a cross-sectional survey of 3,420 school children (aged 5-14 

years) from three regions of Saskatchewan representing a large urban, small urban, and rural area 

(Regina, Prince Albert and the rural area around Prince Albert, respectively). Self-reported 

questionnaires were used and information was collected on lung and general health, indoor 

environment, health behaviors, and socio-demographics.  

Results: A lower prevalence of current asthma was observed in the rural area (11.5%) compared 

to the large urban (14.6%) and small urban areas (15.9%) but after adjustment for a large number 

of variables, this association was not statistically significant (OR=0.80, 95%CI=0.47-1.36). Risk 

factors for both current wheeze and current asthma included children with any allergy (OR=4.50, 

95%CI=3.25-6.23; OR=5.00, 95%CI=3.53-7.01), parental history of asthma and allergies 

(OR=1.62, 95%CI=1.17-2.25; OR=2.21, 95%CI=1.56-3.12), home dampness (OR=1.91, 

95%CI=1.27-2.87; OR=1.70, 95%CI=1.10-2.62), seafood consumption in the past 12 months 

(OR=1.64, 95%CI=1.17-2.29; OR=1.61, 95%CI=1.12-2.30). Age was a risk factor for current 

wheeze (OR=0.67, 95%CI=0.48-0.94) and sex showed an inverse association for current asthma 

(OR=0.70, 95%CI=0.50-0.99). The association between urban-rural status with current wheeze 



  

iv 

 

and current asthma were affected by type of fuel used for heating the home and consumption of 

nuts in the past 12 months although true mediation was not seen. Significant effect modification 

between personal and environmental risk factors with geographical location was found for both 

current wheeze and current asthma. 

Conclusions: The prevalence of asthma was lower among children living in rural areas. 

However, the association was not entirely consistent and mediation by various risk factors was 

not fully observed. Also, while there were some consistent associations with current asthma and 

wheeze, the association between some personal and environmental risk factors with asthma and 

wheeze were modified by geographic location. 
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Chapter 1: Introduction  

1.1 Background 

Asthma has emerged as an important contributor to morbidity worldwide including in 

Canada. In recent decades, the prevalence of asthma has risen in many countries (1). This 

increased trend of asthma prevalence has also been observed in Canada over the last 20 years (2). 

Although the etiology of asthma has not been well-established, the potential risk factors 

associated with asthma are age, gender, genetic (inherited), indoor and outdoor environmental 

triggers, predisposing conditions such as atopy, and the indoor environment.  It is one of the 

most common chronic diseases among children (3,4) and it has a large impact on society. The 

prevalence of childhood asthma varies geographically and a lower prevalence of asthma has been 

reported among rural compared to urban dwelling children but the reasons for this remain 

uncertain. (5). Differences in access to health care utilization, geographical variations in 

exposure to environmental factors, differences in individual health practices, and personal factors 

could play a role in explaining the differences across an urban-rural gradient among pediatric 

populations. However, there are few studies available to determine what could explain the 

geographic variations of childhood asthma (5).   

1.2 Rationale 

Asthma is a chronic respiratory condition that is one of the most common diseases among 

pediatric populations (3,4). Many previous studies have observed that children in rural 

environments report a lower prevalence of asthma and asthma-like symptoms (wheeze) 

compared to urban children (6–8). Although several explanations have been proposed to explain 
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this phenomenon, evidence is required to prove which of these explanations is most plausible. 

Limitations of previous studies investigating this problem include how characteristics of 

geographic variability. Lack of geographic variability means that sometimes rural farm and non- 

farm populations are exposed to similar risk factors i.e. children living in town may have been 

regularly exposed to allergens and irritants commonly experienced in children who living on 

farms and so comparison to other areas is warranted. My study will help advance the current 

state of knowledge by providing evidence around the etiology of asthma along an urban-rural 

gradient in Saskatchewan. 

1.3 Objectives and research questions  

The main objective of this thesis was to identify the risk factors associated with 

childhood asthma and to determine which risk factors best explain the variations of asthma 

prevalence between urban and rural settings in Saskatchewan. More specifically, the specific 

research questions were:  

1. What are the risk factors associated with the prevalence of current asthma and wheeze in 

pediatric populations in Saskatchewan and specifically, is location of residence 

associated with asthma and wheeze after adjustment for confounders? 

2. Which risk factors best explain the variations of current asthma and wheeze prevalence 

in Saskatchewan? 

3. Are the risk factors of current asthma and wheeze, as identified in Research question #1, 

modified by area of residence? 
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This thesis is based on data collected from a previous study. The original study was 

cross-sectional and conducted to look at the differences in the prevalence of childhood 

conditions, with a focus on respiratory health, across an urban-rural gradient. The research 

questions for this thesis were developed to help more fully investigate those of the original study 

by conducting a more thorough assessment of risk factors for asthma and wheeze.  

1.4 Thesis organization and outline 

The main purpose of this thesis was to identify the risk factors associated with childhood 

asthma and to examine the variations of asthma prevalence between urban and rural settings. 

This thesis followed a traditional style approach and explored which risk factors may explain the 

differences in observed asthma prevalence among pediatric populations in three regions 

representing a large urban, small urban, and rural area (Regina, Prince Albert and the rural area 

around Prince Albert, respectively) of Saskatchewan.  

This thesis involved a number of different experiences consistent with the aims of a 

Master’s thesis in the field of epidemiology. This included: design of hypothesis, preparation of a 

literature review, data cleaning, data management, planning and completion of the analysis, 

presentation and interpretation of results, and traditional thesis preparation and submission for 

the requirements of my degree.  

A literature review is presented in Chapter 2. It describes asthma and its burden, the 

prevalence of asthma, the risk factors associated with childhood asthma and wheeze, and 

evidence for four explanations that may underlie geographic variations in asthma prevalence 

among pediatric populations. Chapter 3 describes the methodology of the thesis. Chapter 4 
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describes the main results of the analysis. Chapter 5 summarizes the key findings of the results in 

the context of the literature review and highlighted areas of future work. 
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Chapter 2: Literature Review 

2.1 Scope of literature review 

The aim of this literature review was to discuss the previous literature that has described 

the risk factors associated with asthma and wheeze among children. In addition, how these risk 

factors influence the geographic variations in the prevalence of asthma, especially those at school 

age. The main geographic differences under study are urban and rural dwellers as well as 

children from farming and non-farming homes. This literature review will also discuss existing 

explanations that may account for the variations in asthma outcome prevalence by location of 

residence. 

2.2 Methodology of the literature review 

The literature review was started in December 2013 and included articles up to 

September 2018. Some common search engines were used including Pubmed and Google 

Scholar at the University of Saskatchewan’s University Library. Also, additional relevant 

scientific articles were considered if they appeared in the reference section of a reviewed article. 

A filter used in the search limited the articles to those published after the year of 1990 and 

available in English. Research terms included combinations of the words “asthma”, “wheeze”, 

“pediatric”, “risk factors”, “school age children”, “urban-rural”, “farming exposure”, “access to 

health care”, “prevalence”, and combinations of these. 

2.3 Rural living and farming in Canada and Saskatchewan  

In 2016, the total population of Canada was over 35 million and the rural population was 
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over 6 million, which was 19% of the total population (9). Among the total population, the 

largest proportions living in rural area were in the Atlantic provinces (44.9%) with Saskatchewan 

(32.8%) being the second largest (10). People who live in rural area may also live on farms. In 

the same time period, 9.5% of the total rural Canadian population lived on rural farms with the 

largest proportion being in Saskatchewan (27.8%) and the smallest in the Atlantic provinces 

(2.4%) (10).  According to the 2016 Census of Agriculture, the total number of farms in Canada 

had decreased 5.9% from 2011 (205,730) to 2016 (193,492) and this rate of decline was the 

lowest in the last 20 years (11,12). Despite the number of farms decreasing in Canada, the 

average land per farm has increased from 2011 (779 acres) to 2016 (820 acres) (11). According 

to the 2016 Census of Agriculture, the total number of farms had decreased 6.6% in the province 

of Saskatchewan compared to the 2011 census (16.6%) (13).  

The largest proportion of Canadian farms were field crop farms (39.8%) followed by beef 

cattle farms (26.6%) (14). In 2016, Saskatchewan was the largest crop-producing province in 

Canada representing more than two-fifths (46.8%) of the national total field crop acreage which 

was more than Alberta (26.8%) and Manitoba (12.7%) combined (13). Although cattle farming 

had decreased by 2.1% from the 2011 census, Saskatchewan continued to report the second 

largest cattle herds in Canada after Alberta (13).  

A significant proportion (19%) of Canadians live in rural area making rural health an 

important field to study. According to The Rural Health and Northern Health Research Initiative 

(2004), the study of rural population health was also a national research priority (15,16).  In 

addition, research focused on rural pediatric health, specifically respiratory health, is an 

important area to improve rural dwellers’ health and identify the risk factors of those who are 
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exposed to farming environments. 

2.4 Symptoms and natural history of asthma and wheeze 

“Asthma is a chronic inflammatory disorder of the airways associated with airway 

hyperresponsiveness which is characterized by episodes of wheezing, shortness of breath, chest 

tightness, and coughing, particularly at night or in the early morning” (17). Triggering factors for 

asthma includes exposure to allergens and irritants (fumes, gases), exercise, viral respiratory 

infections such as cold (18). Understanding of the natural history of asthma is complex due to its 

heterogeneity (19). Children who have asthma symptoms such as wheeze in their early life may 

increase the possibility of asthma later in life (20,21). Many studies have examined the natural 

history of asthma and wheeze and identified several phenotypes. Based on analysis of data from 

a population-based Tucson birth cohort study in Arizona, USA, wheeze during the first 6 years 

of life could be categorized into never wheeze (51.5%), transient early wheezing {(19.9%) where 

symptoms began during the first 3 years of life and disappeared at 6 years of age}, persistent 

wheeze {(15%) where symptoms began during the first 3 years of life and continued at 6 years of 

age}, and late-onset wheeze {(13.7%) where symptoms began after the age of 3 years and 

continued at 6 years of age) (20,22). The majority of the children with transient early wheezing 

had diminished lung function and did not have an increased risk of asthma and allergies later in 

life (20). Children with persistent wheezing were associated with lower lung function and more 

likely to have asthma later in life (20,21,23). The researchers found that 23% of children with 

late onset wheezing and 46% of children with persistent wheezing had been given a diagnosis of 

asthma by the age of 6 years (20).  
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Asthma consists of several other phenotypes (20,24,25). Based on the presence or 

absence of skin prick tests to common allergens or specific IgE antibodies against common 

allergens, the most commonly identified asthma phenotypes include allergic (atopic) and non-

allergic (non-atopic) asthma (24–26). Allergic asthma often begins in childhood and is associated 

with a past and/or family history of allergic diseases including eczema, allergic rhinitis, or food 

or drug allergy and non-allergic asthma is defined as those who have asthma that is not 

associated with allergy (27–29). Although a personal history of allergic rhinitis or eczema, or a 

family history of asthma or allergy increases the possibility of developing asthma, not all 

children with these features are atopic and most children with atopy do not develop asthma 

(25,27).  

2.5 Asthma and its burden 

Asthma is a chronic health condition affecting a considerable proportion of children and 

adults worldwide (18). Asthma contributes to a societal burden accounting for a high proportion 

of hospitalization, visiting emergency rooms, and having multiple physician visit each year (18). 

According to results from the National Population Health Survey (NPHS), 43% of people with 

asthma made an unscheduled visit to their physicians for asthma and 18% of patients with 

asthma visited the emergency department in the previous 12 months (18). Ten percent of total 

hospital admissions for children in the age group of 5 to 14 years were due to asthma (18). 

Asthma can also result in activity limitation, school absenteeism, and in rare cases death (18,30). 

Asthma conveys a large impact on health care utilization and the economic burden of the   

disease is also very high in Canada. Direct costs include respiratory-related visits to healthcare 

providers, emergency rooms, hospital admissions, pulmonary function tests, prescription 
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medications, devices, and out-of-pocket expenses; indirect costs were parents' absences from 

work/usual activities and travel and waiting time (31).  In a prospective study of asthma costs in 

children from Ontario, Unger et al found that hospital admissions due to asthma were the highest 

component of total costs (43%), followed by medications (31%), and parent productivity losses 

(12%) (31). This was confirmed in a systematic review of the economic impact of asthma where 

it was found that the high direct costs were due to hospitalizations and medications; and high 

indirect costs were due to work absenteeism (32).  In a cohort study of British Columbia, asthma 

related direct health care costs were over $41 million annually and $331 per patient-year (33). 

Medication costs contributed to a major part (63.9%) of the total direct costs followed by 

physician visits (18.3%) and hospitalizations /emergency visits (17.8%) (33). From a systematic 

review, the researchers found high economic burden on asthma where direct costs were $366 to 

$647 per patient annually and the annual population-level costs were $46 million in British 

Columbia and $141 million in Ontario (34). The estimated total costs of asthma in Canada were 

$2.1 billion annually including direct costs (hospitalization, healthcare professional services and 

medication) and indirect costs (decreased productivity) (35). 

2.6 Prevalence of asthma 

Worldwide, 300 million people are affected by asthma with an increasing prevalence of 

childhood asthma (32,36,37). ‘Western lifestyle’ and urbanization have been suggested as 

reasons for increasing asthma prevalence in developed countries compared to developing 

countries (38). International studies have been conducted to examine the prevalence of childhood 

asthma. The International Study of Asthma and Allergies in Childhood (ISAAC) Phase 1 was 

conducted to assess the worldwide prevalence of asthma symptoms in 155 centres in 56 countries 
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among children aged 13-14 years and in 91 centres in 38 countries among children aged 6-7 

years old (39). Low prevalence rates (2%–4%) of childhood asthma have been observed in Asian 

countries (especially China and India) and high prevalence rates (15%–20%) in the United 

Kingdom, Canada, Australia, New Zealand and other developed countries (36,40,41). In Phase 3 

of the ISAAC study, Phase 1 was repeated with the two age groups of school children, aged 6-7 

years from 66 centres in 37 countries and aged 13-14 years from 106 centres in 56 countries to 

examine changes of asthma prevalence over time. The results of this study showed that in the 

younger age group (6-7 years), the prevalence of asthma symptoms changed by 1 standard error 

(SE) or more in most centres (59%); of the 39 centres with changes, the prevalence increased in 

25 and decreased in 14 centres (36). In addition, in the older age group (13-14 years), the 

prevalence of asthma symptoms changed by 1 SE or more in most centres (77%); of the 82 

centres with changes, almost equal numbers of centres showed an increase (42) and decrease 

(40) in asthma prevalence (36). Therefore, the rise in prevalence of asthma symptoms in the 

younger age group in many centres is concerning, though changes in the older age group do not 

appear to show as consistent a pattern.   

In Canada, approximately 13% of children have been diagnosed with asthma (37). In an 

earlier study (1988), Dales et al examined asthma prevalence among children aged 5 to 8 years 

old in several regions across Canada (42). They found that the overall prevalence of current 

asthma in Canada was 4.7% (unadjusted) with the highest prevalence (7.4%, unadjusted) in the 

Maritimes and the lowest prevalence (2.3%, unadjusted) in British Columbia (42). In Ontario, a 

population-based cohort study was conducted to estimate asthma prevalence from 1996 to 2005 

both in children and adults. The age- and sex-standardized asthma prevalence increased from 

8.5% in 1996 to 13.3% in 2005, a relative increase of 55.1% (P < 0.0001) (43).  
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In Saskatchewan, during the ten year period from 2001/2002 to 2010/2011, the overall 

prevalence of asthma among children and adolescents has increased by 3969 cases per year to a 

total more than 113,000 cases (44). Among children in the age groups 5-9 years and 10-14 years, 

asthma prevalence was 16% and 21%, respectively (44). In both age groups, asthma prevalence 

was more pronounced in males than in females (18.9% vs. 13% for 5-9 years old and 24.1% vs. 

16.7% for 10-14 years old) (44). In a previous cross sectional study of Saskatchewan, researchers 

found that the prevalence of asthma has increased in children and adults from 1981 to1990, and 

the prevalence was higher in the pediatric population compared to the adult population (45). An 

higher asthma prevalence was also observed in school-going children aged 5 to 14 years between 

1991 and 1995 but began to stabilize or decrease between 1996 and 1998 (46). During the study 

period, the researchers found similar or lower asthma prevalence among the rural populations in 

comparison to the rates for the urban populations in all age groups. Differences in the 

distribution of asthma prevalence have been found within regions. In a study of 2 Saskatchewan 

communities in 2000, Rennie et al found that in Estevan, the asthma prevalence in children in 

grades 1 to 6 was higher compared to asthma prevalence in Swift Current (21.4% and 16.2% 

respectively) (47).  

2.7 Risk factors for pediatric asthma 

Numerous risk factors associated with childhood asthma have been identified. The risk 

factors can be categorized into personal factors such as age, sex, ethnic background, family 

history of asthma and allergy; environmental factors such as environmental tobacco smoking, 

home dampness or mould, house dust mite, pets and heating mechanisms; behavioural factors 

such as diet, physical activity and screen time. 
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Personal factors are well established as important risk factors for pediatric asthma. Age 

and sex are considered important personal risk factors. Several previous studies consistently 

found that the prevalence of asthma is higher in pediatric populations than adult groups (45,48). 

Boys are more often diagnosed with asthma than girls in early life but the opposite trend is 

observed in adult life (18,46,49). A genetic component is one of the most important contributing 

factors of childhood asthma. It is well known that asthma and atopy are associated with a family 

history of asthma or allergy  (50). Many studies have investigated the influence of genetic effects 

on the development of asthma and allergic susceptibility in offspring (51).  

Due to industrialization, people spend much of their leisure time at home. For this reason, 

the investigators have focused their research on indoor environmental factors in relation to 

asthma, with some inconsistent findings. Environmental tobacco smoking is one of the risk 

factors with more consistent results. It is an established risk factor for pediatric asthma and has a 

great effect on respiratory health (5,52,53). According to the World Health Organization (WHO), 

approximately half of the children in the world are exposed to ETS, mostly in their homes 

(54,55). Maternal smoking, specifically, is an important risk factor associated with asthma and 

wheeze, particularly in primary school children. In 1990, in a previous study of the United 

States, Weitzman et al. observed a positive association of maternal smoking with higher rates of 

asthma; children whose mothers used to smoke were two times more likely to have asthma and 

were at four times increased likelihood to use asthma medications in their earlier life than those 

mothers who did not smoke (56). High exposures to indoor environments such as pets, dust 

mites, cockroach, mouse, fungi (mold) and bacteria (endotoxin) have been identified as potential 

risk factors to develop asthma(18,57,58).Some studies reported that endotoxin may act as a 

protective factor for asthma and asthma like symptoms in children.  
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Although more controversial, a large number of studies have reported a positive 

association between asthma and obesity including lack of physical activity (59,60). Inconsistent 

findings have been reported in some studies of diet in relation to asthma and wheeze. Some 

foods rich in antioxidants, omega-3 fatty acids, and dietary fibres (fruits, vegetables, rice, fish, 

pulses, cereals, potatoes), appear to be protective (38). while other kinds of food common in 

modern lifestyle such as fast food may aggravate the risk of asthma or wheeze (61–65).  

2.8 Geographical variation (urban-rural) of asthma 

2.8.1 Prevalence of asthma and wheeze among children in urban-rural settings 

Many epidemiological studies have shown that children who grow up on farms have a lower 

prevalence of asthma despite higher exposure to pollen and other common allergens (66). Some 

recent studies also found that children dwelling in a farming environment have protective effects 

on asthma and wheeze (38,67,68). Very few studies were located that examined a rural urban 

gradient. Table 2.1 summarizes several studies conducted in North America and Europe 

examining the prevalence of asthma and wheeze among children living in urban vs. rural vs. 

farm settings. Most of the studies were cross sectional in design. 

In Canada, from a recent cross-sectional survey, Lawson et al. found a lower risk of 

asthma among school children in rural area compared to urban children (69). In the WHO 

sponsored Health Behavior in School-Aged Children (HBSC) study, Lawson et al found the 

lower prevalence of asthma among young people (grades 6-10) in rural regions (14.8%) 

compared to metro (17.7%) and non-metro-adjacent (15.6%) regions (5). In this study, the lower 

risk of asthma was associated with rural region (adjusted odd ratio OR = 0.76, 95% CI = 0.61-

0.95) and living in non-metro-adjacent regions (adjusted OR = 0.81, 95% CI =0.65-1.01) (5). As 
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the HBSC survey was designed to provide information about health and health behaviors of 

youth not specifically for respiratory disease, this study was unable to assess other existing 

hypotheses such as environmental factors and health care access through which the relationship 

between geographic regions and asthma was operating.  

There were several studies that examined rural/non-rural differences in asthma 

prevalence. In a recent study of rural Saskatchewan, Barry et al found that asthma and wheeze 

prevalence were not significantly different between farm and rural small town area (current 

asthma: 16% vs. 13% respectively; current wheeze: 27% vs. 21% respectively) (70). The reason 

this study failed to find differences in childhood asthma between farm and small town status 

might be due to the similar characteristics of populations and lack of geographic variability 

between groups. The protective effect of living in a farming environment has also been observed 

for the incidence of asthma in both children with or without parental history of asthma in a 

longitudinal survey across Canada conducted over a period of 2 years (68). In this survey, the 

researchers found that children living on farms had a lower incidence of asthma compared to 

rural non-farming children (OR = 0.39, 95% CI = 0.24-0.65) (68). Children living on farms with 

livestock had a lower prevalence of asthma. Dimich-Ward et al found that in British Columbia 

among 4-H club youth (aged 8-20 years), those living on farms with livestock were at a reduced 

risk of having asthma (OR = 0.49, 95% CI = 0.27-0.89) or wheeze (OR = 0.74 (95% CI: 0.41-

1.33) compared with members living in a rural area without livestock (66).  Within the United 

States, in a large population based survey conducted solely in a rural context among school 

children, Adler et al found a lower prevalence of asthma and wheeze among farm reared children 

compared to rural non-farm children (asthma: 22% vs. 26% respectively; wheeze: 28% vs. 34% 

respectively) (71). This is the first large cross sectional study of asthma prevalence among a non-
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urban population in the US but this study did not address several important factors such as 

parental allergic disease, housing conditions, heating fuels, dietary factors, or socioeconomic 

status that have been found in many previous studies to affect the prevalence of asthma (71). In a 

study of rural Iowa school children, Chrischilles et al found that farm children were less likely to 

have physician diagnosed asthma (OR = 0.80, 95% CI:  0.61-1.06) and current wheeze (OR = 

0.77, 95% CI: 0.69-0.98) compared to town children (72). In Iowa state, as a whole, 87% of the 

land mass is farmland. Therefore, many farm and non-farm children have been exposed to 

similar allergens and irritants. In a recent study in the Republic of Macedonia, Vlaski et al found 

a lower prevalence of current wheeze and ever-diagnosed asthma in rural compared to urban 

dwelling adolescents (4.9% vs. 7.2% and 1.2% vs. 1.9% respectively) but the associations were 

not statistically significant (wheeze: OR = 0.74, 95% CI: 0.46-1.21; asthma: OR = 0.97, 95% CI: 

0.38-2.46) (38). An issue with this study is that under-diagnosis of asthma was highly suspected. 

In a study of rural Austria, findings suggested that children who lived on farms had a lower 

prevalence of asthma (1.1% vs. 3.9%), and a lower prevalence of positive skin prick reactions 

(18.8 vs. 32.7%) compared to children from an urban environment (73). An objective measure of 

allergic disease (I.e. skin prick test including standardized questionnaire) was used in this study 

among children aged 8-10 years old. Children who lived on a farm had a lower prevalence of 

asthma and a lower prevalence of positive skin prick reactions may be due to selection bias 

because this study did not rule out whether atopic children or atopic parents have been leaving 

the farms for generations leading to a protective mechanism of farming environment. 
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Table 2.1: Difference between urban-rural residences of asthma and wheeze prevalence among children 

Lead author 

(Year published) 
Place/ Country Study population 

(n = Sample size) 

Study 

design 

Major findings 

(OR; 95% CI) 

Comment/Summary 

Lawson et al. 

(2017) (69) 

Saskatchewan, 

Canada 

5-14 years           

(n = 3509) 

Cross-

sectional 

Rural vs. urban: 

Ever asthma: 15.1% 

vs. 20.7% (p = 

0.003); OR = 0.57 

(95% CI: 0.44-0.75) 

Current asthma: 

10.9% vs. 14.9% (p 

= 0.03); OR = 0.58 

(95% CI: 0.42-0.99) 

Ever wheeze: 27.4% 

vs. 27.2% (p = 0.16); 

OR = 2.93 (95% CI: 

1.25-6.86) 

Current wheeze: 

13.1% vs. 14.0% (p 

= 0.83); OR = 1.25 

(95% CI: 0.74-2.10) 

Data were collected from proxy 

(parents/guardians) completed 

questionnaire which can cause 

recall bias. However, this 

survey was conducted during 

Spring when outdoor allergens 

such as pollens and seasonal 

allergies (hay fever) were most 

common that can cause asthma 

symptoms. Therefore, in the 

questionnaire participants 

reported asthma symptoms 

more accurately than recall in 

the past 12 months when 

seasonal exposures and asthma 

symptoms were low. 
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Lead author 

(Year published) 

Place/ Country Study population 

(n = Sample size) 

Study 

design 

Major findings 

(OR; 95% CI) 

Comment/Summary 

Vlaski et al. (2014) 

(38) 

Republic of 

Macedonia (8 

cities and 

adjacent  

villages)  

12-16 years   

 (n = 5,507) 

Cross 

sectional 

Rural vs. urban 

living: 

Asthma:1.2% vs. 

1.9% (p = 0.26); OR 

= 0.97 (95% CI:  

0.38-2.46) 

Wheeze: 4.9% vs. 

7.2% (p = 0.03); OR 

= 0.74, (95% CI: 

0.46-1.21)  

Under-diagnosis of asthma and 

a lack of information if the 

urban respondents had a 

previous rural dwelling 

experience might be the reason 

to report lower prevalence of 

asthma in this study among 

rural dwelling young 

adolescents in Macedonia. 

Barry et al. (2012) 

(70)  

Saskatchewan, 

Canada 

6-13 years     

 (n = 842) 

Cross 

sectional 

Farm vs. small town: 

Ever asthma: 20% 

vs. 19% (p = 0.94) 

Current asthma: 

16% vs. 13% (p = 

0.48) 

Ever wheeze: 30% 

vs. 28% (p = 0.74) 

Current wheeze: 

27% vs. 21% (p = 

0.28) 

This study failed to find 

differences in childhood asthma 

by farm and small town status 

might be due to the population 

and area size of Estevan are 

relatively small compared a 

more urban centre and lack of 

geographic variability between 

groups.  

Lawson et al. 

(2011) (5) 

Canadian 

component of 

 11-15 years     Cross 

sectional 

Rural vs. non-metro-

adjacent vs. metro 

As HBSC survey was designed 

to provide information about 
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Lead author 

(Year published) 

Place/ Country Study population 

(n = Sample size) 

Study 

design 

Major findings 

(OR; 95% CI) 

Comment/Summary 

 the 2001-02 

Health Behavior 

in School-Aged 

Children 

(HBSC) 

 

   (n = 4,726) 

 

 living:  

Asthma: 14.8% vs. 

15.6% vs. 17.7% (p 

= 0.04); OR = 0.76 

(95% CI: (0.61-0.95) 

and OR = 0.81 (95% 

CI:  0.65-1.01) 

Metro reference 

category)                                        

health and health behaviors of 

youth not specifically for 

respiratory disease, this study 

was unable to assess other 

existing hypothesis such as 

environmental factors and 

health care access facility 

through the relationship 

between geographic regions and 

asthma operating. 

Midodzi et al. 

(2007) (68) 
Canada across 

all ten provinces 

(excluding 

territories) 

 0-11 years     

  (n = 13524) 

Cohort study 

 

Farming vs. rural 

non-farming vs. non-

rural:  

Asthma: cumulative 

incidence of asthma: 

2.3% vs. 5.3% vs. 

5.7%; OR = 0.39 

(95% CI: 0.24-0.65) 

In this study, children living on 

a farm had a reduced risk of 

asthma compared to rural non-

farming children may be due to 

selection bias because 

interviewers made subjective 

judgement regarding location of 

residence (farming vs. rural 

non-farming). Another 

possibility might be children 

remained in the same dwelling 

centres during follow up. 

Dimich-Ward et al. 

(2006) (66) 

British 

Columbia, 

Canada 

 8-20 years     

 (n = 1158)  

Cross 

sectional 

Farm vs. rural with 

livestock vs. rural  

without livestock vs. 

urban:  

Ever asthma: 12% 

Children living on farms with 

livestock had lower prevalence 

of asthma might be due to recall 

bias particularly for those who 

retrospectively assessed 

exposures before age 2 and 
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Lead author 

(Year published) 

Place/ Country Study population 

(n = Sample size) 

Study 

design 

Major findings 

(OR; 95% CI) 

Comment/Summary 

vs. 15.7% vs. 21.6% 

vs. 18.1%; OR = 

0.49 (95% CI: 0.27-

0.89)  

Wheeze (past year): 

12.6% vs. 15.4% vs. 

19.7% vs. 14.6%; 

OR = 0.74 (95% CI: 

0.41-1.33) 

another reason might be 

designation of location of 

residence based on participants’ 

interpretation without written 

definition. 

Adler et al. (2005) 

(71) 

 

United States 

(Wisconsin)  

 

Kindergarten to 

grade 12th         

(n = 4152) 

 

Cross 

sectional 

 

Farming vs. non-

farming: 

Asthma: 22% vs. 

26% (p = <.002) 

Wheeze: 28% vs. 

34% (p = <.300); 

OR = 0.08 (95% CI: 

0.66-0.98) 

 

This is the first large cross 

sectional study of asthma 

prevalence among a non-urban 

population in the US but this 

study did not address several 

important factors such as 

parental allergic disease, 

housing conditions, heating 

fuels, dietary factors, or 

socioeconomic status that have 

been found in many previous 

studies to affect the prevalence 

of asthma. 

Chrischillies et al. 

(2004) (72) 

United States 

(Two rural 

counties in 

Iowa)  

 6-14 years         

 (n = 3090) 

 

Cross 

sectional 

 

Farming vs. non-

farming: 

Asthma: OR = 0.80 

(95% CI: 0.61-1.06); 

In Iowa state, as a whole, 87% 

of the land mass is farmland. 

Therefore, many farm and non-

farm children have been 

exposed to similar allergens and 
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Lead author 

(Year published) 

Place/ Country Study population 

(n = Sample size) 

Study 

design 

Major findings 

(OR; 95% CI) 

Comment/Summary 

wheeze: OR = 0.77 

(95% CI: 0.69-0.98) 

irritants. 

 

Riedler et al. (2000) 

(73) 

 

Austria (rural 

area) 

 

 8-10 years     

  (n = 2283) 

 

Cross 

sectional  

 

Farm vs. non-farm: 

Asthma:  

1.1% vs. 3.9%; 

positive skin prick 

reaction: 18.8 vs. 

32.7% 

Children who live on farm have 

a lower prevalence of asthma  

and a lower prevalence of 

positive skin prick reactions 

may be due to selection bias 

because this study didn't rule 

out whether atopic children or 

atopic parents have been 

leaving the farms for 

generations and protective 

mechanism of farming 

environment. 
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 As observed in Table 2.1, the prevalence of asthma among children differs depending on 

the location of their home. Most of the studies in this table show a lower prevalence of asthma in 

rural children compared to urban children. However, Lawson et al. found that symptoms 

suggestive of asthma, among those with asthma, were higher among children living in rural area 

compared to urban children (69). He found 24.8% of rural children with asthma had severe 

asthma symptoms (>3 episodes of wheeze in the past 12 months) compared to 12.3% of urban 

children with asthma. Multiple factors can explain the variations in asthma prevalence along an 

urban-rural gradient and are described in the section below (69). 

 

2.8.2 Explanations for Differences by Location of Residence 

The common notion is that urban residence has become a recognized risk factor for 

asthma prevalence. Although the exact etiology of asthma prevalence by place of residence 

remains unknown. ‘Western lifestyle’ and urbanization could help explain the observed global 

geographic variations (38,74). There are several potential explanations that might account for the 

lower rates of childhood asthma observed in rural populations compared to urban area. The 

possible theories that underpin the variations in asthma prevalence observed between urban and 

rural populations include: (1) Personal factors, (2) Environmental exposures, (3) Diet and health 

risk behaviors, and (4) Health care access indicators (70,75).  

2.8.2.1 Personal risk factors explanation 

It is well documented that a family history of asthma and personal history of allergy are 

strongly associated with childhood asthma (18,51,68). Therefore, variations in personal factors 

between urban and rural children may explain the observed differences of asthma prevalence. 
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For example, children who live on farms may be less likely to have parents with asthma because 

parents with asthma were more likely to move away from the farm environment in order to 

decrease symptoms. In a Canada wide population based study of the Canadian National 

Longitudinal Survey of Children and Youth (NLSCY), the researchers found that living in a 

farming environment was protective for asthma in both children with or without parental history 

of asthma (68). In contrast, children living in urban area were more susceptible to develop 

asthma, but only among those children who have a family history of asthma (68). A lower 

prevalence of asthma has been observed among farm reared younger children compared to 

adolescents (71). Early exposure to the farming environment during the first 5 years, but not 

later, was associated with decreased rates of ever asthma (71). In a recent study of Saskatchewan, 

Barry et al found a similar association of childhood asthma among children with a positive 

family history of asthma and personal history of allergy between groups of children who live in 

farm versus small town residential settings (75). A limitation to this previous study is that these 

findings may be due to lack of geographic variability e.g. children living in town may have been 

regularly exposed to similar allergens and irritants as children living on farms (70,75).  

2.8.2.2 Environmental risk factors explanation   

The environment has been the most common mechanism used to explain the relationship 

between geographic region and childhood asthma (5). Variations in environmental exposures 

may alter the human immune system that responds inappropriately to innoxious substances, this 

is called the hygiene hypothesis (76). The hygiene hypothesis postulates that early exposure to 

bacterial and viral pathogens during the first year of life influence the body’s immune system 

and results in lower risk of allergy and other allergic diseases such as asthma (76). Children 

growing up on a farm are more likely to be exposed to a wider range of microbial agent such as 
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endotoxin early in life compared to children who live in urban areas (77). Endotoxins are cell 

wall components of the outer membrane of gram-negative bacteria and consist of a family of 

molecules called lipopolysaccharides (LPS) (78,79). Early childhood infections and exposure to 

bacterial products such as endotoxin in homes and on farms may increase production of T helper 

type 1 cells, and decrease production of T helper type 2 cells involved in allergy (79,80). In 

many epidemiological studies, inconsistent findings have been reported on the role of endotoxin, 

related to the presence of pets at home and in farm environment. Early exposures to endotoxin 

among farm dwellers are thought to have a protective role on asthma in young children, although 

there is a reported increased risk of asthma severity and wheeze in school children associated 

with endotoxin (38,81,82).  

Exposure to environmental tobacco smoking is a well-known risk factor associated with 

childhood asthma (52,53,83). In a previous study, Martinez et al found that children who 

wheezed early in life and continued at the age of 6 years were more likely to have mothers who 

smoked (20). In a cross sectional study from Saskatchewan, the association between 

environmental tobacco smoking from mother and asthma differed two regions, with no 

association in Swift Current while there was an inverse association found in Estevan (84). Also, 

in another cross sectional study from Saskatchewan, Lawson et al. did not find any positive 

association between current asthma and parental smoking while there was a positive association 

observed between current asthma and exposure to best friend’s smoking (OR=1.77, p<0.01) (5). 

Inconsistent findings from these studies suggesting that parents were trying to quit smoking to 

reduce the risk factors associated with asthma (85).  

Living in a home that is damp has increased the chance of negative respiratory health 
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outcomes such as wheeze and asthma (75,84,86,87). Mold or dampness in the home or some 

farm specific environmental risk factors for asthma and wheeze, including both farm activities 

(feeding livestock, filling grain bins, cleaning or playing in the barn and in pens, riding horses), 

and farm type (living on a grain and livestock farm) may be the reason to explain the differences 

of childhood asthma by urban-rural status. Children living on farms were more likely to have 

homes with dampness (32.0% vs. 24.6%, p < 0.001), and mold or mildew (24.0% vs. 15.6%, p < 

0.001) than those children living in town (75). In a study of pediatric asthma of rural 

Saskatchewan, Barry et al found an inverse association among cleaning or playing in the barn 

and pens, riding horses, filling grain bins, and living on a grain farms with ever asthma in 

children(75). Also, cleaning or playing in pens and living on a livestock farm tended to be 

protective for current asthma (75). In contrast, feeding livestock was identified as a risk factor 

for wheeze while filling grain bins was associated with decreased presence of ever wheeze (75). 

Therefore, it is possible that some of these environmental factors might contribute to make 

differences in asthma prevalence among pediatric populations along an urban-rural gradient in 

Saskatchewan. 

 2.8.2.3 Diet and health risk behavior explanation 

Less physical activity and sedentary lifestyles such as television viewing, are associated 

with obesity and the latter with asthma, indeed there are complex relationships that have been 

reported between each of them and asthma (5,38,88). In a study of ‘Health Behavior in School-

aged Children’, Bruner et al. examined the variations in overweight and obesity by urban-rural 

geographic status, and they found that rural Canadian adolescents are more likely to be obese 

than urban adolescents (OR = 1.56, 95% CI: 0.95 to 2.57 for rural regions) (85). Physically 

active children can be more likely to be diagnosed with asthma because active children exert 
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themselves enough to have shortness of breath, prompting the child to visit a physician (5,89).  

Different patterns have been observed between diet and urban-rural children with some 

associations seen with asthma and wheeze. (38). Rural dwellers usually rely more on locally 

produced fresh foods and are less likely to eat processed foods or fast foods compared to urban 

dwellers (65). Due to the modern life style, changes have been observed where there has been a 

decreased consumption of fresh fruits, vegetables, fish and milk, as well as an increased intake of 

fast foods rich in fats (65). If there have been changed in diet, this led to differences in urban-

rural gradient of asthma may be associated with the changes in food habits. To support this, in a 

cross-sectional study from the Republic of Macedonia, Vlaski et al found that the association 

between urban-rural status and current wheeze or asthma was mediated by diet (38). However, in 

an earlier Canadian study, Lawson et al found that the association between asthma and an urban-

rural geographic status was not mediated by health behaviors or obesity (5).  

2.8.2.4 Health care access explanation  

The lower prevalence of asthma observed in rural area may be due to under diagnosis of 

asthma (90,91) or under-presentation of rural children to a physician. Rural patients have 

increased difficulty obtaining health care in general and may receive improper management for 

asthma (91). In a study of rural Iowa school children, less than half of children with frequent 

symptoms, and less than three-quarters of children with severe symptoms of asthma reported 

ever diagnosis of asthma by a physician (72). In another study of Kentucky children with 

Medicaid health insurance in 1995, Yawn, et al. found that urban children with asthma were 

twice as likely as rural children with asthma to visit an asthma specialist, 2.7 times as likely to 

receive asthma care in the emergency department, and 1.4 times as likely to receive oral steroid 

medication to control asthma symptoms (30). In a study of Health Behavior in School-Aged 
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Children (HBSC) 2001-2002 from the Canadian component, Lawson et al observed that the 

prevalence of asthma progressively became lower as the degree of rurality increased: metro 

(17.7%); non-metro-adjacent (15.6%); rural (14.8%) with a statistically significant difference 

between rural and metro regions (p = .04) (5). They also found that report of wheeze and access 

to medical care for wheeze (doctor’s visits, hospitalization, emergency room visits) were similar 

between regions (5). In a study of Saskatchewan children, Barry et al found that farm children 

reported longer distance to health care services compared to small town children (75). To support 

this finding, in a previous study, Rennie et al also found an inverse relationship between distance 

to health care facilities and prevalence of more severe pediatric asthma symptoms in a rural 

population of children living in Saskatchewan (92). These findings suggest that the potential 

number of undetected cases in rural populations, due to lack of access to health care utilization, 

might account for differences in asthma prevalence between rural and urban children. 

2.8.3: Summary of literature review:  

 Asthma is a heterogenous disease. It is the most common chronic condition among 

pediatric population and approximately 13% of children have been diagnosed with asthma in 

Canada. It attributes a large impact on health care utilization within the country. Geographic 

location plays an important role in variations of asthma prevalence.  Many studies from different 

countries have investigated the relationship between asthma and geographic location. Children 

living in rural area appear to have a lower prevalence of asthma compared to urban children. 

Although the exact reasons of asthma prevalence by geographic location is not well-known, 

personal risk factors, environmental exposures, health risk behaviors and healthcare access 

indicators may help explain this variation.  



  

27 

 

 Based on this information and the rational (Section 1.2), as a refresher, The main 

objective of this thesis was to identify the risk factors associated with childhood asthma and 

wheeze and to determine which risk factors best explain the variations of asthma prevalence 

between urban and rural settings in Saskatchewan. More specifically, the specific research 

questions were:  

1. What are the risk factors associated with the prevalence of current asthma and wheeze in 

pediatric populations in Saskatchewan and specifically, is location of residence associated with 

asthma and wheeze after adjustment for confounders? 

2. Which risk factors best explain the variations of current asthma prevalence and wheeze in 

Saskatchewan? 

3. Are the risk factors of current asthma and wheeze, as identified in Research Question #1, 

modified by area of residence? 
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Chapter 3: Methodology 

3.1 Study Location  

Data were collected from within the province of Saskatchewan, Canada where children 

were recruited from three regions of the province (Regina, Prince Albert and the rural area 

around Prince Albert). Schools in Regina were randomly selected. All schools in the 

Saskatchewan River School District in Prince Albert and the surrounding area were selected. 

3.2 Study Design and Study Population 

The study was a cross-sectional survey that was completed in spring 2013. Approvals to 

conduct the survey were obtained from the school district boards and school principals prior to 

data collection. In addition to this, ethical approval from the University of Saskatchewan was 

obtained. Any child attending one of the selected schools from Kindergarten to Grade 8 (ages 5-

14 years) was eligible to participate in the survey. The total sample size was 3,509 and the 

participation rate was approximately 28% overall (large urban=26%; small urban=23%; 

rural=38%) (69). The current analysis was based on 3,420 children. There were 89 children not 

included in the current analysis due to missing information on home location. 

3.3 Data collection  

The study team prepared packages that included an information letter and questionnaire. 

Questionnaires (Appendix 1) were distributed through the schools to parents of children 

attending the school. The parents completed the questionnaires on behalf of the children and 

returned the questionnaire to the school where they were collected by research assistants. 
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Questionnaires were based on standardized questionnaires including the International Study of 

Asthma and Allergies in Childhood (ISAAC) (41) questionnaire and the American Thoracic 

Society’s (ATS) Division of Lung Diseases questionnaire for children (93) as well as 

questionnaires used previously in Saskatchewan lung health studies (94). Information was 

collected on lung and general health, indoor environment, health behaviors, and socio-

demographics. 

3.4 Variables considered in the study 

3.4.1 Outcome variables 

The outcome variables of this study were current wheeze and current asthma. Asthma and 

wheeze were operationally defined based upon standard definitions (47).  

• Current asthma - a positive response to ever asthma as well as a positive response to 

wheeze, health care utilization for asthma, asthma episodes or breathing medication use 

in the past 12 months. Ever asthma was defined as “Has this child ever been diagnosed as 

having asthma by a doctor?” 

• Current wheeze – Ever wheeze along with a positive response to “Has this child had 

wheezing or whistling in the chest in the past 12 months?” Ever wheeze was defined as 

“Has this child ever had wheeze or whistling in the chest in the past?” 

3.4.2 Independent Variables 

The primary exposure was the child’s location of residence determined by the question: 

“Where is your child currently living? (farm, acreage, in town, or reserve)”. This variable was 
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recoded as large urban (Regina, population approximately 200,000), small urban (Prince Albert, 

population approximately 35,000), and rural (towns around Prince Albert; <2,500 or people 

living on a farm or acreage around Prince Albert). Children who lived on a reserve were 

excluded from the study because of the small number of participants who lived on a reserve 

(n=18). 

In the United States, the Beale code system is used to classify counties first on the basis 

of whether they belonged to a metropolitan area and then on the basis of the population of the 

metropolitan area (95). In non-metropolitan areas, counties are classified according to their 

location relative to metropolitan regions (i.e., adjacent or non-adjacent to a metropolitan region). 

This system has been adapted to be compatible within the Canadian context using census 

divisions (95). The system for Canada uses only six categories. The Beale classification system 

identifies Census Divisions (CDs) as being major metro areas or part of their fringes, a medium 

sized metro area, a small metro area, or part of a rural region based on proximity to, and the 

population size of, Census Metropolitan Areas (CMAs) and Census Agglomerations (CAs) (95).  

The regions in the current study align with categories of the modified version of the 

Beale urban-rural coding system of Canada (95). In Canada, the modified Beale code regions are 

based on the following geographic categories (1) Metropolitan regions (large urban), which are 

considered to be highly urbanized CDs containing, within or partially within a CMAs/CAs, a 

population greater than 50,000 (in our study, Regina); (2) Non-metropolitan regions (small 

urban) population less than 50,000 (20,000-49,999 people); (in our study, Prince Albert); (3) 

Predominantly rural (rural) population less than <2,500; (in our study, this is the region around 

Prince Albert) . (96) 
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In addition to the region of interest, the following independent variables were considered:  

Personal factors: Age, sex, ethnic background, low birth weight, premature birth, history 

of allergy, history of breast feeding, birth order, parental history of asthma and allergies, day care 

attendance, family size, parent’s education, and family income were identified as personal 

factors by questionnaire. Age groups were classified as younger (ages 5 to 9) and older (ages 10 

to 14). A child was considered low birth weight if parents reported a weight of less than 2.5 kg at 

birth. Premature birth was defined as being born more than 2 weeks before the expected birth 

date. History of respiratory allergies was considered present if there was a positive response to 

the question “Has this child ever had an allergy (e.g. hives, runny nose, sneezing and/or 

wheezing) to any of the following: house dust, grain dust, pollen, trees, grasses, mold or mildew, 

dog, cat, birds/feathers, farm animals and foods?” Parents’ educational attainment was 

determined by the question “What is the highest level of education completed by the child’s 

father/mother?” and was categorized as high school or less vs. any postsecondary education. 

Birth order was defined based on the asking question “Is this child a first born child?” on the 

basis of binary (yes/no) responses. Family size was assessed using a continuous variable 

describing the number of children in a family. 

Environmental factors:  Environmental factors were explored as potential risk factors 

including passive smoking, house dampness, mold or mildew, pets, modern or old home, home 

crowding, type of housing units, type of fuel using at home, presence of home fireplaces and 

dehumidifier, frequency of truck passing through the residential street, and presence of carpet on 

the classroom floor at school. Passive smoking exposure was defined based on the parental 

smoking and child’s friends’ smoking status and if the child was exposed to smoke in a car or in 
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a bus. The child was considered exposed to passive smoking if there was a positive response to 

any of the following 4 questions: “Does this child’s father currently smoke?”, “Does this child’s 

mother currently smoke?”, “Do any of the friends of this child smoke?”, “Is this child exposed to 

smoke in a car or in a bus?” House dampness was considered present if there was a positive 

response to the question “Does your house have any damage caused by dampness (e.g. wet spots 

on walls, floors)?” House mold was considered present if there was a positive response to the 

question “Are there signs of mold or mildew in any living areas in your home?” Children were 

considered to have pets present if there was a positive response to the question “In the past 12 

months, have you had any of the following pets living in your home? cat/dog/bird” Age of the 

home was based on the question “When was your home built?” and was categorized into modern 

(between 1980-present) and old (before 1980) home categories. Home crowding was defined 

using a continuous variable describing the number of people in the home divided by the number 

of rooms in the home. Type of housing unit was defined as single family dwelling or other 

dwelling. The presence of home fireplaces and dehumidifiers were based on self-report of 

currently having one in the house (i.e. binary yes/no responses). Frequency of truck passing 

through the residential street was defined based on the question “How often do trucks pass 

through the street where you live, on weekdays?” and was categorized into never/seldom and 

frequently/almost whole day categories. Finally, presence of carpet on the classroom floor at 

school was defined by asking the question “Is this child’s classroom floor at school carpeted?” 

and then assessed as high risk (fully covered), low risk (partly covered) and no risk (no) 

categories. 

Diet and behavioural factors: Diet, physical activity, and screen time were considered as 

potential risk factors for asthma. Diet. Participants were asked how often during the past 12 
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months they usually ate or drank different dietary products (meat, seafood, fruits, vegetables, 

pulses, cereal, pasta, rice, margarine, milk, fast food) and responses for each food type were 

classified into low (never or occasionally), moderate (once or twice a week) and high (three or 

more times a week) categories. Physical activity. Participants were provided with a definition 

(activity that increases heart rate and makes them get out of breath some of the time) and 

examples of some physical activities (e.g. sports, school activities, playing with friends or 

walking to school) and then asked two questions: (1) “Over the past 7 days, on how many days 

was this child physically active for a total of least 60 minutes per day?” and (2) “Over a typical 

or usual week, on how many days was this child physically active for a total of at least 60 

minutes per day?” Physical activity participation was based on the average of these 2 questions. 

Participants were classified into either low (1 day or less a week), moderate (2-4 days a week), or 

high (5 or more days a week) physical activity categories. Screen time. Screen time was defined 

based on the question “During a normal week, how many hours a day (24 hour) does your child 

watch TV or play video games?” Responses were classified as less than 1 hour, 1 hour but <3 

hours, 3 hours but < 5 hours and 5 hours or more. 

In addition to the above variables, health care access indicators were investigated 

descriptively to provide contextual information for issues that may affect diagnoses or 

management. Traveling time for a routine check-up and 24 hour emergency health care services, 

place of receiving medical care, difficulties getting routine or on-going health care services, and  

being unable to get prescription medications were considered as health care access indicators 

assessed by questionnaire. Traveling time was determined using a continuous variable to 

measure how many minutes need to travel (in one direction) to receive routine or on-going 
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medical care and 24 hours emergency health care services for the child. The most common place 

of receiving medical care was assessed based on self-report of taking services from the 

emergency department, regular family physician, hospital or medi-clinic, walk-in clinic, minor 

emergency clinic, or ambulatory clinic by asking the question “Where does this child receive 

most of their medical care?” We categorized this variable into family physician (regular family 

physician) and not family physician (emergency department, hospital, or medi-clinic, walk-in 

clinic, minor emergency clinic, ambulatory clinic). Difficulties getting routine or on-going health 

care services and being unable to get prescription medications in the past 12 months were 

assessed on the basis of binary (yes/no) responses. 

Regarding farm activities, participants were asked about in the past 12 months, how often 

they spent 1 hour in different types of farm activities: haying or moving or playing with hay 

bales; feeding livestock; cleaning or playing in barns; emptying or filling grain bins; cleaning or 

playing in pens or corrals; riding horses, and pesticides. Responses for each type of farm 

activities were categorized into irregular (never or less than once a month) and regular (everyday 

or at least once a week or at least once a month) 

3.5 Statistical Analysis 

Analyses were completed using the Statistical Package for the Social Sciences (SPSS) 

software version 21.  

Analysis for Research Question #1. (What are the risk factors associated with the prevalence of 

current asthma and wheeze in pediatric populations in Saskatchewan and specifically is location 

of residence associated with asthma and wheeze after adjusted for confounders?) The outcomes 
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for this analysis were current wheeze and current asthma. These two outcomes were considered 

independently. Descriptive statistics were calculated for outcome variables and compared using 

the chi-squared tests for categorical and independent samples t-tests for continuous variables. 

Multiple logistic regression analyses were conducted to identify potential risk factors such as 

personal factors, environmental factors, diet and behavioural factors for each outcome. The 

strength of association was assessed by the odds ratio (OR) and corresponding 95% confidence 

intervals (CI). Variables were selected to the model with consideration of statistical significance 

as well as clinical or biological importance based on the scientific literature in the selection of 

covariates. For the initial bivariate analysis, variables with a p value <0.25 were considered 

candidates for a full multiple logistic regression model. After fitting the full regression model, 

only statistically significant variables based on a p <0.05 were kept in the reduced model. 

Following this, potential confounders were identified. For confounding assessment, I included 

variables in the final main effect models if their addition to the models changed a beta estimate 

of an already included variable by >15%. Location of residence was fitted at each stage 

regardless of statistical significance. Initially, baseline models were fitted with fewer variables 

(see research question 2). The same variables were included in the model for each outcome. 

Following this, a second fully adjusted model was fitted including a larger number of variables. 

This was conducted to investigate mediation analysis. The following potential confounders were 

considered: location, age, sex, ethnicity, money left at the end of the month, children born 

premature, children breastfed, children with any allergy, mother with history of asthma and 

allergies, father with history of asthma and allergies, home dampness from rain or flood in the 

past 12 months, signs of mold or mildew, fuel used for heating in home, homes with wood 

fireplace, consumption of unpasteurized milk in the past 12 months, current paternal smoking, 
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current maternal smoking, consumption of seafood in the past 12 months, consumption of pasta 

in the past 12 months, struggled to meet the basic living requirements, mildew odor or musty 

smell, child exposed to smoke from alternate caregivers, day care attendance, dog ownership in 

the past 12 months, home with mice or pests, egg consumption in the past 12 months, nuts 

consumption in the past 12 months, wild meat consumption in the past 12 months, soda 

consumption in the past 12 months, milk consumption in the past 12 months, fast food 

consumption in the past 12 months, participation in the community’s events, child’s friends’ 

smoking, homes with air filter, consumption of unpasteurized milk in the past 12 months, live on 

a farm during first year of life, first born child, home damage caused by dampness, cat ownership 

in the past 12 months, home crowding, type of housing units, homes with dehumidifier, homes 

with recovery ventilator, consumption of chips in the past 12 months,  community support, 

homes with humidifier, carpet on classroom, physical activity, consumption of fruit in the past 

12 months, consumption of bread in the past 12 months. 

Analysis for Research Question #2. (Which risk factors best explain the variations of current 

asthma and current wheeze prevalence in Saskatchewan?) A mediation analysis was performed 

for both current asthma and current wheeze. A fully adjusted model was fitted which included 

location of residence (urban-rural status) and each of the variables that were selected based on 

research question 1. Then a base adjusted model was fitted with a minimum set of predictor 

variables which included location of residence, age, sex, ethnicity and statistically significant 

variables based on a p<0.05 and each of the variables that were selected based on confounding 

assessment. Following this, potential mediator variables were added one at a time to the base 

adjusted model to assess the impact on the association between urban-rural status and each 

outcome. For mediation to occur, a statistically significant association between the primary 
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exposure (urban-rural status) and the outcome must be smaller and no longer statistically 

significant when the mediator was included (97). The percentage change for the association of 

urban-rural status from the adjusted baseline model was calculated for each variable or groups of 

variables added. A 5% change was considered a meaningful change. Only those variables that fit 

the criteria for a mediator were presented in the results. 

Analysis for Research Question #3. (Are the risk factors of current asthma and current wheeze, 

as identified in Research Question #1, modified by area of residence?) The main effect models 

used was based on that fitted for research question #1 using multiple logistic regression. After 

fitting the fully adjusted models for current wheeze and current asthma, effect modification was 

assessed. This was completed to determine whether the magnitude of an independent variable’s 

association with an outcome depends on a third variable. Multiple regression analyses were 

conducted for the dependent variables of current asthma and current wheeze in children. An 

interaction term between the area of residence indicator variable and other variables of interest 

from research question # 1 were included in the models. Other clinically important interaction 

terms such as sex*smoking were considered. In the final results of effect modification analysis, a 

p value <0.05 was considered for statistical significance of the interaction term. 

3.6 Statistical power calculation 

Statistical power (P) was calculated by using G*Power 3.1 and was defined as: P = 1- β. 

Statistical power is conventionally set at 0.80 or 80% i.e. there is a 20% chance of accepting the 

null hypothesis in error, i.e. beta is 0.20 or 20% (98).  Here, I used the statistical test of logistic 

regression for binary outcomes and post hoc power analysis (for a z-test) to determine the level 

of statistical power achieved for a given sample size (n=3420), odds ratio (0.5) and alpha level (α 
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= 0.05 for a two-tailed test). A study will be able to detect an association between a predictor and 

an outcome variable depends on the actual magnitude of that association in the target population.  

In Figure 3.1, the plotted graph shows that when the odds ratio = 0.75, this would result 

in a power of 80%, which would also result from an odds ratio of 1.3. If we consider a stronger 

odds ratio to be 0.5 or 2.0 representing values on each side of the null value, respectively, we 

would experience a statistical power of approximately 99%. 
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Figure 3.1: Statistical power justification by odds ratios (OR) 
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Chapter 4: Results 

4.1 Descriptive comparison by location of residence 

4.1.1 Distribution of personal characteristics by geographic location 

A descriptive analysis of personal characteristics by geographic location (large vs. small 

urban; large urban vs. rural area and small urban vs. rural area) is presented in Table 4.1. 

Compared to those who live in the small urban area, children from a large urban dwelling were 

more likely to be young, Caucasian, born premature, breastfed for more than 6 months, to have 

an allergy, more likely to participate in the community’s events, have a higher proportion of 

fathers and mothers with postsecondary education, have parents who had some money left over 

at the end of the month, and have fathers with a history of asthma and allergies. A lower 

proportion of children living in the large urban center struggled to meet the basic living 

requirements in the past 12 months or lived on a farm during the first year of life compared to 

small urban children.  

When comparing large urban children to rural children (Table 4.1), children from the 

large urban center were more likely to be young, born premature, attend day care, and participate 

in the community’s events, as well as have a higher proportion of fathers with postsecondary 

education. Compared to rural children, large urban children were less likely to be Caucasian and 

or live on a farm during the first year of life.  

Finally, compared to small urban children (Table 4.1), rural children were more likely to 

be male, Caucasian, have mothers with postsecondary education, have parents with some money 
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left over at the end of the month, be born premature, have a father with a history of asthma and 

allergies, and live on a farm during the first year of life. A lower proportion of children living in 

the rural area struggled to meet the basic living requirements and attend daycare than those who 

lived in the small urban center.  
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Table 4.1: Distribution of personal characteristics by geographic location 

 Overall 

(n=3420) 

% 

Large urban 

(n=2317) 

%a 

Small urban 

(n=400) 

%a 

Rural area 

(n=703) 

%a 

Sex 

Male 

Female 

Missing 

 

1686 (49.5) 

1720 (50.5) 

14 (0.4) 

 

1134 (49.1) 

1177 (50.9) 

 

 

181 (45.6‡) 

216 (54.4) 

 

 

371 (53.2) 

327 (46.8) 

 

Age Group 

5-9 years (younger) 

10- 14 years (older) 

Missing 

 

1813 (53.0) 

1607 (47.0) 

0 (0.0) 

 

1273 (54.9*†) 

1044 (45.1) 

 

198 (49.5) 

202 (50.5) 

 

342 (48.6) 

361 (51.4) 

Ethnicity 

Caucasian 

First Nation 

Other 

Missing 

 

2179 (65.3) 

524 (15.7) 

635 (19.0) 

82 (2.4) 

 

149566.2*† 

202 (8.9) 

562 (24.9) 

 

156 (39.9‡) 

196 (50.1) 

39 (10.0) 

 

528 (76.7) 

126 (18.3) 

34 (4.9) 

Father’s education 

High school or less 

Postsecondary 

Missing 

 

955 (30.0) 

2225 (70.0) 

240 (7.0) 

 

540 (24.6*†) 

1651 (75.4) 

 

150 (44.4)  

188 (55.6) 

 

265 (40.7) 

386 (59.3) 

Mother’s education 

High school or less 

Postsecondary 

Missing 

 

779 (23.5) 

2540 (76.5) 

101 (3.0) 

 

475 (21.0*) 

1790 (79.0) 

 

141 (37.6‡) 

234 (62.4) 

 

163 (24.0) 

516 (76.0) 

Money left over at the end 

of the month 

Some money 

Just enough money 

Not enough money 

Missing 

 

 

2069 (63.6) 

826 (25.4) 

360 (11.1) 

165 (4.8) 

 

 

1408 (64.0*)  

555 (25.2) 

237 (10.8) 

 

 

213 (55.8‡) 

107 (28.0) 

62 (16.2) 

 

 

448 (66.6) 

164 (24.4) 

61 (9.1) 

In the past 12 months, 

struggled to meet the basic 

living requirements 

No 

Yes 

Missing 

 

 

 

2787 (83.7) 

16.3 

89 (2.6) 

 

 

 

1923 (85.4*) 

330 (14.6) 

 

 

 

269 (68.8‡) 

122 (31.2) 

 

 

 

595 (86.6) 

92 (13.4) 
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 Overall 

(n=3420) 

% 

Large urban 

(n=2317) 

%a 

Small urban 

(n=400) 

%a 

Rural area 

(n=703) 

%a 

Participation in 

community's events 

Never 

Rarely 

Sometimes 

Always 

Missing 

 

 

271 (8.2) 

547 (16.5) 

1976 (59.5) 

101 (15.8) 

101 (3.0) 

 

 

187 (8.3*†) 

283 (12.5) 

1404 (62.1) 

388 (17.2) 

 

 

39 (10.3‡) 

68 (18.0) 

200 (53.1) 

70 (18.6) 

 

 

45 (6.6) 

196 (28.8) 

372 (54.7) 

67 (9.9) 

Community support, mean 

(standard  deviation) mm 

on VAS 

61.6 (24.7) 61.9 (24.5)*† 54.6 (26.8) ‡ 64.7 (23.6) 

Children born   premature 

No 

Yes 

Missing 

 

2210 (68.1) 

1037 (31.9) 

173 (5.1) 

 

1490 (67.1*) 

730 (32.9) 

 

265 (74.0‡) 

93 (26.0) 

 

455 (68.0) 

214 (32.0) 

First born child 

No 

Yes 

Missing 

 

1861 (55.0) 

1523 (45.0) 

36 (1.1) 

 

1208 (52.7†) 

1085 (47.3) 

 

227 (57.5) 

168 (42.5) 

 

426 (61.2) 

270 (38.8) 

Children breastfed 

Never 

0-4 weeks 

4 weeks to 6 months 

More than 6 months 

Missing 

 

498 (15.0) 

482 (14.5) 

933 (28.1) 

1412 (42.5) 

95 (2.8) 

 

319 (14.1*) 

330 (14.6) 

637 (28.2) 

973 (43.1) 

 

81 (21.2‡) 

64 (16.8) 

91 (23.8) 

146 (38.2) 

 

98 (14.3) 

88 (12.9) 

205 (23.8) 

293 (42.8) 

Day care attendance 

No 

Yes 

Missing 

 

1398 (41.5) 

1970 (58.5) 

52 (1.5) 

 

899 (39.3†) 

1390 (60.7) 

 

155 (40.2‡) 

231 (59.8) 

 

344 (49.6) 

349 (50.0) 

Children with any allergy 

No 

Yes 

Missing 

 

2292 (67.0) 

1128 (33.0) 

0 (0.0) 

 

1522 (65.7*) 

795 (34.3) 

 

285 (71.3) 

115 (28.8) 

 

485 (69.0) 

218 (31.0) 

Father with history of 

asthma and allergies 

No 

Yes 

Missing 

 

 

2422 (70.8) 

998 (29.2) 

0 (0.0) 

 

 

1598 (69.0*) 

719 (31.0) 

 

 

325 (81.3‡) 

75 (18.8) 

 

 

499 (71.0) 

204 (29.0) 

Mother with history of 

asthma and allergies 

No 

Yes 

Missing 

 

 

2172 (63.5) 

1248 (36.5) 

0 (0.0) 

 

 

1469 (63.4) 

848 (36.6) 

 

 

264 (66.0) 

136 (34.0) 

 

 

439 (62.4) 

264 (37.6) 
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 Overall 

(n=3420) 

% 

Large urban 

(n=2317) 

%a 

Small urban 

(n=400) 

%a 

Rural area 

(n=703) 

%a 

Consumption of 

unpasteurized milk in first 

year of life 

No 

Yes 

Missing 

 

 

 

3128 (95.3) 

154 (4.7) 

138 (4.0) 

 

 

 

2113 (95.2) 

107 (4.8) 

 

 

 

354 (95.4) 

17 (4.6) 

 

 

 

661 (95.7) 

30 (4.3) 

Live on a farm during the 

first year of life 

No 

Yes 

Missing 

 

 

3117 (93.7) 

     209 (6.3) 

94 (2.7) 

 

 

2230 (98.9 *†) 

24 (1.1) 

 

 

371 (97.1‡) 

11 (2.9) 

 

 

516 (74.8) 

174 (25.2) 

aProportions are based on valid sample sizes include those with non-missing data in the row 

variable. There were no missing values in the large urban-small urban-rural status variable 

p<0.05 between the large urban and small urban groups using the Pearson Chi-square test 

†p<0.05 between the large urban and rural area groups using the Pearson Chi-square test 

‡p<0.05 between the small urban and rural area groups using the Pearson Chi-square test 

 

4.1.2 Distribution of environmental factors by geographic location 

Table 4.2 presents the descriptive analysis of environmental factors by geographic 

location. Compared to the small urban center, children living in the large urban area were less 

likely to have a mother, a father, and friends who smoked currently, to be exposed to smoke in a 

car or bus, to be exposed to smoke from alternate caregivers, to live in a home with damage 

caused by dampness (wet spots), to live in a home with dampness from rain or flooding in the 

past 12 months, to live in a home with mildew odor or musty smell, to live in a home with signs 

of mold or mildew, to live in a home with cat and bird in the past 12 months, to frequently have 

trucks passing close to home, or to have a classroom fully covered with carpet. Children living in 

the large urban center were more likely to have a home which was built in 1980 or later, to live 

in a crowded home, to live in a single family unit, to live in a home with an air conditioner, to 
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live in a home with an air filter, to live in a home with a humidifier, to live in a home with a 

wood fireplace, or to live in a home with a recovery ventilator compared to small urban center.  

Compared to children from large urban area, children from the rural area (Table 4.2) were 

more likely to have a mother or father who smoked currently, to be exposed to smoke in a car or 

bus, to live in a home with dampness from rain or flooding in the past 12 months, to live in a 

home with a mildew odor or musty smell, to live in a home with dog or cat in the past 12 

months, to live in a crowded home, to live in a home with a dehumidifier, to live in a home with 

a wood fireplace, to frequently have trucks passing close to the home, or to have classroom fully 

covered with carpet. Children who lived in the rural area had a lower proportion of children 

living in a home that used natural gas for heating, a home with an air conditioner, a home with an 

air filter, a home with a humidifier, or a home with a heating recovery ventilator than the 

children living in the large urban area.  

Finally, compared to rural children, small urban children (Table 4.2) were more likely to 

have a mother or father who smoked currently, to be expose to smoke from alternate caregivers, 

to have a home with mold or mildew, to have a home that used natural gas for heating. Children 

living in the small urban center were less likely to live in a home with dog or cat in the past 12 

months, to have a home with mice or pests, to have a home which was built in 1980 or later, to 

have a crowded home, to have single family housing unit, to have a home with a dehumidifier, to 

have a home with a wood fireplace, or to have a home with a heating recovery ventilator 

compared to rural children.  
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Table 4.2: Distribution of environmental factors by geographic location 

 

 
Overall 

(n=3420) 

% 

Large urban 

(n= 2317) 

%a 

Small urban 

(n=400) 

%a 

Rural area 

(n=703) 

%a 

Current maternal smoking 

No 

Yes 

Missing 

 

2800 (82.7) 

585 (17.3) 

35 (1.0) 

 

1996 (86.7*†) 

305 (13.3) 

 

237 (61.2‡) 

150 (38.8) 

 

567 (81.3) 

130 (18.7) 

Current paternal smoking 

No 

Yes 

Missing 

 

2529 (76.7) 

769 (23.3) 

122 (3.6) 

 

1825 (80.9*†) 

432 (19.1) 

 

197 (54.4‡) 

165 (45.6) 

 

507 (74.7) 

172 (25.3) 

Child’s friends’ smoking 

No 

Yes 

Missing 

 

3121 (95.9) 

133 (4.1) 

166 (4.9) 

 

2161 (97.3*†) 

61 (2.7) 

 

324 (91.0) 

32 (9.0) 

 

636 (94.1) 

40 (5.9) 

Child exposed to smoke in a 

car or bus 

No 

Yes 

Missing 

 

 

3203 (95.1) 

164 (4.9) 

53 (1.5) 

 

 

2215 (96.8*†) 

73 (3.2) 

 

 

343 (89.3‡) 

41 (10.7) 

 

 

645 (92.8) 

50 (7.2) 

Child exposed to smoke from 

alternate caregivers 

No 

Yes 

Missing 

 

 

2954 (88.8) 

371 (11.2) 

95 (2.8) 

 

 

2045 (90.7*†) 

209 (9.3) 

 

 

307 (80.0‡) 

75 (19.6) 

 

 

602 (87.4) 

87 (12.6) 

Home damage caused by 

dampness (wet spots) 

No 

Yes 

Missing 

 

 

2642 (83.8) 

509 (16.2) 

269 (7.9) 

 

 

1864 (85.0*) 

328 (15.0) 

 

 

260 (78.1) 

73 (21.9) 

 

 

518 (82.7) 

108 (17.3) 

In the past 12 month, any 

home dampness from rain or 

flood 

No 

Yes 

Missing 

 

 

 

2488 (74.8) 

836 (25.2) 

96 (2.8) 

 

 

 

1733 (77.0*†) 

517 (23.0) 

 

 

 

258 (68.1) 

121 (31.9) 

 

 

 

497 (71.5) 

198 (28.5) 

Mildew odor or musty smell 

No 

Yes 

Missing 

 

 

 

 

2881 (84.7) 

521 (15.3) 

18 (0.5) 

 

2025 (87.8*†) 

282 (12.2) 

 

297 (75.4) 

97 (24.6) 

 

559 (79.7) 

142 (20.3) 
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 Overall 

(n=3420) 

% 

Large urban 

(n=2317) 

% a 

Small urban 

(n= 400) 

% a 

Rural area 

(n=703) 

% a 

Signs of mold or mildew 

No 

Yes 

Missing 

 

2845 (88.2) 

381 (11.8) 

194 (5.7) 

 

1940 (89.1*) 

238 (10.9) 

 

 

299 (81.0‡) 

70 (19.0) 

 

 

606 (89.2) 

73 (10.8) 

 

Dog living in your home in the 

past 12 months 

No 

Yes 

Missing 

 

 

2036 (59.9) 

1365 (40.1) 

19 (0.6) 

 

 

1435 (62.3†) 

867 (37.7) 

 

 

239 (60.2‡) 

158 (39.8) 

 

 

362 (51.6) 

340 (48.4) 

Cat living in your home in the 

past 12 months 

No 

Yes 

Missing 

 

 

2545 (74.8) 

856 (25.2) 

19 (0.6) 

 

 

1804 (78.4†) 

498 (21.6) 

 

 

288 (72.5‡) 

109 (27.5) 

 

 

453 (64.5) 

249 (35.5) 

Bird living in your home in the 

past 12 months 

No 

Yes 

Missing 

 

 

3307 (97.2) 

94 (2.8) 

19 (0.6) 

 

 

2245 (97.5*) 

57 (2.5) 

 

 

379 (95.5) 

18 (4.5) 

 

 

683 (97.3) 

19 (2.7) 

Home with mice or pests 

No 

Yes 

Missing 

 

3059 (90.9) 

305 (9.1) 

56 (1.6) 

 

2067 (90.8*) 

210 (9.2) 

 

368 (94.1‡) 

23 (5.9) 

 

624 (89.7) 

72 (10.3) 

Home built years 

Between 1980-present 

Before 1980 

Missing 

 

1528 (53.2) 

1346 (46.8) 

546 (16.0) 

 

1049 (54.3*) 

883 (45.7) 

 

99 (35.9‡) 

177 (64.1) 

 

380 (57.1) 

286 (42.9) 

Fuel used for heating in home 

Natural gas 

Electricity 

Others 

Missing 

 

2774 (85.2) 

302 (9.3) 

181 (5.6) 

163 (4.8) 

 

1986 (90.0†) 

196 (8.9) 

25 (1.1) 

 

 

312 (86.4‡) 

43 (11.9) 

6 (1.7) 

 

476 (69.1) 

63 (9.1) 

150 (21.8) 

Home crowding 

(persons/rooms) 

<=1 

>1 

Missing 

 

 

2526 (74.9) 

846 (25.1) 

48 (1.4) 

 

 

 

1670 (73.2*†) 

610 (26.8) 

 

 

 

 

263 (66.8‡) 

131 (33.2) 

  

 

 

 

593 (85.0) 

105 (15.0) 
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 aProportions are based on valid sample sizes include those with non-missing data in the row     

variable. There were no missing values in the large urban-small urban-rural status variable 

 Overall 

(n=3420) 

% 

Large urban 

(n=2317) 

% a 

Small urban 

(n= 400) 

% a 

Rural area 

(n=703) 

% a 

Type of housing unit 

For single family 

Others 

Missing 

 

3051 (90.0) 

338 (10.0) 

31 (0.9) 

 

2039 (88.8*†) 

258 (11.2) 

 

332 (83.4‡) 

66 (16.6) 

 

 

680 (98.0) 

14 (2.0) 

Homes with air conditioners 

No 

Yes 

Missing 

999 (29.6) 

2375 (70.4) 

46 (1.3) 

437 (19.1*†) 

1853 (80.9) 

200 (51.8) 

186 (48.2) 

362 (51.9) 

336 (48.1) 

Homes with air filter 

No 

Yes 

Missing 

 

1453 (43.1) 

1921 (56.9) 

46 (1.3) 

 

865 (37.8*†) 

1425 (62.2) 

 

221 (57.3) 

165 (42.7) 

 

367 (52.6) 

331 (47.4) 

Homes with humidifier 

No 

Yes 

Missing 

 

2242 (66.4) 

1132 (33.6) 

46 (1.3) 

 

1435 (62.7*†) 

855 (37.3) 

 

283 (73.3) 

103 (26.7) 

 

524 (75.1) 

174 (24.9) 

Homes with dehumidifier 

No 

Yes 

Missing 

 

2435 (72.2) 

939 (27.8) 

46 (1.3) 

 

1717 (75.0†) 

573 (25.0) 

 

300 (77.7‡) 

86 (22.3) 

 

418 (59.9) 

280 (40.1) 

Homes with wood fireplace 

No 

Yes 

Missing 

 

2828 (83.8) 

546 (16.2) 

46 (1.3) 

 

1936 (84.5*†) 

354 (15.5) 

 

 

343 (88.9‡) 

43 (11.1) 

 

549 (78.7) 

149 (21.3) 

Homes with heating recovery 

ventilator 

No 

Yes 

Missing 

 

 

2856 (84.6) 

518 (15.4) 

46 (1.3) 

 

 

1897 (82.8*†) 

393 (17.2) 

 

 

357 (92.5‡) 

29 (7.5) 

 

 

602 (86.2) 

96 (13.8) 

Frequency of truck passing 

Never/seldom 

Frequently 

Missing 

 

1665 (60.3) 

1097 (39.7) 

658 (19.2) 

 

1274 (66.5*†) 

643 (33.5) 

 

143 (44.8) 

176 (55.2) 

 

248 (47.1) 

278 (52.9) 

Carpet on classroom 

floor 

No 

Partly covered 

Fully covered 

Missing 

 

 

2809 (84.0) 

66 (2.0) 

469 (14.0) 

76 (2.2) 

 

 

1958 (86.3*†) 

49 (2.2) 

262 (11.5) 

 

 

289 (75.7) 

6 (1.6) 

87 (22.8) 

 

 

562 (81.1) 

11 (1.6) 

120 (17.3) 
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*p<0.05 between the large urban and small urban groups using the Pearson Chi-square tests 

†p<0.05 between the large urban and rural area groups using the Pearson Chi-square tests  

‡p<0.05 between the small urban and rural area groups using the Pearson Chi-square tests 

 

4.1.3 Distribution of diet and behavioral factors by geographic location 

Table 4.3 presents the descriptive analysis of diet and behavioral factors by geographic 

location. Compared to small urban children, children from the large urban center were more 

likely to eat meat, seafood, fruit and milk 3 or more times per week. Children from the large 

urban center were less likely to eat pasta, wild meat, soda, or fast food 3 or more times per week 

compared to the small urban children. Compared to large urban children, rural children were 

more likely to eat meat, bread or cereal, or wild meat 3 or more times per week; however, rural 

children were less likely to eat seafood and unpasteurized milk 3 or more times per week. 

Finally, compared to the small urban area, a higher proportion of children from the rural area ate 

meat, fruit, bread or cereal, or wild meat 3 or more times per week. In the rural area, a lower 

proportion of children ate unpasteurized milk and soda 3 or more times per week than children 

living in small urban area. 
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Table 4.3: Distribution of diet and behavioral factors by geographic location  

 Overall 

(n=3420) 

% 

Large urban 

(n= 2317) 

%a 

Small urban 

(n=400) 

%a 

Rural area 

(n=703) 

%a 

Meat 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

Missing 

 

83 (2.5) 

659 (19.8) 

2591 (77.7) 

87 (2.5) 

 

49 (2.2*†) 

479 (21.2) 

1735 (76.7) 

 

27 (7.0‡) 

71 (18.4) 

288 (74.6) 

 

7 (1.0) 

109 (15.9) 

568 (83.0) 

Seafood 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

Missing 

 

1926 (58.2) 

1197 (36.2) 

187 (5.6) 

110 (3.2) 

 

1189 (52.8*†) 

914 (40.6) 

150 (6.7) 

 

271 (71.5) 

92 (24.3) 

16 (4.2) 

 

466 (68.7) 

191 (28.2) 

21 (3.1) 

Fruit 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

Missing 

 

61 (1.8) 

368 (11.0) 

2909 (87.1) 

82 (2.4) 

 

48 (2.1*) 

236 (10.4) 

1981 (87.5) 

 

4 (1.0‡) 

64 (16.5) 

319 (82.4) 

 

9 (1.3) 

68 (9.9) 

609 (88.8) 

Bread or cereal 

Never/occasionally) 

1 or 2 times/wk 

3 or more times/wk 

Missing 

 

41 (1.2) 

328 (9.8) 

2964 (88.9) 

87 (2.5) 

 

32 (1.4†) 

230 (10.2) 

1999 (88.4) 

 

5 (1.3‡) 

49 (12.6) 

334 (86.1) 

 

4 (0.6) 

49 (7.2) 

631 (92.3) 

 

Milk 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

Missing 

 

177 (5.4) 

334 (10.2) 

2751 (84.8) 

158 (4.6) 

 

106 (4.8*) 

220 (10.0) 

1880 (85.2) 

 

29 (7.6) 

48 (12.6) 

305 (79.8) 

 

42 (6.2) 

66 (9.8) 

566 (84.0) 

Unpasteurized milk 

Never/occasionally 

1 or 2 times/wk) 

3 or more times/wk 

Missing 

 

2983 (94.1) 

115 (3.6) 

71 (2.2) 

251 (7.3) 

 

2009 (93.6†) 

84 (3.9) 

53 (2.5) 

 

337 (92.6‡) 

16 (4.4) 

11 (3.0) 

 

637 (96.7) 

15 (2.3) 

7 (1.1) 

Pasta 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

Missing 

 

 

 

 

 

52 (1.6) 

585 (17.6) 

2690 (80.9) 

93 (2.7) 

 

31 (1.4*) 

419 (18.6) 

1806 (80.1) 

 

12 (3.1) 

58 (14.9) 

319 (82.0) 

 

9 (1.3) 

108 (15.8) 

565 (82.8) 
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 Overall  

(n=3420) 

% 

Large urban 

(n=2317) 

% a 

Small urban  

(n= 400) 

% a 

Rural area 

(n=703) 

% a 

Eggs 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk) 

Missing 

 

608 (18.4) 

1936 (58.6) 

757 (22.9) 

119 (3.5) 

 

400 (17.9) 

1328 (59.4) 

508 (22.7) 

 

 

73 (19.1) 

229 (59.8) 

81 (21.8) 

 

 

135 (19.8) 

379 (55.6) 

168 (24.6) 

 

Nuts 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

Missing 

 

1531 (47.0) 

1385 (42.5) 

339 (10.4) 

165 (4.8) 

 

1009 (45.8) 

969 (44.0) 

224 (10.2) 

 

192 (50.8) 

146 (38.6) 

40 (10.6) 

 

330 (48.9) 

270 (40.0) 

75 (11.1) 

Wild meat 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

Missing  

 

2866 (87.4) 

312 (9.5) 

102 (3.1) 

140 (4.1) 

 

2050 (92.2*†) 

144 (6.5) 

30 (1.3) 

 

302 (79.7‡) 

62 (16.4) 

15 (4.0) 

 

514 (75.9) 

106 (15.7) 

57 (8.4) 

Chips 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

Missing  

 

507 (15.3) 

1951 (59.0) 

848 (25.7) 

114 (3.3) 

 

342 (15.3) 

1338 (59.7) 

561 (25.0) 

 

67 (17.4) 

217 (56.5) 

100 (26.0) 

 

98 (14.4) 

396 (58.1) 

187 (27.5) 

Soda 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

Missing 

 

1370 (41.9) 

1544 (47.2) 

358 (10.9) 

148 (4.3) 

 

975 (44.0*) 

1029 (46.4) 

213 (9.6) 

 

121 (31.7‡) 

197 (51.6) 

64 (16.8) 

 

274 (40.7) 

318 (47.3) 

81 (12.0) 

Fast food 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

Missing 

 

1317 (39.8) 

1754 (53.0) 

236 (7.1) 

113 (3.3) 

 

887 (39.3*) 

1225 (54.3) 

143 (6.3) 

 

131 (34.7‡) 

198 (52.5) 

48 (12.7) 

 

299 (44.3) 

331 (49.0) 

45 (6.7) 

Physical activity 

 1 day or < a week 

 2-4 days a week 

 5 or more days a week 

 Missing 

 

52 (1.8) 

735 (25.3) 

2122 (72.9) 

511 (14.9) 

 

35 (1.8) 

506 (25.5) 

1444 (72.7) 

 

6 (1.9) 

85 (26.5) 

230 (71.7) 

 

11 (1.8) 

144 (23.9) 

448 (74.3) 

Screen time 

 Less than 1 hour 

 1 hours but <3 hours 

 ≤3 hours but <5 hours 

 ≤5 hours or more 

 Missing 

 

297 (9.7) 

1559 (51.0) 

768 (25.1) 

430 (14.1) 

366 (10.7) 

 

212 (10.2) 

1049 (50.3) 

514 (24.7) 

309 (14.8) 

 

21 (6.0) 

180 (51.7) 

96 (27.6) 

51 (14.7) 

 

64 (10.3) 

330 (53.1) 

158 (25.4) 

70 (11.3) 
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aProportions are based on valid sample sizes include those with non-missing data in the 

row variable. There were no missing values in the large urban-small urban-rural status 

variable 

p<0.05 between the large urban and small urban groups using the Pearson Chi-square 

tests 

†p<0.05 between the large urban and rural area groups using the Pearson Chi-square tests  

‡p<0.05 between the small urban and rural area groups using the Pearson Chi-square tests 

 

4.1.4 Distribution of health care access indicators by geographic location 

Table 4.4 presents the descriptive analysis of health care access indicators by 

geographic location. Compared to the small urban center, children from the large urban 

center were more likely to receive regular medical care from a family physician. Children 

from the large urban center were less likely to be unable to get prescription medications 

than the small urban children. Compared to those in the rural area, children living in a 

large urban centre were less likely to travel more than 30 minutes for both routine care 

and emergency care. Children from the large urban center were more likely to receive 

regular medical care from a family physician than the rural children. Finally, compared to 

small urban children, rural children were more likely to travel more than 30 minutes for 

both routine care and emergency care. A lower portion of rural children received medical 

care from a family physician than the children from small urban center.  
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Table 4.4: Distribution of health care access indicators by geographic location 

 Overall 

(n=3420) 

% 

Large urban 

(n= 2317) 

%a 

Small urban 

(n=400) 

%a 

Rural area 

(n=703) 

%a 

Travelling time for 

routine care 

0-15 minutes 

>15-30 minutes 

>30 minutes 

Missing 

 

 

1760 (56.4) 

1156 (37.1) 

204 (6.5) 

300 (8.8) 

 

 

1301 (62.5*†) 

749 (36.0) 

31 (1.5) 

 

 

294 (82.4‡) 

52 (14.6) 

11 (3.1) 

 

 

165 (24.2) 

355 (52.1) 

162 (23.8) 

Travelling time for 

emergency care 

0-15 minutes 

>15-30 minutes 

>30 minutes 

Missing 

 

 

1617 (52.4) 

1243 (40.3) 

226 (7.3) 

334 (9.8) 

 

 

1219 (59.4*†) 

820 (39.9) 

14 (0.7) 

 

 

285 (80.5‡) 

60 (16.9) 

9 (2.5) 

 

 

113 (16.6) 

363 (53.5) 

203 (29.9) 

Place of receiving 

medical care 

Family physician 

Not family physician 

Missing 

 

 

2382 (69.6) 

1038 (30.4) 

0. 0 

 

 

1714 (74.0*†) 

603 (26.0) 

 

 

223 (55.8‡) 

177 (44.3) 

 

 

445 (63.3) 

258 (36.7) 

Difficulties getting 

health care services 

No 

Yes 

Missing 

 

 

3094 (92.2) 

261 (7.8) 

65 (1.9) 

 

 

2096 (92.4) 

173 (7.6) 

 

 

365 (93.6) 

25 (6.4) 

 

 

633 (90.9) 

63 (9.1) 

Unable to get 

prescription 

medications 

No 

Yes 

Missing 

 

 

 

3273 (96.7) 

112 (3.3) 

35 (1.0) 

 

 

 

2240 (97.5*) 

57 (2.5) 

 

 

 

361 (92.6‡) 

29 (7.4) 

 

 

 

672 (96.3) 

26 (3.7) 

aProportions are based on valid sample sizes include those with non-missing data in the 

row variable. There were no missing values in the large urban-small urban-rural status 

variable 

p<0.05 between the large urban and small urban groups using the Pearson Chi-square 

tests 

†p<0.05 between the large urban and rural area groups using the Pearson Chi-square tests  

‡p<0.05 between the small urban and rural area groups using the Pearson Chi-square tests 
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4.1.5 Distribution of farm activities by geographic location 

Descriptive analysis of farm activities by geographic location is presented in 

Table 4.5. Compared to children living in a small urban area, children living in a large 

urban center were less likely to spend their time regularly haying or moving or playing 

with hay bales, feeding livestock, or cleaning or playing in the pens or corrals in the past 

12 months. Children living in a rural area were more likely to spend their time regularly 

haying or moving or playing with hay bales, feeding livestock, cleaning or playing in 

barns, emptying or filling grain bins, and being close to pesticides in the past 12 months 

compared to those living in the large urban area. Children living in the rural area were 

more likely to spend their time regularly participating in all farm activities in the past 12 

months compared to children living in the small urban area. 
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Table 4.5: Distribution of farm activities by geographic location 

 Overall 

(n=3420) 

% 

Large urban 

(n= 2317) 

% 

Small urban 

(n=400) 

% 

Rural area 

(n=703) 

% 

Haying or moving or 

playing with hay bales 

Irregular 

Regular 

Missing 

 

 

3212 (94.9) 

173 (5.1) 

35 (1.3) 

 

 

2284 (98.6*†) 

33 (1.4) 

 

 

388 (97.0‡) 

12 (3.0) 

 

 

540 (80.8) 

128 (19.2) 

Feeding livestock 

Irregular 

Regular 

Missing 

 

3212 (94.9) 

173 (5.1) 

35 (1.3) 

 

 2294 (99.0*†) 

23 (1.0) 

 

390 (97.5‡) 

10 (2.5) 

 

528 (79.0) 

140 (21.0) 

Cleaning or playing in 

barns 

Irregular 

Regular 

Missing 

 

 

3228 (95.7) 

147 (4.3) 

35 (1.3) 

 

 

2283 (98.5†) 

34 (1.5) 

 

 

389 (97.3‡) 

11 (2.8) 

 

 

566 (84.7) 

102 (15.3) 

Emptying or filling grain 

bins 

Irregular 

Regular 

Missing 

 

 

3339 (98.6) 

46 (1.4) 

35 (1.3) 

 

 

2313 (99.8†) 

4 (0.2) 

 

 

399 (99.8‡) 

1 (0.3) 

 

 

627 (93.9) 

41 (6.1) 

Cleaning or playing in 

pens or corrals 

Irregular 

Regular 

Missing 

 

 

3239 (95.7) 

146 (4.3) 

35 (1.3 ) 

 

 

2288 (98.7*) 

29 (1.3) 

 

 

389 (97.3‡) 

11 (2.8) 

 

 

562 (84.1) 

106 (15.9) 

Riding horses 

Irregular 

Regular 

Missing 

 

3266 (96.5) 

119 (3.5) 

35 (1.3) 

 

2290 (98.8†) 

27 (1.2) 

 

392 (98.0‡) 

8 (2.0) 

 

584 (87.4) 

84 (12.6) 

Pesticides 

Irregular 

Regular 

Missing 

 

3360 (99.3) 

25 (0.7) 

35 (1.3) 

 

2310 (99.7†) 

7 (0.3) 

 

398 (99.5‡) 

2 (0.5) 

 

652 (97.6) 

16 (2.4) 

 aProportions  are based on valid sample sizes include those with non-missing data in the 

row variable. There were no missing values in the large urban-small urban-rural status 

variable 

*p<0.05 between the large urban and small urban groups using the Pearson Chi-square 

tests 

†p<0.05 between the large urban and rural area groups using the Pearson Chi-square tests 

‡p<0.05 between the small urban and rural area groups using the Pearson Chi-square tests 
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4.1.6 Distribution of prevalence of ever wheeze and ever asthma by geographic 

location 

 The prevalence of ever asthma and ever wheeze by geographic location are 

presented in Figure 4.1. The overall prevalence of ever asthma and ever wheeze were 

19.6% and 28%, respectively. P values for trend of both ever asthma and ever wheeze 

were (p=0.003) and (p=0.834) respectively. There was a statistically significant linear 

trend observed by geographic location with the highest prevalence of ever asthma in 

small urban children (21.4%) and lowest prevalence in rural children (15.1%) (p<0.05). 

However, no statistically significant differences were found between geographic 

locations in the prevalence of ever wheeze among children (p>0.05).  

Figure 4.1: Prevalence of ever wheeze and ever asthma by geographic location 
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4.1.7 Distribution of prevalence of current wheeze and current asthma by 

geographic location 

The prevalence of current asthma and current wheeze by geographic location is 

presented in Figure 4.2. The overall prevalence of current asthma and current wheeze 

were 14.1% and 14.5%, respectively. P values for trend of both current asthma and 

current wheeze were (p=0.086) and (p=0.0.405) respectively. A lower prevalence of 

current asthma was observed in the rural area (11.5%) compared to the large urban 

(14.6%) and small urban areas (15.9%). However, this association was not statistically 

significant (p>0.05). There were no statistically significant differences in current wheeze 

prevalence by geographic location (p>0.05).  

Figure 4.2: Prevalence of current wheeze and current asthma by geographic 

location  
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4.2 Results for Research Question 1 What are the risk factors associated with the 

prevalence of current asthma and wheeze in pediatric populations in Saskatchewan 

and specifically, is location of residence associated with asthma and wheeze after 

adjusted for confounders? 

Descriptive statistics of personal factors, environmental factors, diet and 

behavioral factors, and health care access indicators by current wheeze and current 

asthma are presented in Table 4.6. 
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Table 4.6: Descriptive statistics of personal factors, environmental factors, diet and behavioral factors, and health care access 

indicators by outcome variables current wheeze and current asthma 

Covariates Current wheeze 

No  Yes 

(n=2825) (n=480) 

%  % 

P value 

 

Current asthma 

No  Yes 

(n=2860) (n=469) 

%  % 

P value 

 

Location  

Large urban 

Small urban 

Rural area 

 

1911 (85.2%) 

327 (85.6%) 

587 (86.5%) 

 

333 (14.8%) 

55 (14.4%) 

92 (13.5%) 

 

0.405 

 

1937 (85.4%) 

318 (84.1%) 

605 (88.5%) 

 

330 (14.6%) 

60 (15.9%) 

79 (11.5%) 

 

0.086 

Personal factors  

Sex 

Male 

Female 

 

1356 (48.2) 

1458 (51.8) 

 

282 (58.9) 

197 (41.1) 

 

<0.001 

 

1364 (47.9) 

1485 (52.1) 

 

273 (58.6) 

193 (41.4) 

 

<0.001 

Age Group 

5-9 years (younger) 

10-14 years (older) 

 

1453 (51.4) 

1372 (48.6) 

 

291 (60.6) 

189 (39.4) 

 

<0.001 

 

1513 (52.9) 

1347 (47.1) 

 

254 (54.2) 

215 (45.8) 

 

0.325 

Ethnicity 

Caucasian 

First Nation 

Other 

 

1786 (64.9) 

412 (15.0) 

552 (20.1) 

 

334 (70.5) 

86 (18.1) 

54 (11.4) 

 

<0.001 

 

1826 (65.4) 

422 (15.1) 

543 (19.5) 

 

308 (67.2) 

80 (17.5) 

70 (15.3) 

 

0.073 

Father’s education 

High school or less 

Postsecondary 

 

792 (30.0) 

1846 (70.0) 

 

134 (30.2) 

310 (69.8) 

 

0.493 

 

 

798 (29.8) 

1879 (70.2) 

 

127 (29.9) 

298 (70.1) 

 

0.508 

 

Mother’s education 

High school or less 

Postsecondary 

 

635 (23.1) 

2110 (76.9) 

 

107 (22.9) 

360 (77.1) 

 

0.485 

 

641 (23.0) 

2151 (77.0) 

 

110 (24.6) 

338 (75.4) 

 

0.246 
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Covariates Current wheeze 

No  Yes 

(n=2825) (n=480) 

%  % 

P value 

 

Current asthma 

No  Yes 

(n=2860) (n=469) 

%  % 

P value 

 

Money left over at the end of the 

month 

Some money 

Just enough money 

Not enough money 

 

 

1728 (64.2) 

677 (25.1) 

287 (10.7) 

 

 

280 (61.5) 

113 (24.8) 

62 (13.6) 

 

 

0.171 

 

 

1770 (64.8) 

675 (24.7) 

285 (10.4) 

 

 

254 (57.7) 

124 (28.2) 

62 (14.1) 

 

 

0.009 

In the past 12 months, struggled to 

meet the basic living requirements 

No 

Yes 

 

 

2339 (85.0) 

413 (15.0) 

 

 

366 (77.9) 

104 (22.1) 

 

 

<0.001 

 

 

2371 (85.0) 

419 (15.0) 

 

 

350 (76.9) 

105 (23.1) 

 

 

<0.001 

Participation in community's events 

Never 

Rarely 

Sometimes 

Always 

 

230 (8.4) 

441 (16.1) 

1641 (59.8) 

430 (15.7) 

 

28 (6.0) 

86 (18.5) 

279 (59.9) 

73 (15.7) 

 

0.244 

 

 

 

 

218 (7.9) 

462 (16.6) 

1654 (59.6) 

443 (16.0) 

 

254 (7.9) 

64 (14.1) 

283 (62.2) 

72 (15.8) 

 

0.563 

 

 

 

Community support 

mean (standard deviation) mm on 

VAS 

 

61.9 (24.5) 

 

60.9 (25.3) 

 

0.425 

 

62.1 (24.5) 

 

58.7 (25.7) 

 

0.009 

Children born premature 

No 

Yes 

 

1853 (69.0) 

287 (31.0) 

 

287 (62.7) 

171 (37.3) 

 

0.004 

 

 

1882 (69.1) 

840 (30.9) 

 

278 (62.1) 

170 (37.9) 

 

0.002 

 

First born child 

No 

Yes 

 

1541 (55.1) 

1254 (44.9) 

 

260 (54.5) 

217 (45.5) 

 

0.419 

 

 

1565 (55.3) 

1266 (44.7) 

 

245 (52.8) 

219 (47.2) 

 

0.172 
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Covariates Current wheeze 

No  Yes 

(n=2825) (n=480) 

%  % 

P value 

 

Current asthma 

No  Yes 

(n=2860) (n=469) 

%  % 

P value 

 

Children breastfed 

Never 

0-4 weeks 

4 weeks to 6 months 

More than 6 months 

 

400 (14.6) 

361 (13.1) 

786 (28.6) 

1202 (43.7) 

 

85 (18.2) 

94 (20.1) 

124 (26.5) 

165 (35.3) 

 

<0.001 

 

404 (14.5) 

387 (13.9) 

800 (28.7) 

1193 (42.9) 

 

80 (17.4) 

85 (18.5) 

117 (25.4) 

178 (38.7) 

 

0.012 

 

Day care attendance 

No 

Yes 

 

1178 (42.3) 

1604 (57.7) 

 

173 (36.6) 

300 (63.4) 

 

0.010 

 

 

1171 (41.5) 

1652 (58.5) 

 

176 (38.3) 

284 (61.7) 

 

0.105 

 

Child has any allergy 

No 

Yes 

 

2051 (72.6) 

774 (27.4) 

 

171 (35.6) 

309 (64.4) 

 

<0.001 

 

2094 (73.2) 

766 (26.8) 

 

140 (29.9) 

329 (70.1) 

 

<0.001 

Father with history of asthma and 

allergies 

No 

Yes 

 

 

2050 (72.6) 

775 (27.4) 

 

 

281 (58.5) 

199 (41.5) 

 

 

<0.001 

 

 

2084 (72.9) 

776 (27.1) 

 

 

264 (56.3) 

205 (43.7) 

 

 

<0.001 

Mother with history of asthma and 

allergies 

No 

Yes 

 

 

1878 (66.5) 

947 (33.5) 

 

 

220 (45.8) 

260 (54.2) 

 

 

<0.001 

 

 

1902 (66.5) 

958 (33.5) 

 

 

204 (43.5) 

265 (56.5) 

 

 

<0.001 

Consumption of unpasteurized milk 

in first year of life 

No 

Yes 

 

 

2585 (95.4) 

126 (4.6) 

 

 

446 (95.7) 

20 (4.3) 

 

 

0.423 

 

 

2628 (95.4) 

126 (4.6) 

 

 

426 (95.3) 

21 (4.7) 

 

 

0.492 
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Covariates Current wheeze 

No  Yes 

(n=2825) (n=480) 

%  % 

P value 

 

Current asthma 

No  Yes 

(n=2860) (n=469) 

%  % 

P value 

 

Live on a farm during first year of 

life 

No 

Yes 

 

 

2583 (93.8) 

171 (6.2) 

 

 

433 (92.9) 

33 (7.1) 

 

 

0.266 

 

 

2613 (93.6) 

179 (6.4) 

 

 

425 (94.4) 

25 (5.6) 

 

 

0.283 

Environmental factors 

 

Current maternal smoking 

No 

Yes 

 

2331 (83.4) 

464 (16.6) 

 

376 (78.7) 

102 (21.3) 

 

0.008 

 

 

2349 (82.9) 

483 (17.1) 

 

380 (81.5) 

86 (18.5) 

 

0.248 

Current paternal smoking 

No 

Yes 

 

2113 (77.5) 

614 (22.5) 

 

340 (73.8) 

121 (26.2) 

 

0.046 

 

 

2142 (77.5) 

621 (22.5) 

 

330 (73.3) 

120 (26.7) 

 

0.030 

 

Child’s friends’ smoking 

No 

Yes 

 

2587 (96.1) 

104 (3.9) 

 

429 (94.5) 

25 (5.5) 

 

0.070 

 

2621 (96.0) 

108 (4.0) 

 

421 (95.0) 

22 (5.0) 

 

0.192 

Child exposed to smoke in a car or 

bus 

No 

Yes 

 

 

2649 (95.3) 

132 (4.7) 

 

 

448 (94.9) 

24 (5.1) 

 

 

0.411 

 

 

2689 (95.3) 

134 (4.7) 

 

 

435 (95.0) 

23 (5.0) 

 

 

0.435 

 

Child exposed to smoke from 

alternate caregivers 

No 

Yes 

 

 

2470 (89.7) 

283 (10.3) 

 

 

394 (84.7) 

71 (15.3) 

 

 

0.001 

 

 

 

2500 (89.5) 

294 (10.5) 

 

 

377 (84.5) 

69 (15.5) 

 

 

0.002 
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Covariates Current wheeze 

No  Yes 

(n=2825) (n=480) 

%  % 

P value 

 

Current asthma 

No  Yes 

(n=2860) (n=469) 

%  % 

P value 

 

Home damage caused by dampness 

(wet spots) 

No 

Yes 

 

 

2199 (84.3) 

408 (15.7) 

 

 

362 (82.1) 

79 (17.9) 

 

 

0.130 

 

 

 

2222 (84.2) 

416 (15.8) 

 

 

354 (82.1) 

77 (17.9) 

 

 

0.152 

 

In the past 12 month, any home 

dampness from rain or flood 

No 

Yes 

 

 

2092 (76.1) 

656 (23.9) 

 

 

321 (68.6) 

147 (31.4) 

 

 

<0.001 

 

 

2121 (76.2) 

661 (23.8) 

 

 

309 (68.1) 

145 (31.9) 

 

 

<0.001 

Mildew odor or musty smell 

No 

Yes 

 

2401 (85.5) 

408 (14.5) 

 

388 (81.2) 

90 (18.8) 

 

0.010 

 

 

2435 (85.5) 

413 (14.5) 

 

375 (80.6) 

90 (19.4) 

 

0.005 

 

Signs of mold or mildew 

No 

Yes 

 

2363 (88.8) 

299 (11.2) 

 

392 (85.6) 

66 (14.4) 

 

0.033 

 

2405 (89.0) 

297 (11.0) 

 

374 (84.4) 

69 (15.6) 

 

0.004 

Dog living in your home in the past 

12 months 

No 

Yes 

 

 

1691 (60.2) 

1119 (39.8) 

 

 

272 (56.9) 

206 (43.1) 

 

 

0.097 

 

 

 

1714 (60.3) 

1129 (39.7) 

 

 

265 (56.7) 

202 (43.3) 

 

 

0.082 

Cat living in your home in the past 

12 months 

No 

Yes 

 

2118 (75.4) 

692 (24.6) 

 

348 (72.8) 

130 (27.2) 

 

0.127 

 

 

2123 (74.7) 

720 (25.3) 

 

350 (74.9) 

117 (25.1) 

 

0.476 

 

Bird living in your home in the past 

12 months 

No 

Yes 

 

 

2734 (97.3) 

76 (2.7) 

 

 

463 (96.3) 

15 (3.1) 

 

 

0.340 

 

 

 

2765 (97.3) 

78 (2.7) 

 

 

453 (97.0) 

14 (3.0) 

 

 

0.424 
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Covariates Current wheeze 

No  Yes 

(n=2825) (n=480) 

%  % 

P value 

 

Current asthma 

No  Yes 

(n=2860) (n=469) 

%  % 

P value 

 

Home with mice or pests 

No 

Yes 

 

2545 (91.5) 

235 (8.5) 

 

420 (87.9) 

58 (12.1) 

 

0.007 

 

 

2570 (91.4) 

243 (8.6) 

 

413 (89.0) 

51 (11.0) 

 

0.063 

Home built years 

Between 1980 present 

Before 1980) 

 

1255 (53.0) 

1113 (47.0) 

 

231 (54.7) 

191 (45.3) 

 

0.272 

 

 

1285 (53.5) 

1117 (46.5) 

 

211 (52.6) 

190 (47.4) 

 

0.392 

Fuel used for heating in home 

Natural gas 

Electricity 

Others 

 

2280 (84.9) 

256 (9.5) 

149 (5.5) 

 

399 (86.2) 

36 (7.8) 

28 (6.0) 

 

0.457 

 

 

2319 (84.9) 

263 (9.6) 

151 (5.5) 

 

391 (88.1) 

30 (6.8) 

23 (5.2) 

 

0.139 

 

Home crowding (persons/rooms) 

<=1 

>1 

 

2087 (75.0) 

697 (25.0) 

 

365 (77.0) 

109 (23.0) 

 

0.186 

 

 

2111 (74.8) 

710 (25.2) 

 

355 (76.8) 

107 (23.2) 

 

0.193 

Type of housing units 

For Single family 

Others 

 

2533 (90.4) 

270 (9.6) 

 

422 (88.7) 

54 (11.3) 

 

0.142 

 

 

2553 (90.1) 

280 (9.9) 

 

419 (89.7) 

48 (10.3) 

 

0.422 

Homes with air conditioners 

No 

Yes 

 

830 (29.8) 

1957 (70.2) 

 

133 (28.0) 

342 (72.0) 

 

0.233 

 

840 (29.8) 

1979 (70.2) 

 

129 (27.7) 

337 (72.3) 

 

0.192 

Homes with air filter 

No 

Yes 

 

1200 (43.1) 

1587 (56.9) 

 

201 (42.3) 

274 (57.7) 

 

0.401 

 

 

1228 (43.6) 

1591 (56.4) 

 

188 (40.3) 

278 (59.7) 

 

0.401 

Homes with humidifier 

No 

Yes 

 

1891 (67.9) 

896 (32.1) 

 

279 (58.7) 

196 (41.3) 

 

<0.001 

 

1899 (67.4) 

920 (32.6) 

 

284 (60.9) 

182 (39.1) 

 

0.004 
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Covariates Current wheeze 

No  Yes 

(n=2825) (n=480) 

%  % 

P value 

 

Current asthma 

No  Yes 

(n=2860) (n=469) 

%  % 

P value 

 

Homes with dehumidifier 

No 

Yes 

 

2029 (72.8) 

758 (27.2) 

 

327 (68.8) 

148 (31.2) 

 

0.043 

 

 

2043 (72.5) 

776 (27.5) 

 

333 (71.5) 

133 (28.5) 

 

0.344 

 

Homes with wood fireplace 

No 

Yes 

 

2325 (83.4) 

462 (16.6) 

 

412 (86.7) 

63 (13.3) 

 

0.038 

 

 

2346 (83.2) 

473 (16.8) 

 

409 (87.8) 

57 (12.2) 

 

0.007 

 

Homes with heating recovery 

ventilator 

No 

Yes 

 

 

2358 (84.6) 

429 (15.4) 

 

 

406 (85.5) 

69 (14.5) 

 

 

0.342 

 

 

 

2383 (84.5) 

436 (15.5) 

 

 

397 (85.2) 

69 (14.8) 

 

 

0.388 

 

Frequency of truck passing 

Never/seldom 

Frequently 

 

1400 (61.6) 

873 (38.4) 

 

220 (54.3) 

185 (45.7) 

 

0.004 

 

 

1402 (61.0) 

897 (39.0) 

 

219 (56.4) 

169 (43.6) 

 

0.051 

Carpet on classroom 

floor 

No 

Partly covered 

Fully covered 

 

 

2346 (84.9) 

57 (2.1) 

359 (13.0) 

 

 

375 (79.4) 

8 (1.7) 

89 (18.9) 

 

 

0.003 

 

 

2361 (84.5) 

52 (1.9) 

382 (13.7) 

 

 

379 (82.6) 

13 (2.8) 

67 (14.6) 

 

 

0.320 

Diet and behavioral factors 

Meat 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

 

66 (2.4) 

551 (20.0) 

2133 (77.6) 

 

11 (2.3) 

87 (18.4) 

374 (79.2) 

 

0.711 

 

 

 

68 (2.4) 

561(20.1) 

2163 (77.5) 

 

13 (2.9) 

82 (18.0) 

360 (79.1) 

 

0.532 
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Covariates Current wheeze 

No  Yes 

(n=2825) (n=480) 

%  % 

P value 

 

Current asthma 

No  Yes 

(n=2860) (n=469) 

%  % 

P value 

 

Seafood 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

 

1584 (58.0) 

986 (36.1) 

161 (5.9) 

 

276 (59.0) 

170 (36.3) 

22 (4.7) 

 

0.587 

 

 

 

1614 (58.2) 

1004 (36.2) 

157 (5.7) 

 

261 (58.1) 

163 (36.3) 

25 (5.6) 

 

0.996 

 

 

Fruit 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

 

54 (2.0) 

299 (10.8) 

2404 (87.2) 

 

6 (1.3) 

55 (11.7) 

409 (87.0) 

 

0.529 

 

 

 

48 (1.7) 

292 (10.4) 

2455 (87.8) 

 

12 (2.6) 

65 (14.3) 

378 (83.1) 

 

0.018 

 

Bread or cereal 

Never/occasionally) 

1 or 2 times/wk 

3 or more times/wk 

 

35 (1.3) 

281 (10.2) 

2434 (88.5) 

 

4 (0.8) 

34 (7.2) 

434 (91.9) 

 

0.087 

 

 

 

37 (1.3) 

278 (10.0) 

2475 (88.7) 

 

3 (0.7) 

41(9.0) 

411 (90.3) 

 

0.389 

Milk 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

 

143 (5.3) 

273 (10.1) 

2278 (84.6) 

 

26 (5.6) 

47 (10.2) 

390 (84.2) 

 

0.963 

 

 

146 (5.3) 

274 (10.0) 

2312 (84.6) 

 

26 (5.9) 

49 (11.0) 

369 (83.1) 

 

0.715 

 

 

Unpasteurized milk 

Never/occasionally 

1 or 2 times/wk) 

3 or more times/wk 

 

2449 (93.8) 

100 (3.8) 

63 (2.4) 

 

437 (96.0) 

11 (2.4) 

7 (1.5) 

 

0.162 

 

 

2487 (94.0) 

100 (3.8) 

60 (2.3) 

 

419 (95.9) 

10 (2.3) 

8 (1.8) 

 

0.246 

Pasta 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

 

46 (1.7) 

48 (17.5) 

2220 (80.8) 

 

4 (0.9) 

85 (18.1) 

381 (81.1) 

 

0.401 

 

 

 

48 (1.7) 

484 (17.4) 

2253 (80.9) 

 

3 (0.7) 

87 (19.2) 

364 (80.2) 

 

0.171 
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Covariates Current wheeze 

No  Yes 

(n=2825) (n=480) 

%  % 

P value 

 

Current asthma 

No  Yes 

(n=2860) (n=469) 

%  % 

P value 

 

Eggs 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk) 

 

490 (18.0) 

1597 (58.5) 

641 (23.5) 

 

97 (21.0) 

277 (59.8) 

89 (19.2) 

 

0.074 

 

 

499 (18.0) 

1619 (58.5) 

651 923.5) 

 

95 (21.3) 

263 (59.1) 

87 (19.6) 

 

0.085 

Nuts 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

 

1246 (46.3) 

1160 (43.1) 

283 (10.5) 

 

235 (51.4) 

179 (39.2) 

43 (9.4) 

 

0.131 

 

 

 

1267 (46.4) 

1167 (42.8) 

294 (10.8) 

 

231 (52.4) 

177 (40.1) 

33 (7.5) 

 

0.024 

Wild meat 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

 

2359 (87.1) 

262 (9.7) 

86 (3.2) 

 

411 (88.4) 

38 (8.2) 

16 (3.4) 

 

0.575 

 

 

 

2410 (87.7) 

259 (9.4) 

78 (2.8) 

 

389 (87.2) 

38 (8.5) 

19 (4.3) 

 

0.234 

Chips 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

 

416 (15.2) 

1606 (58.8) 

709 (26.0) 

 

76 (16.3) 

275 (59.0) 

115 (24.7) 

 

0.757 

 

 

 

419 (15.1) 

1632 (59.0) 

716 (25.9) 

 

75 (16.6) 

269 (59.6) 

107 (23.7) 

 

0.525 

Soda 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

 

1135 (42.0) 

1266 (46.9) 

299 (11.1) 

 

202 (43.3) 

216 (46.3) 

49 (10.5) 

 

0.862 

 

 

 

1154 (42.2) 

1281 ((46.8) 

300 (11.0) 

 

179 (39.8) 

227 (50.4) 

44 (9.8) 

 

0.348 

Fast food 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

 

1106 (40.5) 

1433 (52.5) 

193 (7.1) 

 

177 (37.9) 

255 (54.6) 

35 (7.5) 

 

0.572 

 

 

 

1136 (41.0) 

1449 (52.3) 

185 (6.7) 

 

156 (34.7) 

255 (56.8) 

38 (8.5) 

 

0.030 
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Covariates Current wheeze 

No  Yes 

(n=2825) (n=480) 

%  % 

P value 

 

Current asthma 

No  Yes 

(n=2860) (n=469) 

%  % 

P value 

 

Physical activity 

1 day or < a week 

2-4 days a week 

5 or more days a week 

 

45 (1.9) 

605 (25.2) 

1753 (73.0) 

 

7 (1.7) 

107 (25.8) 

301 (72.5) 

 

0.939 

 

 

 

41 (1.7) 

600 (24.7) 

1790 (73.6) 

 

6 (1.5) 

120 (29.5) 

281 (69.0) 

 

0.118 

Screen time 

Less than 1 hour 

1 hours but <3 hours 

≤3 hours but <5 hours 

≤5 hours or more 

 

254 (10.1) 

1279 (50.7) 

641 (25.4) 

347 (13.8) 

 

31 (7.2) 

235 (54.7) 

100 (23.3) 

64 (14.9) 

 

0.155 

 

 

 

 

249 (9.8) 

1302 (51.0) 

643 (25.2) 

359 (14.1) 

 

42 (9.9) 

219 (51.7) 

102 (24.1) 

61 (14.4) 

 

0.969 

 

Health care access indicators 

Travelling time for routine care 

0-15 minutes 

>15-30 minutes 

>30 minutes 

 

1487 (57.7) 

924 (35.9) 

165 (6.4) 

 

228 (50.9) 

188 (42.0) 

32 (7.1) 

 

0.026 

 

 

 

1491 (57.3) 

944 (36.3) 

167 (6.4) 

 

227 (51.7) 

182 (41.5) 

30 (6.8) 

 

0.086 

Travelling time for emergency care 

0-15 minutes 

>15-30 minutes 

>30 minutes 

 

1338 (52.6) 

1018 (40.0) 

189 (7.4) 

 

232 (52.3) 

184 (41.4) 

28 (6.3) 

 

0.652 

 

 

 

1348 (52.4) 

1035 (40.2) 

191 (7.4) 

 

227 (52.2) 

183 (41.1) 

25 (5.7) 

 

0.412 

Place of receiving medical care 

Family physician 

Not family physician 

 

1959 (69.3) 

866 (30.7) 

 

350 (72.9) 

130 (27.1) 

 

0.063 

 

1974 (69.0) 

886 (31.0) 

 

346 (73.8) 

123 (26.2) 

 

0.021 

Difficulties getting health care 

services 

No 

Yes 

 

 

2600 (93.6) 

177 (6.4) 

 

 

394 (83.7) 

77 (16.3) 

 

 

<0.001 

 

 

 

2617 (93.2) 

191 (6.8) 

 

 

394 (85.7) 

66 (14.3) 

 

 

<0.001 
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Covariates Current wheeze 

No  Yes 

(n=2825) (n=480) 

%  % 

P value 

 

Current asthma 

No  Yes 

(n=2860) (n=469) 

%  % 

P value 

 

Unable to get prescription 

medications 

No 

Yes 

 

 

2721 (97.2) 

79 (2.8) 

 

 

444 (93.7) 

30 (6.3) 

 

 

<0.001 

 

 

2755 (97.3) 

75 (2.7) 

 

 

429 (92.1) 

37 (7.9) 

 

 

<0.001 
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With regard to personal risk factors and current asthma, being male and children 

from homes where there was not enough money left over at the end of the month, 

children who struggled to meet the basic living requirements in the past 12 months, were 

born premature, never breastfed, attended daycare, had a history of allergy, had parents 

with a history of asthma and allergies were significantly more likely to have current 

asthma. With regard to environmental risk factors and current asthma, children who had a 

father who smoked currently, children exposed to smoke from alternate caregivers, 

children who lived with any home dampness from rain or flooding, lived in a home with 

mildew odor or musty smell, lived in a home with signs of mold or mildew, lived in a 

home with a humidifier, or lived in a home with a wood fireplace were more likely to 

have current asthma. With regard to diet and health risk behaviours, children who ate 

fruit and nuts 3 or more times per week were less likely to have current asthma while 

children who ate fast food 3 or more times per week were more likely to have current 

asthma. With regard to health care access indicators and current asthma, children who 

visited a family physician or had difficulties getting health care services, or were unable 

to get prescription medications were more likely to have current asthma. 

With regard to personal risk factors and current wheeze, males, younger children, 

Caucasian children, those children who struggled to meet the basic living requirements in 

the past 12 months or children who were born premature, never breastfed, attended 

daycare, had a personal history of allergy, and had parents with history of asthma and 

allergies were more likely to have current wheeze. With regard to environmental risk 

factors and current wheeze, children who had parents who smoked currently or who were 

exposed to smoke from alternate caregivers, had home dampness from rain or flooding, 
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or who lived in a home with a mildew odor or musty smell, in a home with signs of mold 

or mildew, in a home with a humidifier, in a home with a wood fireplace, in a home with 

mice or pests, in a home with frequent truck passing through the street close to their 

homes, or who had a classroom floor fully covered with carpet were more likely to report 

current wheeze. With regard to health care access indicators and current wheeze, children 

with more than 30 minutes travelling time for routine care, children who had difficulties 

getting health care services and were unable to get prescription medications were more 

likely to have current wheeze.  

 Multivariate analysis results, after adjustment for potential confounders, for each 

outcome are reported in Table 4.7. Adjusted results in Table 4.7 show that there were no 

statistically significant associations between current asthma and current wheeze with 

geographic status (large urban vs. small urban vs. rural town). 
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Table 4.7: Multiple logistic regression analysis of current wheeze and current asthma as the outcomes: 

Covariates Current wheeze 

Crude odds ratio Base adjusted†           Fully adjusted‡ 

   Odds ratio  Odds ratio 

(95% CI)  (95% CI)  (95% CI) 

Current asthma 

Crude odds ratio      Base adjusted†    Fully adjusted 

        Odds ratio  Odds ratio 

(95% CI)     (95% CI)           (95% CI) 

Location 

Large urban 

Small urban 

Rural area 

 

1.00 

0.97 (0.71-1.31) 

0.90 (0.70-1.15) 

 

1.00 

0.96 (0.57-1.64) 

0.77 (0.51-1.15) 

 

1.00 

1.13 (0.56-2.30) 

1.05 (0.65-1.70) 

 

1.00 

1.11 (0.82-1.49) 

0.77 (0.59-1.00) 

 

1.00 

1.52 (0.90-2.55) 

0.67 (0.43-1.03) 

 

1.00 

1.40 (0.69-2.83) 

0.80 (0.47-1.36) 

Sex 

Male 

Female 

 

1.00 

0.65 (0.53-0.79) 

 

1.00 

0.82 (0.63-1.07) 

 

1.00 

0.78 (0.56-1.07) 

 

1.00 

0.65 (0.53-0.79) 

 

1.00 

0.74 (0.56-0.98) 

 

1.00 

0.71 (0.50-0.99) 

Age Group 

5-9 years (younger) 

10-14 years (older) 

 

1.00 

0.69 (0.57-0.84) 

 

1.00 

0.69 (0.52-0.92) 

 

1.00 

0.67 (0.48-0.94) 

 

1.00 

0.95 (0.78-1.16) 

 

1.00 

0.91 (0.68-1.21) 

 

1.00 

0.90 (0.64-1.28) 

Ethnicity 

Caucasians 

First Nations 

Others 

 

1.00 

1.12 (0.86-1.45) 

0.52 (0.39-0.71) 

 

1.00 

0.87 (0.55-1.38) 

0.66 (0.40-1.08) 

 

1.00 

0.72 (0.40-1.31) 

0.57 (0.31-1.08) 

 

1.00 

1.12 (0.86-1.47) 

0.76 (0.58-1.01) 

 

1.00 

1.15 (0.70-1.88) 

1.04 (0.64-1.69) 

 

1.00 

1.11 (0.60-2.07) 

0.91 (0.50-1.68) 

Money left over at 

the end of the 

month 

Some money 

Just enough money 

Not enough money 

 

 

 

 

1.00 

1.03 (0.81-1.30) 

1.33 (0.99-1.80) 

 

 

 

 

 

 

 

 

 

 

 

1.00 

1.14(0.76-1.70) 

0.97 (0.51-1.84) 

 

 

 

 

 

 

 

1.00 

1.28 (1.02-1.62) 

1.52 (1.12-2.06) 

 

 

 

 

 

 

 

 

 

 

 

1.00 

1.45 (0.96-2.18) 

0.99 (0.50-1.95) 
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Covariates Current wheeze 

Crude odds ratio Base adjusted†           Fully adjusted‡ 

   Odds ratio  Odds ratio 

(95% CI)  (95% CI)  (95% CI) 

Current asthma 

Crude odds ratio      Base adjusted†    Fully adjusted 

        Odds ratio  Odds ratio 

(95% CI)     (95% CI)           (95% CI) 

In past 12 months 

struggled meeting 

basic requirements 

No 

Yes 

 

 

 

1.00 

1.61 (1.26-2.05) 

 

 

 

1.00 

1.45 (0.98-2.14) 

 

 

 

1.00 

1.29 (0.75-2.23) 

 

 

 

1.00 

1.70 (1.33-2.16) 

 

 

 

1.00 

1.46 (0.97-2.20) 

 

 

 

1.00 

1.01 (0.62-1.93) 

Child has any 

allergy 

No 

Yes 

 

 

1.00 

4.79 (3.90-5.87) 

 

 

1.00 

4.09 (3.11-5.36) 

 

 

1.00 

4.50 (3.25-6.23 

 

 

1.00 

6.42 (5.18-7.96) 

 
 

1.00 

5.15 (3.85-6.90) 

 

 

1.00 

5.00 (3.53-7.01) 

Father with history 

of asthma and 

allergies 

No 

Yes 

 

 

 

1.00 

1.87 (1.53-2.29) 

 

 

 

1.00 

1.49 (1.13-1.96) 

 

 

 

1.00 

1.36 (0.98-1.89) 

 

 

 

1.00 

2.09 (1.71-2.55) 

 

 

 

1.00 

1.67 (1.25-2.24) 

 

 

 

1.00 

1.94 (1.37-2.73) 

Mother with history 

of asthma and 

allergies 

No 

Yes 

 

 

 

1.00 

2.34 (1.93-2.85) 

 

 

 

1.00 

1.69 (1.29-2.21) 

 

 

 

1.00 

1.62 (1.17-2.25) 

 

 

 

1.00 

2.58 (2.12-3.15) 

 

 

 

1.00 

2.01 (1.51-2.67) 

 

 

 

1.00 

2.21 (1.56-3.12) 

Participation in 

community's events 

Never 

Rarely 

Sometimes 

Always 

 

 

1.00 

1.60 (1.02-2.53) 

1.40 (0.93-2.11) 

1.40 (0.88-2.22) 

 

 

1.00 

1.27 (0.65-2.47) 

0.83(0.45-1.52) 

0.99 (0.51-1.92) 

 

 

1.00 

0.90 (0.40-2.07) 

0.58 (0.72-1.25) 

0.66 (0.29-1.53) 

 

 

1.00 

0.84 (0.54-1.30) 

1.04 (0.71-1.51) 

0.98 (0.64-1.52) 

 

 

1.00 

0.71 (0.36-1.40) 

0.67 (0.37-1.22) 

0.78 (0.49-1.52) 

 

 

1.00 

0.61 (0.26-1.43) 

0.50 (0.26-1.08) 

0.62 (0.27-1.42) 

Community support 

mean 

1.00 (0.99-1.00) 1.00 (1.00-1.01) 1.00 (1.00-1.01) 1.00 (0.99-1.00) 1.00 (0.99-1.01) 1.00 (0.99-1.01) 
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Covariates Current wheeze 

Crude odds ratio Base adjusted†           Fully adjusted‡ 

   Odds ratio  Odds ratio 

(95% CI)  (95% CI)  (95% CI) 

Current asthma 

Crude odds ratio      Base adjusted†    Fully adjusted 

        Odds ratio  Odds ratio 

(95% CI)     (95% CI)           (95% CI) 

Children born 

premature 

No 

Yes 

 

 

1.00 

1.33 (1.08-1.63) 

  

 

1.00 

1.21 (0.87-1.68) 

 

 

1.00 

1.37 (1.11-1.69) 

  

 

1.00 

1.44 (1.02-2.03) 

First born child 

No 

Yes 

 

1.00 

1.03 (0.80-1.25) 

 

1.00 

0.96 (0.74-1.25) 

 

1.00 

0.90 (0.66-1.24) 

 

1.00 

1.11 (0.91-1.36) 

 

1.00 

1.09 (0.82-1.44) 

 

1.00 

1.14 (0.82-1.60) 

Children breastfed 

Never 

0-4 weeks 

4 weeks to 6 

months 

More than 6 

months 

 

1.00 

1.23 (0.88-1.70) 

0.74 (0.55-1.00) 

 

0.65 (0.49-0.846) 

 

1.00 

1.12 (0.70-1.79) 

0.72 (0.46-1.11) 

 

0.72 (0.47-1.08) 

 

1.00 

1.34 (0.75-2.39) 

0.67 (0.38-1.17) 

 

0.88 (0.53-1.48) 

 

1.00 

1.11 (0.79-1.55) 

0.74 (0.54-1.01) 

 

0.75 (0.57-1.00) 

 

1.00 

1.15(0.68-1.94) 

0.91 (0.56-1.47) 

 

1.09 (0.69-1.72) 

 

1.00 

1.36 (0.72-2.58) 

0.77 (0.42-1.43) 

 

1.19 (0.68-2.11) 

Day care 

attendance 

No 

Yes 

 

 

1.00 

1.27 (1.04-1.56) 

 

 

1.00 

1.14 (0.86-1.51) 

 

 

1.00 

1.17 (0.83-1.64) 

 

 

1.00 

1.14 (0.93-1.40) 

 

 

1.00 

0.97 (0.72-1.30) 

 

 

1.00 

0.90 (0.63-1.28) 

Consumption of 

unpasteurized milk 

in first year of life 

No 

Yes 

 

 

 

1.00 

0.92 (0.57-1.49) 

 

 

 

1.00 

0.99 (0.43-2.25) 

 

 

 

1.00 

1.41 (0.45-4.45) 

 

 

 

1.00 

1.03 (0.64-1.65) 

 

 

 

1.00 

0.87 (0.37-2.05) 

 

 

 

1.00 

0.90 (0.63-1.28) 
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Covariates Current wheeze 

Crude odds ratio Base adjusted†           Fully adjusted‡ 

   Odds ratio  Odds ratio 

(95% CI)  (95% CI)  (95% CI) 

Current asthma 

Crude odds ratio      Base adjusted†    Fully adjusted 

        Odds ratio  Odds ratio 

(95% CI)     (95% CI)           (95% CI) 

Live on a farm 

during the first year 

of life 

No 

Yes 

 

 

 

1.00 

1.51 (0.78-1.69) 

 

 

 

1.00 

1.33 (0.74-2.39) 

 

 

 

1.00 

1.14 (0.55-2.37) 

 

 

 

1.00 

0.86 (0.56-1.32) 

 

 

 

1.00 

1.67 (0.89-3.14) 

 

 

 

1.00 

1.30 (0.59-2.86) 

Current maternal 

smoking 

No 

Yes 

 

 

1.00 

1.36 (1.07-1.73) 

  

 

1.00 

1.55 (0.95-2.51) 

 

 

1.00 

1.10 (0.85-1.42) 

  

 

1.00 

0.94 (0.55-1.60) 

Current maternal 

smoking 

No 

Yes 

 

 

1.00 

1.23 (0.98-1.54) 

  

 

1.00 

0.96 (0.62-1.48) 

 

 

1.00 

1.25 (1.00-1.57) 

  

 

1.00 

1.32 (0.85-2.07) 

Child’s friends’ 

smoking 

No 

Yes 

 

 

1.00 

1.45 (0.93-2.27) 

 

 

1.00 

1.79 (0.97-3.33) 

 

 

1.00 

1.16 (0.50-2.67) 

 

 

1.00 

1.27 (0.79-2.03) 

 

 

1.00 

1.37 (0.70-2.68) 

 

 

1.00 

1.14 (0.49-2.65) 

Child exposed to 

smoke from 

alternate 

caregivers 

No 

Yes 

 

 

 

 

1.00 

1.57 (1.19-2.02) 

 

 

 

 

1.00 

0.94 (0.61-1.44) 

 

 

 

 

1.00 

1.24 (0.74-2.07) 

 

 

 

 

1.00 

1.56 (1.17-2.07) 

 

 

 

 

1.00 

1.34 (0.88-2.05) 

 

 

 

 

1.00 

1.30 (0.77-2.21) 
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Covariates Current wheeze 

Crude odds ratio Base adjusted†           Fully adjusted‡ 

   Odds ratio  Odds ratio 

(95% CI)  (95% CI)  (95% CI) 

Current asthma 

Crude odds ratio      Base adjusted†    Fully adjusted 

        Odds ratio  Odds ratio 

(95% CI)     (95% CI)           (95% CI) 

Home damage 

caused by 

dampness (wet 

spots) 

No 

Yes 

 

 

 

 

1.00 

1.18 (0.90-1.53) 

 

 

 

 

1.00 

1.09 (0.72-1.64) 

 

 

 

 

1.00 

1.00 (0.58-1.74) 

 

 

 

 

1.00 

1.16 (0.89-1.52) 

 

 

 

 

1.00 

0.82 (0.52-1.28) 

 

 

 

 

1.00 

0.78 (0.43-1.42) 

In the past 12 

month, any home 

dampness from rain 

or flood 

No 

Yes 

 

 

 

 

1.00 

1.46 (1.18-1.81) 

  

 

 

 

1.00 

1.91 (1.27-2.87) 

 

 

 

 

1.00 

1.51 (1.21-1.87) 

  

 

 

 

1.00 

1.70 (1.10-2.62) 

Mildew odor or 

musty smell 

No 

Yes 

 

 

1.00 

1.37 (1.06-1.76) 

 

 

1.00 

1.10 (0.72-1.70) 

 

 

1.00 

1.02 (0.59-1.75) 

 

 

1.00 

1.42 (1.10-1.82) 

 

 

1.00 

1.23 (0.78-1.94) 

 

 

1.00 

1.07 (0.60-1.91) 

Signs of mold or 

mildew 

No 

Yes 

 

1 

.00 

1.33 (1.00-1.77) 

  

 

1.00 

0.59 (0.33-1.05) 

 

 

1.00 

1.49 (1.13-1.98) 

  

 

1.00 

0.59 (0.32-1.07) 

Dog living in your 

home in the past 12 

months 

No 

Yes 

 

 

 

1.00 

1.14 (0.94-1.39) 

 

 

 

1.00 

0.93 (0.71-1.22) 

 

 

 

1.00 

0.78 (0.56-1.08)) 

 

 

 

1.00 

1.16 (0.95-1.41) 

 

 

 

1.00 

0.95 (0.71-1.26) 

 

 

 

1.00 

0.89 (0.63-1.27) 
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Covariates Current wheeze 

Crude odds ratio Base adjusted†           Fully adjusted‡ 

   Odds ratio  Odds ratio 

(95% CI)  (95% CI)  (95% CI) 

Current asthma 

Crude odds ratio      Base adjusted†    Fully adjusted 

        Odds ratio  Odds ratio 

(95% CI)     (95% CI)           (95% CI) 

Cat living in your 

home in the past 12 

months 

No 

Yes 

 

 

 

1.00 

1.14 (0.92-1.42) 

 

 

 

1.00 

1.05 (0.77-1.42) 

 

 

 

1.00 

0.99 (0.69-1.42) 

 

 

 

1.00 

0.99 (0.79-1.24) 

 

 

 

1.00 

1.01 (0.73-1.39) 

 

 

 

1.00 

0.90 (0.61-1.33) 

Home with mice or 

pests 

No 

Yes 

 

 

1.00 

1.50 (1.10-2.03) 

 

 

1.00 

1.42 (0.90-2.25) 

 

 

1.00 

1.47 (0.85-2.55) 

 

 

1.00 

1.31 (0.95-1.80) 

 

 

1.00 

1.37 (0.82-2.27) 

 

 

1.00 

1.17 (0.63-2.16) 

Fuel used for 

heating in home 

Natural gas 

Electricity 

Others 

 

 

1.00 

0.80 (0.56-1.16) 

1.07 (0.71-1.63) 

  

 

1.00 

0.34 (0.15-0.80) 

0.65 (0.28-1.51) 

 

 

1.00 

0.68 (0.46-1.00) 

  

 

1.00 

0.42 (0.19-0.94) 

0.61 (0.24-1.53) 

Home crowding 

(persons/rooms) 

<=1 

>1 

 

 

1.00 

0.89 (0.71-1.13) 

 

 

1.00 

1.28 (0.87-1.89) 

 

 

1.00 

1.61 (0.99-2.63) 

 

 

1.00 

0.90 (0.71-1.13) 

 

 

1.00 

1.02 (0.68-1.52) 

 

 

1.00 

1.31 (0.79-2.16) 

Type of housing 

units 

For Single family 

Others 

 

 

1.00 

1.20 (0.88-1.64) 

 

 

1.00 

1.18 (0.70-1.99) 

 

 

1.00 

1.43 (0.73-2.80) 

 

 

1.00 

1.05 (0.76-1.44) 

 

 

1.00 

0.95 (0.55-1.65) 

 

 

1.00 

1.00 (0.49-2.06) 

Homes with air 

filter 

No 

Yes 

 

 

1.00 

1.03 (0.85-1.26) 

 

 

1.00 

0.92 (0.69-1.22) 

 

 

1.00 

1.05 (0.74-1.47) 

 

 

1.00 

1.14 (0.94-1.39) 

 

 

1.00 

1.30 (0.96-1.76) 

 

 

1.00 

1.15 (0.80-1.65) 
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Covariates Current wheeze 

Crude odds ratio Base adjusted†           Fully adjusted‡ 

   Odds ratio  Odds ratio 

(95% CI)  (95% CI)  (95% CI) 

Current asthma 

Crude odds ratio      Base adjusted†    Fully adjusted 

        Odds ratio  Odds ratio 

(95% CI)     (95% CI)           (95% CI) 

Homes with 

humidifier 

No 

Yes 

 

 

1.00 

1.48 (1.26-1.81) 

 

 

1.00 

1.13 (0.86-1.49) 

 

 

1.00 

1.15 (0.83-1.60) 

 

 

1.00 

1.32 (1.08-1.62) 

 

 

1.00 

1.09 (0.81-1.46) 

 

 

1.00 

0.97 (0.68-1.37) 

Homes with 

dehumidifier 

No 

Yes 

 

 

1.00 

1.212 (0.98-1.50) 

 

 

1.00 

0.99 (0.73-1.33) 

 

 

1.00 

1.11 (0.78-1.57) 

 

 

1.00 

1.05 (0.85-1.31) 

 

 

1.00 

0.85 (0.62-1.17) 

 

 

1.00 

0.92 (0.63-1.34) 

Homes with wood 

fireplace 

No 

Yes 

 

 

1.00 

0.77 (0.58-1.02) 

  

 

1.00 

0.61 (0.38-0.98) 

 

 

1.00 

0.69 (0.52-0.93) 

  

 

1.00 

0.74 (0.46-1.20) 

Homes with heating 

recovery ventilator 

No 

Yes 

 

 

1.00 

0.93 (0.71-1.23) 

 

 

1.00 

1.26 (0.87-1.83) 

 

 

1.00 

1.11 (0.71-1.73) 

 

 

1.00 

0.95 (0.72-1.25) 

 

 

1.00 

1.26 (0.86-1.84) 

 

 

1.00 

0.86 (0.53-1.38) 

Carpet on 

classroom 

floor 

No 

Partly covered 

Fully covered 

 

 

 

1.00 

0.88 (0.42-1.86) 

1.55 (1.20-2.00) 

 

 

 

1.00 

 0.72(0.20-2.50) 

1.24 (0.86-1.80) 

 

 

 

1.00 

0.47 (0.06-3.99) 

1.08 (0.68-1.70) 

 

 

 

1.00 

1.56 (0.84-2.89) 

1.09 (0.83-1.45) 

 

 

 

1.00 

2.49 (0.95-6.52) 

1.04 (0.69-1.58) 

 

 

 

1.00 

2.74 (0.68-11.1) 

0.70 (0.41-1.20) 

Seafood 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

 

1.00 

0.99 (0.81-1.22) 

0.78 (0.49-1.25) 

  

1.00 

1.64 (1.17-2.29) 

0.96 (0.36-2.56) 

 

1.00 

1.00 (0.81-1.24) 

0.99 (0.63-1.53) 

  

1.00 

1.61 (1.12-2.30) 

1.63 (0.65-4.10) 
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Covariates Current wheeze 

Crude odds ratio Base adjusted†           Fully adjusted‡ 

   Odds ratio  Odds ratio 

(95% CI)  (95% CI)  (95% CI) 

Current asthma 

Crude odds ratio      Base adjusted†    Fully adjusted 

        Odds ratio  Odds ratio 

(95% CI)     (95% CI)           (95% CI) 

Fruit 

Never/occasionally 

1 or 2times/wk 

3 or more times/wk 

 

1.00 

1.66 (0.68-4.04) 

1.53 (0.66-3.58) 

 

1.00 

1.43 (0.43-4.73) 

1.45 (0.47-4.49) 

 

1.00 

0.67 (0.18-2.56) 

0.78 (0.23-2.66) 

 

1.00 

0.89 (0.45-1.77) 

0.62 (0.32-1.17) 

 

1.00 

1.30 (0.41-4.11) 

1.21 (0.41-3.54) 

 

1.00 

0.78 (0.20-3.10) 

1.19 (0.34-4.20) 

Bread or cereal 

Never/occasionally 

1 or 2 times/wk 

3 or more times/wk 

 

1.00 

1.06 (0.36-3.16) 

1.56 (0.55-4.41) 

 

1.00 

0.74 (0.18-3.15) 

1.13 (0.29-4.38) 

 

1.00 

0.62 (0.09-4.04) 

1.04 (0.18-5.99) 

 

1.00 

1.82 (0.54-6.17) 

2.05 (0.63-6.67) 

 

1.00 

1.62 (0.29-8.93) 

2.95 (0.58-14.1) 

 

1.00 

0.89 (0.13-6.29) 

1.73 (0.28-10.6) 

Milk 

Never/occasionally 

1 or 2times/wk 

3 or more times/wk 

 

1.00 

0.95 (0.56-1.59) 

0.94 (0.61-1.45) 

 

1.00 

1.34 (0.63-2.86) 

1.19 (0.63-2.26) 

 

1.00 

1.38 (0.53-3.60) 

1.44 (0.64-3.21) 

 

1.00 

1.00 (0.60-1.68) 

0.90 (0.58-1.38) 

 

1.00 

1.18 (0.55-2.51) 

1.08 (0.57-2.02) 

 

1.00 

1.40 (0.57-3.45) 

1.11 (0.52-2.38) 

Unpasteurized milk 

Never/occasionally 

1 or 2times/wk) 

3 or more times/wk 

 

1.00 

0.62 (0.33-1.16) 

0.62 (0.28-1.37) 

  

1.00 

0.76 (0.15-3.72) 

0.29 (0.03-2.79) 

 

1.00 

0.59 (0.31-1.5) 

0.79 (0.38-1.67) 

  

1.00 

0.91 (0.19-4.37) 

0.28 (0.03-2.67) 

Eggs 

Never/occasionally 

1 or 2times/wk 

3 or more 

times/wk) 

 

1.00 

0.88 (0.68-1.13) 

0.70 (0.51-0.96) 

 

1.00 

1.19 (0.84-1.69) 

1.04 (0.67-1.60) 

 

1.00 

1.20 (0.79-1.83) 

0.86 (0.50-1.50) 

 

1.00 

0.85 (0.66-1.10) 

0.70 (0.51-0.96) 

 

1.00 

1.06 (0.74-1.53) 

0.87 (0.55-1.36) 

 

1.00 

1.02 (0.66-1.59) 

0.90 (0.51-1.59) 

Nuts 

Never/occasionally 

1 or 2times/wk 

3 or more times/wk 

 

1.00 

0.82 (0.66-1.01) 

0.81 (0.57-1.14) 

  

1.00 

0.57 (0.40-0.81) 

0.99 (0.57-1.73) 

 

1.00 

0.8 (0.67-1.03) 

0.62 (0.42-0.91) 

  

1.00 

0.76 (0.53-1.10) 

0.68 (0.36-1.28) 
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Covariates Current wheeze 

Crude odds ratio Base adjusted†           Fully adjusted‡ 

   Odds ratio  Odds ratio 

(95% CI)  (95% CI)  (95% CI) 

Current asthma 

Crude odds ratio      Base adjusted†    Fully adjusted 

        Odds ratio  Odds ratio 

(95% CI)     (95% CI)           (95% CI) 

Wild meat 

Never/occasionally 

1 or 2times/wk 

3 or more times/wk 

 

1.00 

0.83 (0.58-1.19) 

1.70 (0.62-1.84) 

 

1.00 

0.96 (0.59-1.54) 

0.33 (0.11-0.99) 

 

1.00 

1.07 (0.59-1.94) 

0.44 (0.13-1.44) 

 

1.00 

0.91 (0.64-1.30) 

1.51 (0.90-2.52) 

 

1.00 

1.26 (0.77-2.05) 

0.73 (0.30-1.80) 

 

1.00 

1.06 (0.57-1.99) 

0.67 (0.23-2.00) 

Chips 

Never/occasionally 

1 or 2times/wk 

3 or more times/wk 

 

1.00 

0.94 (0.71-1.24) 

0.89 (0.65-1.22) 

 

1.00 

1.03 (0.71-1.50) 

1.10 (0.73-1.68) 

 

1.00 

1.12 (0.69-1.83) 

0.97 (0.56-1.69) 

 

1.00 

0.92 (0.70-1.22) 

0.84 (0.61-1.15) 

 

1.00 

0.89 (0.61-1.01) 

0.93 (0.61-1.44) 

 

1.00 

0.69 (0.42-1.14) 

0.64 (0.36-1.13) 

Soda 

Never/occasionally 

1 or 2times/wk 

3 or more times/wk 

 

1.00 

0.96 (0.78-1.18) 

0.92 (0.66-1.29) 

  

1.00 

0.96 (0.66-1.40) 

1.20 (0.60-2.40) 

 

1.00 

1.14 (0.93-1.41) 

0.95 (0.66-1.35) 

  

1.00 

1.42 (0.96-2.10) 

0.69 (0.31-1.55) 

Fast food 

Never/occasionally 

1 or 2times/wk 

3 or more times/wk 

 

1.00 

1.11 (0.90-1.37) 

1.13 (0.77-1.68) 

  

1.00 

0.99 (0.69-1.41) 

1.18 (0.53-2.64) 

 

1.00 

1.28 (1.04-1.59) 

1.50 (1.02-2.20) 

  

1.00 

1.29 (0.88-1.90) 

2.67 (1.20-5.97) 

Physical activity 

1 day or < a week 

2-4 days a week 

5 or more days a 

week 

 

1.00 

1.14 (0.50-2.59) 

1.10 (0.49-2.47) 

  

1.00 

0.68 (0.21-2.20) 

0.60 (0.19-1.89) 

 

1.00 

1.37 (0.57-3.29) 

1.07 (0.45-2.55) 

  

1.00 

1.53 (0.37-6.34) 

1.14 (0.28-4.65) 

† Adjusted for location, age, sex, ethnicity, children breastfed, children with any allergy, mother with history of asthma and allergies, 

father with history of asthma and allergies, struggled to meet the basic living requirements, mildew odor or musty smell, child exposed 

to smoke from alternate caregivers, day care attendance, dog living in your home in the past 12 months, home with mice or pests, egg 

consumption in the past 12 months, wild meat consumption in the past 12 months, milk consumption in the past 12 months, 

participation in the community’s events, child’s friends’ smoking, homes with air filter, consumption of unpasteurized milk in first 
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year of life, live on a farm during first year of life, first born child, home damage caused by dampness, cat living in your home in the 

past 12 months, home crowding, type of housing units, homes with dehumidifier, homes with recovery ventilator, consumption of 

chips in the 12 months, community support, homes with humidifier, carpet on classroom floor, consumption of fruit in the past 12 

months, consumption of bread in the past 12 months., consumption of bread in the past 12 months. 

 

‡Adjusted for location, age, sex, ethnicity, money left at the end of the month, children born premature, children breastfed, children 

with any allergy, mother with history of asthma and allergies, father with history of asthma and allergies, home dampness from rain or 

flood in the past 12 months, signs of mold or mildew, fuel used for heating in home, homes with wood fireplace, consumption of 

unpasteurized milk in the past 12 months, current paternal smoking, current maternal smoking, consumption of seafood in the past 12 

months, consumption of pasta in the past 12 months, struggled to meet the basic living requirements, mildew odor or musty smell, 

child exposed to smoke from alternate caregivers, day care attendance,  dog living in your home in the past 12 months, home with 

mice or pests, egg consumption in the past 12 months, nuts consumption in the past 12 months, wild meat consumption in the past 12 

months, soda consumption in the past 12 months, milk consumption in the past 12 months, fast food consumption in the past 12 

months, participation in the community’s events, child’s friends’ smoking, homes with air filter, consumption of unpasteurized milk in 

the past 12 months, live on a farm during first year of life, first born child, home damage caused by dampness, cat living in your home 

in the past 12 months, home crowding, type of housing units, homes with dehumidifier, homes with recovery ventilator, consumption 

of chips in the past 12 months,  community support, homes with humidifier, carpet on classroom, physical activity, consumption of 

fruit in the past 12 months, consumption of bread in the past 12 months.. 
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Females were less likely to have current asthma than males. Children who 

reported a personal history of allergy, a paternal history of asthma and allergies, or a 

maternal history of asthma and allergies were more likely to have current asthma. 

Children living with any home dampness from rain or flooding in the past 12 months or 

living in homes with electricity used for heating the home were more likely to have 

current asthma. Children who ate seafood 1 or 2 times per week in the past 12 months or 

fast food 3 or more times per week in the past 12 months were more likely to report 

current asthma. 

An older age group (10-14 years) of children were less likely to have current 

wheeze. Children who reported a personal history of allergy or who had a mother with a 

history of asthma and allergies were more likely to have current wheeze. Children who 

lived in a home with any home dampness from rain or flooding in the past 12 months 

were more likely to report current wheeze. Children living in a home that used electricity 

for heating or a home with a wood fireplace were less likely to have current wheeze. 

Children who ate seafood 1 or 2 times per week in the past 12 months were more likely to 

have current wheeze than those who did not. Also, children who ate nuts 1 or 2 times per 

week in the past 12 months were less likely to report current wheeze than those who did 

not.  

  

 

 



  

82 

 

A summary of the multivariate analysis results, after adjustment for potential 

confounders, for each outcome is presented in Table 4.8. Variables that were statistically 

significant for either outcome are presented in Table 4.8 with a description of their 

association. 

Table 4.8: Summary of multiple logistic regression analysis of current wheeze and 

current asthma as the outcomes 

Covariates Current wheeze Current asthma 

Location  ↓ed risk 

Female  ↓ed risk 

Age  ↓ed risk 

Child with history of allergies ↑ed risk ↑ed risk 

Father with history of asthma and allergies  ↑ed risk 

Mother with history of asthma and allergies ↑ed risk ↑ed risk 

Children born premature  ↑ed risk 

Fuel used for heating in home ↓ed risk  

Homes with wood fireplace ↓ed risk  

Home dampness from rain or flood in the past 

12 months 

↑ed risk ↑ed risk 

Consumption of seafood in the past 12 months  ↑ed risk 

Consumption of fast food in the past 12 months  ↑ed risk 

↓ed risk indicated odds ratio (OR) <1 and ↑ed risk indicated odds ratio (OR) > 1 

 

 

4.3 Results for Research Question 2 Which risk factors best explain the variations of 

current asthma prevalence in Saskatchewan? 

The mediation analysis of location with current asthma is presented in Table 4.9. 

The association between location and current asthma changed by more than 5% towards 

the null when father’s smoking, physical activity by the child, fast food and nuts 

consumption in the past 12 months were included variables in the model.
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Table 4.9: Adjusted association between location and current asthma with the addition of each factor to explore potential mediation.  

 Urban (reference 

category) 

Small urban odds ratio 

(95%CI) 

% change 

from base 

adjusted 

model 

Rural area odds ratio 

(95%CI) 

% change from 

base adjusted 

model 

Base model (Crude 

association) 

1.00 1.11 (0.82-1.49)  0.77 (0.59-1.00)  

Base model (Adjusted) 1.00 1.52 (0.90-2.55)  0.67 (0.43-1.03)  

Basic model (adjusted) with the following added one group at a time 

Children born 

premature 

1.00 1.49 (0.87-2.54) -2.1 0.62 (0.39-0.96) -7.9 

Money left over at the 

end of the month 

1.00 1.53 (0.91-2.57) 0.6 0.64 (0.41-1.00) -4.6 

Father's smoking 1.00 1.32 (0.76-2.30) -12.9 0.63 (0.40-0.99) -5.5 

Fuel used for heating 1.00 1.50 (0.87-2.57) -1.1 0.75 (0.47-1.17) -11.5 

Physical activity 1.00 1.65 (0.96-2.86) 9.0 0.74 (0.47-1.16) 11.1 

Fast food consumption 1.00 1.52 (0.90-2.57) 0.2 0.71 (0.45-1.10) 12.5 

Nuts consumption 1.00 1.41 (0.83-2.39) -6.9 0.65 (0.42-1.01) -2.5 

Fully adjusted model 1.00 1.40 (0.69-2.83)  0.80 (0.47-1.36)  

a Adjusted for location, age, sex, ethnicity, children breastfed, children with any allergy, mother with history of asthma and allergies, 

father with history of asthma and allergies, struggled to meet the basic living requirements, mildew odor or musty smell, child exposed 

to smoke from alternate caregivers, day care attendance, dog living in your home in the past 12 months, home with mice or pests, egg 

consumption in the past 12 months, wild meat consumption in the past 12 months, milk consumption in the past 12 months, 

participation in the community’s events, child’s friends’ smoking, homes with air filter, consumption of unpasteurized milk in first 

year of life, live on a farm during first year of life, first born child, home damage caused by dampness, cat living in your home in the 

past 12 months, home crowding, type of housing units, homes with dehumidifier, homes with recovery ventilator, consumption of 
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chips in first year of life, community support, homes with humidifier, carpet on classroom floor, consumption of fruit in first year of 

life, consumption of bread in first year of life. 

b Adjusted for location, age, sex, ethnicity,  struggled to meet the basic living requirements, children born premature, children 

breastfed, children with any allergy, mother with history of asthma and allergies, father with history of asthma and allergies, home 

dampness from rain or flood in the past 12 months, signs of mold or mildew, fuel used for heating in home, homes with wood 

fireplace, consumption of unpasteurized milk in the past 12 months, current paternal smoking, current maternal smoking, consumption 

of seafood in the past 12 months, consumption of pasta in the past 12 months, struggled to meet the basic living requirements, mildew 

odor or musty smell, child exposed to smoke from alternate caregivers, day care attendance, dog living in your in the past 12 months, 

home with mice or pests, egg consumption in the past 12 months, nuts consumption in the past 12 months, wild meat consumption in 

the past 12 months, soda consumption in the past 12 months, milk consumption in the past 12 months, fast food consumption in the 

past 12 months, participation in the community’s events, child’s friends’ smoking, homes with air filter, consumption of unpasteurized 

milk in first year of life, live on a farm during first year of life, first born child, home damage caused by dampness, cat living in your 

in the past 12 months, home crowding, type of housing units, homes with dehumidifier, homes with recovery ventilator, consumption 

of chips in first year of life, community support, homes with humidifier, carpet on classroom, physical activity, consumption of fruit in 

first year of life. 
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The mediation analysis of location with current wheeze is present in Table 4.10. 

The association between location and current wheeze changed by more than 5% towards 

the null when following variables were included in the model: parents with money left 

over at the end of the month, fuel used for heating in the home, physical activity by the 

child.
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Table 4.10: Adjusted association between location and current wheeze with the addition of each factor to explore potential mediation 

 Urban 

(reference 

category) 

Small urban odds 

ratio (95%CI) 

% change 

from base 

adjusted 

model 

Rural area odds ratio 

(95%CI) 

% change from 

base adjusted 

model 

Base model (Crude 

association) 

1.00 0.97 (0.71-1.31)  0.90 (0.70-1.15)  

Base model 

(Adjusted)a 

1.00 0.97 (0.57-1.64)  0.77 (0.51-1.15)  

Basic model (Adjusted) with the following added one at a time 

Children born   

premature 

1.00 0.98 (0.57-1.69) 1.3 0.74 (0.49-1.12) -3.3 

Money left over at the 

end of the month 

1.00 1.01 (0.59-1.73) 5.1 0.82 (0.56-1.23) 6.5 

 

Father's smoking 1.00 0.82 (0.46-1.47) -14.8 0.77 (0.51-1.16) 0.0 

Fuel used for heating 1.00 0.89 (0.51-1.55) -7.7 0.81 (0.54-1.23) 5.7 

Physical activity 1.00 1.08 (0.62-1.88) 11.9 0.82 (0.54-1.24) 6.6 

Fast food consumption 1.00 0.96 (0.57-1.64) -0.1 0.79 (0.53-1.18) 2.5 

Nuts consumption 1.00 0.91 (0.53-1.56) -5.9 0.76 (0.50-1.14) -1.6 

Fully adjusted modelb 1.00 1.13 (0.56-2.30)  1.05 (0.65-1.70)  

a Adjusted for location, age, sex, ethnicity, children breastfed, children with any allergy, mother with history of asthma and allergies, 

father with history of asthma and allergies, struggled to meet the basic living requirements, mildew odor or musty smell, child exposed 

to smoke from alternate caregivers, day care attendance, dog ownership in the past 12 months, home with mice or pests, egg 

consumption in the past 12 months,  wild meat consumption in the past 12 months, milk consumption in the past 12 months, 

participation in the community’s events, child’s friends’ smoking, homes with air filter, consumption of unpasteurized milk in first 

year of life, live on a farm during first year of life, first born child, home damage caused by dampness, cat ownership in the past 12 

months, home crowding, type of housing units, homes with dehumidifier, homes with recovery ventilator, consumption of chips in 

first year of life, community support, homes with humidifier, carpet on classroom floor, consumption of fruit in first year of life, 

consumption of bread in first year of life. 
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b Adjusted for location, age, sex, ethnicity,  struggled to meet the basic living requirements, children born premature, children 

breastfed, children with any allergy, mother with history of asthma and allergies, father with history of asthma and allergies, home 

dampness from rain or flood in the past 12 months, signs of mold or mildew, fuel used for heating in home, homes with wood 

fireplace, consumption of unpasteurized milk in the past 12 months, current paternal smoking, current maternal smoking, consumption 

of seafood in the past 12 months, consumption of pasta in the past 12 months, struggled to meet the basic living requirements, mildew 

odor or musty smell, child exposed to smoke from alternate caregivers, day care attendance,  dog ownership in the past 12 months, 

home with mice or pests, egg consumption in the past 12 months, nuts consumption in the past 12 months, wild meat consumption in 

the past 12 months, soda consumption in the past 12 months, milk consumption in the past 12 months, fast food consumption in the 

past 12 months, participation in the community’s events, child’s friends’ smoking, homes with air filter, consumption of unpasteurized 

milk in first year of life, live on a farm during first year of life, first born child, home damage caused by dampness, cat ownership in 

the past 12 months, home crowding, type of housing units, homes with dehumidifier, homes with recovery ventilator, consumption of 

chips in first year of life, community support, homes with humidifier, carpet on classroom, physical activity, consumption of fruit in 

first year of life. 
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4.4 Results for Research Question 3 Are the risk factors of current asthma and 

wheeze, as identified in Research Question #1, modified by area of residence? 

The interaction terms for current asthma were statistically significant for 

location*sex, location*mother with history of asthma and allergies, location*home 

dampness from rain or flood in the past 12 months. Stratified analysis by location of 

residence for current asthma is presented in Figure 4.3. In the large urban and small urban 

areas, there were statistically significant associations found between sex and current 

asthma where females were less likely to have current asthma. This association was not 

seen in the rural group. In all areas, there were statistically significant associations found 

between mother with a history of asthma and allergies and current asthma where children 

who had a mother with history of asthma and allergies were more likely to have current 

asthma. In the rural area, there was a statistically significant association found between 

any home dampness from rain or flooding in the past 12 months variable and current 

asthma where children living in a home with dampness from rain or flood were more 

likely associated with current asthma. This association was not observed in either large or 

small urban areas. 
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 Figure 4.3: Stratified analysis of location with current asthma as the outcome 

Adjusted for location, age, sex, ethnicity, children breastfed, children with any allergy, 

mother with history of asthma and allergies, father with history of asthma and allergies, 

struggled to meet the basic living requirements, mildew odor or musty smell, child 

exposed to smoke from alternate caregivers, day care attendance, dog ownership in the 

past 12 months, home with mice or pests, egg consumption in the past 12 months, wild 

meat consumption in the past 12 months, milk consumption in the past 12 months, 

participation in the community’s events, child’s friends’ smoking, homes with air filter, 

consumption of unpasteurized milk in first year of life, live on a farm during first year of 

life, first born child, home damage caused by dampness, cat ownership in the past 12 

months, home crowding, type of housing units, homes with dehumidifier, homes with 

recovery ventilator, consumption of chips in the past 12 months,  community support, 

homes with humidifier, carpet on classroom floor, consumption of fruit in the past 12 

months, consumption of bread in in the past 12 months. 

†.The results of signs of mold or mildew variable were not included because of small cell 

sizes. 

The interaction terms with current wheeze were statistically significant for 

location*sex, location*mother with history of asthma and allergies, location*participation 

in community events, location*current maternal smoking, location*home dampness from 

rain or flood, and location*homes with dehumidifier. Stratified analysis by location of 
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residence when looking at current wheeze is presented in Figure 4.4. In the large urban 

and small urban areas, there were statistically significant associations found between sex 

and current wheeze where being female was less likely associated with current wheeze. 

This association was not seen in the rural area. In the large urban and rural areas, there 

were statistically significant associations observed between mother with history of 

asthma and allergies variable and current wheeze where children who had a mother with 

history of asthma and allergies were more likely to have current wheeze. This association 

was not observed in the small urban area. In the large urban and rural areas, there was a 

statistically significant association found between participation in community events and 

current wheeze. In the large urban area, children who rarely participated in a 

community’s events were more likely to have current wheeze. Children living in the rural 

area who sometimes participated in a community’s events were less likely to have current 

wheeze. This association was not seen in the small urban area. In the rural group, there 

was a statistically significant association found between current maternal smoking and 

current wheeze where children living in the rural area who had a mother with a history of 

current smoking were more likely to have current wheeze. This association was not 

observed in either large or small urban areas. There was a statistically significant 

association found between any home dampness from rain or flooding in the past 12 

months variable and current wheeze where rural children living in a home with dampness 

from rain or flood were more likely associated with current wheeze. This association was 

not seen in either large or small urban area. In small urban and rural areas, there were 

statistically significant associations found between homes with a dehumidifier and 
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current wheeze where children who lived in a home with a dehumidifier were more likely 

associated with current wheeze. This association was not seen in the large urban area.  

 

 

Figure 4.4: Stratified analysis of location with current wheeze as the outcome  

Adjusted for location, age, sex, ethnicity, children breastfed, children with any allergy, 

mother with history of asthma and allergies, father with history of asthma and allergies, 

struggled to meet the basic living requirements, mildew odor or musty smell, child 

exposed to smoke from alternate caregivers, day care attendance, dog ownership in the 

past 12 months, home with mice or pests, egg consumption in the past 12 months, wild 

meat consumption in the past 12 months, milk consumption in the past 12 months, 

participation in the community’s events, child’s friends’ smoking, homes with air filter, 

consumption of unpasteurized milk in first year of life, live on a farm during first year of 

life, first born child, home damage caused by dampness, cat ownership in the past 12 

months, home crowding, type of housing units, homes with dehumidifier, homes with 

recovery ventilator, consumption of chips in the past 12 months, community support, 

homes with humidifier, carpet on classroom floor, consumption of fruit in the past 12 

months, consumption of bread in the past 12 months. 
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Chapter 5: Discussion 

The purpose of this study was to examine the risk factors associated with 

childhood asthma, specifically regarding the location of residence in the province of 

Saskatchewan. This study also investigated which risk factors best explained the 

variations of asthma and wheeze prevalence along an urban-rural gradient in 

Saskatchewan and which of these risk factors were modified by area of residence. This 

chapter interprets the findings of each research question and makes comparisons with the 

existing literature. Finally, it also discusses internal and external validity of the study, 

other limitations and strengths, conclusions, and future directions.  

5.1 Summary of study findings 

• A lower prevalence of asthma was observed in rural areas compared to urban 

areas, but after adjustment for a large number of variables, this association was 

not statistically significant. 

• Certain personal characteristics (age, sex, personal history of allergy, parental 

history of asthma and allergies), environmental factors (home dampness from rain 

or flooding in the past 12 months, children living in a home that used electricity 

for heating, children living in a home with wood fireplaces), and dietary factors 

(consumption of seafood, nuts and fast food in the past 12 months) were 

associated with current wheeze and current asthma. 
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• Father’s smoking, physical activity by the child, fast food consumption and nuts 

consumption in the past 12 months mediated the association between geographic 

location and current asthma. However, mediation can be questioned since the 

original baseline adjusted association was not statistically significant. 

• Parents with money left over at the end of the month, fuel used for heating in the 

home, and physical activity by the child mediated the association between 

geographic location and current wheeze. However, mediation can be questioned 

since the original baseline adjusted association was not statistically significant. 

• There was significant effect modification between personal (sex, mother with 

history of asthma and allergies and participation of the community events) and 

environmental risk factors (home dampness from rain or flooding in the past 12 

months, current maternal smoking and children living in home a with 

dehumidifier) with geographic location observed for both current wheeze and 

current asthma among school children.  

5.2 Interpretation of results and comparisons with the existing literature 

5.2.1 Research Question 1: What are the risk factors associated with the prevalence of 

current asthma and wheeze in pediatric populations in Saskatchewan and specifically, 

is a location of residence associated with asthma and wheeze after adjustment for 

confounders? 

While there was a lower risk of asthma in the rural areas compared to both urban 

areas observed in the current study, this association was not statistically significant after 
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adjustment for a large number of confounders. Also, a lower prevalence of current 

wheeze was observed in rural areas (13.5%) compared to large urban (14.8%) and small 

urban (14.4%) areas although this was also not statistically significant and relatively 

small. Many previous studies have investigated geographic variations (urban-rural) in 

relation to asthma and wheeze (69,99). Findings from these previous studies have shown 

a lower prevalence of asthma in rural children compared to urban children (5,73). 

Considering a gradient of urban to rural might increase the variation in exposures and 

help provide a better understanding about the etiology of asthma and wheeze. 

In an earlier study looking at the Canadian portion of the Health Behavior in 

School-Aged Children (HBSC), which included children aged 11-15 years, Lawson et al. 

found an urban-rural gradient of asthma prevalence with a lower risk of current asthma in 

rural areas while the prevalence of current wheeze was similar across locations (5). As 

the HBSC survey was designed to provide information about health and health behaviors 

of youth and did not focus specifically on respiratory disease, this study was unable to 

assess other confounders or respiratory disease specific information. In a cross-sectional 

study conducted in a national sample of Macedonian adolescents (aged 12-16 years), 

Vlaski et al. found a lower prevalence of asthma as well as current wheeze in rural 

children compared to urban children (38). However, after adjustment for potential 

confounders, the associations remained protective but no longer statistically significant 

for current wheeze (38). Results from a population based birth cohort study among a 

pediatric Medicaid population (birth cohort through 6th year of life) from Tennessee, 

USA suggested a statistically significant increased asthma prevalence in rural and 

suburban children compared to urban children (100). Another study among school 
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children (aged 4-17 years) from Arkansas, USA found no differences of asthma 

prevalence between rural and urban children where rural children had an increased report 

of asthma-related respiratory symptoms compared to urban children (101). Another 

separate study among school children from Austria (mean age 8.4 years) found that the 

prevalence of doctor-diagnosed-asthma was similar among town, rural, and farm children 

(102). However, farm children who were regularly exposed with animal shed, hay lofts, 

or farm milk had a reported lower prevalence of asthma as well as current wheeze (102). 

Results from The Belarus Ukraine Poland Asthma Study (BUPAS) among school 

children (aged 7-13 years) found statistically non-significant differences in asthma 

prevalence between urban and rural children while it differed significantly by country for 

both urban and rural children with the highest prevalence consistently in Poland followed 

by Ukraine and Belarus (103). A cross-sectional study in Chile among school children 

(aged 13-14 years) found statistically non-significant differences in asthma prevalence 

between urban, semi-urban or rural children while there was a significant gradient found 

in the prevalence of current asthma symptoms (wheeze) with the highest prevalence in 

urban children and lowest in rural children (104). As seen when comparing the current 

study results to the scientific literature, there are some similarities as well as some 

differences. Reasons for these differences in results between studies could be due to 

differences in study populations as well as exposures and health behaviours between 

them.  

The current study also confirmed that personal characteristics, environmental 

factors, and dietary factors were associated with current asthma and current wheeze. 

Below, we consider our results in relation to the literature.  



  

96 

 

 
 

5.2.1.1 Personal factors 

In the BUPAS study, involving children aged 7-13 years old, Brozek et al. found 

that increasing age was associated with reduced risk of wheeze in the past 12 months but 

an increased risk of diagnosed asthma (103). It is well known that male children are more 

often diagnosed with asthma compared to female children earlier in life with a sex 

reversal in the teens and an opposite trend observed in adult life (18,49,105). A personal 

history of allergy or parental history of asthma and allergies are well established risk 

factors to develop asthma in childhood (18,51,68). In our study, we found a statistically 

significant positive association of having a personal history of allergy or a parental 

history of asthma and allergies with current wheeze and current asthma. In a recent study 

from Saskatchewan, Barry et al. found that children with a personal history of allergy and 

parental history of asthma were more likely to report current wheeze and current asthma 

(75). In the BUPAS study, Brozek et al. also found an increased risk of asthma and 

wheeze in the past 12 months among children who have parents with a history of allergic 

disease (103). In a study of Southern California among school children, Burke et al. 

found that family history of asthma and allergies was strongly associated with the risk of 

early-onset persistent asthma (106). In addition, London et al. found that family history of 

asthma and allergies among first degree relatives was a strong predictor of having asthma 

in children (107). Thus, the current study confirms the well-established personal 

characteristics associated with asthma and wheeze. 

5.2.1.2 Environmental factor 
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Environmental factors such as any home dampness from rain or flood in the past 

12 months were strongly associated with current wheeze and current asthma in the 

current study. More children from small urban and rural areas compared to large urban 

areas lived in a home with dampness. Many other studies have reported home dampness 

as a risk factor for wheeze and asthma (84,86,87). Based on results from a recent study of 

the Belarus Ukraine Poland Asthma Study (BUPAS), Brozek et al. found an increased 

risk of asthma and wheeze with home dampness (103). Results from another cross-

sectional study in Saskatchewan by Barry et al. also found a strong association with home 

dampness and wheeze and asthma (70,84,86,108). Children living in a home that used 

electricity for heating were less likely to have current wheeze and current asthma. In 

contrast, in a cross-sectional survey among children (aged 13-14 years old), Madani et al. 

did not find any association between electricity used for heating at home and current 

wheeze and asthma (109). In the current study, more children living in rural areas lived in 

a home with wood fireplaces than urban children. Children living in a home with a wood 

fireplace were less likely to be associated with current wheeze. 

5.2.1.3 Dietary factors 

The role of dietary factors in the development of asthma has been debated (65). 

Several studies have investigated the relationship between diet and childhood asthma and 

wheeze (38,65,109,110). In the current study, there were statistically significant 

associations found between diet (seafood, nuts, and fast food) and current wheeze and 

current asthma. Children eating seafood including fish 1 or 2 times per week in the past 

12 months were more likely have current wheeze and current asthma. In a study from 
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Italy, Farchi et al. found that children who ate fish less than 1 time per week in the past 

12 months were less likely to have current wheeze (65). The current study found an 

inverse association of nuts with current wheeze among children who ate nuts 1 or 2 times 

per week in the past 12 months. Several other studies also found an association of nuts 

with asthma and wheeze (65,109). There was a strong positive association found between 

consumption of fast food and current asthma. Children living in a large urban area were 

more likely to eat fast food 1 or 2 times per week in the past 12 months than children in 

small urban and rural children. Due to urbanization, marked changes have been observed 

in western diet with decreased consumption of fresh fruits, vegetables, fish and milk, and 

the increase intake of fast foods (65).   

5.2.2 Research Question 2: Which risk factors best explain the variations of current 

asthma and wheeze prevalence in Saskatchewan? 

There have been very few studies that have looked at mediation analysis, trying to 

explain childhood asthma in relation to urban and rural differences in asthma and wheeze. 

Several mediator variables were examined in the current study. Four of these mediators 

were identified to affect the relationship between geographic location and current asthma, 

and three mediators were determined to affect the relationship between geographic 

location and current wheeze. These variables were shown to adjust the association 

between location of residence and asthma or wheeze by more than 5 percent and were, 

therefore, investigated more fully. The association between geographic location and 

current asthma was mediated by the father’s smoking, physical activity, fast food 

consumption, and nuts consumption in the past 12 months. Money left over at the end of 
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the month, fuel used for heating in the home, and physical activity by the child mediated 

the association between geographic location and current wheeze.  

Mediation criteria include: i) the predictor variable is significantly associated with 

the outcome variable; ii) the predictor variable is related to the mediator variable; iii) the 

mediator variable is related to the outcome variable; and iv) when a mediator variable is 

added to the model, the strength of the association between the mediator and outcome 

variable is significantly reduced. Since the association between location of residence and 

wheeze and asthma were not statistically significant, we are unable to say that mediation 

occurred. Also, most of the mediator variables that we investigated in the relationship 

between location of dwelling and current wheeze and current asthma did not meet the 

mediation criteria. Even after excluding criteria #1, few variables were shown to mediate 

the association between location of dwelling and current asthma and current wheeze. 

Some differences that might help explain these findings include rural children were more 

likely to use electricity as a fuel for heating in a home compared to urban children. 

Children living in a home where electricity was used as a fuel for heating were less likely 

to have current asthma and current wheeze The relationship between location of dwelling 

and current asthma and current wheeze were protective {OR = 0.67 (0.43-1.03) and 

OR=0.77 (0.51-1.15) respectively} but became weaker after fuel used for heating in 

home were added to the mediation models {OR = 0.75 (0.47-1.17) and OR=0.81 (0.54-

1.23)}.  

Dietary factors mediated the association between geographic location and current 

wheeze. Rural children were more likely to eat nuts 3 or more times per week compared 
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to urban children. Consumption of nuts 1 or 2 times per week in the last 12 months 

influenced the association between location of residence and current wheeze where 

initially, the association had an OR=0.77 (95% CI: 0.51-1.15) but the became weaker 

when consumption of nuts in the past 12 months was added to the mediation model {OR 

= 0.91 (0.53-1.56)}. To support our study, Vlaski et al. also found that the association 

between location and asthma was mediated by diet (38). 

5.2.3 Research Question 3: Are the risk factors of current asthma and wheeze, as 

identified in research question #1, modified by area of residence? 

The present study investigated geographic location as an effect modifier in the 

relationship between personal and environmental risk factors with current wheeze and 

current asthma. This study found significant effect modification of personal factors 

including sex, mother with history of asthma and allergies, and participation in the 

community’s events with geographic location when considering both current wheeze and 

current asthma as the outcomes. This study also found significant effect modification 

between location of residence and environmental exposures, including home dampness 

from rain or flooding in the past 12 months when considering current wheeze and current 

asthma as the outcomes. In addition, significant effect modification was found between 

location of residence and environmental exposures, including current maternal smoking 

and homes with a dehumidifier when considering current wheeze as the outcome.  

In the present study, in large and small urban areas, female children were less 

likely to have current wheeze and current asthma, while this association was not seen for 

rural areas. In a recent study conducted in 3 eastern European countries (BUPAS), 
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Brozek et al also found a statistically significant effect modification between location 

(Belarus, Ukraine, Poland) and sex when considering asthma as the outcome where 

female children living in Belarus and Poland were less likely to report of diagnosed 

asthma compared to those living in Ukraine (103).  

In large urban and rural areas, children who have a mother with a history of 

asthma and allergies were more likely to have current wheeze while this association was 

statistically non-significant for the small urban area. Children who have a mother with a 

history of asthma and allergies were more likely to have current asthma in all three areas 

(large urban, small urban, and rural areas). A parental history of asthma and allergic 

diseases suggests a strong genetic component, which is an important contributing factor 

to develop atopic diseases such as asthma and other allergic diseases (50,90). There is 

50% chance of being atopic among children if both their parents are atopic and 25% if 

one of the parents is atopic (111).  

In large urban and rural areas, there was a statistically significant association 

found between participation in community’s events and current wheeze. Children living 

in a large urban area who rarely participated in the community’s events were more likely 

to have current wheeze while this association was not observed in small urban and rural 

areas. Also, children living in rural area who sometimes participated in community’s 

events were less likely to have current wheeze while this association was not seen for 

either the large or small urban areas. In the questionnaire, there was no information 

regarding types of community's events in which children participated. Therefore, it is 
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difficult to explain why we found associations with participation in community’s events 

in some areas but not other areas. 

In small urban and rural areas, children who lived in a home with dehumidifier 

were more likely to have current wheeze while this association was not seen in large 

urban area and rural areas, children living in a home with mould or dampness were more 

likely to have current wheeze and current asthma while this association was statistically 

non-significant for either the large or small urban areas. Similar to this, Brozek et al. also 

found a statistically significant effect modification between location (countries) and 

presence of home mould or dampness when considering both asthma and wheeze as the 

outcomes (103). For each outcome, associations in Belarus and Poland showed 

statistically significant increased risks while in Ukraine, a non-significant inverse 

association was observed. In a previous Canadian study, a significant effect modification 

was found between two South Saskatchewan regions and presence of home mould or 

dampness (84). In Estevan, the presence of mould or home dampness was associated with 

increased risk of asthma while this association was not seen in Swift Current (84). 

Reasons for these differences were not investigated but were thought to be a result of 

housing modifications made in response to outdoor sources of air pollution that differed 

between communities. 

In the rural area, children who had a mother with a history of current smoking 

showed increased risk of current wheeze while this association was not observed in 

children living in the large and small urban areas. Reasons for this difference may be due 

to mothers of children living in urban areas who either quit smoking or smoked outside of 
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their child’s environment. Similar to this, in a study from Saskatchewan, associations 

between current ETS exposure from the mother and asthma differed between 

communities, with no association in Swift Current and an inverse association in Estevan 

(84), suggesting a healthy smoker effect. 

5.3 Internal validity 

5.3.1 Selection bias 

 Selection bias should be considered in our study. During the recruitment, some 

participants may be more or less likely to enter the study than others. It has been shown 

that those with a disease are often more likely than those without a disease to take part in 

a study. For our study, this means that parents of children with wheeze or asthma may be 

more likely to complete the questionnaire than parents of children without these 

conditions that can lead to inflation of absolute prevalence for asthma. In our study, we 

found a moderate overall participation rate that was higher in the rural population. 

Because of this, we cannot exclude the potential of response bias in our study. 

5.3.2 Information bias 

 Information bias may occur due to incorrect measurement of exposure or outcome 

or both and result in misclassification. Data were collected from a proxy (parent or 

guardian)-completed questionnaire. This may result in the parent not actually being aware 

of what the correct response is, or there may also be a chance of classic recall bias as the 

parent or guardian may not always remember accurately.  
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In our study, the primary exposure was geographic location (urban-rural status,) 

and it was defined according to the child's current residency. There was no information in 

the questionnaire about whether children residing in urban areas had previous exposure to 

rural areas other than living on a farm in the first year of life and this may affect the 

results since exposure during earlier life can be a risk factor for developing asthma later 

in life (38). Also, we did not look at objective measures of environmental exposures (e.g., 

home dampness, pet exposure, dust) in our study as only self-report was included. This 

could result in an overestimate or underestimate of environmental exposures. However, to 

minimise bias, we used a standardized questionnaire in our study. Regarding the outcome 

measures (current wheeze and current asthma), as there is no gold standard for the 

diagnosis of asthma, we used questionnaire report of a doctor’s diagnosis of asthma. This 

has been shown to be a relatively accurate indicator of asthma presence in 

epidemiological studies (112–114). In addition to this, we used wheeze as a method of 

investigation that does not require a diagnostic label. 

5.3.3 Confounding 

 Multivariate analysis was conducted to adjust for a large number of potential 

confounders. As the present study was focused on respiratory health and related 

conditions, the common and known important risk factors and confounders were 

considered based on literature, clinical importance, and statistical significance. We did 

not include other potential confounding factors such as heath care access indicators, 

parents' education, age at which asthma was diagnosed, living on a farm during first year 

of life in our analysis due to insignificant association with the outcomes. In addition, we 
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excluded another potential confounding variable (obesity) due to a large amount of 

missing information in our data set about body height and weight of the children.   

As mentioned earlier, we adjusted for a large number of potential confounders in 

our regression analysis; therefore, there was a possibility of over-adjustment bias in our 

study. In the  epidemiologic literature, regarding the concept of "overadjustment" has 

been given  little attention and it’s definition is not clearly understood (115). According 

to the Dictionary of Epidemiology “Overadjustment is said to occur when adjustment is 

inadvertently carried out for a variable that is either in the causal pathway between the 

exposure and the outcome (thus being an intermediate cause) or so strongly related to 

either the exposure or outcome that their true relationship is distorted (116,117).” 

Therefore, overadjustment could hide the true effect between the relationship of 

exposures and outcomes or create an obvious effect when none exist (116). A more 

common problem with overadjustment is that the statistical power will be reduced.  

5.4 External validity 

 In our study, we used the definition of urban-rural gradient according to Statistics 

Canada’s definition based on modified Beale Codes, and this definition can be used in 

other provinces of Canada among school-age children. The findings of our study may not 

be generalizable to non-Caucasian children due to a large number of Caucasian children 

who participated in our study (65.3%). We need to be careful when we generalize our 

study findings to populations of different countries where environmental exposures, 

dietary habits, and health care access may differ from Canada.   

5.5 Other limitations and strengths  
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5.5.1 Limitations 

One important limitation was that we collected data by using a cross-sectional 

study design. As exposure and outcome data were collected at the same time point, this 

study design was unable to determine the causal relationship between exposures and 

outcomes due to lack of temporality despite the association being present in the study. 

Due to its practical considerations such as low cost and less time required as well as its 

usefulness at determining prevalence and hypothesis generating, this study design is 

common for epidemiological studies. 

There can be difficulties in defining asthma in many epidemiological studies. 

There is no single test that defines the presence or absence of asthma. As no gold 

standard exists for the diagnosis of asthma, we used questionnaire report of doctors' 

diagnosis of asthma. In our study, we used the definition of current asthma (a previous 

diagnosis of asthma as well as asthma activity in the past 12 months) to report our results 

since it was more relevant, and the results were similar between current and ever. This 

definition has been frequently used in epidemiological studies to examine asthma 

prevalence (112). Many epidemiological studies have used wheeze as the most important 

symptom for the identification of asthma. However, wheezing can occur in other 

conditions such as the common cold, which is a limitation. However, as no gold standard 

of asthma diagnosis exists and there is the potential for misdiagnosis or misreporting on 

the questionnaire, we still considered wheeze as an outcome as a method of considering 

an asthma indicator without the need for a diagnostic label. Wheeze has been used in a 

number of studies of childhood asthma. 
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In our study, we found a difference between asthma and wheeze prevalence (ever 

asthma: 19.6%; current asthma: 14.1%; ever wheeze: 28.0%; current wheeze: 14.5%). 

The reason for the variation between these outcomes may be due to a true lack of asthma 

diagnosis or diagnostic labeling issues. We used questionnaire report of a doctors’ 

diagnosis of asthma and self-reported “yes/no” questions about wheeze. Considering both 

can be an advantage as their use allows us to remove the effect of labeling. 

Prince Albert and the rural area around it is located near the centre of 

Saskatchewan while Regina is situated in the southern part of the Saskatchewan. 

Variations of weather between these two regions may confound the relationship between 

location and outcomes. Another difference between these two regions could be variations 

in farming exposures. School Districts in Regina were randomly selected and in Prince 

Albert, all schools in the Saskatchewan River School District and the surrounding area 

were selected. There may have been some sampling error in Regina School District. 

Due to the smaller sample size of rural residents, we did not categorize this group 

into farm and non-farm dwellers. Therefore, we were unable to make a hypothesis about 

the difference in prevalence of asthma or wheeze between these two groups. However, in 

previous Saskatchewan studies, these two groups have been found to be similar 

(69,70,75). 

Seasonal variation could be another limitation of our study. We collected data in 

spring when outdoor and seasonal allergies were most common. 

5.5.2 Strengths 
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A strength of our study was its relatively large sample size and that the data were 

collected from three different regions of Saskatchewan along an urban-rural gradient. We 

calculated the statistical power of our study for the investigation of potential risk factors 

associated with asthma along an urban-rural gradient, and we found an adequate 

statistical power (99%) when we considered a stronger odds ratio to be 0.5 or 2.0 from 

the null value on each side of the plotted graph in figure 3.1. In our study, we used a 

standardized questionnaire, which was based on ISAAC, ATS, and the Division of Lung 

Diseases questionnaire for children and also questionnaire previously used in 

Saskatchewan Lung Health studies.  

5.6 Significance of the research 

Results obtained from this study will help to understand the factors that are 

associated with pediatric asthma and wheeze. The results from this study will also be 

useful to residents of Regina, Prince Albert, and the surrounding area by identifying the 

risk factors for asthma and its burden to take action as a public health measure in this 

population. While some previous studies have been completed regarding risk factors 

associated with asthma in relation to geographic variation of asthma prevalence in other 

parts of Saskatchewan, the findings of those studies were limited due to lack of 

geographic variability. Our study has also improved the exposure assessment by 

including more questions on urban-rural exposures as well as to try and identify 

explanations of geographic variations of pediatric asthma. Results from this study will 

help address which explanations best describe geographic differences in childhood 

asthma. 
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5.7 Future Research Directions 

 While this study was good at hypothesis generating, because of the survey based 

cross-sectional study design, it is hard to infer causal associations between risk factors 

and asthma. There are several potential research directions we could consider in the 

future. These include:  

1. Use a stronger study design, such as a longitudinal study for examining 

associations between asthma and exposure. 

2. Address the issue of potential misclassification bias potentially observed in our 

study by completing a further clinical investigation such as objective lung health 

measures (lung function test such as spirometry and consideration of FEV1/FVC). 

3. Assess exposures to risk factors associated with asthma such as mold, home 

dampness, house dust mites, and pet dander, by using objective measures of 

things such as endotoxin and ETS biomarkers such as cotinine from hair or saliva.  

4. Validate the findings of our study by completing similar studies in other provinces 

of Canada among more ethnically diverse populations as well as internationally.  

5.8 Conclusions 

In conclusion, a lower prevalence of asthma was observed among children in a 

rural area compared to large urban and small urban areas although the association was not 

statistically significant after adjusting for a large number of risk factors. The current 
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study also confirmed that the association between personal and environmental risk factors 

with asthma and wheeze can be modified by geographic location. 
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