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A B S T R A C T

Background: Rural children have lower reported rates of asthma compared with urban children. Although
reasons for these differences remain unclear, 3 possible explanations exist: (1) environmental differences, (2)
variations in health care access, and (3) variations in health risk behaviors.
Objective: We investigated asthma among children living on farms and in small towns and its potential
determinants, including personal, behavioral, and environmental factors.
Methods: School children (n � 842, ages 6–13; participation rate � 72.0%) were involved in a 2003
cross-sectional study. Their parents completed a lung health survey that included questions about asthma,
asthma-like symptoms, and potential determinants of asthma (demographic, environmental, health risk
behaviors). Participating children were classified into farm dwellers (live on farm or acreage) and small town
dwellers. Multiple logistic regression was used to investigate the association between asthma and wheeze with
demographic, environmental, and behavioral exposures with simultaneous adjustment for confounders.
Results: Asthma and wheeze prevalence was not significantly different between farm and small town areas
(current asthma: 16% vs 13%, respectively; currentwheeze: 27% vs 21%, respectively) and followed consistent
patterns. Factors associated with diagnosed asthma were dampness (odds ratio [OR] � 1.85; 95% confidence
interval [CI]�1.08–3.17),with enrollment in daycare found to be protective (OR�0.53; 95%CI�0.33–0.85).
Being obese or overweight was associated with wheeze (OR � 1.77; 95% CI � 1.06–2.97).
Conclusion: Given the differences between areas and the associations between environmental risk factors
and obesity with asthma and wheeze, the study findings support environment and health risk behavior
explanations for the observed geographic variations.
� 2012 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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Introduction

Asthma is a disease characterized by episodic symptoms of
cough, shortness of breath, wheeze, and chest tightness, which
typically occur after exposure to irritants, allergens, respiratory
infections, or after exercise.1 More than 13% of Canadian children
have been diagnosed with asthma.2 With diagnoses increasing in
Canada and also globally, asthma has become one of the most
common chronic childhood diseases.2 A lower prevalence of
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sthmahas been identified among rural comparedwith urban child
opulations.3–5 This lower prevalence is especially evident when
omparing children from farming vs more urban environments.6,7

There are several potential explanations for the variations in
sthma prevalence observed between urban and rural children: (1)
nvironmental: Farm children may have different exposures8 or
evels of exposures9 to irritants or allergens that could influence
sthma prevalence. Farm environments may contribute to differ-
nces in asthma prevalence by altering immune responses. This
nvironmental theory is typically explained by the hygiene hy-
othesis, which proposes that early life exposures influence im-
une system development, lowering the risk for asthma and aller-
ic disease.10 (2) Health care access: Rural children have reduced
ccess to health care or engage less in different health care prac-
ices, and therefore are less likely to become diagnosed with
sthma, although they experience the same symptoms.11,12 (3)
ealth risk behaviors: Although more controversial, individual
ealth behaviors, such as physical activity, could be underlying
eterminants of differential reported prevalence of asthma.13 Per-

onal factors associated with asthma such as male sex and family

munology. Published by Elsevier Inc. All rights reserved.
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history of asthmahavebeen fairlywell established and are typically
consistent between locations.

Based on these theories, the aimof this studywas to quantify the
association between potential demographic, behavioral, environ-
mental, and personal risk factors and asthma andwheeze. Through
a dedicated comparison of children from small town versus farm
status, we explored the association between potential risk factors
and asthma andwheeze, in light of these explanations for observed
geographical differences in asthma prevalence. The main hypothe-
sis was that children from farms would exhibit lower risks for
asthma and wheeze compared with children who lived in small
town settings. We also hypothesized that that the difference in
asthma prevalence between farm and small-town dwelling could
be explained by exploring a number of risk factors under the expla-
nations outlined. Thiswould help us understandmore aboutmech-
anisms thatmay underlie this relationship. Although various farm-
related exposures have been implicated as potential risks and also
as protective factors for childhood asthma, the existing literature
has many inconsistent findings, and therefore, uncertainty still
exists.14

Methods

Study design and population

We used data from a 2003 cross-sectional study of children
conducted in Estevan, Canada. Estevan is a major agricultural cen-
ter in Southern Saskatchewan and is situated near a coal mining
strip, coal-fired power production, and oil and gas drilling. This
cross-sectional study was originally developed to examine lung
health in the region and provide a sampling frame for a separate
case-control study.15 In addition, the current analysis builds on a
similar cross-sectional study completed in Estevan in 2000.14,16

All children in Estevan enrolled in grades 1 through 6 during the
2002–03 academic year were approached to participate. Parents
completed questionnaires within a 3-week period after distribu-
tion through the schools in January 2003. A reminder letter was
sent 10 days after distribution. The participation rate was 72.0%,
resulting in a sample size of 842 participants. Approvals to conduct
the survey were obtained from the school boards and associated
school principals in Estevan before distribution in the schools.
Ethical approval was obtained from the Advisory Committee on
Ethics in Biomedical Research at the University of Saskatchewan.

Study instrument

Questionnaire content was based on the American Thoracic
Society’s Children’s Respiratory Disease Questionnaire,17 question-
naires used in the Student Lung Health study,14 and an asthma
prevalence questionnaire used in a 1992 study conducted in Hum-
boldt, Saskatchewan.18 The 2003 study questionnaire included
items describing demographics, current and previous asthma and
asthma-like symptoms, related atopic diseases, other illnesses,
home environments, lifestyle factors, and family factors.

Variables considered in the study

Respiratory outcomes
Asthma and wheeze were defined based on past operational

definitions proposed by Rennie and colleagues,16 using data from
the 2,000 Estevan study. These definitions were similar to those
used in other epidemiological studies of childhood asthma16,19 and
have shown relatively good agreementwith othermeasures of lung
health, including physician diagnosis, other questionnaires, and
physiological measures.19 The outcome definitions are largely
based on The International Study of Asthma and Allergies in Child-
hood questionnaire, which has a sensitivity of 0.85 and specificity
of 0.81 compared with physician diagnosis of asthma.20 Parent-

completed questionnaires optimize cost-effectiveness, sensitivity, t
nd specificity when measuring pediatric asthma prevalence at a
opulation level.21,22

Ever asthma was assessed by the question “Has this child ever
een diagnosed as having asthma by a doctor?” Current asthmawas
efined by ever asthma and at least one of the following: an emer-
ency department visit for asthma, a physician’s office visit for
sthma, a visit to an intensive care unit for asthma, a self-reported
sthmaepisode orwheeze, ormedication use for asthma in the past
2months. Everwheezewasdefined aswheeze orwhistling coming
rom the chestwithout a cold orwheezewith shortness of breath or
heeze during or after exercise. Currentwheezewas defined as ever
heeze with symptoms reported in the past 12 months.

ocation of residence
Location of residence was based on the question “Where is your

ome located?” The child was considered to be a farm dweller if
hey lived on a farmor acreage. If itwas reported that the child lived
n town, they were considered a small town dweller.

nvironmental factors
Environmental factors were also explored as potential risk fac-

ors. Unless otherwise specified, operational definitions were cho-
en based on past precedents as outlined in Lawson et al.10 House
ampness was considered present if there was a positive response
o the question “Does your house have any damage caused by
ampness (eg, wet spots on walls or floors)?” House mold was
onsidered present if there was a positive response to the question
Are there signs of mold or mildew in any living areas in your
ome?”23 Children were considered to have pets in the home if the
et had fur or feathers. Home renovations included those that had
ccurred during the child’s lifetime. Type of housing unit was de-
ned as single-family dwelling or other dwelling. The presence of
ome fireplaces and dehumidifiers were based on self-report of
urrently having one in the house. Finally, home crowding was
efined using a continuous variable describing the number of peo-
le in the home divided by the number of rooms in the home.14

ehavioral factors
Current parental smoking status was defined as parental smok-

ng for the mother or father at the time of questionnaire comple-
ion.10 Ever smoking was defined as parental smoking that oc-
urred in the past, and did not include current smokers.10

articipation in sports and physical activity was considered high if
he answer to “How many times a week does your child engage in
igorous physical activity long enough to make him/her breathe
ard?” was “Three or more times per week,” based on the assump-
ion that most children would exercise at a high level.

ersonal factors
Operational definitions were based on past precedents.10 Age

roups were classified as younger (ages 6–9) and older (ages 10–
3).12 Father’s andmother’s education levelswere classified as high
chool or less vs any postsecondary education. History of respira-
ory allergies was considered present if the child had allergies to
ouse dust, grain dust, pollen, trees, grasses, mold ormildew, dogs,
ats, or birds/feathers. A child was considered low birth weight if
arents reported aweight of less than2.5 kg at birth. Premature birth
as defined as being born more than 2 weeks before the expected
irth date. A child was considered overweight or obese if their re-
ortedheight andweightmeasuredmore than theadult equivalent of
5kg/m2 based on centile curves derived internationally.24

tatistical analysis

All analyses were conducted using SAS version 9.2 statistical
nalysis software (SAS Institute Inc., Cary, North Carolina). We first
escribed the study population using conventional descriptive sta-

istics. We then compared distributions of variables in the 2 study
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groups (small town vs farm) using �2 tests for categorical variables
and independent samples t tests for continuous measures.

We conducted regression analyses to identify potential risk
factors for the asthma outcomes and to test the focal hypothesis
that farm residence statuswas associatedwith lower risks for these
outcomes. We forced residence type (farm vs small town) into all
models. Other potential determinants were examined individually
then collectively using multiple logistic regression analyses. We
used generalized estimating equations to account for the clustered
nature of the sampling scheme, with students nested within fami-
lies. We chose to control for clustering by family but not schools
because covariance parameter estimates suggested much larger
clustering by family (0.025) compared with clustering by school
(0.001). We used a purposeful modeling strategy, with consider-
ation of past evidence and theory, as well as statistical criteria
(backwards elimination with a liberal alpha level of 0.1) in the
selection of covariates. Presented estimates of effect included ad-
justed odds ratios and their 95% confidence limits.

Results

A description of demographic factors and environmental, be-
havioral, and personal risk factors stratified by farm vs small town

Table 1
Personal characteristics and demographics by geographic status

Overall
(n � 834) n (%)

Farm
(n � 91) n (%)

Small Town
(n � 743) n (%)

P value

Sex
Male 419 (50) 33 (36) 386 (52) .005
Female 415 (50) 58 (64) 357 (48)

Age group
Younger (6–9) 392 (47) 42 (46) 350 (47) .83
Older (10–13) 442 (53) 49 (54) 393 (53)

Father’s education
High school or less 449 (56) 50 (56) 399 (56) .99
More than high

school
359 (44) 40 (44) 319 (44)

Mother’s education
High school or less 402 (49) 41 (46) 361 (50) .64
More than high

school
415 (51) 48 (54) 367 (50)

Table 2
Environmental and behavioral factors by geographic status

Overall (n � 834) n (%)

Environmental factors
Homes with dampness 20.5
Homes with mold or mildew 15.3
Homes with indoor pets 59.5
Homes with renovations 42.7
Single-family dwelling 89.1
Homes with fireplace 35.3
Homes with dehumidifier 10.7
Crowding (persons/room) (Mean/SD) 0.7 (0.3)

Behavioral factors
Children breastfed 74.3
Children that attended daycare 71.5
Mother that currently smoke 23.1
Mother ever smoked 15.2
Mother that smoked during pregnancy 24.6
Father that currently smoke 31.0
Father ever smoked 15.5
Weekly physical activity 64.4
Personal factors
Children with allergies 23.5
Fathers with asthma 7.1
Mothers with asthma 7.9
Born underweight (�2,500 g) 5.0
Overweight or obese 15.4

Children born premature 10.0
eographic status are presented in Tables 1 and 2. Children from
arms were more likely to be female (64% compared with 48%; P �
005) but did not differ statistically (P � .05) by age or parental
ducation levels. Children from farms were more likely to partici-
ate in regular vigorous physical activity compared with children
romwithin town (77.3% vs 62.9%, respectively; P � .01). Although
o other statistically significant differences were found between
arm and small town children with regard to environmental, be-
avioral, and personal risk factors, children from farms tended (P �
10) to have fewer indoor pets, were more likely to live in a home
ith renovations, were more likely to live in a single-family dwell-

ng, and were more likely to live in a home with a fireplace, but
ere less likely to report past attendance at a daycare and to have
arents that smoked or previously smoked.
Table 3 presents a comparison of asthma and asthma-related out-

omes between the groups. Although the prevalence of asthma and
heeze was slightly greater in the farm group compared with the
mall town group, the differences were not statistically significant.

As seen in Table 4, the results from the descriptive study are
onfirmed after adjustment for potential confounders. Associations
etween each independent variable and the disease outcomes
ased on the multivariate analysis are also presented in Table 4.
Risk factors for ever wheeze included male sex (odds ratio [OR],

.55; 95% confidence interval [95% CI], 1.07–2.25), living in homes
ith dampness (OR, 1.51; 95% CI, 0.99–2.31), personal history of
llergy (OR, 6.24; 95% CI, 4.22–9.23), maternal history of asthma
OR, 2.06; 95% CI, 1.12–3.80), and being overweight or obese (OR,
.53; 95% CI, 0.95–2.47). Children with a personal history of allergy
OR, 7.66; 95% CI, 4.98–11.77), maternal history of asthma (OR,
.45; 95% CI, 1.24–4.84), and childrenwho are overweight or obese

Farm (n � 91) n (%) Small town (n � 743) n (%) P value

21.1 20.7 .49
16.7 15.1 .46
46.1 61.1 .09
50.6 41.7 .27
93.4 85.9 .13
49.4 33.6 .23
13.5 11.7 .41
0.7 (0.2) 0.7 (0.3) .83

79.8 73.6 .22
59.6 72.9 .09
17.1 23.8 .24
7.1 16.1 .09

14.4 25.9 .07
24.7 31.8 .30
6.7 16.5 .09

77.3 62.9 .01

29.7 22.8 .22
12.2 6.5 .37
10.0 7.7 .45
3.3 5.3 .46

20.9 14.7 .13

able 3
revalence of asthma and asthma-like symptoms by geographic status

Overall
(n � 834) n (%)

Farm
(n � 91) n (%)

Small Town
(n � 743) n (%)

P value

urrent wheeze 169 (22) 24 (27) 145 (21) .28
ver wheeze 231 (28) 27 (30) 204 (28) .74
urrent asthma 110 (13) 15 (16) 95 (13) .48
ver asthma 158 (19) 18 (20) 140 (19) .94
4.4 10.6 .10
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(OR, 1.77; 95% CI, 1.06–2.97) were more likely to report current
wheeze.

Risk factors for ever asthma includedmale sex (OR, 2.18; 95% CI,
1.41–3.36), living in homeswith dampness (OR, 1.85; 95% CI, 1.08–
3.17), being born prematurely (OR, 2.37; 95% CI, 1.06–5.27), per-
sonal history of allergy (OR, 7.03; 95% CI, 4.56–10.83), paternal
history of asthma (OR, 2.96; 95% CI, 1.51–5.81), and maternal his-
tory of asthma OR, 3.31; 95% CI, 1.64–6.68). A history of daycare
attendancewas associatedwith lower relative odds of ever asthma
(OR, 0.53; 95% CI, 0.33–0.85). Males were more likely to have
current asthma than females (OR, 1.96; 95%CI, 1.16–3.25). Children
that had attended daycare were less likely to have current asthma
(OR, 0.47; 95% CI, 0.28–0.79). Children that reported personal his-
tory of allergy (OR, 7.80; 95% CI, 4.90–12.70), paternal history of
asthma (OR, 3.23; 95% CI, 1.42–7.37), and maternal history of
asthma (OR, 2.80; 95% CI, 1.30–6.01) were more likely to also
report current asthma.

Discussion

The purpose of the current study was to examine differences in
asthma and wheeze prevalence by farm and small town status, in
light of 3 potential explanations. We found, unexpectedly, that
asthma and wheeze prevalence were similar between small town
and farm locations. We did confirm commonly identified personal
characteristics associated with asthma and wheeze and identified
environmental characteristics that were associated with asthma in
this primarily rural region.

The farm and small town groups were almost equally likely to
have been given a diagnosis of asthma (ever asthma), but a slightly
higher and statistically nonsignificant proportion of farm children
reported current asthma and wheeze, contrary to findings ob-
served in other settings, suggesting that living in a small town does
not increase the risk of asthma or wheeze compared with farm
children.3–5 Other contextual risk factors may account for differ-
ences in asthma prevalence observed geographically in other stud-
ies,3–5 as well as between different groups in our own study. Possi-
bly the 2 geographic groups are too similar to compare, because
those children living in town may have been regularly exposed to
allergens and irritants commonly experienced in the farm group,
because: (1) the population and area size of Estevan are relatively
small compared with what may be considered a more “urban”
center and, as such, those in townmayhave lived in close proximity
to farms that surround Estevan and hence shared in their environ-
mental exposures; (2) other exposures common to the farm and

Table 4
Results of multivariate logistic regression: adjusted odds ratios describing risk facto

Covariate Ever wheeze OR (95% CI)

Demographics
Farm residence (Ref: small town) 1.02 (0.55, 1.89)
Male sex (Ref: female) 1.55 (1.07, 2.25)
Father education: More than high school

(Ref: High school or less)
1.00 (0.69, 1.45)

Environmental factors
Dampness 1.51 (0.99, 2.31)

Behavioral factors
Daycare 0.91 (0.61, 1.34)
Father current smoker 1.03 (0.70, 1.53)

Personal factors
Premature birth 1.05 (0.55, 1.98)
Personal allergies 6.24 (4.22, 9.23)
Father with asthma 1.60 (0.80, 3.23)
Mother with asthma 2.06 (1.12, 3.80)
Overweight or obese 1.53 (0.95, 2.47)
Normal birth weight (Ref: underweight) 1.67 (0.77, 3.65)
nonfarm groups may have affected the entire population and their m
sthma symptoms anddiagnoses; and (3) farmdwellings and farm-
ng practicesmay be different from those of previous studieswhere
ssociations between farming and asthma have been reported.
ence, environmental exposures may be similar among this popu-
ation. Analogously, both groups may have had similar access to
ealth care, or engaged in similar health behavior patterns given
he close proximity of the dwellings.

Our study findings largely support environmental explanations
or geographic variations in asthma and wheeze prevalence. Envi-
onmental factors that were strongly associated with asthma and
heeze were home dampness as a risk factor and prior daycare
ttendance as a protective factor. Home dampness as a risk factor
or asthma and wheeze is consistent with findings reported else-
here.14,15,25 A higher proportion of town children attended day-
are than rural children, and this had an apparent protective effect.
idodzi et al26 also found that daycare attendance was protective

or wheeze among primary school students. Environmental factors
uch as these that differed between our farm and small town
roups may be underlying the geographic variations in asthma
revalence.
The health care access explanation was not supported by our

ndings. Both wheeze and asthma were higher in the farm group,
uggesting that differences are not the result of differences in
iagnostic patterns. However, our study focused on a rather small
egional population, and health care access would likely be very
imilar between farm and nonfarm children in our setting. Similar
tudies have found that of those that wheeze, farm and nonfarm
hildren are equally likely to have an asthmadiagnosis,12 indicating
hat diagnostic patterns or access to care are not a significant factor
nderlying the differences in prevalence in our setting.
The health risk behaviors explanationwas partially supported by

he findings. Being overweight or obese was found to be positively
ssociated with asthma, and a higher proportion of children living
n farms were overweight or obese compared with children living
n town. Few studies have examined individual health behaviors as
isk factors for wheeze and asthma. Lawson et al5 found that al-
hough health behaviors and obesity did not mediate the associa-
ion between geographic region (metro, adjacent to metro, and
ural) and asthma, being overweight or obese, having a high phys-
cal activity level, and exposure to passive smoke elevated risks for
sthma. Therefore, differences in levels of various health behaviors
ay contribute to geographic variation in asthma prevalence.
The present study has limitations. Because of the cross-sectional

ature of the survey, determining temporality in these associations

asthma and asthma-like symptoms

urrent wheeze OR
95% CI)

Ever diagnosed asthma
OR (95% CI)

Current diagnosed
asthma OR (95% CI)

.20 (0.61, 2.37) 0.87 (0.43, 1.77) 1.00 (0.43, 2.32)

.31 (0.85, 2.03) 2.18 (1.41, 3.36) 1.94 (1.16, 3.25)

.74 (0.47, 1.14) 1.46 (0.94, 2.27) 1.14 (0.68, 1.91)

.54 (0.97, 2.47) 1.85 (1.08,3.17) 1.25 (0.64, 2.43)

.77 (0.49, 1.20) 0.53 (0.33, 0.85) 0.47 (0.28, 0.79)

.16 (0.75, 1.80) 0.72 (0.43, 1.19) 0.63 (0.35, 1.14)

.12 (0.50, 2.52) 2.37 (1.06, 5.27) 1.76 (0.65, 4.71)

.66 (4.98, 11.77) 7.03 (4.56, 10.83) 7.89 (4.90, 12.70)

.85 (0.84, 4.08) 2.96 (1.51, 5.81) 3.23 (1.42, 7.37)

.45 (1.24, 4.84) 3.31 (1.64, 6.68) 2.80 (1.30, 6.01)

.77 (1.06, 2.97) 1.08 (0.58, 2.00) 1.63 (0.85, 3.13)

.48 (0.56, 3.87) 0.65 (0.20, 2.13) 0.58 (0.14, 2.42)
rs for
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found between groups, future research should include a compari-
son group that may be less likely to be exposed to the farming
environment. Examining specific exposures on the farm that may
explain asthma and asthma-like symptomprevalence in rural areas
also may be important. Finally, response bias may occur, because
parents of children with asthma or wheeze may be more likely to
complete the questionnaire than parents of children without these
conditions. Therefore, absolute prevalence rates may be inflated.
However, participation was good in our study (72%), and there was
no reason to expect the observed effects to differ by residence
status, so response bias should be minimal in our setting.

The present study also has strengths. Few large population-
based studies have been reported that compare pediatric respira-
tory outcomes by small town vs farm status. Furthermore, because
all students in Estevan were surveyed, selection bias was mini-
mized, because all potential participants were equally likely to be
selected for the study. Finally, study results may be generalized to
other farm and small town populations with similar farm and
environmental exposures. However, caution must be used when
comparing these results with those of populations from other
countrieswhere both farming procedures and health care practices
may differ widely.

Our findings have implications for prevention and further re-
search. Results obtained from this study contribute to a better
understanding of factors that directly and indirectly contribute to
the occurrence of pediatric asthma. Because many of the risk fac-
tors found to be associated with asthma and wheeze are personal
characteristics (ie, parent history of allergy and sex), health care
professionalsmaybe able to closelymonitor groups of children that
experience higher risks for asthma and asthma-like symptoms.
Some exposures, such as home dampness, are modifiable risk fac-
tors. One also must note that asthma prevalence rates in this study
of rural children were higher than the national average of 13%.2

Therefore, asthma is still amajor concern, even in rural areaswhere
asthma is generally found to be lower.3–5 The high prevalence is
also concerning because exposures in rural environments may
exacerbate symptoms once a child has developed asthma.25 Results
also may aid in the identification of factors in rural environments
that exacerbate asthma and asthma-like symptoms in pediatric
populations.

In summary, this epidemiological study failed tofinddifferences
in childhood asthma prevalence by farm and small town status.
Results still aid in understanding geographic variation in pediatric
lung health outcomes and test 3 potential explanations for geo-
graphic variation in asthma andwheeze prevalence. Study findings
support the environment and health risk behavior explanations.
This information may be used to prevent and reduce the impact of
asthma and asthma-like symptoms in rural child populations.
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