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Background: Asthma prevalence has been reported to be lower in rural regions, but the reasons for this are not known.
Objective: To confirm the existence of an urban–rural geographic gradient in asthma prevalence among Canadian youths and

to evaluate whether this gradient was mediated by health behaviors.
Methods: Cross-sectional data from 4,726 Canadian youth (grades 6–10) were collected during the 2001–02 Health

Behaviour in School-Aged Children survey. Geographic region was categorized as metro (urbanized), non-metro but adjacent to
metro, and rural. Asthma was defined via self-report of doctors’ diagnoses and at least 1 of: (1) asthma symptoms or (2) a health
care visit for asthma in the past year. Health behaviors (diet and physical activity) as well as obesity were also assessed.

Results: Asthma prevalence was lowest in rural regions (metro � 17.7%, non-metro-adjacent � 15.6%, rural � 14.8%). A lower
risk of asthma was associated with rural region (adjusted odds 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). Health behaviors and obesity status did not mediate the association
between geographic region and asthma. Being overweight or obese, having a high physical activity level, and exposure to passive
smoking independently elevated the risk of asthma, whereas increased consumption of whole milk or vegetables were each protective.

Conclusions: Although asthma prevalence among youth was lower in rural areas, this association was not mediated by health
behaviors or obesity. Other exposures, likely environmental, are the logical mechanisms through which rural geographic status
is related to lower asthma prevalence.

Ann Allergy Asthma Immunol. 2011;107:220–228.

INTRODUCTION
Asthma conveys a large impact on the people affected by the
disease and on society, especially pediatric populations.
Quality of life is lower among children with asthma,1 and
asthma is resource intensive, because it results in a large
amount of health care utilization.2 Asthma has become quite
common in children, but the prevalence has been shown to
vary geographically.3,4 A lower prevalence of childhood
asthma has been associated with rural residence,5 but the
reasons remain unknown. Explanations could include differ-
ences in diagnostic patterns and access to health care, varia-
tions in exposures to environmental factors, and differences
in body mass index (BMI) status and health behaviors. How-
ever, little research is available that identifies which of these
explanations is most plausible.

Among the proposed explanations, urban–rural differences
in health behaviors and obesity provide a logical explanation
that accounts for the observed geographic gradients in the
prevalence of asthma. Obesity status and health behaviors,
such as physical activity and smoking, are associated with
asthma in young people6–14 and are known to vary across
urban and rural populations.15–17 Consequently, these factors
could be a mechanism by which the association between
geographic location and asthma is occurring.

Understanding the association between urban–rural status
and asthma will help identify factors contributing to varia-
tions in asthma prevalence. If an explanation for the urban–
rural differences in asthma prevalence can be identified, by
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focusing on this explanation and associated causative mech-
anisms, prevention programs or management strategies could
be better developed. Also, most existing studies have focused
on younger children and not considered youths (preadoles-
cents and adolescents). Given these points, the objectives of
our study were to (1) describe the differences in prevalence of
asthma between urban and rural populations in a national
sample of Canadian youths (preadolescents and adolescents),
and (2) identify whether obesity status or health behaviors
were associated with asthma and whether these characteris-
tics mediated the association between geographic region and
asthma.

METHODS

Study Population and Procedures
Participants were from the Canadian component of the
2001–02 Health Behavior in School-Aged Children (HBSC)
survey. The HBSC is an international repeat cross-sectional
self-completed survey sponsored by the World Health Orga-
nization, designed to provide information about the health
and health behaviors of youth. In Canada, participants were
students in grades 6 through 10 (approximate ages of 11–15
years). The methodology and procedures used to obtain the
sample are outlined elsewhere.18 Ethical approval was ob-
tained from the Queen’s University General Research Ethics
Board. Consent was obtained at the school board, parent, and
student levels. Written consent was provided by the study
participants.

Operational Definitions
Asthma. Asthma was defined by a positive response to the

question “Has a doctor ever told you that you have asthma?”
and a positive response to any of the following events relating
to the past 12 months: (1) wheeze, (2) wheeze or cough
during or after active play, (3) dry cough at night without a
cold, or (4) visiting a doctor, emergency room, or hospital for
wheezing.

Geographic Location. A modified version of the Beale
urban–rural coding system19 was used to group youth into 1
of 3 categories based on the postal code of the school that
they attended. Because the HBSC is an anonymous survey,
residential postal codes were not available. The geographic
categories were (1) Metropolitan regions (metro), which are
considered to be highly urbanized Census Divisions contain-
ing, within or partially within a Census Metropolitan Area/
Census Agglomeration, a population greater than 50,000; (2)
Non-metropolitan-adjacent regions (non-metro-adjacent) are
“Census Divisions that share a boundary with a Census
Metropolitan Area/Census Agglomeration that has a popula-
tion greater than 50,000;” (3) Non-metropolitan-non-adjacent
regions (rural) are “Census Divisions that do not share a
boundary with a Census Metropolitan Area/Census Agglom-
eration that has a population greater than 50,000.” The orig-
inal location variable was a 5-category variable in which
categories 1 to 3 represented large, medium, and small metro

regions. We chose a 3-category classification system to ex- h
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mine the rural gradient of asthma prevalence as well as to
eep non-metro-adjacent as a unique group, because we
hought this region could represent a unique geographic seg-
ent of the population.
Overweight/Obesity Status. Body mass index (BMI, kg/m2)

as calculated from self-reported height and weight. Classi-
ications for overweight and obesity were based on the Inter-
ational Obesity Task Force guidelines and used age- and
ex-specific child BMI cutpoints corresponding to adult (at
east 18 years of age) cutpoints for overweight and obesity.20

3-category variable was created: not overweight or obese
corresponding to an adult BMI � 25), overweight (BMI
25 and �30), and obese (BMI �30).
Health Behaviors: Physical Activity. Participants were pro-

ided with a definition and common examples of moderate-
o-vigorous intensity physical activities (eg, running, brisk
alking, biking) and then asked 2 questions: (1) “Over the
ast 7 days, on how many days were you physically active
or a total of at least 60 minutes per day?” and (2) “Over

typical or usual week, on how many days are you
hysically active for a total of at least 60 minutes per
ay?”21 Physical activity participation was based on the
verage of these 2 questions.21 Participants were catego-
ized into either low (1 day or less per week), moderate
2– 4 days per week), or high (5 or more days per week)
hysical activity categories.
Diet. Participants were asked how many times per week

hey usually eat or drink a number of specific food types
ncluding vegetables, fruits, and types of milk. Responses for
ach food type were classified into low (never or less than
nce per week), moderate (at least once a week but less than
nce a day), and high (at least once per day) categories.
Personal Smoking. Personal smoking status was defined

ased on the question “How often do you smoke tobacco at
resent?” Personal smoking status was then categorized as
aily (every day), occasional (not every day), and none (I do
ot smoke).
Passive Smoking Exposure. Passive smoking exposure was

efined based on the parental smoking and the child’s best
riend’s smoking status. The mother’s, father’s, and best
riend’s smoking habits were assessed using the question “Do
ny of the following people smoke?” The best friend’s smok-
ng status was classified as daily (smokes daily), occasional
smokes sometimes), and none. The mother and father were
onsidered to be smokers if they were occasional or daily
mokers, and their smoking statuses were combined to rep-
esent parental smoking, which was classified as neither
arent smokes, either the mother or father smokes, or both
arents smoke.
Additional Confounders. Other potential confounders in-

luded age, sex, ethnicity, and socioeconomic status. Socio-
conomic status was defined by the family affluence scale
nd uses categories of family affluence (low, medium, or

igh).18

221



b
(

1
c
m
w
m
b
i
d
p
w
a
r
c

i
0
a
h
p
r
w
p
l
d
r
m

s
a
9
C
t
i
n
a
0

w
b
s
a
e
r
a
w
w
c

D
I
l
n

Analysis
Statistical analyses were conducted using STATA/SE 9.0 for
Windows (Stata Corp, College Station, Texas). Multiple lo-
gistic regression was used to examine the associations be-
tween geographic location and asthma. The statistical model
was fitted with geographic location. Other variables were
included based on their biological or clinical importance,
statistical significance, or the potential for confounding. To
account for the clustered sampling design, generalized estima-
tion equations were used, with the cluster being the classroom.
After fitting the full model, a mediation analysis approach was
undertaken. Each of overweight/obesity statuses and each of the
health behavior variables were removed from the full model 1 at
a time, and the proportion of the association between geo-
graphic location and current asthma explained by these
factors was assessed by: ([ORfull model without mediator – ORfull model]/
ORfull model)*100. For mediation to occur, a statistically signif-
icant association between the primary exposure (urban–rural
status) and the outcome (asthma) must be smaller and no
longer statistically significant when the mediator is in-
cluded.22 We considered a 5% change in the association to be
a meaningful difference.

We conducted a sensitivity analysis to assess whether
using self-reported height and weight resulted in some bias.
We calculated a modified BMI by adding 1.01 to the BMI for
boys and to the BMI for girls. These modifications were
based on the observed differences in BMI between self-
reported height and weight and objectively measured height
and weight from a national sample of Canadian adolescents in
the same age range as our study population.23 This modified
BMI was then categorized into normal, overweight, and
obese as outlined previously. In the sensitivity analysis, we
included this modified obesity status variable in place of the
original obesity status variable.

RESULTS
The Canadian portion of the 2001–02 HBSC survey included
7,235 students. The analysis for this study was limited to
4,726 (65%) participants, with complete information on the
variables of interest. Those participants included in the anal-
yses were older and more likely to have high physical activity
but were less likely to have a low score on the family
affluence scale, be overweight or obese, have moderate phys-
ical activity levels, drink whole milk, have a best friend who
smoked daily, and have both parents smoking (Table 1). The
questions most responsible for the missing information in-
cluded height and weight, resulting in missing BMI data
(18.9% missing), asthma information (8.1% missing), and
information on parents’ smoking (8.2% missing).

Of the final sample, 62.1% lived in metro regions, 16.1%
in non-metro-adjacent regions, and 21.8% in rural regions. A
higher proportion of rural participants were overweight or
obese, reported consuming whole milk, were smokers, had a
best friend who smoked, and had parents that smoked (Table

2). Physical activity level was highest in metro (highly ur- a
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anized) regions and lowest in non-metro-adjacent regions
Table 2).

As illustrated in Figure 1, current asthma was reported in
6.8% of study participants. The prevalence of asthma be-
ame progressively lower as the degree of rurality increased:
etro (17.7%); non–metro-adjacent (15.6%); rural (14.8%)
ith a statistically significant difference between rural and
etro regions (P � .04). However, no differences were seen

etween geographic regions with respect to reports of wheeze
n the past 12 months. Also, among children with asthma, no
ifference was seen in the proportion of children who re-
orted that they visited a doctor or emergency room for
heeze in the past 12 months or wheeze or cough during or

fter exercise in the past 12 months. However, children from
ural areas were more likely to report dry cough without a
old than children from other regions.

After adjusting for potential confounders (Table 3), partic-
pants in non-metro-adjacent regions (odds ratio [OR] �
.81, 95% confidence interval [CI] � 0.65–1.01; P � .06)
nd rural regions (OR � 0.76, 95% CI � 0.61–0.95; P � .02)
ad lower relative odds of current asthma compared with
articipants in metro regions. In contrast to rural geographic
egion, an increased risk of current asthma was associated
ith being overweight or obese, reporting moderate or high
hysical activity, and having a best friend who smokes at
east occasionally. In each case, we observed an apparent
ose–response relationship in the effect estimates. A reduced
isk of current asthma also was associated with higher whole
ilk consumption and higher vegetable consumption.
When repeating the analysis using the modified obesity

tatus variable, the results were similar. Increased risk of
sthma was associated with being overweight (OR � 1.61,
5% CI � 1.33–1.93, P � .001) or obese (OR � 1.40, 95%
I � 1.05–1.88, P � .02). Also, minimal change occurred in

he association between geographic region and asthma when
ncluding the modified obesity status variable. Rural and
on-metro-adjacent both showed inverse associations with
sthma (OR � 0.75, 95% CI � 0.60–0.94, P � .01; and OR �
.81, 95% CI � 0.65–1.00, P � .05, respectively).

To assess the potential mediating effects of each of over-
eight/obesity status and health behaviors in the association
etween geographic region and current asthma, we reran the
tatistical analyses after removal of overweight/obesity status
nd each individual health behavior variable (Table 4). For
ach analysis, the association between rural region with cur-
ent asthma remained statistically significant, and the associ-
tion remained relatively stable (�3% change) compared
ith the base model. Similar consistencies in model findings
ere observed for the association between non-metro-adja-

ent region and current asthma.

ISCUSSION
n this national sample of Canadian adolescents, asthma preva-
ence was lower in rural regions than in metro regions. A
egligible portion of this association was mediated by obesity

nd health behaviors, suggesting that differences in these factors
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Table 1. Characteristics of Adolescents Included and Not Included in the Analysis Because of Missing Data

Included in the Analysis
(n � 4,726) %

Not Included Because of Missing Data
(n � 2,509)a %

Missing Data for the Variable
(n � 7,235) %

Current asthma
Absent 83.2 84.5 8.1
Present 16.8 15.5

Geographic region
Metro 62.1 61.5 0.0
Non-metro-adjacent 16.1 18.0
Rural 21.8 20.5

Age group
�13 years 32.0 51.2 0.0
�13 years and �15 years 39.2 32.7†

�15 years 28.8 16.1†

Sex
Male 45.9 47.3 0.0
Female 54.1 52.7

Family Affluence Scale
Low 9.3 13.2 5.1
Medium 39.4 39.2b

High 51.4 47.6b

Ethnicity
White 82.9 81.2 0.6
Aboriginal 2.0 2.4
Other 11.0 12.0
Mixed background 4.2 4.5

Obesity status
Not overweight 82.4 77.7 18.9
Overweight 13.1 17.0b

Obese 4.5 5.3b

Physical activity
Low 8.8 10.9 3.4
Moderate 45.0 46.6b

High 46.2 42.6b

Whole milk consumption
Low 83.2 77.9 2.5
Moderate 9.0 11.6b

High 7.7 10.6b

Vegetable consumption
Low 4.5 5.3 2.7
Moderate 53.2 54.3
High 42.2 40.4

Personal smoking
None 88.5 88.9 3.2
Occasionally 6.4 6.2
Daily 5.1 4.9

Best friend smokes
None 85.2 83.7 7.8
Occasionally 7.7 8.2
Daily 7.1 8.1†

Parental smoking
None 63.1 59.2 8.2
Mother or father 24.0 22.8
Both 12.9 18.0b

a Sample size may vary for this group (ie, may not add up to 2,509) because of missing data.

b P � .05 between those included and excluded with the first category as the reference group.
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do not provide a solid explanation for the association between
urban–rural residence and asthma. We also found that several
modifiable health behaviors were associated with asthma.

Similar to ours, results from several studies, primarily in
younger children, have demonstrated a reduced prevalence of
asthma associated with rural residence,5 although not all
studies have identified this association. One US study found
asthma prevalence to be similar between metropolitan and
nonmetropolitan regions.24 The US study, however, included
adults, which may have resulted in a lower prevalence of
asthma than seen in our study, as well as minimized geo-
graphic differences, which might have been observed if the
analysis were limited to children.

Because obesity status and the health behaviors did not
mediate the association between asthma and geographic re-
gion, other existing hypotheses must be considered. A lower
prevalence of asthma in rural areas may be occurring because
asthma remains underdiagnosed.25 Within our sample, re-
ported access to medical care for wheeze (doctor’s visits,
hospitalization, emergency room visits) between metro and
rural regions was similar. Although this does not necessarily
indicate equal access to health care between regions, it does
demonstrate that those adolescents with asthma reported ob-

Table 2. Proportion of Obesity Status and Health Behaviors by Geog

Metro
(n � 2,934) %

No

Obesity status
Not overweight 84.3
Overweight 11.9
Obese 3.7

Physical activity
Low 52.0
Moderate 42.8
High 48.0

Whole milk consumption
Low 84.6
Moderate 8.5
High 6.9

Vegetable consumption
Low 4.3
Moderate 52.6
High 43.1

Personal smoking
None 89.8
Occasionally 5.8
Daily 4.4

Best friend smokes
None 86.8
Occasionally 7.1
Daily 6.1

Parental smoking
None 65.5
Mother or father 23.3
Both 11.1

a P � .05 when comparing the overall proportions of the independen
taining care from the same facility types. s

224
The environment is a likely mechanism through which the
ssociation between geographic region and asthma is operat-
ng, although the putative environmental exposures that ac-
ount for the observed differences have yet to be identified but
ay include exposure to microbiological components.26,27 Be-

ause the HBSC was not designed specifically for respiratory
isease, we were unable to assess the impact of environmental
actors other than active and passive smoking exposure.

Obesity and several health behavior patterns were indepen-
ent predictors of asthma and exhibited a dose–response
elationship, strengthening confidence in these observations.

inimal research has been done into the associations be-
ween obesity status and health behaviors with asthma in rural
opulations. Similar to asthma, the prevalence of obesity has
isen among children in recent decades.28 Negative respira-
ory health outcomes have been associated with obesity,
lthough these associations have often depended on other
ersonal characteristics.6-8 We expand on previous studies by
howing that BMI status is a risk factor for asthma irrespec-
ive of location of residence and after controlling for activity
nd dietary factors.

The association between physical activity and asthma/
heeze has been studied infrequently, with inconsistent as-

Status

ro-adjacent
761) %

Rural
(n � 1,031) %

Overall
(n � 4,726) %

9.9 78.8 82.4
4.5 15.5 13.1
5.7 5.7a 4.5

7.7 56.0 53.8
8.9 48.6 45.0
2.3 44.0 a 46.2

1.9 80.3 83.2
9.5 10.2 9.0
8.7 9.5 a 7.7

5.0 4.9 4.5
2.0 55.9 53.2
3.0 39.2 42.2

5.2 87.3 88.5
9.1 6.1 6.4
5.8 6.6a 5.1

1.9 82.8 85.2
9.3 8.4 7.7
8.8 8.7a 7.1

8.1 59.7 63.1
5.0 25.2 24.0
7.0 15.0a 12.9

ble along the metro-rural gradient.
raphic

n-met
(n �

7
1

5
4
4

8

5
4

8

8

5
2
1

ociations being reported.9–11 More asthma occurs in physi-
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Figure 1. Prevalence of asthma, current wheeze, and health care utilization by geographical region.
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cally active children because active children exert themselves
enough to wheeze, leading the child to see a physician, who
then may diagnose the child with asthma.29 Another expla-
nation could be that higher asthma prevalence associated with
high physical activity could be attributable to a combined
effect with air pollution exposure.30

Our results showing a protective effect of fruit and vege-
table consumption confirm previous observations.31,32 Previ-
ous studies have shown that type of milk consumed is asso-
ciated with asthma and allergic disease and that farm or
unpasteurized milk may be 1 of the mechanisms by which
asthma is reduced in rural/farming environments.33,34 How-
ever, from the information we collected, we were unable to
determine whether whole milk would be interpreted as un-
pasteurized, farm, or raw milk, and so further investigation

Table 3. Distributions and Results of Multivariate Logistic Regression
Young People in Canadad

No Current Asthma
(n � 3,934) %

Cur
(n

Geographic region
Metro 61.4
Non-metro-adjacent 16.3
Rural 22.3

Obesity status
Not overweight/obese 83.3
Overweight 12.5
Obese 4.2

Physical activity
Low 9.1
Moderate 45.1
High 45.8

Whole milk consumption
Low 82.6
Moderate 9.3
High 8.2

Vegetable consumption
Low 4.1
Moderate 53.5
High 42.3

Personal smoking
None 89.2
Occasionally 6.1
Daily 4.7

Best friend smokes
None 86.3
Occasionally 7.3
Daily 6.4

Parental smoking
None 63.9
Mother or father 23.7
Both 12.4

a P � .10.
b P � .05.
c P � .01.
d Adjusted for each variable in the table as well as age group, sex, F
into this association is required. r

226
Tobacco smoke exposure is a well-studied risk factor for
hildhood asthma, with negative respiratory health outcomes
eing reported.12–14 Interestingly, parental smoking exposure
n our study population was not related to the presence of
sthma, whereas exposure to a best friend who smoked was
ssociated with asthma. This is consistent with findings from
previous study, which showed that exposure from outside

he home had stronger associations than home sources in
redicting cotinine, a metabolite of nicotine used to quantify
moking exposure, in teenagers.35

Limitations of our study warrant comment. The informa-
ion collected was self-reported on a questionnaire. However,
he information was collected using a standardized question-
aire that has been used internationally. Because no gold
tandard exists for the diagnosis of asthma, questionnaire

sis Examining Possible Determinants of Current Asthma Among

sthma
) %

Univariate Odds
ratio (95% CI)

Adjusted§ Odds
ratio (95% CI)d

1.00 1.00
0.86 (0.70–1.06) 0.81 (0.65–1.01)a

0.80 (0.65–0.99)b 0.76 (0.61–0.95)b

1.00 1.00
1.39 (1.13–1.70)c 1.40 (1.14–1.73)c

1.47 (1.08–2.02)b 1.45 (1.05–2.00)b

1.00 1.00
1.29 (0.96–1.73)b 1.39 (1.03-1.88)b

1.38 (1.04–1.83)b 1.51 (1.12–2.03)c

1.00 1.00
0.81 (0.61–1.09) 0.79 (0.58–1.06)
0.67 (0.50–0.89)c 0.66 (0.50–0.89)c

1.00 1.00
0.61 (0.43–0.87)c 0.65 (0.46–0.92)b

0.63 (0.44–0.88)c 0.68 (0.48–0.96)b

1.00 1.00
1.33 (0.97–1.82)b 1.10 (0.79–1.53)
1.66 (1.21–2.28)c 1.04 (0.70-1.55)

1.00 1.00
1.43 (1.09–1.87)c 1.37 (1.03–1.82)b

1.86 (1.41–2.45)c 1.77 (1.26–2.48)c

1.00 1.00
1.16 (0.95–1.40) 1.09 (0.89–1.33)
1.34 (1.08–1.67)c 1.20 (0.96–1.51)

ffluence Scale, and ethnicity.
Analy

rent A
� 792

65.7
15.0
19.3

78.0
16.2
5.8

7.1
44.6
48.4

86.5
7.8
5.7

6.6
51.9
41.5

85.0
7.7
7.3

79.4
9.7

10.9

59.1
25.4
15.5
eport of a doctor’s diagnosis of asthma is often used in
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epidemiological studies. This method has reasonable levels of
agreement with other methods of assessment and indeed has
been considered the method of choice for large epidemiologic
studies.36 Adolescent reports on respiratory symptoms have
been found to be accurately reported by the child and strongly
agree with parental reports in terms of asthma diagnoses.37

Despite this, asthma prevalence could be overdiagnosed in
this population given the high asthma prevalence and the
self-reported nature of the original data source. However,
estimates of asthma prevalence in our study are consistent
with those reported in other Canadian studies.38,39 Also, when
conducting a sensitivity analysis using a more conservative
definition of asthma, estimates were fairly consistent (data
not shown). Investigation of the severity of asthma in rural
areas provides a definite focus for future research.

Although a limitation of our study could be the self-
reported height and weight, a high correlation tends to exist
between self-reported height and weight and measured height
and weight,40 and self-reported measures of height and weight
are considered valid measures for population-based epidemi-
ological studies.41 Our sensitivity analysis suggests that there
should be minimal bias in the associations reported. Another
limitation was the exclusion of a large proportion of the
population because of missing data. Because the general
characteristics of the population, including geographic region
and current asthma, were similar between those included and
excluded, the likely effect of exclusions was a loss of statis-
tical power rather than an inherent selection bias. Finally,
because location of residence was based on the school and not
the child’s home, possibly location of residence could be
misclassified.

Our findings have several implications for research and
practice. They suggest that health behavior and overweight/
obesity status are not mechanisms by which the association
between rural residence and asthma operate. Identification of

Table 4. Association (Odds Ratio [95% confidence intervals]) Betwee
and Six Health Behaviors, Then Removal of Each Factor to Explore P

Model
Metro

(Reference
Category)

Nonmetro Adjace
Odds Ratio

(95% CI)

Base modela 1.00 0.81 (0.65–1.01)
Basic model with the following

removed 1 group at a time
Obesity status 1.00 0.82 (0.66–1.02)
Physical activity 1.00 0.81 (0.65–1.00)
Whole milk consumption 1.00 0.80 (0.65–1.00)
Vegetable consumption 1.00 0.81 (0.65–1.01)
Personal smoking status 1.00 0.81 (0.65–1.01)
Best friend’s smoking status 1.00 0.82 (0.66–1.02)
Parental smoking 1.00 0.82 (0.66–1.01)
All of the above 1.00 0.85 (0.69–1.05)

a Includes geographic region as well as age group, sex, Family Aff
consumption, vegetable consumption, personal smoking status, bes
the exposures responsible for the apparent protective effect of
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ural areas therefore remains a priority. This will aid in
escribing the causal mechanisms for asthma and may have
mplications for future prevention and management pro-
rams. Our results also suggest the importance of encourag-
ng healthy weight, healthy dietary choices, and avoidance of
assive smoking, because these strategies may help reduce
he presence of asthma in children and could reduce asthma
orbidity, as well as promote a generally healthy lifestyle.
inally, investigation of differences in diagnostic patterns
etween regions may help to more accurately identify chil-
ren with asthma. This more appropriate diagnosis could
esult in better management of asthma and improved quality
f life.
In summary, we found that asthma prevalence was lower in

ural regions compared with urban regions in a national
ample of Canadian preadolescents and adolescents. Differ-
nces in the prevalence of asthma between urban and rural
ocations, therefore, are not limited to younger children. De-
pite having a lower asthma prevalence in rural areas, a large
roportion of rural children have asthma, making this an
mportant problem to consider and manage appropriately in
oung population groups irrespective of where they live. The
echanisms through which this association is occurring are

ot through BMI status or health behaviors, suggesting that
ifferences in asthma prevalence between geographic loca-
ions may be attributable to other factors.
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