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Objective. This study evaluated the interrelationships of living environment, physical activity, lifestyle/dietary habits, and nutritional status on the
prevalence of childhood asthma.Methods. In a cross-sectional survey 1125 children (529 boys), 10 to 12 years old, were selected from 18 schools
located in an urban environment (Athens, n ¼ 700) and from 10 schools located in rural areas (n ¼ 425) in Greece. Results. Children living in
Athens had higher likelihood of “ever had” asthma compared with children living in rural areas (odds ratio (OR) ¼ 1.78, 95% confidence interval
(CI) ¼ 1.25–2.54), after adjusting for age and sex. After adjusting for age, sex, body mass index, and adherence to the Mediterranean diet
(KIDMED score), leisure-time physical activity was inversely associated with “ever had” asthma. When stratifying by county of residence, a trend
toward reduced asthma symptoms among children engaged in outdoor physical activities during their leisure time who reside in rural (but not
urban) environment was observed (OR ¼ 0.88, 95% CI ¼ 0.77–1.01). Conclusions. The inverse relationship between asthma symptoms and
leisure-time physical activity in the rural environment and the lack of an association between asthma symptoms and organized sports-related
activities should draw the attention of public healthcare authorities. Their efforts should focus on the planning of a sustainable natural environment,
which will promote the physical health of children and reduce the burden of childhood asthma.
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INTRODUCTION

Literature suggests that the development of asthma is the
result of gene–environment interaction (1). However, the
increase in the prevalence of asthma (2) in the last 50 years
has been attributed to various environmental and lifestyle
changes, as the expression of alterations in genetic makeup
requires a time span of several generations (3). According
to the United Nations definition, living environment is
defined as “urban” when it is characterized by high popu-
lation density, housing in multi-apartment buildings, and
high-level functions.On the other hand, “rural” environment
traditionally involves low population density, living in sepa-
rate houses, and agricultural/farming occupation (4).
Researchers have shown that particular characteristics of
urban living such as sedentary lifestyle, excess caloric
intake, clustering within homes, car transportation, and
high exposure to air pollution have important consequences
on children’s health (5), while processed and synthetic foods
in conjunctionwith less fish, fruit, and vegetable intake have
also been implicated in allergic inflammation (6).

The shift toward a sedentary lifestyle is considered to
be an important risk factor of asthma symptoms (7, 8).
Our group has previously shown an inverse association

between body mass index (BMI) and asthma symptoms (9,
10). Evidence suggests that in recent decades children
spend increased amount of time indoors, occupying them-
selves with television viewing and occupation with elec-
tronic media and less time engaged in outdoor unstructured
play (11). Although decreased physical activity can result
from poorly controlled asthma, recent work has suggested
that physical activity exerts a protective effect on asthma
symptoms (9, 12–14). Furthermore, children living in rural
environment appear to be at a lower risk of asthma than
their urban counterparts (15–17).

Despite the aforementioned reported associations, the
integrated influence of living environment, physical activ-
ity, lifestyle, dietary habits, and nutritional status on the
prevalence of childhood asthma has not been investigated.
Thus, in this study we sought to evaluate the interactions
among physical activity, lifestyle/dietary habits, and nutri-
tional status on the prevalence of asthma in 10- to 12-year-
old children residing in an urban environment (i.e., Central
Athens area) and two rural areas (i.e., Ilia, south of Athens,
and Viotia, north of Athens) in Greece.

METHODS

Study’s Sample

The extended Physical Activity, Nutrition and Allergies in
Children Examined in Athens (PANACEA) study took

*Corresponding author: Demosthenes B. Panagiotakos, Department of
Nutrition and Dietetics, Harokopio University, Athens, Greece; Tel: þ30210
9603116; Fax: þ30210 9600719; E-mail: d.b.panagiotakos@usa.net

342



place during 2005–2009 (12). It included 700 students
aged 10–12 years from 18 schools located in various dis-
tricts of Central Athens, 300 students from 7 schools
located in Ilia county and 125 students from 3 schools
located in Viotia county of the same age distribution. The
schools were randomly selected from a list provided by the
regional education offices, and the sampling was equally
distributed between September and May for all areas.
Overall, 1125 students (529 boys and 596 girls) aged
10–12 years were voluntarily enrolled in the study. Only
premenstrual girls were included and the overall participa-
tion rate was 83.5%. The total number of enrolled children
(n ¼ 1125) was deemed adequate in order to evaluate the
differences in odds ratios (ORs) between the various
groups of study equal to 1.20 at probability level <.05
and achieve statistical power equal to 77% (G-Power free
software, Kiel University, Kiel, Germany).

MEASUREMENTS

Evaluation of Asthma Symptoms

Asthma symptoms were evaluated using the International
Study of Asthma and Allergies in Childhood (ISAAC) (18)
standardized and validated self-administered question-
naire. More specifically, the duration and the assessment
of asthma symptoms was based on four questions regard-
ing whether the child (1) ever had wheezing; (2) ever had
disturbed sleep due to wheezing; (3) ever had asthma; and
(4) ever had dry cough at night, excluding cases of cold or
chest infection.

Evaluation of Physical Activity Status during Leisure Time
and Sports

Physical activity status was evaluated using a relevant
questionnaire that has been shown to be a reliable and
valid instrument of physical activity in children (19). The
30 questions of this tool include information on the dura-
tion, the frequency, and the intensity of several types of
sport and non-sport activities. The questionnaire also
includes information on the time spent in activities such
as watching television and playing video games. The ques-
tionnaire was completed by the children, with the assis-
tance of their parents, when needed. A detailed description
of the questionnaire has been presented elsewhere (10).
Definitions of physical activity are as follows: (1) “leisure
time physical activity” includes unstructured outdoor phy-
sical activity of the child spent in play with friends out-
doors, walking, cycling, and so on; (2) “sports-related
activity” is defined as those structured athletic activities
(soccer, basketball, tennis, swimming, and other team
sports) during off-school hours; and (3) “any type of phy-
sical activity” includes both leisure time (unstructured) and
sports-related activities. Physical activities during school
hours were not included in the analysis; these represent a
(almost) constant factor for all children as they comply
with the directions of the NationalMinistry of Education to
all schools.

Dietary Evaluation and Adherence to the Mediterranean
Diet

Dietary evaluation was based on a validated semi-
quantitative Food Frequency Questionnaire, which was
designed for the study and was completed by the children
with the assistance of their parents, when needed (20).
Adherence to the Mediterranean diet was evaluated using
the KIDMED index (Mediterranean Diet Quality Index for
children and adolescents) (21). The total score was divided
into three categories: (1) �8, optimal diet; (2) 4–7,
improvement needed to adjust intake to Mediterranean
patterns; and (3) �3, very low diet quality.

Evaluation of Socio-Demographic and Anthropometric
Characteristics

Information on socio-demographic characteristics (age,
sex, parental occupation, and income) was also retrieved;
it is described in detail elsewhere (10). Standing height to
the nearest 0.1 cm after children had removed their shoes
and body weight to the nearest 0.1 kg on calibrated digital
scales were measured using standard procedures. BMI
was calculated and the children were classified as normal,
overweight, or obese by using the international cutoff
points for BMI for overweight and obesity according to
sex between 2 and 18 years (22). Information on birth
weight was obtained from the child’s personal health
booklet.

Geo-Climatic Information of Cities

Macro-environment was one of the target factors evaluated
in this work. Climatic data such as relative humidity,
temperature, and average rainfall of the sampled urban
and rural areas are presented (23). Athens is the capital
and the largest city in Greece and is characterized as an
urban area with high population density. Its climate is drier
compared with other Greek cities, with relative humidity
ranging from 46.7% to 70.1% and temperature ranging
from �3.2�C to 42.0�C. The average rainfall in the area
is 5.2–64.1 mm, and the air pollution is characterized by
high concentrations of particles and photochemical smog.
All schools surveyed were within the center city area. On
the other hand, the surveyed areas of Ilia and Viotia are
open country rural areas with low population density. In
detail, Ilia is a county in Western Greece (to the south of
Athens), which consists of a flat agricultural area with
relative humidity from 62.9% to 79.4%, temperature
range from �5.8�C to 42.4�C, and average rainfall from
4.5 mm to�194 mm. Viotia is settled in Central Greece (to
the north of Athens) and consists of flat and mountainous
areas with agricultural and industrial development.
Viotia’s average temperature ranges from �2.6�C to
41.1�C, average relative humidity ranges from 47.6% to
74.6%, and average rainfall ranges from 7.0 mm to 99.3
mm. Based on the above data, it is deduced that the
climatic differences between the urban and the rural areas
of the study are not extremely pronounced apart from the
fact that Athens city is characterized by high photochemi-
cal smog. Although there are no available relevant data
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from the rural areas, it is worth mentioning that Viotia is
expected to have a higher concentration of atmospheric
particle load due to its more industrialized characteristics
compared with Ilia.

Bioethics

The study was designed according to the principles of the
Declaration of Helsinki (1989). The protocol of the study
was approved by the Research Department of the
Education Institute of the Hellenic Ministry of Education,
which is the government office responsible for granting
ethical approval in order to perform studies in school
settings (approval number 29712/G7/2006).

Statistical Analysis

All continuous variables are presented as mean � SD and
categorical variables as frequencies. Associations between
categorical variables were tested using the χ2-test, and
comparisons between proportions were evaluated using
the Z-test. Comparisons between mean values were eval-
uated using the Student’s t-test, after checking for normal-
ity of distributions or the Mann–Whitney test. To assess
the relationship between asthma symptoms and leisure
time activities multiple logistic regression analysis was
applied, adjusting for various factors that were considered
to be potential confounders or effect mediators. The results
are presented as ORs and their corresponding 95% con-
fidence intervals (CIs). Hosmer–Lemeshow statistic was
calculated in order to evaluate the model’s goodness of fit.
All reported probability values (p-values) were based on
two-sided hypothesis and compared with a significance
level of 5%. SPSS 18 software was used for all the calcula-
tions (SPSS Inc., Chicago, IL, USA).

RESULTS

Urban/Rural Environment and Asthma Symptoms

The prevalence of asthma symptoms (i.e., current and ever
had) is presented by area of residence in Table 1. Since
there was no difference in the prevalence of asthma symp-
toms between the two rural areas (p ¼ .29), these were
combined in the analysis. The overall asthma prevalence
was 23.7% (boys, 27.6%; girls, 20.4%; p ¼ .03) in the
urban area of Central Athens and 14.6% (boys, 18.4%;
girls, 11.0%; p¼ .01) in the (combined) rural environment
of the study. Data analysis showed that the prevalence of
asthma symptoms was higher in the urban compared with
the rural environment (p < .001).

Moreover, as previously reported (10), children living
in Central Athens showed 1.78 times higher likelihood of
exhibiting asthma symptoms compared with those residing
in rural areas (OR ¼ 1.78, 95% CI ¼ 1.25–2.54), after
adjusting for age and sex.

Physical Activities, Dietary Habits, Lifestyle, and Asthma
Symptoms

A highly significant overall association was observed
regarding living area and “any type of physical activity”

(prevalence of physical activity in urban vs. rural areas:
52% vs. 67%, p < .001). Further analysis revealed that
only “leisure time activity” was inversely associated with
asthma symptoms (asthmatic: 1.6� 1.6 vs. non-asthmatic:
2.1� 2.0 times/week, p< .001). No significant association
was observed regarding organized “sports-related activity”
(p ¼ .17) or “any type of physical activity” (p ¼ .86).

Socio-demographic and lifestyle habits of 10- to 12-
year-old asthmatic and non-asthmatic children with regard
to their place of residence are presented in Table 2. In
particular, when the analysis was stratified by asthma
symptoms, it revealed that children living in urban envir-
onment were less likely to adhere to a Mediterranean diet-
ary pattern (as reflected by a lower total KIDMED scores,
p < .01) compared with children living in rural areas,
irrespective of the status of their asthma symptoms. In
addition, children living in urban areas were less likely to
be engaged in “leisure time physical activity” compared
with those living in rural areas, irrespective of asthma
symptoms’ status (Table 2).

Urban/Rural Environment, Leisure Time Physical
Activity, and Asthma Symptoms

Unadjusted analysis showed that “leisure time physical
activity” was inversely associated with asthma prevalence
(OR ¼ 0.85, 95% CI ¼ 0.77, 0.93). However, despite this
association, residual confounding may still exist. Thus,
multiple logistic regression analysis was applied
(Table 3) in order to evaluate “leisure-time physical activ-
ity” of children in relation to the prevalence of asthma
symptoms, after taking into account potential confounders.
It is evident that after adjusting for age, sex, BMI, and
KIDMED score (Table 3; models 1, 2, and 3), “leisure time
physical activity” still showed an inverse association with
asthma symptoms. However, when the living environment
factor (i.e., rural vs. urban) was entered in the model the
association between “leisure time physical activity” and
asthma ceased to be significant (Table 3; model 4). It is
noted that no association was observed between asthma
symptoms and either “any type or sports-related physical

TABLE 1.—Prevalence of asthma symptoms among 10- to 12-year-old
children living in urban (Athens) and in rural areas (Ilia and Viotia).

Urban areas, Athens
(n ¼ 700)

Rural areas, Ilia and
Viotia (n ¼ 425) p

Any asthma symptoms
(ever) (%)

23.7 14.6 <.001

Current asthma (%) 7.0 11.0 .05
Night cough

(ever) (%)
12.8 13.2 .85

Exercise wheeze
(ever) (%)

4.5 4.1 .72

Wheeze-limiting
speech (ever) (%)

5.1 1.8 .15

Wheeze disturb sleep
(ever), %

<.001

<1 time/week 19.6 3.3
>1 time/week 6.6 7.3

Note: P-values are derived using χ2-test.
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activity,” after adjusting for all the covariates included in
model 4 (data not shown). When the analysis was stratified
by area of residence, it was observed that there was a
protective trend against asthma symptoms with the
engagement of children in outdoor “leisure-time physical
activity” only among children living in rural areas (OR ¼
0.88, 95% CI ¼ 0.77–1.01); indeed, no such trend was
observed in children who lived in urban areas (OR¼ 1.13,
95% CI ¼ 0.77–1.66).

Furthermore, the inverse association between BMI and
asthma symptoms was sustained in all models, showing
that increased BMI was associated with a higher odds of
asthma symptoms (OR ¼ 1.05, 95% CI ¼ 1.01, 1.10),
regardless of area of residence. However, further analysis
revealed that this association was significant only in the
rural environment (37.7% overweight among asthmatics
vs. 26.3% overweight among non-asthmatics, p¼ .004 for
rural areas; 27.9% overweight asthmatics vs. 27.5% over-
weight non-asthmatics, p ¼ .608 for urban areas) (data
not shown).

DISCUSSION

Within the context of PANACEA study, we tested the
hypothesis that there is an interrelationship of living envir-
onment, physical activity, lifestyle/dietary habits, nutri-
tional status (BMI), and prevalence of asthma among
10-to 12-year-old children. We found a trend toward a

protective effect against asthma symptoms when children
were engaged in outdoor physical activities during their
leisure time. However, this trend was sustained only in the
rural environment when the two living areas were exam-
ined separately. Therefore, our findings suggest that resid-
ing in an urban compared with a rural area results in the
loss of the potential protective effect of unstructured phy-
sical activity on asthma symptoms.

Moreover, in agreement with previous findings of our
group (9, 10) and those of others (8, 24), we showed that
the increased BMI results in the deterioration of asthma
symptoms. Still, the finding that the BMI was positively
associated with the prevalence of asthma symptoms only in
the rural areas suggests that within an urban environment
lifestyle and/or environmental factors other than over-
weight and obesity play a more prominent role in deter-
mining the prevalence of asthma symptoms.

The results of the PANACEA study have suggested that
the prevalence of asthma symptoms in urban environment
is higher than that of rural areas. This has been confirmed
by a number of studies that have shown a marked differ-
ence in the prevalence of asthma between urban and rural
regions with asthma and wheezing prevailing in the urban
environment (10, 15–17).

Indeed, literature suggests that the area of residence and
residential environmental risk factors affect the prevalence
of childhood asthma (17, 25). Majkowska-Wojciechowska
et al. (26) showed that residing in a rural environment is

TABLE 3.—Results from additive multiple logistic regression models that evaluated the prevalence of asthma symptoms in 10- to 12-year-old children from urban
(Athens) and rural (Ilia and Viotia) areas.

Model 1 OR (95% CI) Model 2 OR (95% CI) Model 3 OR (95% CI) Model 4 OR (95% CI)

Age (per 1 year) 0.84 (0.67, 1.04) 0.80 (0.64, 1.00) 0.82 (0.65, 1.03) 0.82 (0.66, 1.03)
Boys versus girls (reference category) 0.62 (0.45, 0.85)* 0.66 (0.47, 0.91)* 0.64 (0.46, 0.90)* 0.65 (0.46, 0.90)*
Leisure-time activities (Y/N) 0.85 (0.77, 0.93)* 0.85 (0.77, 0.94)* 0.87 (0.77, 0.96)* 0.90 (0.79, 1.03)
BMI (per 1 kg/m2) – 1.06 (1.02, 1.11)* 1.06 (1.01, 1.10)* 1.05 (1.01, 1.10)*
KIDMED score (per 1 unit) – – 0.83 (0.76, 0.90)* 0.83 (0.76, 0.91)*
Rural versus urban (reference category) – – – 1.27 (0.77, 2.08)

Notes: BMI, body mass index. OR, odds ratio; 95% CI, 95% confidence interval.
*p < .01.

TABLE 2.—Socio-demographic and lifestyle habits of 10- to 12-year-old asthmatic and non-asthmatic children with regard to their place of residence.

Asthma, n ¼ 228 Non-asthma, n ¼ 897

Urban (n ¼ 166) Rural (n ¼ 62) p Urban (n ¼ 534) Rural (n ¼ 363) p

Age 11.2 � 0.7 11 � 0.7 .11 11.2 � 0.8 11.3 � 0.7 .08
Boys (%) 54.2 61.3 .33 43.6 46.3 .43
BMI (kg/m2) 20.6 � 3.7 20.4 � 3.6 .75 20.2 � 3.7 19.1 � 3 <.001
Overweight/obese (%) 27.9 37.7 .38 27.5 26.3 <.001
KIDMED score (0–12)a 4.1 � 1.6 4.8 � 2.0 .007 4.9 � 2.0 5.3 � 2.0 .002
KIDMED score �8b (%) 2.4 4.8 .02 14.4 14.9 .001
Any physical activity (%) 54.2 66.1 .10 32.5 67.5 <.001
Leisure time (times/week) 0.9 � 0.3 3.3 � 2.3 <.001 0.9 � 0.5 3.7 � 2.2 <.001
Sports activity (times/week) 4.0 � 3.6 3.3 � 2.7 .16 3.5 � 2.8 3.3 � 3.0 .33
TV/video games (hours/day) 2.4 � 1.2 2.2 � 1.1 .39 2.2 � 1.3 2.3 � 1.3 <.001

Notes: BMI, body mass index.
P-values are derived using χ2-test for the categorical variables, Student’s t-test for the normally distributed (i.e., age and BMI), or Mann–Whitney test for the skewed.
aAdherence to the Mediterranean diet was assessed using the Mediterranean and Diet Quality Index for children and adolescents (KIDMED) score.
bKIDMED �8 suggests an optimal diet (21).
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associated with lower prevalence of allergic sensitization
and allergic symptoms among schoolchildren and con-
cluded that several environmental and lifestyle risk and
protective factors in both rural and urban environments are
probably responsible for these findings. Our study shows
that boys carry a higher risk of exhibiting asthma symp-
toms compared with girls in both environments. This find-
ing is in agreement with other literature that suggests that
asthma is more frequent in boys than in girls before pub-
erty, while the gender ratio is reversed in adulthood (27).

Regarding the differences in the prevalence of asthma
symptoms between rural and urban areas, a number of
explanations have been invoked in their explanation. The
rapid increase in asthma prevalence in westernized socie-
ties has occurred in parallel with drastic change in diet,
which is one of the hallmarks of westernization. Therefore,
dietary factors may play a key role in affecting the complex
genetic and developmental pathophysiology of asthma
(28). It appears that the relationship between dietary pat-
terns and place of residence reflects not only the differ-
ences in eating habits but also the abandonment of the
traditional Mediterranean diet as an important conse-
quence of urbanized lifestyle (29). Indeed, according to
our findings, children living in urban areas were less likely
to adhere to the Mediterranean dietary pattern, as reflected
by lower total KIDMED scores compared with their peers
that reside in rural areas. Considering that children who
closely adhered to the Mediterranean diet had a lower
likelihood of reporting asthma symptoms compared with
those whose dietary habits deviated from this pattern in
urban and rural areas alike (10, 30–32), it can be surmised
that urban environment and lifestyle may, indeed, exert a
strong influence on the nutritional habits of children.

Apart from dietary factors, a highly significant associa-
tion was also observed between living area and physical
activity (of any type). This finding is consistent with the
results of previous studies, which have shown that rural
environment enhances the physical activity of children
(33, 34). The lower levels of physical activity observed
in urban areas have been attributed, at least in part, to
parental constrains due to the perceived risks regarding
safety in city environments (35, 36).

In addition, the rural areas of Ilia and Viotia are char-
acterized by greater humidity, lower temperature, and
greater average rainfall as compared with the city of
Athens. It is possible that these climatic conditions nega-
tively affect the occurrence of asthma symptoms (37) and
lead children to spend less time in outdoor play. However,
our results show that children living in rural areas spend
more time in outdoor physical activities as compared with
their peers residing in the city; they also experience less
asthma symptoms. These findings are in agreement with
those reported by a recent review study, which found that
children of rural areas spend more time in outdoor unstruc-
tured play as compared with those that reside in the city
(38). Therefore, the advantages of residing in a rural envir-
onment may overcompensate for the adverse climatologi-
cal conditions observed in the rural areas of this study
regarding asthma prevalence.

Furthermore, current evidence has linked a number of
physical and mental health benefits in children with
unstructured outdoor activity and time spent by them in a
natural environment such as a park or other recreational
areas (11). Thus, the lack of natural environment for
recreational activities in urban areas could be a critical
confounding factor that cancels the association between
leisure-time physical activities and asthma symptoms in
children living in urban environment. Moreover, recent
findings suggest that psychosocial distress (39), commu-
nity violence, and crime (40) are associated with asthma;
these phenomena, as expected, are more pronounced in
urban areas. It has also been shown that air quality has
deteriorated as a consequence of truck and other traffic-
related air pollution, while traffic and respiratory diseases
have increased among residents of urban environments
(41, 42). In particular, the results of a Greek study show
that nitrogen dioxide and sulfur dioxide were higher in an
urban as compared with a rural area, whereas ozone con-
centrations differed less between the two (16).

It is worth mentioning that while environmental expo-
sure of farm children to endotoxin has been associated with
reduced prevalence of asthma and atopy, thus lending
support to the hygiene hypothesis (43, 44), the findings
of a Greek study showed that the negative association
between rural living and the risk of atopy during childhood
was independent of farming practices; perhaps the pro-
found differences between the residential conditions of
rural Greece (i.e., lack of large animals in close proximity
to the residence) and the farming environment in Central
Europe may account for this discrepancy (45).

Limitations

It should be noted that the PANACEA study is a cross-
sectional survey and, therefore, cannot establish causal
relationships; its findings can only be used to state hypoth-
eses. Another limitation is the lack of measurements of
lung function and detection of allergens. Moreover, it lacks
objective assessment of physical activity, while dietary
habits and asthma symptoms are self-reported. Another
limitation is the lack of data on air quality, in particular
concentrations of small particles in urban and rural areas.
Lastly, although the sample size is relatively small when
compared with large international surveys, the values of
statistical power for all analyses were high (i.e., ,80%),
and attention was paid not to over-interpret the findings.

CONCLUSIONS

The results of this study show that leisure-time outdoor
physical activities of children residing in rural, but not
urban, areas may confer protection against asthma symp-
toms. The understanding of the complex relationships
between exposure and development of asthma symptoms
is important for the planning of effective primary and
secondary preventive strategies in order to reduce the
burden of asthma. Public health policymakers need to
focus their efforts on the planning of a sustainable natural
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environment, which will promote the physical health of
children and reduce the burden of childhood asthma.
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