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Summary Background. A steady growth in the prevalence of asthma and overweight in children has been observed over the last
three decades. There is a lot of evidence that obesity in children is a risk factor in the development of asthma.
Objectives. We examined the relationship between obesity and development of atopy and asthma in children aged 6–18.
Material and methods. A cross-sectional study was performed based on the medical records of 175 children and adolescents treated
at the allergology outpatient clinic with diagnosed atopic diseases. From the same age population of patients of the general medicine
clinic, the medical records of 207 children and adolescents were randomly chosen as a control group. In study group, atopy was confirmed with the use of skin prick tests or the measurement of specific IgE antibodies. The weight, height and BMI were determined
for all the studied children. Both groups were divided into subgroups of younger children (≤ 12 years) and adolescents (> 12 years).
Results. In both groups, overweight children (BMI > 25; > 85th percentile) were identified. The groups were uniform as regards gender,
age and BMI. The percentage of overweight children was greater in the group with atopy than in the control group (14.3% vs 5.3%;
p = 0.043). In the groups ≤ 12 and > 12, the percentage of overweight and obese children was higher in the group with atopy than in
the control group, but the difference was statistically insignificant (p = 0.142 and p = 0.061, respectively). In the group with atopy, the
number of overweight children suffering from asthma was significantly smaller in the group of younger children than in the group of
older children (7.4% vs 20.2%; p = 0.028). In the group with atopy, there were 148 children with correct body weight, out of which
2 children (1.3%) were diagnosed with asthma. 23 out of 25 overweight children (92%) were diagnosed with asthma (p < 0.001).
Conclusions. In the studied population of children and adolescents with atopic diseases, the prevalence of overweight was greater
compared with their healthy peers. Bronchial asthma is an atopic disease connected with a high prevalence of overweight and obesity
in the studied subjects.
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Background
Bronchial asthma is the most common chronic disease in
children. Asthma is a heterogenic disease with many phenotypes, depending on the clinical course, demographics and
pathophysiology. One of its phenotypes is asthma connected
with obesity. Bronchial asthma is the main cause of morbidity
in children in the USA [1]. A steady growth in the prevalence of
asthma has been observed over the last three decades and has
been attributed to the following: air pollution, smoking, lower
exposure to infections. At the same time, a growth in the rate of
overweight in children has been observed in developed countries [2]. According to American data, 25.7 million people suffer
from bronchial asthma in the USA, and 35.7 percent of the total
population in the USA suffer from obesity [3]. The prevalence of
overweight in children aged 6–11 in the USA has been found to
be 15.3%, and in the group aged 12–19, it is 15.5% [4]. The connection between overweight and asthma both in children and
adults has been confirmed [5]. There are a lot of mechanisms
responsible for this connection: diet (long chain fatty acids,) gastroesophageal reflux, hormonal disorders, breathing disorders
and chronic systemic inflammation [6].
The prevalence of overweight among US children increased
more than 10% between 1988–1994 and 1999–2000 [7]. The

population attributable risk of future asthma in children was estimated at 0.066, which means that 6.6% of newly diagnosed
cases of asthma in childhood are related to overweight. The
conducted meta-analysis demonstrated that a high weight at
birth increases the risk of the development of asthma by 20%
(RR 1.2; 95% CI 1.1–1.3), whereas overweight in children increases the risk of the development of asthma by 50% (RR 1.5;
95% CI 1.2–1.8). It is estimated that about 100,000 children in
the USA suffer from asthma caused by overweight [8]. A European study demonstrated that a rapid growth in body mass in
the first two years of life increases the risk of the development
of asthma by the age of six in children with low body mass at
birth [9]. The allergic phenotype of asthma occurs more often in
overweight children compared to their peers with correct body
mass, along with a growth in the prevalence of atopic diseases
– allergic rhinitis and atopic dermatitis [10]. Overweight has
been proven to be a risk factor in the development of asthma in
young children, whereas overweight and obesity in adolescents
and adults significantly deteriorates the course of previously diagnosed asthma [11]. The prevalence of asthma and obesity has
been growing over the last few decades in all age groups, but
the greatest rate of growth of both diseases has been observed
in children and adolescents. The problem of overweight especially affects the population of children in Poland. A comparison
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of the same population at the age of 14–16 in 2005 (655 subjects) and then in 2014 (438 subjects) demonstrated a growth
in incorrect body weight (BMI > 25) from 11% to 22% (p < 0.01)
[12]. An OLAF study of 17,000 children and adolescents aged
7–18 demonstrated an incorrect body weight in 18% of boys
and 14% of girls. This was confirmed by the UNICEF report from
2013 titled The conditions and the quality of life of children in
the developed countries. Comparative analysis, which demonstrates that the number of overweight children aged 11, 13 and
15 doubled in Poland over the last decade. This was the greatest growth in all countries included in the analysis (19 European
countries, as well as the USA and Canada) [13].

Group C consisted of 90 girls (43.5%) and 117 boys (56.5%). Patients with the above-mentioned ICD-10 were excluded from the
control group, and for randomization, a random number generator (losowe.pl) was used. Number of 207 randomly chosen patients guaranteed power test calculation for 0.8 by p-value 0.05.
The weight and height, as well as BMI, were measured in
all children. The BMI was compared against the percentile for
children of the same gender and age according to tables for the
Polish population [15]. A BMI less than the 5th percentile was
considered underweight, and a BMI above the 95th percentile
was considered obese. Children with a BMI between the 85th
and 95th percentile were considered to be overweight.

Objectives

Statistical analyses

We examined the relationship between obesity and the
prevalence of atopy and asthma in children aged 6–18.

Quantitative variables are shown as mean (M), standard deviations (SD), median (Me), lower quartiles (Q1), upper quartiles
(Q3) and extreme values (min, max). In the statistical analysis,
the Shapiro–Wilk’s W test and the Mann–Whitney U test were
used for quantitative variables. Qualitative variables are shown
in the tables as cardinality (n) and proportion (%). For qualitative
variables for 2 x 2 tables, Yates’s chi-squared test or Fisher’s exact
two-tailed test were used. Empirical distribution of age and BMI
differed significantly from theoretical normal distribution and for
these two variables, Kolmogorov–Smirnov and Lilliefors test for
normality by p < 0.05 was used. Calculations were performed using STATISTICA software (StatSoft Inc., Tulsa, OK, USA).

Material and methods
At the allergology clinic in Oleśnica, Poland, the medical records of 175 patients aged 6–18 (group S) were selected
from the total population of adults and children on the basis of
ICD-10 numbers of the most common atopic diseases: J45,
J45.9, J30.1, J30.2, J30.3, J30.4, L50, L20, L20.8, L20.9, L23
(bronchial asthma, allergic rhinitis, utricaria, atopic dermatitis,
allergic contact dermatitis). Group S consisted of 77 girls (44%)
and 98 boys (56%). Atopy was confirmed in all patients via skin
prick tests (Allergopharma GmbH, Germany), in compliance
with applicable procedures [14], or by establishing the presence
of specific IgE antibodies (ImmuCAP/Pharmacia, Pharmacia Diagnostics AB, Sweden). Height and weight were measured with
the use of the WPT 60/150 OW (RADWAG, Poland) electronic
weight scale with height measurement.
Out of 3,550 children assigned to 3 Primary Health Care
clinics (2 in Oleśnica, 1 in Bierutów), the medical records of 207
children aged 6–18 were selected randomly to group C (control).

Results
In group S, 25 patients were diagnosed with asthma and, additionally, allergic rhinitis. The other patients from group S were
diagnosed with allergic rhinitis (87 patients), atopic dermatitis
(13), urticaria (15) and allergic contact dermatitis (8). Some patients were diagnosed with more than one atopic disease: allergic rhinitis with atopic dermatitis (20) and urticaria with contact dermatitis (7). The average age in group S was 12.6 years ±

Table 1. General characteristics of the study groups
Feature (variable)

Study group (S)
(n = 175)

Control group (C)
(n = 207)

Total
(n = 382)

Gender:

Test result
(S vs C)

n

%

n

%

n

%

Female (F)

77

44%

90

43.5%

167

43.7%

Male (M)

98

56%

117

56.5%

215

56.3%

p = 0.999
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Age [years]:
M ± SD

12.6 ± 3.5

12.1 ± 3.6

12.3 ± 3.6

Me [Q1; Q3]

13 [9; 15]

12 [9; 15]

13 [9; 15]

Min–max

6–18

6–18

6–18

M ± SD

19.6 ± 3.9

18.9 ± 3.5

19.2 ± 3.7

Me [Q1; Q3]

19.1 [16.9; 21.8]

18.8 [16.2; 21.2]

18.9 [16.5; 21.3]

Min–max

13.2–30.4

10.2–32.3

10.2–32.3

p = 0.204

BMI [kg/m2]

Age group [years]:

n

%

n

%

n

%

≤ 12

81

46.3%

104

50.2%

185

48.4%

> 12

94

53.7%

103

49.8%

197

51.6%

13

7.4%

19

9.2%

32

8.4%

p = 0.123

p = 0.504

BMI [percentile]:
< 18.5 (< 5th P)
18.5–24.9 (5 ≤ BMI ≤ 85 P)

110

62.9%

145

70.0%

255

66.8%

25–29.9 (85th P < BMI ≤ 95th P)

27

15.4%

31

15.0%

58

15.2%

> 30 (BMI > 95th P)

25

14.3%

12

5.8%

37

9.7%

Yes

25

14.3%

0

0%

25

6.5%

No

150

85.7%

207

100%

357

93.5%

th

th

p = 0.043

Asthma:
p < 0.001
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Figure 1. Number of children in subgroups with different
atopy status and BMI and the result of independence test

>12

Obesity
(BMI > 95th P)

Age (years)

Group S – patients with atopy; BMI – body mass index;
P – percentile; < 12 – children up to12 years old; > 12 – children over 12.

Table 2. Number (percentage) of overweight children by age (years) in group S and C
BMI [percentile]

Study group (S)
(n = 175)

Control group (C)
(n = 207)

Age ≤ 12
(n = 81)

Age > 12
(n = 94)

p

Age ≤ 12
(n = 104)

Age > 12
(n = 103)

p

n

%

n

%

n

%

n

%

BMI < 5th P

11

6.0

21

10.7

6

5.8

13

12.6

5th P ≤ BMI ≤ 85th P

123

66.5

132

67.0

76

73.1

69

67.0

85th P < BMI ≤ 95th P

33

17.8

25

12.7

15

14.4

16

15.5

> 30 (BI > 95th P)

18

9.7

19

9.6

7

6.7

5

4.9

0.142

0.351

Table 3. Number of overweight children aged ≤ 12 and > 12 in both study groups
BMI [kg/m2]

Age ≤ 12
(n = 185)

Age > 12
(n = 197)

Study group S
(n = 81)

Control group C
(n = 104)

n

n

%

p

%

Study group S
(n = 94)

Control group C
(n = 103)

n

n

%

%

BMI < 5 P

5

6.2

6

5.8

8

8.5

13

12.6

5th P ≤ BMI ≤ 85th P

47

58.0

76

73.1

63

67.0

69

67.0

85th P < BMI ≤ 95th P

18

22.2

15

14.4

9

9.6

16

15.5

> 30 (BMI > 95th P)

11

13.6

7

6.7

14

14.9

5

4.9

th

0.150

p

0.063

Table 4. Prevalence of asthma in group S depending on age
Study group (S)
(n = 175)
Age ≤ 12
(n = 81)

Test result
Age > 12
(n = 94)

n

%

n

%

Asthma

6

7.4%

19

20.2%

No asthma

75

92.6%

75

79.8%

3.5, and the average BMI was 19.6 ± 3.9. In the control group (C),
the average age was 12.1 ± 3.6, and the average BMI was 18.9
± 3.5. Both of the compared groups were uniform as regard gender and age (p > 0.05). In group S, BMI was on average greater by
0.4 kg/m2 in comparison to group C, but the difference was not
statistically significant (19.1 kg/m2 vs 18.9 kg/m2; p = 0.123). However, the proportion of overweight and obese children in study
group S was greater than in control group C (p = 0.043) (Table 1).
Both study groups were divided into two subgroups: children up to 12 and children over 12 (S ≤ 12, S > 12, C ≤ 12 and C
> 12, respectively.)
In both groups S and C, no significant differences were observed in the number of overweight children (BMI > 25, above

p = 0.028

the 85th percentile) between the age subgroups ≤ 12 and > 12
(S: p = 0.142, C: p = 0.061). (Table 2 and Figure 1).
In the younger group (≤ 12), the percentage of overweight
and obese children was higher in group S than in group C, but
the difference was statistically insignificant (p = 0.150). In the
older group (> 12), the percentage of overweight and obese
children was insignificantly higher in group S than in group C
(p = 0.063). A correlation between atopy and body mass in the
analyzed age groups was not observed (p > 0.05) (Table 3).
In group S with the total of 25 children diagnosed with bronchial asthma, 6 children were in group aged ≤ 12 (7.4%) and 19
children were in group aged > 12 (20.2%) the difference was
statistically significant (p = 0.028) (Table 4 and Figure 2).
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Studied group S
Chi-square Test
Chi-squared
test

2 = 4.83, df = 1, p = 0.028

Number of children

80
60
40
20
0

<12

>12

<12

Asthma: Yes

Figure 2. Number of children in subgroups with different age
and diagnosed asthma and the result of independence test

>12

Group S – patients with atopy; Asthma: Yes – patient with
doctor-diagnosed asthma; < 12 – children up to 12 years old;
> 12 – children over 12.

Asthma: No

Age (years)

Table 5. Prevalence of asthma in group S depending on body weight
BMI [percentile]

Study group (S)
(n = 175)

Test result

Asthma
(n = 25)
n

No asthma
(n = 150)
%

n

%

Underweight BMI < 5 P

0

0

13

8.7

Normal range 5th P ≤ BMI ≤ 85th P

0

0

110

73.3

Overweight 85th P < BMI ≤ 95th P

7

28

20

13.3

Obese > 30 (BMI > 95th P)

18

72

7

4.7

th

p < 0.001

Studied group S

Pearson's
chi-squared
test
Pearson Chi-square
Test

Number of children

2 = 91.5, df = 3, p < 0.001
150
100
50
0

Yes

No

Yes

Underweight
(BMI < 5th P)
150
100
50
0

Yes

Norm
(5th P < BMI < 85th P)

No

Yes

Overweight
Overweight
(85thPP<<BMI
BMI <
< 95th
95th P)
(85th
P)
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No

Asthma

No

Obesity
(BMI > 95th P)

In group S, there were 148 children with correct body
weight, and only 2 of them (1.3%) were diagnosed with asthma. As many as 23 out of 25 overweight children (92%) were
diagnosed with asthma. In group S, the prevalence of asthma
in overweight children (above 85th percentile) was significantly
higher in comparison with the group with normal body weight
(p < 0.001) (Table 5 and Figure 3).

Discussion
Atopy, a family history of asthma and air pollution are well-recognized risk factors of the development of asthma in children. A growth in the prevalence of overweight and bronchial
asthma in children has been observed over the last three decades in developed countries. Obesity in children has become

Figure 3. Number of children in subgroups with different
body mass index and diagnosed asthma and the result of
independence test
Group S – patients with atopy; BMI – body mass index; P –
percentile; Asthma: Yes – patient with doctor-diagnosed
asthma.

a global problem for public health, especially in developed
countries. Statistical data from the USA, Great Britain and Holland demonstrate that the prevalence of overweight children
and adolescents remained at the same level (about 20%) in
1995–2008 [16]. Newer studies from the USA have been less
optimistic, and they estimate the prevalence of obesity in children aged 2–9 at 17% [17].
The significant growth in the percentage of overweight
adolescents aged 12–18 observed in our study compared to
children aged 6–12, along with a growth in the prevalence of
asthma in older children, demonstrates that apart from the genetic factors, a change of lifestyle, including diet, lower physical
activity, as well as early exposure to various environmental factors, can also affect the development of asthma in children. This
is why epigenetic mechanisms can influence the development
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of asthma and obesity [18]. Single studies demonstrate the protective effect of a diet rich in vegetables, fruit and fish during
pregnancy on the maturation of the immune and respiratory
systems [19]. The influence of gender on the prevalence of asthma in children of incorrect weight is inconclusive. Several papers have published contradictory results [20, 21]. The relationship between overweight and asthma in children is complex and
covers both genetic and epigenetic factors, as well as environmental factors (diet, stimulants, physical activity, smoking), the
mechanical effect on lung function (small restriction), as well as
minimal systemic inflammation (growth in the concentration of
interleukin 6 and leptins, increased concentration of adiponectin) [22]. A positive influence of the reduction of body mass on
the course of asthma was observed in obese adult patients [23].
The analysis of the correlation between asthma and overweight
in the population of children and adolescents in Oleśnica confirms the general trend of connecting the epidemic of asthma
and obesity. The growth in the prevalence of overweight and
asthma in the studied group aged over 12 in comparison with
children aged 6–12 is especially alarming. Overweight in the
group aged 12–18 is probably the result of the limiting of physi-
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cal activity and adverse eating habits connected with the less
strict supervision of a child’s diet by parents. The universal introduction of education regarding a healthy lifestyle and proper
diet in children and adolescents in Poland is an urgent challenge
for doctors and the health care system.

Limitations of the study
Limitations of this study included the small size of the cohort and the probable underestimation of atopic disorders in
the control group. Additionally, BMI in children and adolescents
is an imperfect proxy for body fat [24].

Conclusions
The prevalence of overweight in the studied population of
children and adolescents with atopic diseases was higher than
among their healthy peers. We thus concluded that atopy and
asthma in children aged 6–18 may lead to a higher risk of overweight and obesity in children and adolescents, which needs to
be confirm in further studies.
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