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of Physiology and Biochemistry, Poznan University of Physical Education, Poznan, Poland, *Biegaj Dla
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Background: Pediatric paranasal rhinosinusitis is one of the more common
pediatric diseases of the upper respiratory tract and it entails significant
morbidity. Most commonly, it is caused by a viral infection of the nasal mucosa,
which spreads through the natural passages within the cavities of the paranasal
sinuses, leading to inflammation of the mucosa that lines the nasal cavity and
paranasal sinuses.

Methods: The objective of this cohort study was to assess whether there is a
correlation between pediatric rhinosinusitis, physical activity, and selected
dietary habits among pupils aged 6 to 16years from elementary schools in
Wroctaw, Poland. This study — as part of the pro-health program “Let us Get the
Kids Moving” — is also aimed at establishing factors that potentially predispose
children to developing RS. The survey study was conducted on a group of 2,458
children and adolescents from elementary schools in Wroctaw. The age of
the examined children ranged from 6 to 17 years (mean = 10.8 years; standard
deviation =2.7).

Results: Rhinosinusitis was more common in the children aged 13-17years
than in those aged 6-9years (6.4% vs. 1.5%; p<0.001) or 10-12years (6.4 vs.
2.6%; p<0.001). The study revealed a significant positive correlation between
rhinosinusitis development and several variables: age>1lyears, attending
swimming classes fewer than 1-2 times a week, using a computer, consuming
milk, salty snacks, and carbonated sweet drinks, consuming fruit fewer than
1-2 times a week, not attending physical education classes, eating fewer than 4
meals, and not eating breakfast at home (p <0.05).

Conclusion: It is of great importance to establish preventive measures against
recurrent upper respiratory tract infections that may predispose children
to rhinosinusitis. Introducing healthier, traditional dietary habits and regular
physical activity in children and adolescents may result in normal and adequate
immune response and proper functioning of the inflammatory control system.
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1 Introduction

Pediatric paranasal rhinosinusitis (RS) is one of the more common
pediatric diseases of the upper respiratory tract and it entails
significant morbidity. Most commonly, it is caused by a viral infection
of the nasal mucosa which spreads through the natural ostia into the
paranasal sinuses, leading to inflammation of the mucosa. The
prevalence of acute RS in the pediatric population accounts for 6.5 to
13% of the patients with upper respiratory tract infections (URTI) (1).
RS occurs as an effect of URTT in approximately 7.5% of children (2,
3). Its exact etiology remains unknown with viral, bacterial, or fungal
infections, environmental irritants, allergies, and anatomical
abnormalities being possible pathological factors. The characteristic
symptoms of pediatric RS are nasal obstruction and/or excessive
discharge of pathological secretions, pain or a feeling of pressure the
face, and/or coughing, accompanied by characteristic endoscopic or
sinus CT scan findings such as mucosal edema, nasal discharge, or
nasal polyps. A diagnosis of acute RS, defined as an inflammation of
the mucosal lining of one or more of the paranasal sinuses, is
established when the aforementioned symptoms last less than
12 weeks, chronic RS can be diagnosed when the symptoms of sinus
inflammation persist longer than 3 months despite proper standard
treatment (4-6).

RS impairs self-perceived well-being in children and has a
detrimental effect on children’s and adolescents’ quality of life because
it may affect patients’ physical and mental health. It also has a negative
impact on children’s learning and examination performance on exams.
The consequences of rhinorrhea, congestion, and frequently associated
symptoms such as sneezing, headache, fatigue, and lack of
concentration may lead to sleep-disordered breathing and are
connected to disturbances in learning performance, social
relationships, mood, and attention. RS may result in sleep difficulties
that lead to chronic daily fatigue, negatively influence studying
process, and predispose to school absences. Thus, school performance
in children and adolescents around the world is globally
reduced (7-10).

The objective of the study was to assess if a correlation exists
between pediatric chronic RS, physical activity (PA), and selected
dietary habits in pupils ranged from 6 to 16 years from public schools
in Wroctaw, Poland and to establish the risk factors of developing
chronic RS. The pro-health program called “Let us Get the Kids
Moving” [“Uruchamiamy dzieciaki”] is a comprehensive survey study
of children and adolescents with regard to their medical condition, the
environmental and social factors that affect way of life, and the
occurrence of variables associated with the development of selected
non-communicable diseases.

2 Study design

The data showed in this study was acquired from the pro-health
project “Let us Get the Kids Moving,” which was started in 2016 and
was formed and arranged by the Wroclaw Medical University and the
“Run for Health” foundation. “Let us Get the Kids Moving” Moving”
is a school-based weight gain prevention program focus on parents,
physical education teachers, and trainers through promotion of
healthy lifestyle, as well as PA and a healthy food choice. It also aimed
at drawing attention to the problem of excessive weight gain and
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evaluating factors and associated comorbidities, as well as educating
teachers and parents. ,,Let us Get the Kids Moving” was designed to
support school environments and families to focus on PA and a
healthy diet. The program’ principal pillars comprise of: diagnostics,
treatment, and prophylaxis. Wroclaw Medical University specialists
created special questionnaire which was used in this survey study (the
study questionnaire was included as an Appendix). School
coordinators were responsible for distribution of questionnaires and
handed out to children’s and adolescents’ caregivers during seasonal
school interviews in the 2018-2019 and 2019-2020 school years. 31
elementary and junior high schools in Wroclaw obtained this parent-
adolescent- reported questionnaire regarding chronic RS, PA,
sedentary behaviors and dietary habits in children and adolescents.
Regarding the fact that parents of older children and adolescents may
not be completely aware of their dietary habits and/or what activities
they are engaged in, in case of older children and adolescents
questionnaire was completed together by a parent and their peer. The
questionnaire was handed out to 10,000 families and the response rate
was 33%.

A computer-generated program was used to randomly select 31
out of the 53 public schools in the city. All children from 7 to 18 years
old who reside in Poland are entitled to free education in state-run
school facilities. At the time of the study, the system of compulsory
education included 1year of preschool, 6years of elementary school,
3years of junior high school, and finally high school. These schools
follow the Polish national curriculum and the governments rules for
assessing students established by the Ministry of Education. The part
of the survey regarding PA consisted of questions concerning the
child’s attendance in physical education classes at school. The
participants were also asked to estimate the frequency of PA lasting at
least 45min in the last week; how much time per week the child
spends doing popular sports, e.g., swimming; how much time per
week is spent doing outdoor activities; how much time per week is
spent on inactive behavior, e.g., sitting in front of a computer, TV, or
smartphone; and whether the individual takes part in any additional
organized sports activities outside of school. The survey also contained
questions about comorbidities (including asthma, gastroesophageal
reflux disease) dietary habits, namely, the number of meals, the
consumption of snacks and breakfast, the eating of meals outside the
home or school, and any specific diet that is followed. The diagnosis
of chronic RS was defined as a physician diagnosed confirmed by
otolaryngologist, multifactorial inflammatory and infectious process,
covering the mucous membrane of the nose and paranasal sinuses.
Confirmation of chronic RS symptoms included two or more of the
following signs or symptoms for 12 weeks: nasal obstruction or nasal
discharge of pathological secretions (anterior or posterior drip), pain
or a feeling of pressure the face, and/or coughing. A positively worded
questionnaire item with related numerical codes was used in
this research.

The study was anonymous and voluntary. The Local Ethics
Committee of Wroctaw Medical University (KB-738/2018) approved
the study. All children and adolescents and their caregiver took part
in the project voluntarily and could discontinue their involvement at
any time without consequences. The exact character and aim of the
project was explained to all participants; in each case, consent to take
part in the study was formally expressed. The ethical standards
established in the 1964 Declaration of Helsinki and its later
adjustments were a priority during conducting this study.
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2.1 Data analysis

Statistical analyses were done using Dell Statistica 13.1 (TIBCO
Software Inc., United States). The descriptive statistics are presented
as mean values (M), standard deviation (SD), median values (Med),
odds ratios (OR), and 95% confidence intervals (95% CI). The
categorical variables were calculated as frequencies (percentages). The
normality of distribution was determined using the Kolmogorov-
Smirnov test. As there was a strong correlation between some of the
independent (descriptive) variables — such as the child’s age, weight,
and height - a multivariate logistic regression analysis was performed.
For all tests, p <0.05 was considered statistically significant.

3 Results

The survey study was conducted among a group of 2,458 children
and adolescents from primary schools in Wroclaw. The research was
conducted from 2018 to 2020 as part of the second round of the
program “Let us Get the Kids Moving” The age of the examined
children ranged from 6 to 17years (M =10.8years; SD =2.7 years)
(Figure 1). Among the examined children, girls constituted 50.6%.
Pupils were divided into three following age groups. Group 1: children
between 6 and 9years of age, group 2: children aged 10-12years, and
group 3: children between 13 and 17 years of age. The division into
three groups results from the structure of education in Poland. The
youngest children covered by early childhood education: (children
between 6 and 9years of age), group two: children 10-12years
(teaching in grades 4-5) and group 3: children between 13 and
17 years of age-teaching divided into individual items. Based on the
weight and height measurements of the children, the nutritional status
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index (Cole’s Index [CI]) was calculated. CI adjusts the BMI
distribution for skewness and allows BMI in individual subjects to
be expressed as an exact centile or SD score. The following
interpretation of the CI was adopted: (1) 79% and less — underweight;
(2) 80-89% - thinness; (3) 90-109% - normal weight; (4) 110-119%
— overweight; and (5) 120% and above - obesity. The percentage of
children with normal body weight in the age group of 10-12 years was
significantly lower than in the age group of 6-9 years (48.1% vs. 54.8%;
p=0.005) and in the age group of 13-17years (48.1% vs. 53.4%;
p=0.040) (Figure 2). The majority of surveyed children lived in 37.5%
in the southern (37.5%) and eastern (28.5%) in eastern parts of the
city. The incidence of chronic RS was not related to gender or place of
residence (p>0.05).

3.1 Rhinosinusitis

In the study group, the incidence of chronic RS significantly
depended on the child’s age (p <0.001, Figure 3). Chronic RS was more
common in children aged 13-17years than in those aged 6-9years
(6.4% vs. 1.5%; p<0.001) or 10-12years (6.4 vs. 2.6%; p<0.001)
(Table 1). Figures 4, 5 present the differences in the prevalence of
chronic RS by age group, as well as the estimation of chronic RS
prevalence by age (p<0.01). A statistically significant correlation was
found between age and the presence of chronic RS (p <0.01). We found
that children with chronic RS were older than those without RS. In
our study, older children had a greater tendency to develop chronic
RS (percentiles- the 25th, 50th [median], and 75th percentiles were
lower for children without RS).

The study revealed a significant positive correlation between RS
development and several variables: age>1lyears, attending

450

TestK-S:d=0,137; p<0,01
Medium M =10,8yrs; SD = 2,7 yrs
Me = 10yrs; Q1 = 9yrs; Q3 =13 yrs

400
350
300
250
200
150
100

50

Number of children

9 1

FIGURE 1

statistics.

0

Age

Age histogram of the examined children against a normal distribution and the results of the Kolmogorov-Smirnov normality test and basic descriptive

1 12 13 14 15 16 17

Frontiers in Public Health

03

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1290307
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Pazdro-Zastawny et al.

10.3389/fpubh.2023.1290307

FIGURE 2

60%
54,9%
) 53,4%
50% 48,1%
40%
30%
19,9% )
20% 18,0%
14,5% 13,9% 0 14,19>°%
12,6% 12,7%, S !
10% 7,3% %
5,4% 6,6%
0%
6 - 9years 10-12 years 13- 17 years
B undenweight thinness ' normal weight overweight B obesity

Percentage of examined children in subgroups differing in age and weight assessment.

1000

Chi-square test:
v2=242, df=2,p<0.001

800
600
400

D)
200 21.7%

Yes No

Age from 6 to 9 years
1000

29.8%

Yes No

Age from 10 to 12 years

800
600
400
200

Number od childrens

Yes No
Age from 13 to 17 years

Rhinosinusitis

FIGURE 3

Number (percentage) of children with rhinosinusitis according to age (Pearson’s chi-square test).

swimming classes fewer than 1-2 times a week, using a computer,
consuming milk, salty snacks, and carbonated sweet drinks,
consuming fruit fewer than 1-2 times a week, not attending physical
education classes, eating fewer than 4 meals, and not eating
breakfast at home (p <0.05) (Tables 2, 3). The independent factors
increasing the risk of RS were an age of 11 years or more, not taking
part in physical education classes, eating fruit fewer than 5-6 times

Frontiers in Public Health

a week, and eating salty snacks at least 1-2 times a week (Table 4).
The detailed analysis did not indicate statistically significant
differences in the prevalence of asthma, allergic rhinitis, gastro-
esophageal reflux disease and passive smoking between children
with RS and those without (p values more than 0.05; data not
presented). None of examined children and adolescents were
active smokers.
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TABLE 1 Number (percentage) of children with rhinosinusitis, by age.

6-9 10-12 13-17
years years years
N=919 N=835 N=704
Rhinosinusits 14(15%)  22(26%) | 45(6.4%) ‘ <0.001 ‘
Test U Mann-Whitn m Median
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FIGURE 4

Age of children with and without rhinosinusitis and the results of the
significance test.
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FIGURE 5

Receiver operating characteristic curve for estimating the chance of
developing rhinosinusitis, based on the child's Number (percentage)
of children with rhinosinusitis according to age (Pearson’s chi-square
test).

4 Discussion

Pediatric RS almost always occurs as a complication of common
cold. Most commonly, a viral URTT causes RS secondary to edema of
the nasal mucosa, overproduction and retention of secretions,
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impaired cilia function, obstruction of the sinus ostia, consequently
leading to chronic inflammation of the mucosa covering the nasal
cavity and the paranasal sinuses. The average child has between 6 and
8 episodes of colds annually, and it has been estimated that 5 to 10%
of all URTT are complicated by RS (11, 12). Chronic RS in the pediatric
population is multifactorial, and therefore requires a multifaceted,
multidisciplinary approach. Understanding the complex etiology of
this disease is crucial in choosing the optimal treatment. Chronic RS
results from anatomical, histological, and immunological differences,
as well as from the influence of specific factors predisposing them to
the development of this disease.

It has been estimated that chronic RS is diagnosed in 2.1% of
patients younger than 20years in ambulatory health care visits per
year (13) and the prevalence is increasing with age (14). RS develops
in the most aired paranasal sinuses depending on their development
and increasing size. The maxillary sinuses are the first of the paranasal
sinuses to develop and grow progressively until the end of puberty.
Small anterior ethmoid air cells are present at birth. There are two
phases of rapid development of ethmoid sinus: during the first 2 years
oflife and before young adulthood. Complete development of ethmoid
sinus occurs by the age of puberty. In school-aged children, the
maxillary sinuses grow and reach full size around the age of 15, along
with the sphenoid sinuses. The last to develop are the frontal sinuses
- they are fully formed by the age of 21. The ostiomeatal complex is
not fully developed in the youngest children. In our study, which
included children ranged from 6 to 17years of age, a statistically
significant relationship between the occurrence of sinusitis and age
was revealed. The age of 11 years was identified as a factor contributing
to RS. Gilani et al. showed that children in the age group of 5 to
15-year-old are more likely to be affected by RS (13). Chronic RS is
common disease in children at different ages (15) and affects both
children and adolescents.

The biological pathway explaining the features of the chronic RS
phenotype is characterized by continuous inflammation of the sinus
mucosa. It can lead to its dysfunction and promote colonization of
paranasal sinus with dysbiotic bacterial flora disturbing microbiome
homeostasis of the sinuses. Due to the multifactorial inflammatory RS
pathogenesis, with both individual and environmental factors, the
importance of dietary modification as a complementary adjunct to
existing medical therapies is emphasized. Specific dietary changes that
contribute to inflammation reduction could be beneficial in chronic
RS management and should be considered as a supplementary process
in enhancing effects of conventional RS treatment (16).

In our study, the factors that significantly correlated with the
occurrence of RS were eating fewer meals (<4), consuming salty
snacks, consuming fruit less frequently, and consuming sugary
carbonated drinks. RS may be promoted by an excessive body weight
and/or the association of genetic, environmental, social and economic
factors that may lead into its development (17).

In recent years, traditional diets enriched with fresh, plant-based
foods have been gradually abandoned, while the consumption of
animal-based and highly processed foods has increased. Individual
dietary factors, the consumption of specific foods and dietary
components, seem to have an effect on inflammation (18). The
influence of dietary macronutrients like sugar and fats on
inflammation induction through activation of Toll-like receptor 4 is
emphasized. A diet low in fruits and vegetables affects the microbiome
and changes both, the structure and function of the mucous
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TABLE 2 Variables significantly correlating with the presence of RS.

Variables correlating with RS

10.3389/fpubh.2023.1290307

Rhinosinusitis (RS)

Yes No
Age >11 years 125+2.6 10.7 £2.6 <0.001
Attending swimming classes fewer than 1-2 times a week 1.05+1.20 1.32+1.07 0.003
Using a computer 3-4 hours or more on school days 1.07 £0.93 0.73+0.73 0.001
Using a computer 34 hours or more on weekends and holidays 1.73£091 1.38 £0.81 <0.001
Eating fruits fewer than 2 times a week 421+1.61 4.53 +£1.34 0.037
Consuming milk 3.84+1.55 4.16 +1.45 0.049
Consuming salty snacks 216+ 141 1.78 £1.23 0.007
Consuming carbonated sweet drinks 1.31 £1.36 1.01 £1.16 0.023

Quantitative variables are presented as means + SD and qualitative variables as 1 (%). p, significance level; OR, odds ratio; 95% CI, 95% confidence interval.

TABLE 3 Comparison of various behavioral patterns in children with and without RS.

Variables correlating with RS

Rhinosinusitis (RS)

OR (95% Cl)

Yes \[¢}
Not attending physical education classes 76 (93.8%) 2303 (98.0%) 0.031 0.31 (0.12-0.80)
Eating <4-5 meals per day 24 (29.6%) 416 (18.0%) 0.008 1.92 (1.18-3.14)
Eating breakfast at home 56 (69.1%) 1884 (83.7%) 0.001 0.44 (0.27-0.71)

Quantitative variables are presented as means + SD and qualitative variables as 1 (%). p, significance level; OR, odds ratio; 95% CI, 95% confidence interval.

TABLE 4 Logistic regression results for univariate and multivariate rhinosinusitis (RS).

Univariate model

Variables correlating with RS

Multivariate model
OR (95% ClI)

b P beta fo)
Age >11 years 1.281 <0.001 1.189 <0.001 3.28 (1.89-5.72)
Not attending physical education classes 1.171 0.016 1.226 0.016 3.41(1.26-9.17)
Consuming fruit fewer than 5-6 times a week 0.551 0.020 0.558 0.027 1.75 (1.07-2.86)
Consuming salty snacks at least 1-2 times a week 0.701 0.004 0.648 0.014 1.91 (1.14-3.20)

Quantitative variables are presented as means + SD and qualitative variables as n (%). p, significance level; OR, odds ratio; 95% CI, 95% confidence interval.

membrane. Limiting proteins and fats in the diet by promoting a diet
high in nondigestible carbohydrates may have a positive effect on the
gut microbiome (16, 19-21).

The anti-inflammatory effects of a diet rich in fresh and seasonal
foods; with a significant proportion of fruits, vegetables, legumes, and
whole grains; olive oil, seeds, and nuts as the main sources of fat;
limited consumption of proteins and fats of animal origin; and limited
intake of precooked and industrial foods (e.g., the Mediterranean diet)
have been observed in various studies (22, 23). Whole-grain foods
which are rich in bioactive elements with anti-inflammatory
properties, and as well as vegetables and fruits, are low-energy- dense
foods with high concentrations of water, fiber, and plentiful in
abundant antioxidant compounds and other anti-inflammatory
phytonutrients (24-28). It has also been suggested that such a diet
could control immune-based diseases (11, 19-22). The Mediterranean
diet was recognized by the WHO as a model of a healthy diet for both
children and adults. The basis of this diet is constituted by based on
products with a low glycemic index, which come from a full milling
such as whole grains. The incorporating into the diet a large number
of natural products, has imparts antioxidant, chemo- preventive, and
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anti-inflammatory effects, and results in the reduction triglycerides
and cholesterol levels, as well as postprandial glycaemia.

The incorporation of a traditional Mediterranean diet could be a
major contribution to improvement in patients with recurring colds
and frequent inflammatory complications. The limitation of products
such as white bread, no home- made store bought pastries, cow’s milk,
processed and red meats, carbonated drinks, and precooked fast food
is connected with a notable reduction in episodes of recurrent URTI,
its subsequent complications, and persistent nose obturation (29). An
unsuitable dietary pattern may lead to changes in the mucosa that
covers the nose and paranasal sinuses and may subsequently enhance
its pro-inflammatory and hyper-reactive potential.

The quality of the diet may reduce the frequency of inflammatory
processes in children. Thus, changing correcting certain nutritional
mistakes in the patients” diet may result in a significant reduction in
URTI. An unsuitable dietary pattern may lead to changes in the
mucosa that covers the nose and paranasal sinuses and may
subsequently enhance its pro-inflammatory and hyper-reactive
potential. Modification of nutritional habits may lead to reduction of
recurrent RS episodes (30). Gonzélez-Gil et al. evaluated the
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relationship between the consumption of food and the high-sensitivity
C-reactive protein, which is the most commonly assessed
inflammatory biomarker in clinical and epidemiological studies. It
was revealed that a dietary pattern in European children with excessive
consumption of sugar and processed products and rare limited
consumption of vegetables and fruits in European children presenting
excessive consumption of sugar and processed products, and limited
consumption of vegetables and fruits is independently is independently
related to increased levels of inflammatory markers. Thus, efforts
should be made to improve the quality of the diet in children and
adolescents in order to prevent future diseases related with chronic
inflammation (31). Regular moderate PA can enhance the immune
response (32). Physicians still forget to stress the importance of
adequate levels of PA (33). A study performed prospectively in a large
cohort of 1,509 Swedish men and women showed that high levels of
PA (~1h exercise/day) reduced the incidence of URTI (34). Our study
showed positive correlation between RS development and sedentary
behavior (namely using a computer, no adequate or lack of physical
education). RS is a heterogenous and multifactorial disease, with both
individual and environmental factors influencing its development. RS
presents many similarities in etiology with asthma. It was revealed that
regular PA is associated with reduced risk of exacerbations in women
with asthma (35). Aerobic training has a positive effect on airway
inflammation and remodelling, enhances respiratory mechanics and
decreases Th2 immune response in a murine model of asthma. PA
have a protective effect on the immune system’s activity and on the
levels of several immune cells (36). PA have a protective effect on the
immune system’s activity and on the levels of several immune cells
(36). Moderate, habitual PA positively impacts health, potentially by
inducing favorable changes in the immune system, such as increased
levels of T cells, enhanced natural killer cells cytotoxicity and
improved function of B cells, immunoglobulins and macrophages
(37). It has been proposed that PA reduces not only eosinophil count
in the airways, but also the expression of Th2 cytokines (IL-4, IL-5,
and IL-13) (38-40). The beneficial effect of PA could also be related to
a decreased expression of NF-kB and an increased expression of anti-
inflammatory cytokines IL-10 and IL-1ra (38).

Obesity in children may be associated with the development of
various otorhinolaryngologic diseases. Several studies revealed that
high BMI was associated with the prevalence of chronic RS (32, 41).
Obesity-induced metabolic changes and chronic systemic
inflammation may compromise immunity. Increased production of
cytokines, adipocytokines and adiponectin by the adipose tissue
significantly leading to immune system dysfunction. Oxidative stress
is considered as another factor linking obesity with inflammatory
diseases. A study by Nam et al. (42) discussed the role of obesity in the
development of chronic RS with nasal polyps. The study showed a
distinct association between chronic RS with polyps and both, general
and central obesity. The authors observed that the frequency of RS
with polyposis in obese individuals was significantly higher than in
those with normal weight. Additionally, the prevalence of RS-related
olfactory dysfunction and purulent discharge were higher in the
central obesity group than in controls. In contrast to that, Sidell et al.
did not demonstrate an association between obesity and CRS (43). It
was concluded that RS may be promoted by excessive weight, yet this
was not confirmed by the results of the present study. The influence of
obesity on sino-nasal inflammation requires further studies.
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Our study did not demonstrate a relationship between pediatric
chronic RS and its putative predisposing factors, such as asthma,
allergic rhinitis (AR), gastro-esophageal reflux disease (GORD) and
smoking. The presence of AR and asthma, may have an impact on
clinical outcomes and contribute to the lack of disease control in
chronic RS patients (44, 45). It has been also suggested that atopy
predisposes to chronic RS’s development (46). Despite the fact that the
incidence of chronic RS has been shown to occur more frequently in
AR patients, a sound pathophysiologic mechanism has not been
demonstrated, and consequently, the association between RS and AR
remains a subject of debate (47, 48). Certain types of chronic RS
including allergic fungal rhinosinusitis (AFRS) and central
compartment atopic disease (CCAD) seem to be related with AR
mostly. AR and chronic RS with nasal polyps may be linked as both of
them are mediated by type 2 inflammatory response (49). RS and
asthma share a close connection including common pathophysiological
mechanisms. Mucosal cells infiltrations identified in RS and asthma
share similar profile and present abundance of eosinophils, mast cells,
macrophages, and T cells. Additionally, similar proinflammatory
mediators including histamine, leukotrienes, interleukin 4, 5, and 13
are observed in sinonasal and bronchial mucosa (50). Chronic RS may
complicate the diagnosis of asthma, and worsen both, its control and
management (51). GORD has been indicated to be associated with
chronic RS, but the strength of the connection is still discussed (52).
The potential role of GORD in chronic RS development between may
arise from the fact that GORD promotes direct exposure of the
mucosa covering nasal cavity and nasopharyngeal to gastric acid,
which leads to mucosal inflammation and impaired mucociliary
clearance. It may consequently induce sinus ostia obstruction and
predispose to recurrent infections. Also, malfunction of autonomic
nervous system induced by gastric acid may cause spontaneous
sinonasal mucosa edema and inflammation. The observed increased
prevalence of Helicobacter pylori in the sinonasal mucosa in patients
with chronic RS may also highlight the potential role of GORD in
chronic RS development (53). In our study we did not find correlation
between GORD and pediatric chronic RS. Several reviews also did not
reveal such association (54-56). In our study none of children and
adolescents were active smokers. Studies suggest that there is an
association between tobacco smoke exposure and chronic RS
highlighting influence of active smoking usage and the development
of this condition and suggesting a dose dependant effect (the number
of cigarettes) and the prevalence of chronic RS. Tobacco smoking may
predispose to chronic RS development via inducing sinonasal
irritation and congestion, rhinorrhea, and increased nasal airway
resistance. It also alters sinonasal epithelial mucociliary clearance and
negatively influences innate immune function (57).

In our study children and adolescents in our study represented
schools from all districts of the city of Wroctaw and included children
from all parts of the city. Despite the fact that some parts of Wroctaw
were more widely represented, the individual districts the city are
evenly distributed, taking into account socioeconomic conditions.

5 Strengths and limitations

We did not find other research that would evaluate the correlation
between various dietary and physical behaviors and chronic RS in
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children; thus, we were unable to juxtapose our results with others.
The limitation of this study is the lack of accompanying medical
information used in the diagnosis of RS, such as endoscopic findings
and computerized tomography — which provides detailed images of
the sinuses - or information regarding the use of medication lowers
the quality of evidence. However, access to medical records concerning
RS was not a part of the study. The children’s and adolescent’s
complaints and were self-reported by their parents or legal guardians.
RS symptoms were also self-reported and consequently there may
be issues about the accuracy of the diagnosis. The other limitation is
the lack of information about the use of medication, related or not to
chronic RS.

6 Conclusion

It is of great importance to establish preventive measures against
recurrent URTT that may predispose a person to RS. Introducing
healthier, traditional dietary habits and regular physical activity in
children and adolescents may result in normal and adequate immune
response and proper functioning of the inflammatory control system
that guards the human body.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by The Local Ethics
Committee of Wroctaw Medical University/KB-738/2018/. The studies
were conducted in accordance with the local legislation and
institutional requirements. Written informed consent for participation
in this study was provided by the participants’ legal guardians/
next of kin.

References

1. Arora HS. Sinusitis in children. Pediatr Ann. (2018) 47:€396-401. doi:
10.3928/19382359-20180919-01

2. Smith MJ. Evidence for the diagnosis and treatment of acute uncomplicated
sinusitis in children: a systematic review. Pediatrics. (2013) 132:¢284-96. doi: 10.1542/
peds.2013-1072

3. American Academy of Pediatrics. Subcommittee on Management of Sinusitis and
Committee on quality improvement. Clinical practice guideline: management of
sinusitis. Pediatrics. (2001) 108:798-808. doi: 10.1542/peds.108.3.798

4. Leung AKC, Kellner JD. Acute sinusitis in children: diagnosis and management. J
Pediatr Health Care. (2004) 18:72-6. doi: 10.1016/j.pedhc.2003.08.007

5. Zacharisen M, Casper R. Pediatric sinusitis. Immunol Allergy Clin N Am. (2005)
25:313-32. doi: 10.1016/j.iac.2005.02.002

6. Izquierdo-Dominguez A, Valero AL, Mullol J. Comparative analysis of allergic
rhinitis in children and adults. Curr Allergy Asthma Rep. (2013) 13:142-51. doi: 10.1007/
s11882-012-0331-y

7. Blaiss MS; Allergic Rhinitis in Schoolchildren Consensus Group. Allergic rhinitis
and impairment issues in schoolchildren: a consensus report. Curr Med Res Opin. (2004)
20:1937-52. doi: 10.1185/030079904x13266

8. Simons FE. Learning impairment and allergic rhinitis. Allergy Asthma Proc. (1996)
17:185-9. doi: 10.2500/108854196778996895

Frontiers in Public Health

10.3389/fpubh.2023.1290307

Author contributions

KP-Z: Data curation, Formal analysis, Investigation, Resources,
Validation, Visualization, Writing - original draft. JK: Data curation,
Project administration, Resources, Writing — review & editing. MK:
Methodology, Resources, Software, Writing — review & editing. AB-R:
Resources, Validation, Writing — review & editing. SG: Data curation,
Investigation, Writing — review & editing. TZ: Conceptualization,
Data curation, Formal analysis, Resources, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1331780/
full#supplementary-material

9. Ahmed S, Sami AS. Rhinosinusitis and its impact on quality of life in children. Br
J Hosp Med (Lond). (2022) 83:1-11. doi: 10.12968/hmed.2021.0589

10. Calatayud FM, Calatayud B, Gallego JG, Gonzalez-Martin C, Alguacil LE. Effects
of Mediterranean diet in patients with recurring colds and frequent complications.
Allergol Immunopathol (Madr). (2017) 45:417-24. doi: 10.1016/j.aller.2016.08.006

11. Wald ER, Guerra N, Byers C. Upper respiratory tract infections in young children:
duration of and frequency of complications. Pediatrics. (1991) 87:129-33. doi: 10.1542/
peds.87.2.129

12. Clarhed UKE, Schidler L, Torén K, Fell AKM, Hellgren J. BMI as a risk factor for
the development of chronic rhinosinusitis: a prospective population-based study. Eur
Arch Otorhinolaryngol. (2022) 279:4953-9. doi: 10.1007/s00405-022-07320-y

13.Gilani S, Shin JJ. The burden and visit prevalence of pediatric chronic
rhinosinusitis.  Otolaryngol Head Neck Surg. (2017) 157:1048-52. doi:
10.1177/019459981772117

14. Fokkens WJ, Lund V], Hopkins C, Hellings PW, Kern R, Reitsma S, et al. European
position paper on rhinosinusitis and nasal polyps 2020. Rhinology. (2020) 58:1-464. doi:
10.4193/Rhin20.600

15. Alshehri AMS, Assiri OA, Algarni AMS, Alkhairi MAY, Alzahrani MAA, Alshehri
SHA, et al. Prevalence and clinical presentation of sinusitis in pediatric age group in
Aseer, Saudi Arabia. ] Family Med Prim Care. (2021) 10:2358-62. doi: 10.4103/jfmpc.
jfmpc_2433_20

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1290307
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1331780/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1331780/full#supplementary-material
https://doi.org/10.3928/19382359-20180919-01
https://doi.org/10.1542/peds.2013-1072
https://doi.org/10.1542/peds.2013-1072
https://doi.org/10.1542/peds.108.3.798
https://doi.org/10.1016/j.pedhc.2003.08.007
https://doi.org/10.1016/j.iac.2005.02.002
https://doi.org/10.1007/s11882-012-0331-y
https://doi.org/10.1007/s11882-012-0331-y
https://doi.org/10.1185/030079904x13266
https://doi.org/10.2500/108854196778996895
https://doi.org/10.12968/hmed.2021.0589
https://doi.org/10.1016/j.aller.2016.08.006
https://doi.org/10.1542/peds.87.2.129
https://doi.org/10.1542/peds.87.2.129
https://doi.org/10.1007/s00405-022-07320-y
https://doi.org/10.1177/019459981772117
https://doi.org/10.4193/Rhin20.600
https://doi.org/10.4103/jfmpc.jfmpc_2433_20
https://doi.org/10.4103/jfmpc.jfmpc_2433_20

Pazdro-Zastawny et al.

16. Nayan S, Maby A, Endam LM, Desrosiers M. Dietary modifications for refractory
chronic rhinosinusitis? Manipulating diet for the modulation of inflammation. Am J
Rhinol Allergy. (2015) 29:e170-4. doi: 10.2500/ajra.2015.29.4220

17. Basu A, Devaraj S, Jialal I. Dietary factors that promote or retard inflammation.
Arterioscler  Thromb  Vasc  Biol. (2006) 26:995-1001. doi: 10.1161/01.
ATV.0000214295.86079.d1

18. Fardet A. New hypotheses for the health-protective mechanisms of whole-grain
cereals: what is beyond fibre? Nutr Res Rev. (2010) 23:65-134. doi: 10.1017/
50954422410000041

19. Lee YK, Mazmanian SK. Has the microbiota played a critical role in the evolution
of the adaptive immune system? Science. (2010) 330:1768-73. doi: 10.1126/
science.1195568

20.Liang J, Zhang M, Wang X, Ren Y, Yue T, Wang Z, et al. Edible fungal
polysaccharides, the gut microbiota, and host health. Carbohydr Polym. (2021)
273:118558. doi: 10.1016/j.carbpol.2021.118558

21. Puddu A, Sanguineti R, Montecucco F, Viviani GL. Evidence for the gut microbiota
short-chain fatty acids as key pathophysiological molecules improving diabetes. Mediat
Inflamm. (2014) 2014:162021. doi: 10.1155/2014/162021

22.Bullé M, Casas-Agustench P, Amigé-Correig P, Aranceta J, Salas-Salvadé J.
Inflammation, obesity and comorbidities: the role of diet. Public Health Nutr. (2007)
10:1164-72. doi: 10.1017/S1368980007000663

23. Farella I, Miselli F, Campanozzi A, Grosso FM, Laforgia N, Baldassarre ME.
Mediterranean diet in developmental age: a narrative review of current evidences and
research gaps. Children (Basel). (2022) 9:906. doi: 10.3390/children9060906

24. Kaliner MA, Osguthorpe JD, Fireman P, Anon J, Georgitis J, Davis ML, et al.
Sinusitis: bench to bedside. Current findings, future directions. Otolaryngol Head Neck
Surg. (1997) 116:S1-S20.

25.Tsigalou C, Konstantinidis T, Paraschaki A, Stavropoulou E, Voidarou C,
Bezirtzoglou E. Mediterranean diet as a tool to combat inflammation and chronic
diseases. An Overview. Biomedicines. (2020) 8:201. doi: 10.3390/
biomedicines8070201

26. Casas R, Estruch R, Sacanella E. The protective effects of extra virgin olive oil on
immune-mediated inflammatory responses. Endocr Metab Immune Disord Drug Targets.
(2018) 18:23-35. doi: 10.2174/1871530317666171114115632

27. Galilea-Zabalza I, Buil-Cosiales P, Salas-Salvadé ], Toledo E, Ortega-Azorin C,
Diez-Espino J, et al. Mediterranean diet and quality of life: baseline cross-sectional
analysis of the PREDIMED-PLUS trial. PLoS One. (2018) 13:¢0198974. doi: 10.1371/
journal.pone.0198974

28. Calatayud-Saez FM, Calatayud B, Calatayud A. Effects of the traditional
Mediterranean diet in patients with otitis media with effusion. Nutrients. (2021) 13:2181.
doi: 10.3390/nu13072181

29. Calatayud-Saez FM, Calatayud B, Calatayud A. Effects of the traditional
Mediterranean diet in childhood recurrent acute Rhinosinusitis. Dermatol Sin. (2021)
5:101-15. doi: 10.3390/sinusitis5020011

30. Gonzalez-Gil EM, Tognon G, Lissner L, Intemann T, Pala V, Galli C, et al.
Prospective associations between dietary patterns and high sensitivity C-reactive protein
in European children: the IDEFICS study. Eur J Nutr. (2018) 57:1397-407. doi: 10.1007/
$00394-017-1419-x

31. Zhong VW, Lamichhane AP, Crandell JL, Couch SC, Liese AD, The NS, et al.
Association of adherence to a Mediterranean diet with glycemic control and
cardiovascular risk factors in youth with type I diabetes: the SEARCH nutrition ancillary
study. Eur J Clin Nutr. (2016) 70:802-7. doi: 10.1038/ejcn.2016.8

32. Christensen RA, Raiber L, Macpherson AK, Kuk JL. The association between
obesity and self-reported sinus infection in non-smoking adults: a cross-sectional study.
Clin Obes. (2016) 6:389-94. doi: 10.1111/cob.12164

33. Moraska A, Fleshner M. Voluntary physical activity prevents stress-induced
behavioral depression and anti-KLH antibody suppression. Am J Physiol Regul Integr
Comp Physiol. (2001) 281:R484-9. doi: 10.1152/ajpregu.2001.281.2.R484

34. Fraczek M, Pieczynska J, Resler K, Oleszkiewicz A, Zablocka-Slowinska K,
Krecicki T, et al. Association between physical activity and the quality of life of patients
with chronic rhinosinusitis. ] Sports Med Phys Fitness. (2020) 60:1167-8. doi: 10.23736/
$0022-4707.20.10500-0

35. Fondell E, Lagerros YT, Sundberg CJ, Lekander M, Balter O, Rothman KJ, et al.
Physical activity, stress, and self-reported upper respiratory tract infection. Med Sci
Sports Exerc. (2011) 43:272-9. doi: 10.1249/MSS.0b013e3181edf108

Frontiers in Public Health

09

10.3389/fpubh.2023.1290307

36. Brolinson PG, Elliott D. Exercise and the immune system. Clin Sports Med. (2007)
26:311-9. doi: 10.1016/j.csm.2007.04.011

37. Elphick GE, Greenwood BN, Campisi J, Fleshner M. Increased serum nIgM in
voluntarily physically active rats: a potential role for B-1 cells. ] Appl Physiol (1985).
(2003) 94:660-7. doi: 10.1152/japplphysiol.00547.2002

38. Silva RA, Vieira RP, Duarte ACS, Lopes FDTQS, Perini A, Mauad T, et al. Aerobic
training reverses airway inflammation and remodelling in an asthma murine model. Eur
Respir J. (2010) 35:994-1002. doi: 10.1183/09031936.00049509

39. Vieira RP, Claudino RC, Duarte ACS, Santos ABG, Perini A, Faria Neto HCC, et al.
Aerobic exercise decreases chronic allergic lung inflammation and airway remodeling
in mice. Am J Respir Crit Care Med. (2007) 176:871-7. doi: 10.1164/rccm.200610-15670C

40. Silva RA, Almeida FM, Olivo CR, Saraiva-Romanholo BM, Martins MA, Carvalho
CRE. Exercise reverses OVA-induced inhibition of glucocorticoid receptor and increases
anti-inflammatory cytokines in asthma. Scand ] Med Sci Sports. (2016) 26:82-92. doi:
10.1111/sms.12411

41. Kabeya Y, Kato K, Tomita M, Katsuki T, Oikawa Y, Shimada A. Higher body mass
index and increased prevalence of Paranasal sinus disease. J Epidemiol. (2016)
26:258-63. doi: 10.2188/jea.JE20150134

42.Nam JS, Roh YH, Fahad WA, Noh HE, Ha JG, Yoon JH, et al. Association between
obesity and chronic rhinosinusitis with nasal polyps: a national population-based study.
BM]J Open. (2021) 11:e047230. doi: 10.1136/bmjopen-2020-047230

43.Sidell D, Shapiro NL, Bhattacharyya N. Obesity and the risk of chronic
rhinosinusitis, allergic rhinitis, and acute otitis media in school-age children.
Laryngoscope. (2013) 123:2360-3. doi: 10.1002/lary.24038

44. Prokopakis EP, Kalogjera L, Karatzanis AD. Pediatric severe chronic upper airway
disease (P-SCUAD). Curr Allergy Asthma Rep. (2015) 15:68. doi: 10.1007/
511882-015-0570-9

45. Karatzanis A, Kalogjera L, Scadding G, Velegrakis S, Kawauchi H, Cingi C, et al.
Severe chronic upper airway disease (SCUAD) in children. Definition issues and
requirements. Int ] Pediatr Otorhinolaryngol. (2015) 79:965-8. doi: 10.1016/j.
ijporl.2015.02.024

46. Krause HF. Allergy and chronic rhinosinusitis. Otolaryngol Head Neck Surg. (2003)
128:14-6. doi: 10.1067/mhn.2003.3

47. Bachert C, Vignola AM, Gevaert P, Leynaert B, Van Cauwenberge P, Bousquet J.
Allergic rhinitis, rhinosinusitis, and asthma: one airway disease. Immunol Allergy Clin
N Am. (2004) 24:19-43. doi: 10.1016/S0889-8561(03)00104-8

48. Vlastos I, Athanasopoulos I, Mastronikolis NS, Panogeorgou T, Margaritis V,
Naxakis S, et al. Impaired mucociliary clearance in allergic rhinitis patients is related to
a predisposition to rhinosinusitis. Ear Nose Throat J. (2009) 88:E17-9.

49. Helman SN, Barrow E, Edwards T, DelGaudio JM, Levy JM, Wise SK. The role of
allergic rhinitis in chronic Rhinosinusitis. Immunol Allergy Clin N Am. (2020)
40:201-14. doi: 10.1016/j.iac.2019.12.010

50. Bousquet J, Van Cauwenberge P, Khaltaev NAria Workshop Group, & World
Health Organization. Allergic rhinitis and its impact on asthma. J Allergy Clin Immunol.
(2001) 108:S147-334. doi: 10.1067/mai.2001.118891

51. Licari A, Brambilla I, Castagnoli R, Marseglia A, Paganelli V, Foiadelli T, et al.
Rhinosinutis and asthma in children. Dermatol Sin. (2018) 3:3. doi: 10.3390/
sinusitis3020003

52. Finocchio E, Locatelli E, Sanna E, Vesentini R, Marchetti P, Spiteri G, et al. Gastritis
and gastroesophageal reflux disease are strongly associated with non-allergic nasal
disorders. BMC Pulm Med. (2021) 21:53. doi: 10.1186/s12890-020-01364-8

53. Sella GCP, Tamashiro E, Anselmo-Lima WT, Valera FCP. Relation between chronic
rhinosinusitis and gastroesophageal reflux in adults: systematic review. Braz J
Otorhinolaryngol. (2017) 83:356-63. doi: 10.1016/j.bjorl.2016.05.012

54. Flook EP, Kumar BN. Is there evidence to link acid reflux with chronic sinusitis or
any nasal symptoms?A review of the evidence. Rhinology. (2011) 49:11-6. doi: 10.4193/
Rhino10.054

55. Hanna BC, Wormald PJ. Gastroesophageal reflux and chronic rhinosinusitis. Curr
Opin Otolaryngol Head Neck Surg. (2012) 20:15-8. doi: 10.1097/MOO.0b013e32834e8f11

56. Lupa M, DelGaudio JM. Evidence-based practice: reflux in sinusitis. Otolaryngol
Clin N Am. (2012) 45:983-92. doi: 10.1016/j.0tc.2012.06.004

57. Reh DD, Higgins TS, Smith TL. Impact of tobacco smoke on chronic rhinosinusitis:
a review of the literature. Int Forum Allergy Rhinol. (2012) 2:362-9. doi: 10.1002/
alr.21054

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1290307
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.2500/ajra.2015.29.4220
https://doi.org/10.1161/01.ATV.0000214295.86079.d1
https://doi.org/10.1161/01.ATV.0000214295.86079.d1
https://doi.org/10.1017/S0954422410000041
https://doi.org/10.1017/S0954422410000041
https://doi.org/10.1126/science.1195568
https://doi.org/10.1126/science.1195568
https://doi.org/10.1016/j.carbpol.2021.118558
https://doi.org/10.1155/2014/162021
https://doi.org/10.1017/S1368980007000663
https://doi.org/10.3390/children9060906
https://doi.org/10.3390/biomedicines8070201
https://doi.org/10.3390/biomedicines8070201
https://doi.org/10.2174/1871530317666171114115632
https://doi.org/10.1371/journal.pone.0198974
https://doi.org/10.1371/journal.pone.0198974
https://doi.org/10.3390/nu13072181
https://doi.org/10.3390/sinusitis5020011
https://doi.org/10.1007/s00394-017-1419-x
https://doi.org/10.1007/s00394-017-1419-x
https://doi.org/10.1038/ejcn.2016.8
https://doi.org/10.1111/cob.12164
https://doi.org/10.1152/ajpregu.2001.281.2.R484
https://doi.org/10.23736/S0022-4707.20.10500-0
https://doi.org/10.23736/S0022-4707.20.10500-0
https://doi.org/10.1249/MSS.0b013e3181edf108
https://doi.org/10.1016/j.csm.2007.04.011
https://doi.org/10.1152/japplphysiol.00547.2002
https://doi.org/10.1183/09031936.00049509
https://doi.org/10.1164/rccm.200610-1567OC
https://doi.org/10.1111/sms.12411
https://doi.org/10.2188/jea.JE20150134
https://doi.org/10.1136/bmjopen-2020-047230
https://doi.org/10.1002/lary.24038
https://doi.org/10.1007/s11882-015-0570-9
https://doi.org/10.1007/s11882-015-0570-9
https://doi.org/10.1016/j.ijporl.2015.02.024
https://doi.org/10.1016/j.ijporl.2015.02.024
https://doi.org/10.1067/mhn.2003.3
https://doi.org/10.1016/S0889-8561(03)00104-8
https://doi.org/10.1016/j.iac.2019.12.010
https://doi.org/10.1067/mai.2001.118891
https://doi.org/10.3390/sinusitis3020003
https://doi.org/10.3390/sinusitis3020003
https://doi.org/10.1186/s12890-020-01364-8
https://doi.org/10.1016/j.bjorl.2016.05.012
https://doi.org/10.4193/Rhino10.054
https://doi.org/10.4193/Rhino10.054
https://doi.org/10.1097/MOO.0b013e32834e8f11
https://doi.org/10.1016/j.otc.2012.06.004
https://doi.org/10.1002/alr.21054
https://doi.org/10.1002/alr.21054

	Dietary habits, physical activity, and self-reported rhinosinusitis in children and adolescents
	1 Introduction
	2 Study design
	2.1 Data analysis

	3 Results
	3.1 Rhinosinusitis

	4 Discussion
	5 Strengths and limitations
	6 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

