
Epidemiologic characteristics of rhinitis in
Turkish Children: the International Study of
Asthma and Allergies in Childhood (ISAAC)
phase 2

Rhinitis is defined as the inflammation of the
nose characterized by one or more of the
following symptoms, nasal congestion, rhinor-
rhea, sneezing, and/or itching. There are various
forms of rhinitis such as infectious, vasomotor,
irritant-induced, and eosinophilic nasal disease
such as non-allergic rhinitis with eosinophilia
syndrome (NARES), in addition to allergic. It is
considered to be allergic if shown to be associ-

ated with an IgE-mediated hypersensitivity to an
allergen (1, 2). It is more difficult to define
allergic rhinitis in epidemiological studies of large
populations where individual assessment is not
possible (2, 3). Both overestimation and under-
estimation of the real prevalences can occur
according to the screening methodology and the
population studied (4, 5). The International
Study of Asthma and Allergies in Childhood
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Rhinitis is a common problem with important comorbidities. In order to
search the association between rhinitis, allergic phenotypes and other risk
factors in Turkish children, a parental questionnaire about allergic dis-
eases and risk factors, and skin prick test (SPT) with 13 inhalant allergens
were performed in a population-based sample of 2774 children aged 9–
11 yr. Bronchoprovocation testing with hypertonic saline (HS)and total
IgE analysis were limited to a subsample of 350 children. Rhinitis was
defined as a problem with sneezing, rhinorrhea, or nasal congestion when
the child did not have a viral respiratory infection. The prevalences of
ever rhinitis, current (last 12 months) rhinitis (CR), and ever hay fever
were 36.3%, 30.6%, and 8.3%, respectively. SPT positivity rate was
20.4% among children with CR. Current wheezing and flexural derma-
titis were significantly associated with CR. CR significantly increased the
risk of asthma among both atopic and non-atopic subjects [odds ratio
(OR), 3.98; 95% CI, 1.81–8.76; and OR, 2.79; 95% CI, 1.82–4.26,
respectively]. The association between CR and bronchial hyperreactivity
(BHR) was not significant. The multiple logistic regression analysis re-
vealed family atopy (OR ¼ 2.25, 95% CI ¼ 1.79–2.83, p < 0.001),
current indoor heating with gas stove (OR ¼ 1.78, 95% CI ¼ 1.18–2.64,
p ¼ 0.006) and dampness/molds at home during the first year of life
(OR ¼ 1.70, 95% CI ¼ 1.25–2.31, p ¼ 0.001) as significant risk factors
for CR. Turkish school children showed a high prevalence of rhinitis with
a preponderance of non-atopics. The highly significant association be-
tween rhinitis and asthma independent of atopic sensitization emphasize
the importance of non-atopic forms of rhinitis.
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(ISAAC) was initiated to develop a standardized
methodology in epidemiologic research of asth-
ma and allergies. It revealed great variations in
prevalence figures of allergic diseases both
between and within countries (6). As a further
step, ISAAC Phase II study was conducted in a
substantial number of representative countries in
order to explore for the reasons of these varia-
tions with the help of objective tests (7). The
ISAAC core questions on rhinitis was previously
validated in different populations (5, 8).
Recent epidemiologic studies have revealed

that besides being a very common health prob-
lem, rhinitis may be an independent risk factor
for asthma, even in the absence of atopy (9, 10).
To date, no population-based studies have
examined the relation among rhinitis, objective
allergy markers and asthma in Turkish children.
The present study was conducted to explore the
prevalence and risk factors for rhinitis and also
to search for its relationship with asthma, atopic
dermatitis and allergic sensitization in a popula-
tion-based sample of Turkish school children.

Methods

This study was conducted according to ISAAC
Phase-II guidelines (11). The details of the study
area, population, design, and procedures were
described in detail elsewhere (12, 13). These will
be described briefly here.

Study population and design

The study was conducted in Ankara, the capital
of Turkey, between October 1999 and April
2000. This metropolitan city, harboring approxi-
mately four million inhabitants, receives a num-
ber of immigration from mostly rural portions of
Anatolia every year. In the last few years,
outdoor air pollution has substantially increased,
especially in some underprivileged districts of the
city, owing to the usage of bad quality charcoal
for heating. Additionally, heavy car traffic with
motor vehicle exhaust immissions contribute
much to the air pollution during winter and
summer. Outdoor air pollution due to sulfur
dioxide (SO2) and particulate matter (PM) has
been routinely monitorized by stations located
within administrative districts. These pollution
data were available as mean daily, and yearly
values.
Three months before the ISAAC study, a pilot

study including parental self-administered ISA-
AC questionnaire and skin prick tests (SPT) was
performed in a single school. The validity of
parent-filled questions was evaluated by face-to-

face interview with parents and found to be
concordant.
The sampling method was two-stepped. In the

first step of the study (prevalence study) the eight
administrative districts of Ankara were accepted
as the strata and weighted number of schools
were selected in a stratified random manner from
a complete list of primary schools in Ankara. All
school children attending the fourth grade in 22
schools (n ¼ 3426) were selected, primary schools
being the sampling unit. A parent-filled question-
naire and SPT were administered in this popula-
tion.In the second step (case–control study), these
children were stratifed according to the presence
or absence of wheezing in the last 12 months
based on questionnaire responses. One hundred
and seventy-five children from �current wheezers�
stratum and 175 children from �current non-
wheezers� stratum were randomly selected by
block randomization method. These 350 children
were recruited to blood sampling for serum
specific and total IgE measurements, spirometric
measurements, and bronchial challenge tests.

Questionnaires and definitions

The ISAAC Phase-II questionnaire modules
including questions about demographic charac-
teristics, rhinitis, wheezing, eczema, and risk
factors were employed (11).Rhinitis was defined
as a problem with sneezing, or a runny or
blocked nose, when the child did not have a cold
or flu. It is labeled as current if present in the last
12 months, and current rhinocunjunctivitis, if
accompanied by eye symptoms. Hay fever was
sought by the question �has your child ever had
hay fever?�. In our country general practitionaires
and some pediatricians generally prefer to use the
diagnostic term �allergic bronchitis� instead of
�asthma�, in order to avoid mislabeling or family
demoralization. Hence, children whose parents
reported either asthma, asthmatic bronchitis, or
allergic bronchitis at least once were classified as
having physician-diagnosed (PD) asthma. �Cur-
rent wheeze� was defined as a positive response to
�has your child had wheezing or whistling in the
chest in the last 12 months?� Children whose
parents reported an itchy rash which was coming
and going for at least 6 months and involving
any of the flexural areas in the last 12 months
were labeled as having current flexural rash. In
our population atopic dermatitis is generally
diagnosed as �eczema�, or less commonly �allergic
eczema� by the physicians. Hence, children who
ever had an diagnosis of eczema were classified as
PD eczema. The risk factor questionnaire inclu-
ded 31 questions about socioeconomic and
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demographic characteristics, gestational factors,
feeding practices, family history, siblings, child-
hood infections, household conditions (heating,
dampness, bedroom, etc.), animal con-
tacts, tobacco smoke exposure (pre-natal and
post-natal), for both current time and first year
of life. Family atopy was defined as a positive
history of asthma, rhinitis, and/or eczema in one
or both of the parents.

Procedures

The SPT were performed with six �core� allergen
extracts recommended in ISAAC phase II mod-
ule (11); Dermatophagoides pteronyssinus, Der-
matophagoides farinae, Alternaria alternata, cat
epithelium, mixed grasses (Phleum pratense, Poa
pratensis, Dactylis glomerata, Lolium perennae,
Festuca pratensis, Avena eliator), and mixed trees
(Tree mixed St: Betula verrucosa, Alnus glutinosa,
Coryllus avellena). Seven additional allergens of
local relevance were also added; Parieteria offi-
cinalis, Cladosporium herbarum, Olea europea,
mixed feathers, mixed weeds (Artemisia vulgaris,
Chenopodium, Plantago, Salsola kali), mixed
local trees (Tree mixed L: Quercus alba, Ulmus
americana, Platanus, Salix, Populus), and Bla-
tella germanica. Histamine 10 mg/ml and diluent
were used as positive and negative controls,
respectively. The standardized core allergen
extracts and controls were provided by ALK-
Abello (Hørsholm, Denmark), and standardized
local allergens were provided by ALK-Abello,
Allergopharma (Reinbek, Germany), and Center
Pharmaceuticals Inc. (FL, USA). SPT was per-
formed as recommended in ISAAC Phase-II
module on the volar side of the forearm (11). A
positive skin reaction was defined as a wheal size
‡3 mm, after substraction of the negative con-
trol. Atopy was defined as the presence of at least
one positive skin reaction to any allergen tested.
Serum total IgE levels were measured in 350

children forming the case–control group by
fluoroenzymeimmunoassay method (UniCAP,
Pharmacia and Upjohn, Uppsala, Sweden). Lev-
els of serum specific IgE for D. pteronyssinus, D.
farinae, cat, cockroach, grass mix, tree mix, weed
mix, olea, and Cladosporium were measured by
fluoroenzymeimmunoassay method (UniCAP) in
80 children that were selected at random from
those with and without a positive skin prick test.
Spirometry and bronchial challenge test with

hypertonic saline (HS) were performed according
to the standardized protocols (11) of ISAAC
Phase II. Lung function was measured by a
portable spirometer, Masterscope Version 4.1
(Jager, Germany). Subjects were excluded from

the bronchial challenge test if the baseline FEV1
value was <75% of the predicted or in the case
of non-compliance. The HS challenge test was
performed with 4.5% saline delivered via a De
Vilbiss ultrasonic nebuliser (De Vilbiss, Langen,
Germany) Bronchial hyperreactivity (BHR) was
defined when there was a fall of 15% or more in
FEV1 from baseline during the procedure.

Statistical analysis

The SPSS software package version 10.0 was
used for all calculations. Comparisons were done
using Student’s t-test for continous variables and
the x2-test for proportions.Test for trends was
done using the Mantel–Haenszel test statistic.
The strength of association between rhinitis

and comorbidities was expressed by odds ratio
(OR), with their 95% confidence interval, unad-
justed, and adjusted by age, sex, family atopy,
and atopic sensitization.
The association between demographic and

environmental risk factors and current rhinitis
were analyzed with x2-test, and univariate and
multivariate logistic regression analysis. Major
independent variables were: maternal and pater-
nal atopic disease histories; maternal and pater-
nal education levels (two categories; <8 yr,
>8 yr); family income (two categories; <350
and ‡350 $/month); total number of siblings (two
categories; 0–1, 2+ siblings); birth weight (two
categories; <2500 g, ‡2500 g); month of birth
(two categories; pollen season, winter months);
gestational age (three categories; 3 wk earlier
than the calculated date, within 3 wk of the
calculated date, 3 wk later than the calculated
date); duration of breast feeding (three categor-
ies; none, 1–6 months, more than 6 months or
two categories; none to 6 months, more than
6 months); attendance at day care; current pas-
sive smoking; maternal smoking during preg-
nancy; maternal smoking during the first year of
life; measles history; current and first 12 months
exposures to: heating systems (classified as none,
indoor wood/coal burning stove, indoor gas
(methane) stove, indoor electric heating, central
heating), bedding/pillows, mold/dampness at
home, pets, cockroaches, poultry, and livestock.
Initially, the crude association between risk
factors and independent variables was analyzed.
Variables that were associated with the outcomes
in the univariate analysis at a p-value of less than
0.25 were examined in the multivariate logistic
regression models. A backward reduction mode-
ling strategy was used. Backward elimination
started with all of the variables in the model.
Then, at each step, variables were evaluated for
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entry and removal. The score statistic was always
used for determining whether variables should be
added to the model.Wald statistic was used to
select variables for removal (by default 0.10).The
size of the effect of each of the risk factors was
measured by using the ORs and 95% confidence
intervals (CIs).

Ethical considerations

All study methods had been approved by the
Ethics Committee of the Turkish Ministery of
Health and the Ethics Committee of Hacettepe
University, Faculty ofMedicine. Informedwritten
consent was obtained from the parents for all tests
at one time at the beginning of prevalence study.

Results

Parents of 3056 (89.2%) children returned the
questionnaire. Among those returned, 3041
(88.7%) questionnaires were taken into evalua-
tion. Written consent for the tests were obtained
from guardians in 2858 (92.5%) children. Of the
eligible children SPT were performed and taken
into evaluation in 2774 (97.1%). The analyses
including serum total IgE and bronchial chal-
lenge test results were performed in subgroups of
347 and 329 children, respectively.
The demographic characteristics of the popu-

lation were previously reported (12). Male/
female ratio was 50.5/49.5%. Age of the children
ranged between 8 and 11 yr (mean ± s.d.,
9.14 ± 0.50). The prevalence of ever rhinitis,
current rhinitis, current rhinoconjunctivitis, rhi-
nitis, or conjunctivitis in pollen season and ever
hay fever were 36.3%, 30.6%, 12.4%, 6.3%, and
8.3%, respectively. The association of rhinitis
symptoms and diagnosis with allergy markers is
shown in Table 1. Among subjects with current
rhinitis skin test reactivity to at least one allergen
was present in 20.4% and to any pollen allergen
in 13.5% of children. Allergic sensitization rate

was not significantly higher in children with
rhinitis symptoms or diagnosis than those with-
out. The most common sensitizing allergens were
grass pollens, mites, and cockroach.The percent-
age of children with a serum total IgE level
>100 kU/l was significantly higher among sub-
jects with a previous history of hay fever (p ¼
0.03). Among children with atopic sensitization,
35.3% had ever rhinitis, 30.0% had current
rhinitis, 4.0% had rhinitis in pollen season, and
7.1% had hay fever.
The SPT results were compared with the serum

specific IgE results.The correlation between SPT
and specific IgE was best for mite and grass
allergens (81.2%, 93.8%, and 89.6%, respect-
ively), while the lowest values were for weed mix
(59.4%) and cat (62.6%) allergens. The specifity
of SPT in relation to specific IgE measurements
was over 90% for all antigens.
The association between current rhinitis and

comorbidities is shown in Table 2. Children
with a history of rhinitis in the last 12 months
showed a significant association with PD asthma
[adjusted odds ratio (aOR) ¼ 3.00, 95% CI ¼
2.07–4.34], current wheezing (aOR ¼ 3.16, 95%
CI ¼ 2.46–4.05), PD eczema (aOR ¼ 1.89, 95%
CI ¼ 1.10–3.23), and current flexural rash
(aOR ¼ 3.50, 95% CI ¼ 2.48–4.92) independent
from age, sex, family atopy, and atopic sensiti-
zation. The association between current rhinitis
and BHR and total IgE levels were analyzed in
subsamples of 329 and 347 children. There was
not any significant association between current
rhinitis and total IgE levels (p ¼ 0.67), or having
high (>100 kU/l) IgE values (p ¼ 0.07). The
association between current rhinitis and BHR
was also non-significant.
The association between rhinitis and asthma

was further evaluated according to allergy mark-
ers. Current rhinitis significantly increased the
risk of PD asthma both among those with atopic
sensitization (OR ¼ 3.98, 95% CI ¼ 1.81–8.76)
and those without sensitization (OR ¼ 2.79,

Table 1. Association between rhinitis symptoms/diagnosis and allergy markers

Symptom/diagnosis

Skın test reactıvıty to

Total IgE � >100 kU/l
(n ¼ 85) (%)

At least one allergen
(n ¼ 551) (%)

Mite
(n ¼ 171) (%)

Any pollen
(n ¼ 341) (%)

Cockroach
(n ¼ 152) (%)

Current rhinitis 20.4 7.4 13.5 5.3 21.8
Current rhinoconjunctivitis 18.6 7.4 13.0 5.0 21.0
Current R or C in pollen season 14.2 6.3 8.0 3.4 20.8
Ever hay fever 18.2 4.1 14.5 3.2 39.1*

R: rhinitis; C: conjunctivitis.
*Significantly higher compared to subjects without a diagnosis, p ¼ 0.039.
�Analyzed in a subgroup of 347 children.
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95% CI ¼ 1.82–4.26). In a multivariate model,
current rhinitis was still significantly associated
with PD asthma after adjusting for age, sex,
atopic sensitization, and total IgE levels (OR ¼
2.43, 95% CI ¼ 1.20–4.92, p ¼ 0.013).
The multiple logistic regression analysis

revealed family atopy (OR ¼ 2.25, 95% CI ¼
1.79–2.83, p ¼ 0.000), current indoor heating
with gas stove (OR ¼ 1.76, 95% CI ¼ 1.18–2.64,
p ¼ 0.006) and dampness/molds at home during
the first year of life (OR ¼ 1.70, 95% CI ¼ 1.25–
2.31, p ¼ 0.001) as significant independent fac-
tors (Table 3). In order to find out if any
multicollinearity was existing between independ-
ent variables, we examined the correlations and
associations between independent variables,
additionally we examined the changes in beta,
SE of beta and related p-values by adding
interaction terms into the model. As a result we
found that there were collinearities between
parental education level and a variety of envi-
ronmental risk factors, and decided not to enter
the family education in this model.
We also investigated the association between

current rhinitis and risk factors in a subgroup of

children without any SPT positivity in a similar
manner with backward logistic regression analy-
sis (Table 4). The same risk factors; family atopy
(OR ¼ 2.22, 95% CI ¼ 1.69–2.91, p ¼ 0.000),
current indoor heating with gas stove (OR ¼
2.01, 95% CI ¼ 1.29–3.13, p ¼ 0.002) and
dampness/molds at home during the first year
of life (OR ¼ 2.00, 95% CI ¼ 1.42–2.82, p ¼
0.000) were found to be significantly associated
with current rhinitis and the strength of associ-
ations were stronger than the original group.

Discussion

The present study showed that rhinitis, defined as
sneezing, rhinorrhea, or nasal congestion apart
from viral respiratory infection in the last
12 months affected almost a third of 9 to
11-year-old children. In previous prevalence
studies the figures for rhinitis ranged between
6.3% and 39.9% in different regions of Turkey in
school-aged children (14–16). Worldwide ISAAC
Phase-I study revealed that allergic rhinocon-
junctivitis symptoms ranged from 0.8% to 14.9%
in the 6–7-year olds and from 1.4% to 39.7% in
the 13–14-year olds from 91 to 155 centers,

Table 2. Association between current rhinitis and comorbidities

Comorbidity

Rhinitis

Crude OR 95% CI Adjusted OR � 95% CINo (n ¼ 1775) (%) Yes (n ¼ 781) (%)

PD asthma 4.1 13.8 3.70 2.62–5.22 3.00 2.07–4.34
Current wheezing 7.3 21.5 3.50 2.77–4.42 3.16 2.46–4.05
Current flexural rash 3.3 10.8 3.57 2.56–4.98 3.50 2.48–4.92
PD eczema 1.7 3.4 2.02 1.21–3.36 1.89 1.10–3.23
STR ‡ 1 to aeroallergens 20.9 20.4 0.96 0.78–1.17 0.97 0.76–1.20
STR to pollens 12.6 13.5 1.08 0.85–1.38 1.10 0.85–1.42
STR to mites 6.0 7.4 1.25 0.90–1.73 1.34 0.95–1.90
STR to cockroach 5.9 5.3 0.90 0.62–1.29 0.81 0.55–1.19
Serum total IgE >100 kU/l � 29.2 21.8 0.74 0.41–1.10 0.61 0.35–1.05
Bronchial hyper-responsiveness � 24.6 25.9 1.07 0.64–1.78 0.99 0.58–1.70

�Adjusted for atopic sensitization (only for the first four comorbidities), age, sex, and family atopy.
STR: skin test reactivity; PD: physician-diagnosed.
�Studied in subgroups of 347 and 329 children, respectively.

Table 3. Multiple logistic regression analysis of risk factors� for current rhi-
nitis

p-Value Odds ratio (OR) 95% CI

Family atopy 0.000 2.25 1.79–2.84
Current heating with gas stove 0.006 1.76 1.18–2.64
Dampness/mold at 1 yr of age 0.001 1.70 1.25–2.31

�Final model is presented. Factors included in the first model of backward
analysis: age, sex, family atopy, number of siblings, maternal smoking, pre-
vious measles, and parasitic infection, current and first year exposure to;
heating systems (wood/coal stove, gas stove), furry pets, dampness/molds at
home, and cotton pillow.
CI: confidence interval.

Table 4. Multiple logistic regression analysis of risk factors for current rhinitis
in subjects with negative SPT

p-Value Odds ratio (OR) 95% CI

Family atopy 0.000 2.22 1.69–2.93
Current heating with gas stove 0.002 2.01 1.29–3.13
Dampness/mold at 1 yr of age 0.000 2.00 1.42–2.82

Factors included in the first model of analysis include age, sex, family atopy,
number of siblings, maternal smoking, previous measles, and parasitic infec-
tion, current and first year exposure to; heating systems (wood/coal stove, gas
stove), dampness/molds at home.
CI: confidence interval; SPT: skin prick test.
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respectively (6, 17). The highest prevalences of
allergic rhinoconjunctivitis symptoms were
reported from scattered centers in the world
and showed discrepancy with asthma symptom
distribution pattern. Our prevalence figure for
current rhinoconjunctivitis was of moderate level
among worldwide values. The large variations in
prevalence values of rhinitis questions between
centers is believed to be affected, at least in part,
by cultural, and linguistic differences and hence
validity of written questionnaires (6).
It is generally agreed that the prevalence of

atopy can only partly explain differences in the
prevalence of allergic diseases (18). In the present
study, the associations between atopic sensitiza-
tion and rhinitis symptoms, or PD hay fever were
not significant. In some population studies there
was a close correlation between the number of
skin test reactivity to aeroallergens and allergic
rhinitis (19). On the other hand, other studies
conducted in different parts of the world found
no significant, or limited association between
rhinitis symptoms and atopic sensitization (18,
20, 21). These results and our data show that
allergic rhinitis presents some diagnostic chal-
lenges in epidemiologic studies. Presumably,
non-allergic forms of rhinitis and some forms
of infectious rhinitis are also included among the
cases, in different proportions according to the
population studied. When we analyzed the rela-
tion between rhinitis and atopic sensitization in
different districts belonging to different socio-
economic strata, we found that in some districts
there was a significant association between cur-
rent rhinitis and atopic sensitization, whilst in
others not (data not shown). This suggests that
cultural, educational and language factors under-
lying the difference of populations may influence
the accuracy of questionnaire studies (17).
Chronic nasal symptoms without allergic caus-

ation are known as non-allergic rhinitis. Among
a wide variety of etiological factors infections,
chronic sinusitis, structurally related ones such as
adenoid hypertrophy and septal deviation, irrit-
ant-induced (such as indoor and outdoor air
pollution, passive smoking) rhinitis, and eosino-
philic nasal disease such as NARES are most
commonly encountered, especially among chil-
dren (22). Epidemiologic data about the preval-
ance values for non-allergic rhinitis are scarce in
childhood populations. In different series, fre-
quency of non-allergic rhinitis was reported
between 17% and 50% of rhinitis sufferers (10,
23, 24). The Joint Task Force points out that
data regarding the true prevalance of rhinitis are
difficult to interpret (23). Although Togias (24)
has observed a predominance of adults among

cases with non-allergic rhinitis, the same associ-
ation was not observed by other authors (2, 25).
Agius et al. (25) have examined the epidemio-
logical characteristics of Maltese chronic rhinitis
cases aged 5 to >70 yr in an outpatient clinic.
Approximately half of the patients were skin test
negative. Overall age difference between atopic
and non-atopic rhinitis cases was not significant.
Childhood prevalance studies where subjects
with rhinitis had low atopic sensitization rates,
point out that non-allergic rhinitis may be more
frequent than expected in some populations (18,
20, 21). In Tucson study, 63% of children had
rhinitis of some type by age 6, of whom only
34.2% were skin test positive (26). It is possible
that in populations with a high incidence of
infections and indoor–outdoor pollution, non-
allergic forms of rhinitis, or rhinosinusitis
increase. In the present study, we found that
environmental factors such as dampness/molds
at home, and indoor heating with gas stove, in
addition to family atopy, were significant risk
factors for rhinitis in multivariate logistic regres-
sion analysis. Additionally, there was an inverse
association, though not reaching statistical sig-
nificance, between rhinitis symptoms and pater-
nal education level, which is a good predictor of
SES. On contrary, we found a significant positive
correlation between atopic sensitization and
paternal education level in a previous study
(13). High frequency of infections, poor living
conditions such as dampness and indoor/outdoor
pollution may be underlying reasons of the
association between rhinitis and low SES. In
previous studies low SES (27), dampness/molds
at home (28), outdoor air pollution (29), and
household gas stoving/cooking (28, 30) were
found as significant risk factors for questionnaire
based rhinitis symptoms among child popula-
tions. Especially dampness at home and use of
domestic gas appliances may have pronounced
effects on different respiratory health symptoms
among both atopics and non-atopics (31). Gas
stoves release respiratory irritants such as nitro-
gen dioxide and other combustion by-products.
Gas stove exposure was found to be a significant
risk factor for respiratory symptoms even after
adjusting for nitrogen dioxide levels, although
short term peak levels were not taken into
account (32). It is not possible to speak of the
type of pollutant(s) that may have resulted in this
association between gas stove and current rhini-
tis, since we did not measure levels of any type of
indoor pollutants.
In another study conducted in _Istanbul,

Turkey, authors have found that residence in a
highly polluted area significantly increased the
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risk of symptoms of allergic rhinitis among both
atopics and non-atopics (29). According to the
formal data provided by the Refik Saydam
Hygiene Center in Ankara, mean annual (1999)
outdoor air concentrations of SO2 and PM were
57.8 and 76.4 lg/m3 for Ankara as a whole, while
those annual figures reached to 77.7 and 98.7 lg/
m3, respectively, in some heavily polluted dis-
tricts of the city. Some of these values were
higher than the primary air quality standarts for
different countries (33). Bad quality charcoal
usage in central heating systems contributes to
the increase in levels of these pollutants. These
outdoor pollutants may be one of the reasons
that resulted in an increased prevalence of
rhinitis symptoms in Ankara school children.
However, assesment of individual exposures to
pollutants would be an ideal method in order to
make conclusions about the exact role of SO2

and PM in the development of rhinitis in
children.
One of the most striking findings of this study

was the significant association between asthma
and rhinitis symptoms, among both atopic and
non-atopic cases. This was also valid for the
association between rhinitis and eczema symp-
toms and diagnosis. A number of cross-sectional
studies have demonstrated that allergic rhinitis
and asthma commonly occur together (16, 26,
34). Our study showed that 56.3% of cases with
a previous diagnosis of PD asthma had rhinitis.
The PD asthma was present in 13.8% of those
with rhinitis and 4.1% of those without rhinitis.
There was a significant relationship between
rhinitis and diagnosed asthma, eczema, current
rash and current wheezing. The significant
association between rhinitis and asthma did not
change among different socioeconomic groups
(data not shown). Moreover, this significant
association was, albeit higher in atopics, inde-
pendent of atopic sensitization, family atopy,
and IgE values. In recent years, a limited number
of population studies involving mostly adults
have revealed rhinitis as an independent risk
factor for asthma among non-atopic subjects (9,
10, 35). Leynaert et al. (35) on behalf of the
ECRHS group have shown that the strong
(OR ¼ 6.63, CI ¼ 5.44–8.08) association
between asthma and rhinitis detected in all
participating countries was independent of smo-
king, allergic sensitization, total IgE, and paren-
tal history of asthma. The OR was found to be
higher among non-atopic individuals.The rea-
sons underlying this association are not clear yet.
A number of theories regarding the mechanisms
underlying connections between the upper and
lower airways are proposed such as nasal-bron-

chial reflex mechanisms, loss of nasal air condi-
tioning functions, chronic mouth breathing and
dissemination of inflammatory mediators or cells
via nasal drainage or the systemic circulation
(36). Our results have confirmed previous studies
in that the strong association between rhinitis
and asthma is an universal phenomenon, also in
children.
Since this is a cross-sectional study, it is

impossible to make causal inferences. Another
limitation of the present study was that the
relationship between rhinitis and other comor-
bidities was questionnaire-based. We could not
find a significant association between rhinitis
and BHR measured by HS challenge. In
ECRHS study, there was a significant relation
between allergic rhinitis and BHR apart from
an asthma diagnosis in adults (35). In contrast,
non-asthmatic children with allergic rhinitis did
not show a higher degree of BHR than asymp-
tomatic atopic or non-atopic controls in
German MAS study involving 7-year-old chil-
dren (37). It seems possible that the develop-
ment of BHR in subjects with rhinitis may be an
age-related issue.Of course, methodologic prob-
lems such as reporting bias should not be
overlooked.
In conclusion, the present cross-sectional epi-

demiologic study has shown that non-infectious
rhinitis was a common problem and not signifi-
cantly related to atopic sensitization in 9 to
11-year-old Turkish children. However, it
showed a strong association with asthma inde-
pendent of atopic sensitization. Environmental
risk factors such as indoor dampness and gas
stoving were significant risk factors for rhinitis,
besides parental atopy.
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Orhan, MD and C. Saçkesen, MD for their asistance in data
entry. The authors are also indebted to N. Ayral, A. Çetin,
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