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ABSTRACT
Background: Almost one third of the world population suffers from allergic conditions.
Respiratory symptoms are common in Malaysian children but there are few studies on frac-
tional exhaled nitric oxide (FeNO), inclusive of field clinical test for asthma among children
in Malaysia. The aim was to provide insight on factors related to level of FeNO among stu-
dents in Terengganu, Malaysia.
Methods: In total, 487 randomly selected students from eight secondary schools partici-
pated (13–14 years old). A Standardized questionnaire was used to obtained information on
doctors’ diagnosed asthma, current asthma and respiratory symptoms. FeNO measurement
and skin prick test (SPT to common allergen) were conducted.
Results: The geometric mean FeNO was 16.7 ppb. Totally, 38.4% of students had elevated
FeNO level (>20ppb) and 40.3% had had positive SPT to house dust mites allergens (HDM),
Dermatophagoides pteronyssinus (Der p 1), Dermatophagoides farinae (Der f 1) or Felis domi-
sticus (cat). Male gender, height, parental history of allergy, self-reported allergy, and atopy
were associated with FeNO. In particular, a combination of sensitization to HDM or cat and
elevated FeNO were associated with doctor-diagnosed asthma and self-reported allergy to
food, pollen and cat.
Conclusion: Asthma, respiratory symptoms and sensitization to HDM and cat are common
among students and presence of elevated FeNO levels indicate ongoing airway inflammation.
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Introduction

Allergic respiratory conditions are a major public
health issue worldwide. The World Health
Organization (WHO) estimates that asthma alone is
accountable for morbidity among 300 million people
and for 250,000 lives lost annually (1). Almost one
third of the world population suffers from allergic
conditions (2). Asthma and allergies are increasing
globally, especially in Asia and middle income coun-
tries (3,4). Poor asthma control is associated with
impaired quality of life, absenteeism from the work-
place, and substantial financial loss (5). Existing stand-
ard methods and protocols only demonstrate a
fraction of the severity and complexity of the disease
that affects children and young adults (6). Different
methodologies and lack of precise definitions make
reliable international comparisons difficult (2,7).
Standardized questionnaires related to symptoms of
asthma, allergic rhinoconjunctivitis, and eczema are

important to detect asthma associated hypersensitivity
(8). However, allergy testing is critical in providing
meaningful information for a continuous therapeutic
plan of interventions for atopic individuals. Skin-prick
testing (SPT) is usually the preferred choice in the
diagnostic work-up for allergies (9). Fractional
Exhaled Nitric Oxide (FeNO) is a convenient clinical
test to identify subjects with asthma. Factors that may
affect FeNO levels include age, sex, atopy, height, cur-
rent smoking, and diet (10). The American Thoracic
Society (ATS) recommended that low FeNO less than
20 ppb in children should be used to indicate that
eosinophilic inflammation and responsiveness to corti-
costeroids are less likely; and FeNO greater than
35 ppb in children who are symptomatic should be
used to indicate that eosinophilic inflammation and
responsiveness to corticosteroids are likely. FeNO val-
ues between 20 and 35 ppb in children should be
interpreted cautiously and with reference to the
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clinical context (11). Controlling disease progress
based on this information can help clinicians to cali-
brate the individual needs of steroid medications (12).
FeNO and SPT can be conducted in a population
based study because they are reliable, safe, convenient,
inexpensive, minimally invasive, and provide real
time results.

Studies done prior were on more affluent state
shows high prevalence of elevated FeNO (45%) among
Malaysian Children (13) but most studies are hospital
based, which tend to overestimate the level of control
and do not account for coverage of general population
(14). Constant high temperature and high humidity
throughout the year in countries like Malaysia,
Singapore, and Thailand provide an ideal environment
for the accumulation of indoor and outdoor allergens
that are highly related to asthma prevalence. To date,
most studies from Asia are from affluent countries
sharing comparable socioeconomic indices as Western
Europe, which may not accurately reflect the whole
region (15). Based on the International Study of
Asthma and Allergies in Childhood (ISAAC III), over-
all asthma prevalence in Asian countries can vary
between 4.1% and 32.1% depending on the location
and subpopulations. In less than 5 years, asthma
prevalence in Southeast Asia increased from 9% to
13% among children aged 13 to 14 years old (16).

Asthma exacerbations are higher among individuals
with preexisting allergic conditions. Sensitization to
aeroallergens is relatively common in Malaysian chil-
dren (13). Data on FeNO level can be useful in inves-
tigating asthma and allergy in a tropical country.
Limited studies have been reported with regard to
school condition in the East Coast of Malaysia (17).
To our knowledge no previous publication from
Malaysia on association between FeNO and Skin Prict
Test done outside hospital setting been reported. The
aim was to study associations between FeNO and
atopic sensitization among Malaysia less affluent
cohorts, to be more reflective of the region as
a whole.

Methods and material

Study population

We randomly selected four classes from each of eight
purposely selected secondary schools in Terengganu,
Malaysia. Schools selection was based on enrollment
and administrative classification of the school (urban
or rural). We invited 20 randomly selected students
from form two classes for a total of 640 students, 13
to 14 years of age. Students with a prior history of

severe pulmonary disease other than asthma, acute
asthma symptoms, very recent respiratory illness (e.g.
cold, flu), or sinusitis for the last 3 days were excluded
from this study. Students brought the questionnaire
home to answer it together with their parents or
guardians. Data collections were performed in
October 2012 until February 2013.

Assessment of health data

We utilized a self-administered questionnaire, identi-
cal to those used in previous school studies (13,18). It
included questions on doctor-diagnosed asthma,
reported allergies, current asthma, and respiratory
symptoms obtained from the large international
ISAAC study (16), the European Respiratory Health
Survey (ECRHS) (19) and previous Swedish school
studies (18). One set of questions asked about asthma,
including doctor diagnosed asthma, current asthma
medication use, and asthma attacks during the past
12months. Another set of questions asked about air-
way symptoms related to asthma during the past
12months, without using the phrase “asthma.” These
symptoms included: 1) wheezing or whistling in the
chest the last 12months, 2) at least one daytime attack
of shortness of breath during exercise or while resting
during the last 12months (2 questions), 3) at least
one nighttime awakening with attacks of breathless-
ness or tightness in the chest during the last
12months (13,18). The question on wheeze during
the last 12months is identical in the ECRHS (19) and
the ISAAC study (16). Moreover, the questionnaire
contained questions on current smoking, parental
allergy or asthma and self-reported allergy. Self-
reported allergies were based on history of symptoms
experience by subject. Finally, there was one question
on respiratory infections during the last 3months.
Completed questionnaires were collected the same
week as the physical and skin prick test were done.
Trained research assistants went through the question-
naires during a face-to-face interview with the student
to clarify any uncertainty in the questions.

Skin prick test

Purified allergen extract purchased from ALK-Abello,
Hørsholm, Denmark were use. Each bottle contained
specific allergen material for Dermatophagoides ptero-
nyssinus (Der p 1), Dermatophagoides farinae (Der f
1), and Felis domesticus (Cat) in 10 HEP (Histamine
Equivalent in Prick testing) concentration dissolved in
equal parts of buffered saline and sterile glycerol 2mL
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vial. A histamine solution (10mg/mL) and a saline
solution were used as controls. SPT were performed
on the volar side of the forearm. Each allergen solu-
tion and the controls were applied using a droplets
nozzle on clean and dry skin in comparable and
appropriate distance from each other. Superficial layer
of the skin was pierced with a disposable ALK skin
lancet, perpendicular to the skin through the droplet
and held for 1 s. A new and sterile lancet was used for
each allergen and control solution. Positive control
was applied last and all droplets were wiped off with a
tissue in rolling motion to ensure no allergen solu-
tions were mixed. Each area was observed by measur-
ing the reaction of allergen extract after 15min
beginning with the positive control. A positive reac-
tion included a pale wheal (edema) with a red flare
(erythema). Longest and orthogonal diameters of the
wheal were measured and those with a mean wheal of
at least 3mm were considered positive.

FeNO measurement

FeNO measurement was performed by the portable
NIOX MINO machine (Aerocrine AB, Solna, Sweden)
according to ATS/ERS guidelines (20). All measure-
ments were performed between 9:00 a.m. and 4:00
p.m. Before measurement, participants were advised
not to consume food, 3 h prior and not to perform
strenuous exercise, one hour prior. Before FeNO ses-
sion began, each steps required were explained to the
student using verbal instruction and visual aid.
Subject rested in the sitting position for at least
10min before the measurement started. A new dispos-
able mouthpiece was used by each subject. Briefly, stu-
dents were required to empty their lungs by complete
expiration. Subjects were instructed to inhale through
the machine to ensure gas scrubber filtered away all
ambient NO. Exhalation in a continuous manner at
the pressure of 10 to 20 cm H2O was used to prevent
contamination of exhaled NO with NO of nasal origin
(21). FeNO was calculated during the last 2 s of the
exhalation. Measurements were repeated, recorded,
and taken as a calculated mean of two correct exhala-
tions. Readings that did not deviate more than 2.5 ppb
or 10% within a 15min period and 30 s apart were
taken into consideration. Each subject performed no
more than a total of four attempted exhalations. No
nose clip was used. The sensor in the device was
replaced periodically according to the manufacturer’s
guide. Most of FeNO studies, including our current
study, use a same flow rate measurement (50mL/s) as
recommended by ATS/ERS (20).

Statistical analysis

Since normality assumptions were met for the loga-
rithm of FeNO, the logarithm-transformed value was
used to calculate the mean ± two standard deviations
(SD) and then back-transformed values were esti-
mated (22). Comparison between groups of popula-
tion characteristics and symptoms were tested with
the v2 test or exact Fisher test for categorical variables.
The sensitivity and specificity of self-reported cat
allergy were calculated using the cat SPT result as the
gold standard. A paired t-test was used for compari-
son of continuous variables within each group.
Factors influencing the FeNO values were examined
with a generalized linear model. Gender, doctor-diag-
nosed asthma, allergy status, height, reported family
medical conditions, and self-reported allergy were
included as independent factors in the model. The
same factors were adjusted in multiple logistic regres-
sions to evaluate associations between respiratory con-
ditions with a combination of SPT result and FeNO
level. An odds ratio (OR) with a 95% confidence
interval (95% CI) were calculated for the logistic
regression analyses. Statistical analyses were performed
with the Statistical Package for the Social Sciences
(SPSS version 20.0; SPSS Inc., Chicago, IL).

Ethics statement

The study was approved by an independent review
board, Medical Research and Ethics Committee in the
National University of Malaysia. Data were collected
after all permissions were obtained from Malaysia
Ministry of Education, Terengganu State Education
Department, principals of each school, and teachers of
each class. Information regarding the purpose of the
study and the importance of valid answer were given
prior obtaining informed written consent from all par-
ent or legal guardian of selected students.

Results

Demographic data, characteristics, and FeNO level
among students are shown in Table 1. A total of 487
students (76.1%) completed the questionnaire, 370
(57.8%) managed to obtained written consent to per-
formed skin prick testing and 365 (57.0%) of them
managed to produce an acceptable FeNO reading.
Students with elevated FeNO level were 140 (38.4%),
while 82 (23.0%) had clinical allergy to both HDM
and cat with increased FeNO (>20 ppb) level.
Majority (99.0%) were Malays; 182 (37.4%) were male
and half of them went to school in urban areas. There
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were only 18 current smokers (3.7%) but 260 (53.4%)
reported exposure to cigarette smoke at home (ETS).
Prevalence of overweight or obesity was 17.1%. The

geometric mean FeNO for all subjects was 16.7 ppb
with ±2.0 ppb GSD. Prevalence of asthma and having
asthma diagnosed by a certified medical doctor was
11.1% and 8.4%, respectively. Majority had allergy to
house dust mites allergens (HDM), namely
Dermatophagoides pteronyssinus (Der p 1) 34.3% and
Dermatophagoides farinae (Der f 1) 32.7% (Table 2).
Prevalence of allergy to HDM or cat was 40.3% (145).
Calculated sensitivity and specificity for reported cat
allergy were 12.5% and 95.5%, respectively.

Geometric mean FeNO after excluding students
with positive SPT to HDM or cat or with doctor-diag-
nosed asthma was 15.4 ppb (GSD 1.7) for males and
12.6 ppb (GSD 1.7) for females. Gender, school loca-
tion, family history of allergy, and asthma status were
associated with FeNO. Higher FeNO level were associ-
ated with night time breathlessness, self-reported
allergy to food, pollen, and cat, and positive skin reac-
tion against Dermatophagoides pteronyssinus,
Dermatophagoides farinae, and Felis domesticus.
Proportion of subjects with elevated levels of FeNO
and allergic conditions by risk factor are shown in

Table 2. FeNO levels of school children by selected risk factors.

Variables Prevalence (%)

Yes No

p-valueN GM FeNO (GSD) N GM FeNO (GSD)

Gender (male) 38.1 139 19.2 ( 2.0) 226 15.4 (2.0) <0.01�
Urban school 47.9 175 18.2 (2.0) 190 15.4 (1.9) 0.02
Smoking 3.0 11 18.3 (1.9) 354 16.7 (2.0) 0.66
ETS exposeda 63.0 230 16.8 (2.0) 135 16.6 (1.9) 0.84
Overweight and obese 16.7 61 16.8 (1.9) 303 16.7 (2.0) 0.98
Reported family history
Mother has allergy 14.5 53 21.2 (2.1) 312 16.1 (2.0) 0.01
Mother has asthma 8.2 30 19.0 (2.3) 335 16.5 (2.0) 0.37
Father has allergy 11.0 40 22.3 (2.1) 325 16.2 (2.0) 0.01
Father has asthma 5.8 21 21.0 (1.8) 344 16.5 (2.0) 0.07

Asthma status
Ever Asthmab 10.7 39 23.2 (2.0) 326 16.1 (2.0) <0.01�
Doctor diagnosed asthma 7.7 28 25.1 (2.0) 337 16.2 (2.0) <0.01�
Current asthmac 4.7 17 27.5 (1.7) 348 16.3 (2.0) <0.01�

Respiratory symptoms
Any respiratory symptomsd 30.8 101 17.0 (2.0) 264 16.6 (2.0) 0.77
Wheeze 13.7 39 19.3 (2.2) 326 16.5 (2.0) 0.18
Day breathlessness 23.2 32 16.2 (1.9) 333 16.8 (2.0) 0.75
Night breathlessness 6.0 24 21.8 (1.9) 341 16.4 (2.0) 0.04

Self-reported allergy
Food allergy 27.1 102 20.3 (2.2) 263 15.5 (1.9) <0.01�
Pollen allergy 12.1 39 21.7 (2.0) 326 16.2 (2.0) 0.02
Mold allergy 10.5 40 17.2 (2.2) 325 16.7 (2.0) 0.82
Cat allergy 5.3 20 31.5 (2.2) 345 16.1 (2.0) <0.01�

Skin prick response (n¼ 358)
HDM or Cat 40.3 145 22.4 (2.2) 212 13.8 (1.7) <0.01��
House dust mitee 39.2 141 22.7 (2.2) 217 13.8 (1.7) <0.01��
Derm. pteronyssinus 34.3 123 22.9 (2.2) 235 14.3 (1.8) <0.01��
Derm. farinae 32.7 116 23.8 (2.2) 242 14.2 (1.8) <0.01��
Felis domisticus 10.8 40 22.1 (2.0) 317 16.2 (2.0) <0.01�

Student with HDM and cat and with doctor-diagnosed asthma 4.9 18 30.9 (1.9) 347 16.2 (2.0) <0.01�
Significant values are in bold.
aETS exposed were student exposed to cigarette smoke at home.
bEver had asthma were ever asthma without doctor diagnosed, doctor diagnosed asthma or asthma on medication.
cCurrent asthma were either on asthma medication or had any asthma attack for last 12months.
dAny respiratory symptom was student having any type of wheezing, any type of day breathlessness or any type of night breathlessness.
eHouse dust mite were student had skin swelling more than 3mm on Derm. Pteronyssinus or Derm. Farinae.�p< 0.005.��p< 0.001.

Table 1. Demographic data, respondent characteristics, and
FeNO levels among school children.

Variables
Total participant n: 487 (%)/

mean (SD)/GM (GSD)

Male 182 (37.4)
Urban school 245 (50.3)
Current smoker 18 (3.7)
Ever asthma 54 (11.1)
Doctor diagnosed asthma 41 (8.4)
Present cigarette smoke in house (ETS)a

No, never 227 (46.6)
Yes, at least once a week 91 (18.7)
Yes, every day 169 (34.7)

Having cat at home 174 (35.7)
Elevated FeNO (>20 ppb) (n¼ 365) 140 (38.4)
High FeNO level (>35ppb) (n¼ 365) 60 (16.4)
Atopy and elevated FeNO (n¼ 358) 82 (22.9)
Overweight or obeseb (n¼ 375) 64 (17.1)
Height 155 (±0.4) cm
Weight 50.3 (±0.7) kg
FeNO (GM±GSD) (n¼ 365) 16.7 ppb (±1.9)

All participants were at age of 13 and 14 years old.
aETS exposed were student exposed to cigarette smoke at home.
bBMI based on age.
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Table 2. Increasing height, male students, parental his-
tory of allergy (mother or father has allergy), self-
reported allergy and sensitization to HDM or cat
(Felis domesticus) were associated with increased
FeNO level among students (Table 3). Finally, we ana-
lyzed associations between a combined variable
including FeNO and sensitization to HDM or cat,
with respiratory symptoms, asthma status and self-
reported allergy (Table 4). Students with a positive
SPT (HDM or cat allergy) combined with high FeNO

level (>35 ppb) were more likely to have night breath-
lessness, wheeze, ever had asthma, doctor-diagnosed
asthma, current asthma, and a self-reported allergy to
food, pollen, and cat.

Discussion

In this study, we enrolled a random sample of chil-
dren from all classes. Even though data on asthma
related symptoms were collected based on answers
from the questionnaire, both student and teachers
were given explanation on how to complete the ques-
tionnaire. One of research team member checked the
questionnaire to ensure the information were correct
and complete. This enabled us to get higher accuracy
in this study. Secondary school students were chosen
for the study as student of this age group were
expected not be influenced by major academic tests
planned by the Malaysian Ministry of Education.
Information bias was handled by completing question-
naires first, before students participated in the clinical
examination, which means that data from the ques-
tionnaire was not influenced by knowing the FeNO
values measured. There was no trend in FeNO based
on individual schools. Mutual adjustment to control
for confounders during bivariate and multivariate
analyses further helped to reduce selection bias in our
study. Results from different statistical analyses were
mostly the same. Thus, it can be concluded that the
study was not seriously influenced by selection bias or
information bias. Nevertheless, the possibility to draw
conclusions on causality is limited by the cross-sec-
tional study design.

Table 3. Level of log FeNO by selected factors using general-
ized linear models analysis (N¼ 365).

Variable Slope

95% CI

p-valueLower Upper

Intercept 0.15 –0.44 0.75 0.62
Height 0.01 0.01 0.10 <0.01�
Male 0.07 0.01 0.14 0.02
Urban school 0.02 –0.04 0.08 0.52
Night breathlessness 0.06 –0.06 0.18 0.34
ETS at homea

Every day 0.02 –0.05 0.08 0.59
Once a week –0.03 –0.10 0.05 0.52
Never Reference

Asthma presentations
Current asthmab –0.07 –0.23 0.09 0.38
Ever asthma –0.02 –0.21 0.16 0.82
Non asthma Reference

Parental history of allergyc 0.10 0.03 0.17 <0.01�
Self-reported allergyd 0.06 0.01 0.12 0.04
HDM or cat 0.19 0.13 0.24 <0.01��
Significant values are in bold.
aETS exposed were student exposed to cigarette smoke at home.
bCurrent asthma were either on asthma medication or had any asthma
attack for last 12months.

cParental allergy were reported mother or father had history of allergy.
dReported allergy were ever reported history of food or pollen or
cat allergy.�p< 0.005.��p< 0.001.

Table 4. Respiratory symptom, asthma, and reported allergy by combination of FeNO and SPT (HDM or
cat) (N¼ 365) using multiple logistic regressions analysis.

Independent variable

SPT negative and FeNO Low SPT positive and FeNO low SPT positive and FeNO high

Reference
group OR

95% CI

p-value OR

95% CI

p-valueLower Upper Lower Upper

Any respiratory symptomsa 1 1.40 0.73 2.67 0.31 1.99 0.99 3.98 0.05
Day breathlessness 1 1.14 0.57 2.29 0.71 1.41 0.67 2.96 0.37
Night breathlessness 1 1.33 0.38 4.70 0.66 3.87 1.32 11.30 0.01
Wheeze 1 0.98 0.36 2.72 0.97 3.53 1.46 8.51 <0.01�
Ever asthma 1 1.42 0.49 4.10 0.52 5.74 2.47 13.35 <0.01��
Doctor diagnosed asthma 1 2.41 0.67 8.63 0.18 5.85 2.19 15.63 <0.01��
Current asthmab 1 4.87 0.96 24.82 0.06 8.86 2.06 38.11 <0.01�
Food allergy 1 1.36 0.69 2.67 0.37 5.18 2.59 10.38 <0.01��
Pollen allergy 1 0.47 0.13 1.75 0.26 2.75 1.09 6.94 0.03
Cat allergy 1 1.09 0.19 6.19 0.92 10.22 2.79 37.50 <0.01�
Significant values are in bold.
Each model was analyzed by logistic regression and adjusting for gender, school location, cigarette smoke exposure and height
in the models. SPT negative were student had skin swelling more than 3mm on Derm. Pteronyssinus or Derm. Farinae or Felis
Domisticus. FeNO were divided to low FeNO (<20 ppb) and high (>35 ppb).

aAny respiratory symptom was student having any type of wheezing, any type of day breathlessness or any type of night
breathlessness.

bCurrent asthma were either on asthma medication or had any asthma attack for last 12month.�p< 0.005.��p< 0.001.
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Prevalence of doctor-diagnosed asthma was 8.4%,
but a large proportion of students reported food
allergy (27.1%) and sensitized to cat or HDM (40.3%).
Moreover, keeping a cat at home was every common
(35.7%). We found that self-reported cat allergy had
high specificity but low sensitivity, suggesting that cat
allergy can be a major allergy, requiring allergy testing
to determine the true prevalence. In this study, the
geometric mean FeNO level among 13 and 14 years
old students in Terengganu, Malaysia were 16.73 ppb
(GSD 1.99). A large proportion (34.4%) of students
had elevated FeNO levels. FeNO levels were related to
height, gender, history of allergy (parental history,
self-reported food, pollen and cat allergy), and HDM
and cat allergy. Moreover, our study suggests that
FeNO levels were associated with respiratory symp-
toms. The subgroup with parental allergy, reported
asthma conditions, and reported night breathlessness
had higher FeNO levels. Increased FeNO among chil-
dren with self-reported allergy have been reported by
previous studies (21), but higher FeNO among sensi-
tized, asymptomatic children may occur because aller-
gen exposure among children are common (22).
Adjustments for school was still considered because
subjects were sampled in their class groups in the
assigned schools and not randomly in the commun-
ities. Environmental pollution exposure associated
with different FeNO levels among asthmatic compared
to non-asthmatic children could have attenuated the
role of individual susceptibility (23). Prevalence of
current smokers was low (3.7%), however, a large pro-
portion of students were exposed to cigarette smoke
at home (53.4%). Other known factors that were con-
sidered and controlled in this study were age-related
(24), gender, and height (25).

We did find FeNO level differences between chil-
dren with and without allergic sensitization, independ-
ent of allergic symptoms, among Malays students.
FeNO is elevated by not only asthma, but also other
respiratory disorders such as viral infections and aller-
gic rhinitis (26). Geometric mean levels of FeNO were
relatively low (15.4 ppb in males and 12.6 ppb in
females) if subjects with doctor-diagnosed asthma and
a positive SPT to cat or HDM were excluded. Among
normal healthy children age 6–14 years, one study in
China reported that median level was 13 ppb (range,
9–18 ppb) and lower for females, at 10 ppb (range,
8–14 ppb) (27). The mean FeNO among Japanese stu-
dents between 10 and 12 years of age, was 15.1 ppb
(28). More recent study among non-allergic sensitized
children in Taiwan aged 5 to 18 years, the geometric
mean FeNO level and the upper 95% CI were

11.2 ppb and 30.2 ppb (29). In Korea, the geometric
mean and 95% CI of FeNO in healthy, non-atopic
subjects were 13.76 ppb (11.68–15.84) among 12 years
old children (30). We found a relationship between
FeNO levels and positive skin tests in sensitized chil-
dren who presented with asthma symptoms. These
findings were similar with most studies, which suggest
that atopy and asthma may be a consistent predictor
of high FeNO levels (31). Generally, eosinophilic
inflammation has an important pathophysiological
role for the development of asthma symptoms (32).
Higher FeNO were more common among students
with asthma, especially students with symptoms
related to uncontrolled asthma (33) such as night time
symptoms independent of allergic conditions.

In conclusion, FeNO levels were high for children
with HDM or cat sensitization independent of allergic
symptoms. Our data suggest that FeNO levels were
associated with height, gender, school location, paren-
tal allergy, asthma status, night breathlessness, self-
reported allergy (food, pollen, and cat), and sensitiza-
tion to HDM or cat. Students with higher FeNO, may
indicate an ongoing allergic reaction that may requires
further interventions .
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