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ABSTRACT

Objective: Accurate decisions regarding the asthma control level are critical in asthma management. However, an objective laboratory
parameter has not yet been defined for detecting asthma control levels in children.

Materials and Methods: We aimed to determine objective laboratory parameters that can be used in evaluating the asthma control
level. To achieve this, we compared the Global Initiative for Asthma (GINA)-defined asthma control scale with the Pediatric Asthma
Control Test and laboratory parameters including serum periostin, tryptase, urinary leukotriene E4, and fractional exhaled nitric
oxide levels in determining the control level of asthma in 160 children with asthma.

Results: The serum periostin level and FeNO level were significantly high and the median Pediatric Asthma Control Test score
was significantly low in uncontrolled patients (p<0.001, p=0.003, p<0.001, respectively). After ROC analysis, p-ACT (AUC:0.914,
%95CI:0.86-0.97, p<0.001), serum periostin (AUC:0,669, %95CI:0.59-0.75, p=0.001) and FeNO (AUC:0.755, %95CI:0.67-0.84, p<0.001)
were found to be predictive in the assessment of asthma control. There was inconsistency between the GINA-defined asthma control
scale and the Pediatric Asthma Control Test in 28.7% of the study group. Within the patients having controlled asthma according to
both the GINA-defined asthma control scale and Pediatric Asthma Control Test, 8.7% had high levels of periostin and FeNO. Besides,
serum periostin levels and FeNO levels were both normal in 25.0% of the patients with uncontrolled asthma according to the GINA-
defined asthma control scale and the Pediatric Asthma Control Test.

Conclusion: The asthma control status demonstrated a correlation with FeNO and serum periostin levels. We hold the belief that
incorporating objective laboratory parameters, such as FeNO and serum periostin, for the assessment of asthma control levels may
have the potential to mitigate both overtreatment and undertreatment in the management of asthma.
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INTRODUCTION childhood asthma (1, 2). Assessment of childhood asthma
control is typically based on the Global Initiative for Asth-
ma (GINA)-defined asthma control scale and the Pediatric
Asthma Control Test (p-ACT). Nevertheless, both scales

rely on historical data provided by the patient or caregiv-

Asthma is the most frequent inflammatory airway dis-
ease in childhood (1). Accurate assessment of asthma con-
trol is crucial for ensuring effective treatment. Studies have

indicated that nearly two-thirds of children diagnosed with
asthma have experienced at least one asthma attack within
the last 12 months, highlighting the inadequate control of

ers and the physician’s interpretation, incorporating sub-
jective parameters (1). Consequently, there is a need for
objective parameters in the evaluation of asthma control.
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Although multiple studies have explored objective
parameters for assessing asthma control, the evaluation
continues to rely on the aforementioned methods, with
even fewer investigations conducted specifically in the
pediatric population. It has been demonstrated that frac-
tional exhaled nitric oxide (FeNO), serum periostin levels,
and urinary leukotriene E4 levels are elevated in patients
with allergic asthma (3-5). The combination of FENO and
ACT (Asthma Control Test) has been found useful in deter-
mining the level of asthma control in adults (6). In a single-
center study aimed at exploring the association between
asthma control levels and serum periostin levels in chil-
dren, high periostin levels were linked to poor asthma con-
trol (7). Nonetheless, there remains a scarcity of research
concerning the role of these parameters in determining
asthma control during childhood. Existing studies have
indicated a correlation between basal tryptase levels and
IgE-mediated allergic diseases. In patients with food aller-
gy, basal tryptase levels were observed to be higher than in
controls, and basal tryptase levels were shown to correlate
with the severity of anaphylaxis (8, 9). Serum basal tryptase
levels have been demonstrated to have the potential to serve
as a supportive parameter in indicating disease severity in
childhood asthma (10). Nevertheless, there is insufficient
research available that investigates the correlation between
tryptase levels and asthma control levels.

This study endeavors to identify objective laboratory
parameters that can complement the Global Initiative for
Asthma (GINA)-defined asthma control and Pediatric
Asthma Control Test (p-ACT) scales for the evaluation of
asthma control in children. To achieve this objective, we
assessed FeNO, serum periostin, tryptase, and urinary leu-
kotriene E4 levels to determine their potential in assessing
the status of asthma control in children.

MATERIALS and METHODS
Study Population

The study enrolled patients aged between 7-17 years
with physician-diagnosed asthma for 12 months or more
based on GINA guidelines (1). Patients with cystic fibro-
sis, bronchiectasis, bronchopulmonary dysplasia, bron-
chiolitis obliterans, chronic lung disease, congenital heart
disease, and immunodeficiency were not enrolled in the
study. Additionally, patients who experienced an asthma
exacerbation treated with systemic steroids or had either
an upper or lower respiratory tract infection within the last
4 weeks were excluded from the study.

Ethical Issues

The study was approved by the Clinical Research Eth-
ics Committee. (Ref No:2015/154). A written informed
consent form was received from all participants and car-
egivers.

Survey Instruments and Clinical Data

A comprehensive clinical history was elicited from all
participants and/or their caregivers. Information regard-
ing prenatal and postnatal asthma risk factors, exacerba-
tion history, and medications used were inquired. The
level of asthma control was assessed using the GINA-
defined asthma control scale and p-ACT (1, 11).

The following laboratory investigations were conduct-
ed on all subjects: epidermal skin prick tests, lung function
tests, total blood count, absolute eosinophil count, and
total IgE, FeNO, serum periostin, serum tryptase, and uri-
nary leukotriene E4 levels. Blood and urine samples were
collected to detect serum tryptase and periostin levels, as
well as urinary leukotriene E4 levels, and were subsequent-
ly frozen at -80 °C for analysis.

Asthma Control Level

The assessment of the asthma control level was accom-
plished using the GINA-defined asthma control scale.

GINA-defined asthma control scale: The control status
of asthma was evaluated by a pediatric allergist (who was
blinded to the p-ACT scores) based on specific criteria,
including the frequency of asthma symptoms, any noctur-
nal awakenings due to asthma, the extent of limitation in
daily activities, and frequency of reliever medication use
for symptom relief (1).

p-ACT: Children and their caregivers completed the
respective sections of the validated Turkish version of the
p-ACT. The overall p-ACT score is obtained by summing
the scores from the two sections, with scores ranging from
0 (indicating the poorest asthma control) to 27 (reflecting
optimal asthma control) (11).

Skin Prick Test

Prick tests were performed using prevalent airborne
allergens, encompassing animal dander (cat, dog), cock-
roach, house dust mite, molds (Alternaria, Aspergillus,
Cladosporium), and pollens (mixed tree and mixed grass
pollen). After 20 minutes, the reactions were assessed, and
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a test was considered positive if the diameter of the wheal
was at least 3 mm greater than the negative control.

Spirometry

Lung function tests were performed with a spirometer
(Minispir’, Rome, Italy) to meet American Thoracic Soci-
ety standards [20].

Fractional Exhaled NO

FeNO measurement was performed according to the
ATS/ERS recommendations (15817806). The patient sat
without a nose clip, inhaled to total lung capacity, and
then exhaled at a constant flow rate of 50 mL/s. The FeNO
level was measured three times (NObreath, Maidstone,
England), and the mean of these three measurements was
determined as Parts per million (ppm).

Tryptase levels (ImmunoCAP, Uppsala, Sweden) were
tested by the fluoroimmunoassay method.

Serum periostin levels (Cusabio, Baltimore, USA) and
urine leukotriene E4 levels (Cayman, Michigan, USA) were
tested by the micro-ELISA (Mikro Enzyme-Linked Immu-
nosorbent Assay) technique.

Statistical Analysis

The participants were categorized into three groups
as controlled, partially controlled, and uncontrolled,
based on the GINA-defined asthma control scale. The
chi-square test was employed to compare categorical vari-
ables between these groups. For continuous variables, the
One-way ANOVA or Kruskal-Wallis tests were used,
depending on the normal distribution of the data. By using
posthoc analysis for parameters whose p variable is smaller
than 0.05, p values of p <0.016 were considered significant
in paired comparison.

After the first analyses, uncontrolled and partially con-
trolled patients according to the GINA-defined asthma
control scale were gathered in one group (uncontrolled),
and the patients were divided into two groups as con-
trolled and uncontrolled. Categorical variables between
the two groups were compared by the chi-square test. If
continuous variables between the groups showed a nor-
mal distribution, they were compared by Student’s T-Test
while non-normally distributed variables were compared
by the Mann-Whitney U Test. It was considered signifi-
cant that the p value was below 0.05. The statistically sig-

nificant continuous variables, which could be utilized to
predict asthma control, underwent ROC analysis and cut-
off values were determined.

Correlation analyses were conducted to assess the rela-
tionship between two variables. In cases where both varia-
bles were continuous and exhibited a normal distribution,
Pearson correlation analysis was utilized. However, in sit-
uations where at least one of the variables did not conform
to a normal distribution, Spearman correlation analysis
was employed. When one variable was continuous and the
other was nominal, Point-Biserial Correlation analysis was
employed.

RESULTS

Among the 160 pediatric patients included in the study,
the mean age was 10.6 £ 3.7 years. Of the total participants,
52.5% were female, 47.5% were male, and 83.1% demon-
strated aeroallergen sensitization. The clinical characteris-
tics are presented in Table I.

The Level of Asthma Control and the Laboratory
Findings

Fourteen percent of patients exhibited non-compliance
with corticosteroid (CS) treatment. Among the patients,
fifty-one (31.9%) were categorized as having “controlled”
asthma, as per the GINA-defined asthma control scale.
The median p-ACT score was 20. When evaluating exac-
erbation risk factors, 73.1% of participants had passive
smoke exposure, 16.9% were obese, 14.4% exhibited non-
compliance with ICS treatment, and only 1 (0.06%) patient
had a history of low FEV-1 and endotracheal intubation.
Laboratory results of the patients are presented in Table I.

Comparison of the Participants According to the
GINA-Defined Asthma Control Scale

Patients were categorized into three groups based on
their asthma control level according to the GINA-defined
asthma control scale: 1) Controlled, 2) Partially Controlled,
and 3) Uncontrolled. The three groups were compared
according to the clinical and laboratory findings. Median
p-ACT, FeNO, and periostin levels exhibited statistically
significant differences among the three groups (p<0.001,
p<0.001, and p=0.003, respectively) (Table II).

Post-hoc analysis revealed that FeNO levels were signif-
icantly higher in the uncontrolled and partially controlled
groups compared to the controlled group (p<0.001), but
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Table I: General characteristics and laboratory results of the
participants.

Age, year, mean +SD 10.6+3.7
Sex, female n (%) 84 (52.5)
GINA-defined asthma control status, n (%)
Controlled 51 (31.9)
Partially controlled 58 (36.3)
Uncontrolled 51 (31.9)
Aeroallergen-sensitized, n (%) 133 (83,1)
p-ACT score, median (IQR) 20 (6)
Risk factors for exacerbation, n (%)
Uncontrolled asthma 51(31.9)
Non-compliance with ICS treatment 23 (14.4)
High-dose use of SABA 1(0.6)
Smoke exposure 117 (73.1)
Allergen exposure 113 (70.6)
Obesity 27 (16.9)
Food allergy 1(0.6)
Rhinosinusitis 72 (45)
Eosinophilia 89 (55.6)
> 1 heavy exacerbation in the last year 25 (15.6)
Intubation / Hospitalization to PICU 1(0.6)
Low FEV-1* 1(0.6)
FeNO, median (IQR) (ppm) 30 (39)
Periostin, mean + SD (ng/ml) 73.0£27.0
Tryptase, median (IQR) (ug/L) 5.0 (2.3)
Leukotriene E4, median (IQR) (pg/mg CR) 83.3(3.5)
Total Eosinophil Count, mean £SD 465+421
Total IgE, mean + SS (IU/ml) 237+194
FEV-1, (%), mean + SD 99.4+16.1
FEV-1/FVC, (%), mean + SD 115+45

FeNO: Fractional exhaled nitric oxide, GINA: Global Initiative
for Asthma, ICS; inhaled corticosteroids, IgE: Immunoglobulin E,
IQR: Interquartile range, FEV-1: Forced expiratory volume at the
first second, FVC: Forced vital capacity, *: FEV-1<%60; SABA; short
acting beta agonist.

there was no difference between the controlled and par-
tially controlled groups (p=0.846). Periostin levels were
significantly higher in the uncontrolled and partially con-
trolled groups compared to the controlled group (p=0.004
and p=0.002, respectively), but no significant difference
was observed between the controlled and partially con-
trolled groups (p=0.576).

Subsequently, we assembled a cohort comprising
patients with partially controlled and uncontrolled asthma
into a single group and compared this group with patients
exhibiting controlled asthma. The findings from this com-
parative analysis closely resembled those obtained from
the three-group comparison. Notably, levels of p-ACT,
periostin, and exhaled nitric oxide (NO) exhibited sub-
stantial differences between the two groups, signifying
their clinical significance in distinguishing asthma control
statuses. Conversely, no statistically significant distinc-
tions were observed in relation to the remaining param-
eters under investigation (Table III).

Compatibility Between the GINA-Defined Asthma
Control Scale and p-ACT

ROC analyses revealed that p-ACT had diagnostic
value in predicting uncontrolled asthma (AUC:0.914,
%95CI:0.86-0.97, p<0.001) (Table IV, Figure 1A).

GINA-Defined Asthma Control Scale and FeNO

After ROC analysis, it was determined that a cut-off
value of 17.5 ppm for exhaled NO had diagnostic value in
predicting uncontrolled asthma (AUC:0.755, %95CI:0.67-
0.84, p<0.001) (Table V, Figure 1B).

GINA-Defined Asthma Control and Periostin

In ROC analysis for periostin, a cut-off value of 75 ng/
ml was found to be a diagnostic value in predicting uncon-
trolled asthma (AUC:0.669, %95CI:0.59-0.75, p=0.001)
(Table VI, Figure 1C).

Correlation Between GINA-Defined Asthma
Control and P-AKT, FeNO, Periostin

The GINA-defined asthma control status was strongly
negatively correlated with p-ACT (p<0.001, r=-0.704),
weakly negatively correlated with FeNO (p<0.001,
r=-0.208), and very weakly negatively correlated with peri-
ostin (p=0.027, r=-0.174) (Figure 2A-C). Additionally, a
strong positive correlation was detected between periostin
and FeNO (p<0.001, r=0.650) (Figure 2D).

Subclinical Inflammation

In order to assess the occurrence of subclinical inflam-
mation, we conducted an evaluation to determine the
proportion of patients classified as “Controlled” based on
GINA guidelines and p-ACT scores, yet exhibiting elevat-
ed levels of serum periostin and FeNO. Among the sub-
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Table II: Comparison of laboratory parameters between the three control levels according to the GINA-defined asthma control

scale.
Characteristic Co;t:;)iled PartlallI)\'I S;);ltrolled Unc;l;t;;)lled P value
Sex (Male), n (%) 27 (52.9) 28 (48.3) 21 (41.2) 0.487
Age, year, mean £SD 10.1+4.0 11.3£3.6 10.4+3.4 0.176
BMI, mean + SD 19.6+4.4 19.6+4.4 19.4+4.0 0.695
p-ACT score, median (IQR) 24 (2) 20 (3) 16 (6) <0.001
FeNO, median (IQR) 9.5 (26) 36 (52) 37.5 (46) <0.001
Periostin, median (IQR) 62.9 (20.5) 70.6 (40.7) 73.5 (29.7) 0.003
Tryptase, median (IQR) 5.0 (2.2) 5.2(2.1) 4.6 (2.4) 0.533
Leukotriene E4, median (IQR) 83.3 (4.0) 83.3(2.8) 84.0 (3.8) 0.804
Total eosinophil count, median (IQR) 402.5 (409.7) 380.5 (413) 278.0 (543.5) 0.409
Total IgE, median (IQR) 200.2(370) 169.4 (372.1) 129.8 (414.5) 0.765
FEV-1%, mean £ SS 99.5£14.5 100.3£16.3 98.3+£17.6 0.809
FEV-1/FVC%, median (IQR) 114 (15) 111 (31) 105 (24) 0.284

FeNO: Fractional exhaled nitric oxide, GINA: Global Initiative for Asthma, IgE: Immunoglobulin E, IQR: Interquartile range, FEV-1: Forced

expiratory volume at the first second, FVC: Forced vital capacity.

Table ITI: Comparison of “Controlled” and “Uncontrolled” groups according to the GINA-defined asthma control scale.

Characteristic Co;t:;)iled Un;o:tlr (())éled P value
Sex (Male), n (%) 27 (52.9) 49 (45.0) 0.346
Age, year, mean +SD 10.1 £4.0 109 +£3.5 0.393
BMI, mean + SD 19.6 + 4.4 19.6 + 4.4 0.993
p-ACT score, median (IQR) 24 (2) 18 (6) <0.001
FeNO, median (IQR) 9.5 (26) 36.5 (45) <0.001
Periostin, median (IQR) 62.9 (20.5) 72.0 (33.8) 0.001
Tryptase, median (IQR) 5.0 (2.2) 5.0 (2.3) 0.806
Leukotriene E4, median (IQR) 83.3 (4.0) 82.3(3.3) 0.662
Total eosinophil count, median (IQR) 402.5 (409.7) 33.5 (448.8) 0.990
Total IgE, median (IQR) 200.2 (370) 150.2 (399) 0.495
FEV-1%, mean + SS 99.5 + 14.5 101 (25) 0.059
FEV-1/FVC%, median (IQR) 114 (15) 107.3 (28) 0.135

FeNO: Fractional exhaled nitric oxide, GINA: Global Initiative for Asthma, IgE: Immunoglobulin E, IQR: Interquartile range, FEV-1: Forced

expiratory volume at the first second, FVC: Forced vital capacity.

group of patients deemed “Controlled” according to both
GINA and p-ACT criteria, a total of 8.7% displayed NO
and periostin levels surpassing the defined cut-off values.
Conversely, 25% of patients categorized as “Uncontrolled”
by both methods demonstrated NO and periostin levels
that fell below the predetermined cut-off values

DISCUSSION

In our study, we found that p-ACT as well as FeNO
and serum periostin levels could be used to determine
asthma control status. Also, serum periostin and FeNO
levels seem to be objective laboratory parameters that can
be used both for the detection of subclinical inflammation
and the prevention of overtreatment.
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Table I'V: Sensitivity-specificity values for pediatric ACT (p-ACT) cut-off values.

Cut-off values Sensitivity (%) Specificity (%) PPV (%) NPV (%) Kappa
18 55 94.1 95.2 49.5 0.396
19 61.5 92.2 94.4 52.8 0.448
20 70.6 90.2 93.9 59.0 0.533
21 84.4 90.2 94.8 73.0 0.702
22 89.0 82.4 91.5 77.8 0.702
NPV: Negative predictive value, PPV: Positive predictive value.
Table V: Sensitivity-specificity values for FeNO cut-off values.
Cut-off values (ppm) Sensitivity (%) Specificity (%) PPV (%) NPV (%) Kappa
17.5 73.4 68.6 83.3 54.7 0.394
20 69.7 70.6 83.5 52.2 0.369
22.5 69.7 72.5 84.4 52.9 0.385
25 67.9 74.5 85.1 52.1 0.380
NPV: Negative predictive value, PPV: Positive predictive value.
Table VI: Sensitivity-specificity values for Periostin cut-off values.
Cut-off values (ng/ml) Sensitivity (%) Specificity (%) PPV (%) NPV (%) Kappa
60 74.3 43.1 73.6 44.0 0.175
65 63.3 56.9 75.8 42.0 0.184
70 53.2 74.5 81.7 42.7 0.231
75 49.5 84.3 97.1 43.9 0.272
80 41.3 92.2 91.8 423 0.255
85 35.8 92.2 90.7 40.2 0.208
NPV: Negative predictive value, PPV: Positive predictive value.
ROC Curve ROC Curve ; ROC Curve
E 06 g 0,64 g 067
@ ' . 1 - Speciﬁci;y ‘ ' T=Speciiciyy @ ‘ . 1'- Speciﬁci;v ' '

Figure 1. A) p-ACT-GINA ROC curve in predicting asthma control. B) FeNO-GINA ROC curve in predicting asthma control.
C) Periostin-GINA ROC curve in predicting asthma control.
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Figure 2. A) p-ACT-GINA correlation graphic. B) FeNO-GINA correlation graphic. C) Periostin-GINA correlation graphic. D) FeNO-

Periostin correlation graphic.

The GINA assessment scale is based on the history that
is given by the family or patient and it is mostly made up
of subjective parameters (1). Pediatric ACT is a test com-
monly used with a GINA-defined asthma control scale
and is similarly a scaling method based on the patient dec-
laration. Although the GINA-defined asthma control scale
and p-ACT are generally compatible in evaluating the level
of asthma control, there may be inconsistencies in a signif-
icant proportion (12-14). A mismatch between GINA and
p-ACT was determined in 28.7% in our study. The GINA-
defined asthma control scale (categorical) and p-ACT
(numerical) are two different measurement tools; GINA
categorizes symptoms based on frequency, while p-ACT

assesses both frequency and severity, involving sepa-
rate parent and child sections, and this divergence could
explain the discrepancies observed (12, 15-17). As a result,
both methods are based on patients’ and families’ state-
ments. Therefore, in addition to these methods, objective
laboratory parameters are needed to evaluate asthma con-
trol. Exhaled NO measurement is a simple, non-invasive
test that is an indirect indicator of airway inflammation. It
has been shown that the FeNO level is decreased in a dose-
dependent manner with inhaled corticosteroid treatment
and correlated with eosinophil count in induced sputum
(18, 19). Different results have been reported in studies
that investigate the importance of FeNO in the evalua-
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tion of asthma control. In a study evaluating 207 asthmatic
children between the ages of 5 and 15 years, FeNO was not
found to be adequate in distinguishing between controlled
and uncontrolled asthma (20). While FeNO levels were
found to be higher in patients with uncontrolled asthma
than patients with controlled asthma in ICS untreated cas-
es by Visitsunthorn N et al. (21), no association was found
between the value of FeNO and the degree of asthma con-
trol in a recent study (22). In our study, the FeNO level was
significantly higher in the uncontrolled group compared
to the controlled group. These findings suggest that FeNO
is an objective parameter and may be used in addition to
the GINA-defined asthma control scale to evaluate asthma
control.

Periostin is a matrix protein produced by fibroblasts
and epithelial cells and has been proposed as a type 2
inflammation biomarker. In previous studies, a correla-
tion between periostin and bronchial obstruction and
increased FeNO levels and eosinophilia has been shown
(23, 24). In a study conducted in children aged 5-14 years
with uncontrolled asthma according to the GINA-defined
asthma control scale, serum periostin levels were found to
be higher than in previous studies, but this study did not
reveal the role of periostin in the controlled and uncon-
trolled asthma group because there was no controlled
asthma group (25). In a recent study, Licari A et al. report-
ed that serum periostin was not associated with the asthma
control level and did not correlate with blood eosinophils
and FeNO (26). In our study, serum periostin levels were
significantly higher in the uncontrolled asthma group than
in the controlled asthma group. The inconsistency with a
previous study by Licari et al could depend on the dissimi-
larity of the enrolled populations, including for asthma
severity, gender, and the measured variables. Although
our results indicate that periostin is an objective param-
eter that may be used to assess asthma control status, the
clinical value of serum periostin in asthma management is
still debated and controversial, and extensive studies are
needed in this regard.

The parameters used in GINA and p-ACT are based
on the patient’s or their caregiver’s statement. The percep-
tions and attitudes of patients and their caregivers regard-
ingillnesses and symptoms may vary. They may exaggerate
the symptoms or conceal them. In this respect, the use of
objective parameters in addition to these scales will enable
us to make more accurate control decisions. In our study,
we found that 7.8% of the patients who were controlled

according to both GINA and p-ACT had FeNO and serum
periostin levels above the cut-off values. In addition, FeNO
and serum periostin levels were within normal limits in
24.8% of the patients who were uncontrolled according
to both scales. While the reason for these findings could
be that some of the patients cannot express or hide their
symptoms, it shows that some of them perceive their
symptoms as exaggerated. This situation may give rise
to overtreatment and undertreatment. We believe that
using objective laboratory parameters such as the serum
periostin level and FeNO as well as GINA and p-ACT in
determining asthma control status may contribute to the
prevention of inappropriate treatment.

The mast cell is one of the most important cells to take
part in the pathogenesis of asthma. The correlation of
tryptase, a protease released from mast cells, with various
allergic diseases has been investigated. It has been shown
that the level of tryptase is correlated with the severity of
hypersensitivity reactions, and high basal tryptase levels
are a risk factor for severe systemic reactions in venom
allergy (27, 28). It was also found that tryptase levels were
higher in patients with chronic urticaria compared to con-
trols (29, 30). Studies in asthmatic patients have shown
high levels of tryptase in BAL and high levels of tryptase
in adult patients with moderate to severe asthma at the
time of diagnosis (31, 32). On the other hand, low serum
tryptase was observed to increase the risk of exacerbation,
and low serum tryptase was associated with a corticoster-
oid-resistant and refractory non-type 2 asthma phenotype.
These findings give rise to the thought that there may be
a correlation between the asthma control level and the
total tryptase level. When we investigated this correlation
in our study, we determined that total tryptase levels did
not differ between controlled and uncontrolled asthma
patients. However, the determination of a weak correla-
tion between the total tryptase level, serum periostin level,
and total eosinophil count indicate that additional studies
are needed in this regard.

Cysteinyl leukotrienes, which are produced by the
cyclooxygenase pathway, take part in both early and late
allergic inflammation (33). Leukotriene E4 is the measur-
able stable end product of this pathway. In studies investi-
gating the relationship between leukotriene E4 levels and
asthma, it has been shown that children having an acute
asthma exacerbation have increased LTE4 levels in the
urine. It has also been shown that the urine LTE4 level is
correlated with exacerbation severity (34). These studies
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indicate that the urine LTE4 level may be a good predictor
to evaluate the control level of asthma. We did not find a
significant correlation between the urine LTE4 levels and
asthma control levels. This finding shows that the urine
LTE4 level might not be a good predictor to determine the
asthma control level.

CONCLUSION

We found a significant correlation between the asthma
control levels and the FeNO and serum periostin levels.
We believe that the use of objective laboratory parameters
such as FeNO and serum periostin, as well as the GINA-
defined asthma control scale and p-ACT in the determi-
nation of the asthma control level may help to decrease
overtreatment and undertreatment in asthma.

Acknowledgments

The authors thank Nimet Kabakus; Tekin Tas; Mustafa Dilek;
Mervan Bekdas; and Sevil B. Goksiigiir, for their clinical support of
the study.

Financial Support

The study was funded by the Abant Izzet Baysal University Sci-
entific Research Projects, Bolu, Tiirkiye (Project No: 2016.8.10.991).

Conflict of Interest

The authors assert that they possess no conflicts of interest per-
taining to the subject matter discussed in this paper. The authors
have meticulously examined and granted their approval for the final
version of this manuscript to be submitted for publication. Further-
more, we affirm that this article is an original piece of work and has
not been previously submitted to any other scholarly journal.

Author Contributions

Concept: Melek Yorgun Altunbas, Mustafa Erkocoglu, Design:
Melek Yorgun Altunbas, Mustafa Erkocoglu, Data collection or
processing: Melek Yorgun Altunbas, Mustafa Erkocoglu, Analysis
or Interpretation: Melek Yorgun Altunbas, Mustafa Erkocoglu,
Seyda Ozsoy Karabork, Literature search: Melek Yorgun Altunbas,
Mustafa Erkocoglu, Seyda Ozsoy Karabork, Writing: Melek
Yorgun Altunbas, Mustafa Erkocoglu, Seyda Ozsoy Karabork,
Approval: Melek Yorgun Altunbas, Mustafa Erkocoglu, Seyda
Ozsoy Karabork.

REFERENCES

1. Global strategy for asthma management and prevention. Global
initiative for asthma (GINA), 2023 [updated 10.07.2023. Avail-
able from: www.ginasthma.org

2. Schatz M, Kosinski M, Yarlas AS, Hanlon J, Watson ME, Jhin-
gran P. The minimally important difference of the Asthma Con-
trol Test. J Allergy Clin Immunol 2009;124(4):719-23.el.

10.

11.

12.

13.

14.

15.

16.

17.

Matsumoto H. Serum periostin: a novel biomarker for asthma
management. Allergol Int 2014;63(2):153-60.

Vachier I, Kumlin M, Dahlen SE, Bousquet J, Godard P, Chanez
P. High levels of urinary leukotriene E4 excretion in steroid treat-
ed patients with severe asthma. Respir Med 2003;97(11):1225-9.

Suzuki N, Hishinuma T, Abe F, Omata K, Ito S, Sugiyama M,
et al. Difference in urinary LTE4 and 11-dehydro-TXB2 excre-
tion in asthmatic patients. Prostaglandins Other Lipid Mediat
2000;62(4):395-403.

Nguyen Nhu V, Le An P, Chavannes NH. Combination of
Fractional Exhaled Nitric Oxide (FeNO) Level and Asthma
Control Test (ATC) in Detecting GINA-Defined Asthma Con-
trol in Treated Asthmatic Patients in Vietnam. Can Respir J
2020;2020:5735128.

Choudhary S, Kumar P, Banerjee M, Singh K, Goyal JP. Relation-
ship of serum periostin with asthma control in children: single
center experience. Indian Pediatr 2023;60(10):822-5.

Fellinger C, Hemmer W, Wohrl S, Sesztak-Greinecker G, Jarisch
R, Wantke F. Clinical characteristics and risk profile of patients
with elevated baseline serum tryptase. Allergol Immunopathol
(Madr) 2014;42(6):544-52.

Sahiner UM, Yavuz ST, Buyuktiryaki B, Cavkaytar O, Yilmaz
EA, Tuncer A, et al. Serum basal tryptase may be a good marker
for predicting the risk of anaphylaxis in children with food aller-
gy. Allergy 2014;69(2):265-8.

Gao S, Fan J, Wang Z. Diagnostic value of serum baseline
tryptase levels in childhood asthma and its correlation with dis-
ease severity. Int Arch Allergy Immunol 2016;171(3-4):194-202.

Sekerel BE, Soyer OU, Keskin O, Uzuner N, Yazicioglu M, Kilic
M, et al. The reliability and validity of Turkish version of Child-
hood Asthma Control Test. Qual Life Res 2012;21(4):685-90.

FitzGerald JM, Boulet LP, McIvor RA, Zimmerman S, Chapman
KR. Asthma control in Canada remains suboptimal: the Reality
of Asthma Control (TRAC) study. Can Respir ] 2006;13(5):253-
9.

Raherison C, Abouelfath A, Le Gros V, Taytard A, Molimard
M. Underdiagnosis of nocturnal symptoms in asthma in general
practice. ] Asthma 2006;43(3):199-202.

Erkocoglu M, Akan A, Civelek E, Kan R, Azkur D, Kocabas CN.
Consistency of GINA criteria and childhood asthma control test
on the determination of asthma control. Pediatr Allergy Immu-
nol 2012;23(1):34-9.

Sawyer SM, Fardy HJ. Bridging the gap between doctors’
and patients’ expectations of asthma management. J Asthma
2003;40(2):131-8.

Boulet LP, Phillips R, O’Byrne P, Becker A. Evaluation of asth-
ma control by physicians and patients: comparison with current
guidelines. Can Respir J 2002;9(6):417-23.

M ], N CG, K N. Comparison of Asthma Control among Chil-
dren 5-18 Years of Age by Asthma Control Test Questionnaire
of Global Initiative for Asthma 2017 (GINA-2017) Against
Spirometry. Indian J Pediatr 2023;90(8):770-5.

128

Asthma Allergy Immunol 2024;22:120-129



Yorgun Altunbas M, Erkocoglu M, Ozsoy Karabork S

18.

19.

20.

21.

22.

23.

24.

25.

Kharitonov SA, Donnelly LE, Montuschi P, Corradi M, Collins
JV, Barnes PJ. Dose-dependent onset and cessation of action of
inhaled budesonide on exhaled nitric oxide and symptoms in
mild asthma. Thorax 2002;57(10):889-96.

Jatakanon A, Lim S, Kharitonov SA, Chung KF, Barnes PJ. Cor-
relation between exhaled nitric oxide, sputum eosinophils, and
methacholine responsiveness in patients with mild asthma.
Thorax 1998;53(2):91-5.

Meena RK, Raj D, Lodha R, Kabra SK. Fractional Exhaled Nitric
Oxide for Identification of Uncontrolled Asthma in Children.
Indian Pediatr 2016;53(4):307-10.

Visitsunthorn N, Prottasan P, Jirapongsananuruk O, Maneecho-
tesuwan K. Is fractional exhaled nitric oxide (FeNO) associated
with asthma control in children? Asian Pac J Allergy Immunol
2014;32(3):218-25.

Salviano L, Taglia-Ferre KD, Lisboa S, Costa A, Campos HDS,
March MFP. Association between fraction of exhaled nitric
oxide and spirometry data and clinical control of asthma in chil-
dren and adolescents. Rev Paul Pediatr 2018;36(1):8.

Bobolea I, Barranco P, Del Pozo V, Romero D, Sanz V, Lopez-
Carrasco V, et al. Sputum periostin in patients with different
severe asthma phenotypes. Allergy 2015;70(5):540-6.
Matsusaka M, Kabata H, Fukunaga K, Suzuki Y, Masaki K,
Mochimaru T, et al. Phenotype of asthma related with high
serum periostin levels. Allergol Int 2015;64(2):175-80.
Habernau Mena A, Del Pozo Abejon V, Rodriguez Vidigal FF,
Bobadilla Gonzalez P. Role of periostin in uncontrolled asthma
in children (DADO study). ] Investig Allergol Clin Immunol
2017;27(5):291-8.

26.

27.

28.

29.

30.

31.

32.

33.
34.

Licari A, Brambilla I, Sacchi L, Marseglia G, Ciprandi G. Peri-
ostin, type 2 biomarker, is not associated with asthma control
grade in asthmatic allergic children. Respir Med 2019;151:118-
20.

RueffF, Przybilla B, Bilo MB, Muller U, Scheipl F, Aberer W, etal.
Predictors of severe systemic anaphylactic reactions in patients
with Hymenoptera venom allergy: importance of baseline serum
tryptase-a study of the European Academy of Allergology and
Clinical Immunology Interest Group on Insect Venom Hyper-
sensitivity. J Allergy Clin Immunol 2009;124(5):1047-54.

Yavuz ST, Sackesen C, Sahiner UM, Buyuktiryaki B, Arik Yilmaz
E, Sekerel BE, et al. Importance of serum basal tryptase levels in
children with insect venom allergy. Allergy 2013;68(3):386-91.

Siles R, Xu M, Hsieh FH. The utility of serum tryptase as a
marker in chronic spontaneous urticaria. Acta Derm Venereol
2013;93(3):354-5.

Ferrer M, Nunez-Cordoba JM, Luquin E, Grattan CE, De la Bor-
bolla JM, Sanz ML, et al. Serum total tryptase levels are increased
in patients with active chronic urticaria. Clin Exp Allergy
2010;40(12):1760-6.

Oh SW, Pae CI, Lee DK, Jones F, Chiang GK, Kim HO, et al.
Tryptase inhibition blocks airway inflammation in a mouse
asthma model. ] Immunol 2002;168(4):1992-2000.

Wenzel SE, Fowler AA, 3rd, Schwartz LB. Activation of pulmo-
nary mast cells by bronchoalveolar allergen challenge. In vivo

release of histamine and tryptase in atopic subjects with and
without asthma. Am Rev Respir Dis 1988;137(5):1002-8.

Cluff LE. Therapy of infections. Clin Ter 1970;54(1):3-14.

Abd El-Motaleb GS, Abou Amer AA, Elawa GM, Abo Alsood
Abd Elfattah M. Study of urinary leukotriene E4 levels in chil-
dren with acute asthma. Int ] Gen Med 2014;7:131-5.

Asthma Allergy Immunol 2024;22:120-129

129



