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Abstract
Objective: Asthma is an inflammatory airway condition and the most common chronic disease 
in children. However, there is a lack of biological markers for asthma, especially in chil-
dren. This study aimed to analyze the changes in periostin levels in children with uncon-
trolled asthma after 12 months of optimized management. The secondary objectives were to 
evaluate the changes in symptoms, exacerbations, and other biomarkers after 12 months of 
follow-up.
Methods: This was an observational, prospective study of children aged 5 to 14 with uncon-
trolled asthma who visited the Hospital Materno Infantil of Badajoz’s Allergy Unit between 
September 2015 and June 2016. At the first visit and after a 12-month follow-up, lung func-
tion, asthma control test (ACT/cACT), quality of life by PAQLQ (Paediatric Asthma Quality of 
Life Questionnaire), blood eosinophils, total and specific IgE, and serum periostin levels were 
assessed. Periostin levels were also analyzed in a control group. 
Results: After the 12-month follow-up, the percentage of symptoms, the proportion of patients 
with FEV1 <80%, and the levels of blood eosinophils decreased, whereas ACT and PAQLQ 
increased. Children with uncontrolled asthma showed high serum periostin concentrations on 
their first visit (901.48 ng/ml), which decreased after 12 months (67.93 ng/ml) (p<0.001). In the 
control group, periostin levels were 56.12 ng/ml. The sensitivity and specificity of periostin 
were 77.8% and 54.8%, respectively, for the diagnosis of controlled and uncontrolled asthma. 
Conclusion: Our study showed that periostin levels in children with uncontrolled asthma 
decreased with the correct treatment after asthma control. 
© 2025 Codon Publications. Published by Codon Publications.
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Introduction 

Asthma is the most common chronic disease in children and 
adolescents, representing a major health problem world-
wide.1 The prevalence of childhood asthma in Europe is 
around 10% (ISAAC study), and a high percentage of patients 
are not well diagnosed or treated.2 Asthmatic children visit 
emergency departments and are hospitalized more often 
than adults with asthma (TENOR study).3 

Although asthma is an inflammatory airway disease, 
few biological markers can easily measure such inflam-
mation in routine clinical practice, especially in children.4 
In this regard, periostin is a biomarker of type 2 (T2) air-
way inflammation in adults with asthma.5 This extracellu-
lar matrix protein is secreted by the airway epithelial and 
fibroblast cells in response to interleukins IL-13 and IL-5, 
and when interacting with integrins, periostin induces cell 
proliferation and regeneration; in fact, its main function 
is to repair the connective tissue; it is involved in airway 
inflammation, and has an immunomodulatory role.6 It has 
been demonstrated that serum levels of periostin mea-
surement are reproducible with a small coefficient of 
variation.6 Several studies have shown that periostin levels 
in children with asthma are higher than in healthy children 
and usually higher in children than adults, probably due to 
bone and tooth turnover.7-10 In a previous study, we found 
periostin levels were very high in children with uncon-
trolled asthma (median of 901.48 ng/ml),11 much higher 
than those reported for children with controlled asthma.7-10 
However, the variation in periostin levels with asthma con-
trol is still unknown. Therefore, this study aimed to analyze 
the changes in periostin levels in children with uncon-
trolled asthma after following optimized management for 
12 months according to Clinical Practice Guidelines (CPGs). 
In addition, the secondary objectives were to evaluate 
changes in symptoms, exacerbations, and other biomarkers 
after one year of follow-up.

Methods

Study design and patients

Our work is an observational, prospective, single-center 
study. It included children with asthma who attended the 
Allergy Unit of the Materno Infantil Hospital in Badajoz 
between September 2015 and June 2016. Inclusion crite-
ria were children aged between 5 and 14 years, diagnosed 
with uncontrolled asthma, and able to read and understand 
Spanish. Conversely, those suffering from cardiopulmonary 
diseases, active cancer, or severe psychiatric disorders 
were excluded. A detailed clinical history and lung func-
tion testing with spirometry and post-BD bronchodilator 
testing were used to diagnose asthma. In addition, asthma 
treatment was prescribed according to guidelines,12,13 and 
a written asthma action plan was provided. A minimum of 
4 visits for each child over 12 months was included in the 
study protocol.

To assess periostin levels in children without asthma, 
we included a control group of 25 children aged 5-14 years 
from the same health district, treated in the same allergy 
unit, with no history of asthma or wheezing. 

The Ethics Committee for Clinical Research (ECCR) 
approved the study of the Infanta Cristina University 
Hospital, Badajoz. All parents or legal representatives of 
children over 12 years provided written informed consent.

Variables and measurements

The subsequent variables were documented on Case 
Report Forms (CRFs). At the initial visit, the patient’s 
demographic and clinical characteristics were recorded, 
including age, sex, body mass index (BMI), time of 
symptom onset, comorbidities, treatment, number of 
exacerbations, emergency visits, and annual hospital 
admissions. Furthermore, all patients underwent spi-
rometry and a bronchodilator test (post-bronchodilator 
[PostBD]), as well as skin prick testing, an asthma control 
test (ACT/cACT), and exhaled nitric oxide measurement 
(FeNO), in addition to the administration of the Paediatric 
Asthma Quality of Life Questionnaire (PAQLQ). At the 
final visit, the number of exacerbations, emergency vis-
its, and annual hospital admissions, along with the treat-
ment, spirometry (FEV1), FeNO, ACT/cACT, and PAQLQ, 
were recorded. Furthermore, a venous blood sample was 
obtained at the initial and final visits to measure blood 
eosinophils, total and specific IgE, and serum periostin. A 
serum sample was obtained in the control group to assess 
periostin levels. 

 A positive result was recorded for the PostBD test if 
there was an increase in FEV1 of >9-12% or >200 cc;14 and 
for the skin prick test with aeroallergens and food aller-
gens (Roxall, Bilbao, Spain), a positive result was indi-
cated by the presence of papules larger than 3 mm.15 
The measurement of FeNO was conducted using the NIOX 
Vero® (Thermo-Fisher, Massachusetts, USA), with a cut-off 
point of 30 ppb. Total and specific IgE were measured by 
InmunoCAP (Thermo-Ficher, Massachusetts, USA), with 
positive specific IgE defined as > 0.35 kU/l. The threshold 
for blood eosinophilia was set at a count of > 300 eosino-
phils/mm³. Serum samples were stored at -20°C for mea-
surement of periostin. The levels of serum periostin were 
quantified using the Enzyme-Linked Immunosorbent Assay 
(ELISA), specifically the R&D Systems Human Periostin 
DuoSet ELISA (Cat# DY3548), according to the instructions 
provided by the manufacturer. Given the markedly elevated 
periostin levels in the serum samples, diluting some of the 
sera to a 1/10 and 1/100 ratio was necessary to achieve 
a more accurate measurement. The level of asthma con-
trol was assessed using the ACT (Asthma Control Test) in 
children aged 12 years and older and the cACT (Childhood 
Asthma Control Test) in children below the age of 12. The 
self-administered PAQLQ (Pediatric Asthma Quality of Life 
Questionnaire) evaluated the quality of life. The severity 
and control of asthma were assessed based on the patient’s 
medical history and the results of additional tests. An 
asthma exacerbation was defined as symptoms that neces-
sitate an increased dose of inhaled corticosteroids or sys-
temic corticosteroids. Additionally, all parents or legal 
representatives completed a questionnaire that collected 
several demographic and psychological factors, home char-
acteristics, exposure to cigarette smoke, and personal and 
family medical history.
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Statistics 

Categorical variables are presented as frequencies and 
proportions, while continuous variables are presented with 
central tendency and dispersion measures: mean and SD, 
median and 25 and 75 percent, and extremes. 

Contingency tables and the chi-square or Fisher’s exact 
test assessed the relationship between two categorical 
variables. The McNemar test for paired data was used to 
compare earlier and later outcomes. T-test, ANOVA, or the 
non-parametric tests Wilcoxon or Kruskal-Wallis test were 
used to assess the relationship between a continuous and 
a categorical variable. A T-test or Wilcoxon test on paired 
data was used to compare the results of the first and last 
visits. Pearson or Spearman correlations assessed the rela-
tionship between two numerical variables. The significance 
level for all tests was set at a bilateral alpha value of 0.05. 
Receiver operating characteristic (ROC) curves were plot-
ted to analyze the usefulness of serum periostin and blood 
eosinophil levels for the diagnosis of asthma and to provide 
optimal cut-off values. All statistical analyses were per-
formed using SAS® version 9.4.

Results

Patient characteristics

A total of 50 children with asthma and 25 children with-
out asthma (control group) were included in the study. 
Table 1 summarizes the baseline characteristics of patients 
with uncontrolled asthma. Most of them were males, had 
started asthma symptoms during the first year of life, 
and were sensitized to aeroallergens. In addition, almost 
all patients presented with rhinitis, and more than half of 
them with atopic dermatitis. Moreover, many patients had 
exacerbations and limitations in daily life. Regarding the 
control group, the median (IQR) age was 8.9 (3.1) years, 14 
(56.0%) children were males, and 9 (36.0%) presented with 
mild allergic rhinoconjunctivitis and/or atopic dermatitis. 

Changes in symptoms and lung function 

After 12 months of follow-up and appropriate management 
and treatment, the frequencies of diurnal and nocturnal 
symptoms and limitations in daily living decreased by more 
than 50%, and constraints in sports activities decreased by 
30%. Moreover, the children needed less school absentee-
ism, emergency assistance, and hospital admission. As for 
lung function, we also observed a decrease in the propor-
tion of patients with an FEV1 <80% (on the first visit, 22% of 
children presented FEV1 <80% and only 6.1% of children on 
the last visit) (Table 2). 

Changes in severity and asthma control 

In the last visit, 75% of asthmatic children had achieved 
disease control, and there were significant increases in 
PQLQ and ACT/cACT scores. In addition, the percentage of 
patients who used oral corticosteroids (OCs) significantly 

Table 1  Baseline characteristics of patients with uncontrolled 
asthma.

Sociodemographic
Age (years), median (II) 9.3 (3.5)
Males, n (%) 36 (72.0)
Exposure to cigarette smoke, n (%) 18 (36.0)

Clinical
BMI (kg/m2), median (II) 19.4 (4.2)
Onset of symptoms, n (%)

The first year of life
Preschool
School
Sensitization to aeroallergens, n (%)
Pollen
Mites
Fungi

32 (64.0)
13 (26.0)
5 (10.0)

41 (82.0)
35 (70.0)
25 (50.0)
20 (40.0)

Comorbidities, n (%)
Rhinitis 48 (96.0)
Overweight 9 (18.0)
Food allergies 16 (32.0)
Atopic dermatitis 31 (62.0)

Biomarkers
Total IgE (IU/ml), mean (SD)
IgE >500 IU/ml, n (%)

536 (682.0)
16 (32.0)

FENO >20 ppb, n (%) (n=41) 28 (68.3)
Blood eosinophils >300/mcL, n (%) 38 (76.0)

Unless otherwise specified, the assessment corresponds to 
N=50. BMI: body mass index; FENO: fraction exhaled nitric 
oxide.

decreased, and the number of with inhaled corticosteroids 
(ICs) increased (Table 2). 

Changes in biomarkers

Patients with uncontrolled asthma showed high perios-
tin concentrations on their first visit. However, after 12 
months, they experienced a more than 90% decrease in 
periostin levels (Table 2). Periostin levels increased with 
patients’ age, showing a moderate correlation (Spearman’s 
rho -0.). Additionally, on the first visit, most patients had 
more than 300 eosinophils/L in their blood. In contrast, on 
the last visit, less than half of the children (Table 2) had 
eosinophils > 300/mL. No correlation was found between 
serum periostin and total IgE levels, blood eosinophils, and 
FeNO values. 

In the control group, the serum periostin average was 
56.12 ng/ml, lower than in the case group (p<0.01) on the 
last visit, and there was no difference between atopic and 
non-atopic children. 

Specificity and sensitivity of biomarkers

The area under the ROC curve (AUC) was 0.62 for serum 
periostin (Figure 1), and the optimal cut-off level for diag-
nosis of controlled and uncontrolled asthma was 64.5 ng/dL, 
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Table 2  Changes in symptoms, lung function, biomarkers, and asthma control and treatment between the first and the last 
visit. The McNemar test was used.

First visit
(N=50)

Last visit
(N=49)

P value

Clinical data, n (%)
Nocturnal symptoms 49 (98.0) 20 (40.8) <0.0001
Daily symptoms 46 (92.0) 18 (36.7) <0.0001
Limitations in daily activities 36 (72.0) 10 (20.4) <0.0001
Limitations in sports activity 46 (92.0) 30 (61.2)  0.0006
School absenteeism 38 (76.0) 18 (36.7) <0.0001
Parental absenteeism 25 (50.0) 4 (8.3) <0.0001
A&E visit 44 (88.0) 15 (30.6) <0.0001
Hospital admissions 19 (38.0) 2 (4.0) <0.0001

Lung function
FEV1, n (%)

>80%
80-70%
<70%

39 (78.0)
 7 (14.0)
 4 (8.0)

46 (93.9)
2 (4.1)
1 (2.0)

0.0460

Biomarkers
Blood eosinophils (>300 eos/mm3), n (%) 38 (76.0) 20 (47.0) 0.0076
Periostin (ng/ml), mean (SD) 901.48 (700.74) 67.93 (27.47) <0.0001
Measuring tools

ACT/cACT score, n (%)
>19
14-19
<14

14 (28.6)a

19 (38.8)a

16 (32.7)a

33 (67.3)
15 (30.6)
1 (2.0%)

<0.0001

PAQLQ score, mean (SD) 4.3 (1.3) 5.75 (0.88) <0.0001
Asthma control, n (%)

Uncontrolled asthma
UcSA
UcMA
UcEA

49 (98.0)
19 (38.0)
22 (44.0)
8 (16.0)

13 (26.5)
3 (6.1)
5 (10.2)
5 (10.2)

<0.0001

Treatment, n (%)
OC 40/49 (81.6%) 12 (24.5%) <0.0001
LABA + ICs 19 (38.0%) 46 (93.9%) <0.0001

aN assessed: 49.
A&E: Accident and Emergency, ACT: Asthma Control Test, C-ACT: Children Asthma Control Test, FEV1: Forced expiratory 
volume, ICs: inhaled corticosteroids, LABA: Long acting beta agonist, OC: oral corticosteroids, PAQLQ: Pediatric Asthma 
Quality of Life Questionnaire, UcEA: Uncontrolled episodic asthma, UcMA: Uncontrolled moderated asthma,  
UcSA: Uncontrolled severe asthma.

which had a sensitivity of 77.8% and a specificity of 54.8% 
(95% CI). The area under the ROC curve (AUC) was 0.55 for 
blood eosinophils, and the cut-off level of 300 eosinophils/
mcL in blood for diagnosis of controlled and uncontrolled 
asthma had a sensitivity of 53.8% and a specificity of 55.2% 
(95% CI). 

Discussion 

In this study analyzing the variation of periostin levels after 
a 12-month follow-up in children with uncontrolled asthma, 
we found that the percentage of symptoms and limitations 
decreased; lung function, control asthma, and quality of 
life increased; and serum periostin levels and blood eosino-
phils decreased. In addition, the sensitivity and specificity 

of periostin were greater than blood eosinophils for the 
diagnosis of controlled and uncontrolled asthma.

Our study group presented many symptoms, daily life 
limitations, and frequent emergency assistance and hospi-
talizations on the first visit. After adequate treatment and 
follow-up, we noticed a significant improvement in symp-
tomatology and limitations both in daily life and in sports 
practice, on the one hand, and a decrease in the num-
ber of exacerbations, emergency assistance, and hospital 
admissions on the other. The following visits took place in 
different seasons to evaluate symptom variability over time 
and seasonal weather impact. The measurement of asthma 
control by the ACT and the quality of life (PQLQ) improved 
significantly throughout the study. At the beginning of the 
study, most children had an appropriate treatment accord-
ing to the GPCs, and only one-third were treated with a 
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combination of ICs and LABA. However, at the end of the 
study, we observed an increase in the percentage of chil-
dren treated with LABA associated with ICs and a signifi-
cant decrease in the percentage of children who required 
OC. It has been shown that the association of ICs and LABA 
reduces the number of exacerbations in patients with 
uncontrolled asthma treated only with ICs.12

In the study group, the presence of atopy and aeroaller-
gen sensitization and high levels of total IgE, FeNO, blood 
eosinophilia, and periostin were noteworthy. Our main 
finding was the very high levels of serum periostin in chil-
dren with uncontrolled asthma and inadequate treatment 
and their significant decrease after one year of follow-up 
and treatment according to the CPGs. Therefore, we think 
periostin levels could be higher in stages of chronic airway 
inflammation and decrease following adequate treatment. 
In our study, children with poorly controlled asthma had 
higher periostin levels (median 939.5 (901.48) ng/ml) than 
those previously reported (median 76 ng/ml,8 134 ng/ml,20 
90 ng/ml21). Those publications may explain this difference, 
including patients with mild-moderate controlled asthma 
who received the correct treatment. In contrast, the 
children in our study were patients with uncontrolled 
moderate-severe asthma, and approximately 50% of chil-
dren were not treated according to the GPC. However, the 
values of periostin in our control group (56.12 ng/ml) and 
our patients, once they achieved control (67.93 ng/ml), 
were similar to those published.7,8

Interestingly, within the study group, we identified 
two 6-year-old girls with severe early-onset uncontrolled 
asthma, low levels of total IgE serum, no sensitization to 
allergens, poor response to corticosteroids, poor evolu-
tion, and low serum periostin levels on the first and the 
last visit. We suspect this phenotype is not mediated by 
Th2 cells, whereas a paucigranulocytic or neutrophilic 
pattern could be possible. Studies in animal models show 
that a deficit of periostin leads to the loss of the ability 

to repair connective tissue, a decrease in the diameter 
of collagen fibers and elasticity decline, and neutrophilic 
inflammation.19 

There are no valid biomarkers with established clin-
ical value in children capable of monitoring disease 
progression, predicting the risk of exacerbations, or eval-
uating response to therapy. Blood eosinophils are related 
to disease severity in pediatric asthma but are not use-
ful as a single biomarker.22 In our study, blood eosinophils 
decreased significantly after achieving asthma control but 
presented low sensitivity (53.8%) and specificity (55.2%) for 
asthma diagnosis. FENO could identify some phenotypes 
in children and confirm a good response to therapy with 
ICs.16,22 Eosinophils and neutrophils in sputum have low 
reproducibility in children,23 and bronchoalveolar lavage is 
not commonly used in children. Therefore, there is a need 
for a marker of airway inflammation related to the dis-
ease’s activity and the risk of exacerbation. Inoue et al.21 
demonstrated that serum periostin was comparable with 
FENO or peripheral blood eosinophilia as a biomarker for 
diagnosing pediatric asthma (sensitivity and specificity of 
75% and 59.3%, respectively). We found similar results for 
serum periostin (sensitivity 77.8% and specificity 54.8%), 
with a cut-off level for controlled and uncontrolled asthma 
diagnosis of 64.5 ng/dL. Some authors suggest that serum 
periostin could be an easily obtainable Th2 biomarker 
better than FENO or eosinophilia22 and that serum perios-
tin alone or in combination with other biomarkers, such 
as eosinophil count and FENO could be useful to identify 
the risk of asthma exacerbations.24-26 Kato et al.27 found an 
association between higher serum periostin levels and poor 
asthma control after the reduction of ICs and proposed 
periostin as a possible predictive biomarker. Other studies 
have shown that corticosteroids28,29 and omalizumab30 are 
more effective in asthmatic adults with elevated periostin. 
Still, we do not know if these results could be extrapolated 
to the pediatric population. Several groups have recently 

Figure 1  (A) Periostinlevels and uncontrolled asthma. Area under ROC curve = 0.619. (B) Area under the ROC curve for blood 
eosinophils. Area under ROC curve = 0.5451.
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reported an association between serum periostin levels 
and asthma severity in children31 and poor asthma control 
in adolescents.32

This study has some limitations. First, we could not 
determine FENO at the end of the follow-up, and, therefore, 
there are no data on FENO changes related to the clinical 
evolution of patients nor results of the possible relationship 
between FENO and other biomarkers. In addition, we could 
not assess the severity of the relationship between perios-
tin and asthma. However, to our knowledge, this is the first 
study about periostin in children with uncontrolled asthma 
and the first that analyzed the changes in blood periostin lev-
els in asthma control. Moreover, the cut-off point of periostin 
levels is not defined in children, and we do not know the vari-
ation in age or race. Moreover, periostin levels can change 
when children and adolescents grow and with other diseases, 
such as atopic dermatitis or upper airway infections.

Conclusions

In conclusion, our study showed that children with uncon-
trolled asthma experienced a decrease in serum periostin 
levels once asthma was controlled with proper treatment. 
Although the role of this protein as an asthma biomarker is 
currently under investigation, our results support the value 
of using serum periostin levels to study asthma phenotypes 
and assess the control of the disease and its response to 
treatment in childhood asthma. Future studies should con-
sider other variables related to periostin levels, such as 
asthma severity, exacerbations, and ICS dose. 
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