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Abstract
Introduction. The extracellular matrix protein periostin, expressed in a number of body tissues, is considered as a marker of type 
2 T cell inflammation and of asthma control. 
Objective. To study the relationship the serum periostin concentration in blood serum depending on the severity of asthma and 
indicators of respiratory function in children.
Materials and methods. The cross-sectional (simultaneous) study included 80 children aged 6 to 17 years (average age 12±3.2), 
who were divided into 2 groups: 1st — children with asthma (n = 40); 2nd — comparison group (n = 40). The concentration of peri-
ostin in the blood serum was determined by the ELISA method. The spirographic study was performed on a computer spirometer 
Spirolab 1, MIR (Italy).
Results. The Me of periostin in group 1 was within the normal range (730.2 ng/ml), but statistically significantly exceeded the 
indicator of group 2 (539.7 ng/ml, p < 0.05) and did not depend on the age, duration and severity of asthma, anthropometric pa-
rameters of the examined. The level of periostin in the blood serum significantly correlated with the frequency of exacerbations of 
the disease during the year (r = 0.74, p = 0.000), with the status of asthma control (r = 0.32, p = 0.04). A moderate correlation was 
found between the level of periostin and FEV1 (r = −0.34; p = 0.03).
Conclusions. In children with asthma, the median periostin in the blood serum increased in proportion to the severity of asthma, 
disease control and the frequency of exacerbation of the disease.
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Аннотация
Актуальность. Белок внеклеточного матрикса периостин, экспрессируемый в ряде тканей организма, рассматривается 
в качестве маркера воспаления Т-клеток 2-го типа и контроля БА. 
Цель. Изучить взаимосвязь концентрации периостина в сыворотке крови в зависимости от степени тяжести бронхиаль-
ной астмы и показателей функции внешнего дыхания у детей.
Материалы и методы. Проведено поперечное (одномоментное) исследование, куда были включены 80 детей в возрасте 
от 6 до 17 лет (средний возраст 12±3,2 года), которые были разделены на 2 группы: 1-я — дети с бронхиальной астмой 
(n = 40); 2-я — группа сравнения (n = 40). Концентрацию периостина в сыворотке крови определяли методом ИФА. Спи-
рографическое исследование проводилось на компьютерном спирометре Spirolab 1, MIR (Италия).
Результаты. Медиана (Ме) периостина в 1-й группе была в пределах нормы (730,2 нг/мл), но статистически значимо 
превышала показатель 2-й группы (539,7 нг/мл, р < 0,05) и не зависела от возраста, длительности и степени тяжести БА, 
антропометрических показателей обследованных. Уровень периостина в сыворотке крови значимо коррелировал с часто-
той обострений заболевания в течение года (r = 0,74, р = 0,000), со статусом контроля астмы (r = 0,32, р = 0,04). Выявлена 
умеренная корреляция между уровнем периостина и ОФВ1 (r = −0,34; р = 0,03).
Заключение. У детей с БА медиана периостина в сыворотке крови возрастала пропорционально степени тяжести БА, кон-
троля заболевания и частоты обострения заболевания.

Ключевые слова: периостин, бронхиальная астма, дети, спирометрия
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INTRODUCTION
BA continues to be the most common chronic re-

spiratory disease in the world [1]. Currently, there is 
a need to search for new biomarkers that will help 
to distinguish and classify different phenotypes of 
asthma, predict the clinical course of the disease and 
response to drug treatment [2].

The discovery of biomarkers associated with un-
derlying airway inflammation is an active area of re-
search in adults and children. In recent years, studies 
have been published on the role of periostin in the 
pathogenesis of BA and it is considered as a marker of 
T2 inflammation (which is based on a type 2 immune 
response) of T2 inflammation (which is based on a 
type 2 immune response) [3-5].

Periostin was first discovered by Takeshita S. in 
1993 from a mouse osteoblast cell line and was initial-
ly known as osteoblast-specific factor-2. It was subse-
quently renamed periostin (1999) due to its prefer-
ential expression in the periosteum and periodontal 
ligament in adult mice [6]. In 2006, the association of 
periostin with allergic diseases was first reported [7]. 
In 2009, Woodruff P. G. et al. showed that periostin 
expression is associated with type 2 inflammation in 
BA. The authors indicated that periostin was observed 
in the thickened basal membrane of bronchioles as well 
as in the serum of BA patients with eosinophilic airway 
inflammation [8].

To date, it is known that the periostin protein is 
encoded by the osteoblast-specific factor-2 gene, 
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which is the official name for periostin. In humans, 
this gene is also known as POSTN, PN, OSF-2 and 
PDLPOSTN (Gene ID: 10631). The human perios-
tin gene is located on the long arm of chromosome 
13 (13q13.3) with 24 exons [9]. Periostin is a protein 
with a molecular mass of 90 kDa. It belongs to the 
fasciclin family together with the protein induced by 
transforming growth factor β (TGF-β), which shows 
48% homology with periostin [10]. Periostin can in-
duce differentiation of fibroblasts into myofibroblasts 
and enhance fibrosis by binding to other extracellular 
matrix proteins such as collagen type I, fibronectin 
and tenascin C, by induction of collagen fibrillogene-
sis and cross-binding. Periostin can influence epithe-
lial remodeling by promoting epithelial-mesenchymal 
transition, in which respiratory epithelial cells gradu-
ally transform into mesenchymal cells in the process 
of fibrosis development. Basal secretion of periostin 
by epithelial cells can alter the underlying matrix by 
modifying the deposition and cross-linking of col-
lagen fibrils. Periostin can also induce activation of 
the TGF-β signaling pathway and increase collagen 
deposition, thereby promoting airway remodeling 
and potentially altering its biomechanical proper-
ties [11, 12].

Periostin levels are elevated in many pathologic 
conditions in blood, urine, sputum, exhaled air, and 
tears. This suggests that periostin is easily moved or 
secreted from inflamed areas into various body fluids, 
although the exact mechanism of movement or secre-
tion still needs to be clarified [13]. Serum periostin 
levels are affected by many factors, including body 
mass index, age, active bone growth, etc. [2, 14].

In a study of age-related changes in serum perios-
tin in allergic patients and healthy children Fujitani 
H. et al. (2019) found that serum periostin concen-
trations were highest in infants, decreasing by 7 years 
of age and then increasing again by 15 years of age 
due to age-related changes caused by bone metabolic 
activity. 

 Basal serum periostin levels in childhood and ad-
olescence exceed 100 ng/mL; after cessation of bone 
growth, serum periostin concentrations decrease to 
~50 ng/mL. The authors noted that healthy children 
showed higher serum periostin levels than children 
with allergic disease up to 5 years of age, with a subse-
quent decline. This finding supports the view that the 
contribution of allergic conditions to serum periostin 
levels cannot be assessed in children under 5 years of 
age, but in older children it can be investigated as a 
biomarker of allergic inflammation [15, 16].

STUDY OBJECTIVE. To study the concentration of 
periostin in serum depending on the severity of bron-
chial asthma and indicators of external respiratory 
function in children.

MATERIALS AND METHODS. A one-stage, sin-
gle-center randomized study included 80 children 
aged 6 to 17 years (mean age — 12±3.2 years), per-
manently residing in Ryazan city. The children 
were divided into 2 groups: the 1st group included 
40 children with BA. The average age of children was 
12.0±2.8 years; 15 girls (37.5%), 25 boys (62.5%). 
17 children (42,5%) had mild degree of BA, 23 chil-
dren (57,5%) had moderate degree of BA severity.

The comparison group (group 2) consisted of 
40  children: mean age — 11.9±3.3 years; 14 girls 
(35.0%), 26 boys (65.0%) (p > 0.05).

The study design was approved by the local eth-
ical committee of the Federal State Budgetary Edu-
cational Institution of Higher Professional Education 
(FSBEI HE RYazHMU) of the Ministry of Health of 
Russia (Protocol of 09.03.2021). Parents of all chil-
dren who participated in the study were familiarized 
with the study regulations and signed informed con-
sent.

The bases for the study were GBI RO “City Chil-
dren’s Polyclinic No. 3” (chief physician — A. Burdu-
kova). (chief physician — A. O. Burdukova), Central 
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Research Laboratory of FSBI HE RyazSMU of the 
Ministry of Health of Russia (head of the laborato-
ry — Candidate of Medical Sciences, Associate Pro-
fessor A. A. Nikiforov).

Inclusion criteria for the study: established diag-
nosis of bronchial asthma for at least 1 year, verified 
according to GINA 2022 [17] and Federal Clinical 
Guidelines [1]; age of patients from 6 to 17 years; ob-
taining informed consent of parents and patients for 
the study.

Exclusion criteria: presence of malignant neo-
plasms, acute illness or exacerbation of other chron-
ic diseases, endocrine or genetic pathology, surgical 
intervention within the last 4 weeks in the subjects.

Serum concentration of periostin was determined 
by ELISA method using ELISA Kit for Periostin, 
(Cloud-Clone Corp., USA) in the Central Research 
Laboratory of FSBEI HE RyazGMU of the Ministry 
of Health of Russia with further calculation of medi-
an and interquartile range (Me; 25-75%). Norms of 
periostin in human serum/plasma samples in 500-fold 
dilution: 132.4~859.6 ng/mL л [18].

Anthropometric measurements were performed 
during the medical examination. Body weight was 
measured in kilograms to the nearest 0.1 kg using 
portable electronic (digital) scales and corrected for 
clothing. Children’s height was measured in centime-
ters using a medical height meter in the standing po-
sition to the nearest 0.1 cm. Body mass index (BMI) 
was calculated using the formula: m/h2, where m — 
body weight (kg), h — height (m). Children’s phys-
ical development was assessed using the WHO An-
throPlus program. (2009). Weight-for-Age Z-score 
(WAZ) and BMI-for-AgeZ-score (BAZ) were calcu-
lated. In accordance with WHO recommendations, 
the obtained Z-scores were interpreted according to 
the following criteria: malnutrition — at <-2SDS, un-
dernutrition from -2 to -1SDS, normal — from -1 to 
+1SDS, overweight — at SDS from +1 to +2, obesi-
ty — at SDS > +2 [19]. According to anthropometry 
data, all children were divided into 2 subgroups. In 
group 1 of children with BA, 28 children (70.0%) had 
normal body weight (BM) and 12 children (30.0%) 

had excessive BM. In group 2, there were 33 children 
(82.5%) with normal BMI and 7 children with exces-
sive BMI (17.5%). No obese children were found in 
the examined groups.

Questionnaires were administered to assess BA 
control: the c-ACT (Children Asthma Control Test) 
adapted for children aged 4-11 years (16 children) 
and the ACT (Asthma Control Test) for children aged 
12 years and older (24 children). The degree of dis-
ease control was assessed according to the results of 
the tests: for ACT 25 points and more — complete 
control of BA, 20-24 points — insufficient control 
and less than 20 points — uncontrolled BA. For the 
c-AST test, 20 points or more corresponds to con-
trolled asthma, while 19 points or less means that 
asthma is not controlled effectively [1]. The results 
of the questionnaire showed that 31 children (77.5%) 
had controlled asthma, 7 children (17.5%) had par-
tially controlled asthma, and 2 patients (5.0%) had 
uncontrolled asthma.

There were no exacerbations of BA in 15 children 
(37.5%), 1 exacerbation of BA in 10 children (25.0%), 
2 exacerbations in 6 children (15.0%), 3 or more ex-
acerbations in 9 children (22.5%). 

Spirographic examination was performed on a 
computerized spirometer Spirolab 1, MIR (Italy). 
The following parameters were assessed: vital lung 
capacity (VLC), forced expiratory vital capacity 
(FEV), forced expiratory volume in the first second 
(FEV1), maximum expiratory volume velocity at 25% 
FEV (MOS25), maximum expiratory volume velocity 
at 50% FGF (MOS50), maximum expiratory volume 
velocity at 75% FGF (MOS75), OPV1/FGF ratio 
(Tiffno index), OPV1/FGF ratio (Gensler index). 
The results were evaluated in accordance with the 
current spirometry guidelines [20].

Statistical processing of the data was performed us-
ing the standard software package MS Excel 2016 and 
Statistica 6.0. The Shapiro-Wilk criteria were used to 
analyze the normality of sign distribution. Continu-
ous variables were presented as median (Me) with 
interquartile range (25-75 percentiles). Categorical 
variables were defined as percentages (%). Intergroup 



Original article  /  Оригинальная статья

58

ALLERGOLOGY and IMMUNOLOGY in PEDIATRICS, № 3, september 2024  /  АЛЛЕРГОЛОГИЯ И ИММУНОЛОГИЯ В ПЕДИАТРИИ, № 3, сентябрь 2024

differences were assessed using the nonparametric 
Mann-Whitney (U-test) and Pearson  (χ2) criteria 
with adjustments for small samples. The Spearman 
rank correlation method (r) was used to determine 
the strength and direction of the correlation between 
two traits. Differences were considered statistically 
significant at p < 0.05.

RESULTS AND DISCUSSION
The median periostin concentration in the group 

of children with BA was statistically significantly 
higher than the control group, 730.0 ng/mL [390.8; 
1109.7] versus 536.7 ng/mL [452.0; 666.2] in Group 2, 
respectively (p = 0.044).

In the 1st group of children the value did not de-
pend on the duration of the disease, but it was twice 
as high at the average degree of BA severity, but 
statistically significant differences were not found 
(Table 1).

No gender differences were found among chil-
dren with BA: in girls, the Me of periostin content 
was 954.0 [414.25; 1115.0] ng/mL vs. 760.0 [418.25; 
1356.62] ng/mL (p = 0.72) in the girls of the com-

parison group, and in boys, 406.0 [261.0; 751.0] ng/
mL vs. 614.0 [486.87; 923.12] ng/mL (p = 0.017), re-
spectively.  

There was no significant correlation between peri-
ostin levels and patient age in both the BA group and 
the comparison group.

Periostin levels were significantly higher in chil-
dren with 3 or more exacerbations of BA per year: 
Me = 1283.0 [1140.0; 1490.0] ng/mL (p = 0.0001).

In the group of children without exacerbations 
during the year, periostin levels were 318.0 [262.5; 
469.25], with 1 exacerbation of BA — 469.3 [253.5; 
723.0] ng/mL, with 2 exacerbations of BA — 546.2 
[333.25; 686.5] ng/mL, respectively (p > 0.05). 
There was a direct correlation of moderate intensity 
between serum periostin levels and the frequency of 
BA exacerbations during the year (r = 0.74; p < 0.000) 
(fig. 1).

Periostin levels were within normal limits in chil-
dren with BA with complete disease control (n = 31), 
Me = 455.5 [265.5; 789.5] ng/mL, and with partial 
disease control (n = 7), Me = 740.5 [378.5; 1115.0] 
ng/mL, respectively (p > 0.05).

	 Table 1.	� Median concentration periostin in blood serum in children with asthma, depending on the duration of the 
disease and severity (ng/ml) (author’s table)

	Таблица 1.	� Медиана концентрации периостина в сыворотке крови у детей с БА в зависимости от длительности 
заболевания и степени тяжести (нг/мл) (таблица автора)

Duration of BA disease Mild BA 
Ме [25 %; 75 %]
n = 17

Moderate BA
Ме [25 %; 75 %]
n = 23

р

1–3 years(n = 13) 267,0 [244,5; 292,5] 587,5 [357,2; 1122,2] 
> 0,054–6 years (n = 15) 455,5 [277,5; 687,8] 617,0 [250,5; 1167,8]

7–13 years (n = 12) 375,7 [307,75; 882,25] 505,0 [375,5; 622,7]

	 Fig. 1.	� Median periostin in blood serum in children with 
asthma, depending on the frequency of exacer-
bations of the disease (ng/ml) (illustrations by the 
author)

	Рис. 1.	� Медиана периостина в сыворотке крови у де-
тей с БА в зависимости от частоты обострений 
заболевания (нг/мл) (иллюстрация автора)

	 Fig. 2.	� Median periostin in blood serum in children with 
asthma, depending on the degree of BA con-
trol (ng/ml) (illustrations by the author)

	Рис. 2.	� Медиана периостина в сыворотке крови у де-
тей с БА в зависимости от степени контроля 
БА (нг/мл) (иллюстрация автора)
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In the absence of disease control in patients with 
BA (n = 2), serum periostin levels exceeded normal 
values  and corresponded to Me = 1369.5 [1309.25; 
1429.75] ng/mL (p = 0.041) (Fig. 2).

Me periostin concentration was higher in children 
with uncontrolled BA 1369.5 [1309.25; 1429.75] ng/
mL (p = 0.04). In the group of children with partially 
controlled course of the disease Me = 740.0 [378.5; 
1115.0], with controlled Me = 455.5 [265.5; 789.5] 
(p = 0.39) (Fig. 2).

Serum periostin levels were found to be signifi-
cantly correlated with the frequency of disease exac-
erbations during the year (r = 0.74, p = 0.000), with 
asthma control status (r = 0.32, p = 0.04), and with 
FEV1 score (r = -0.34, p = 0.03), while no correlations 
were found with age, disease duration, and disease se-
verity (Table 2).

Results of single-factor linear regression analy-
sis showed an increase in periostin of 213.38 ng/mL 
per 1 exacerbation of BA (coefficient of determination 
0.547, Fisher’s criterion F1.38 = 46.047 (р < 0,00002).

The analysis also revealed a positive correlation 
of moderate intensity between BMI and BA severity 
(Table 3).

According to the data of spirographic study in 
children with BA during the examination period, 

the Me of lung vital capacity was 87.0 [81.0; 95.0] %, 
which corresponds to the norm. The values of forced 
lung vital capacity (FLVC) were also within the nor-
mal range, the median of FLVC in children with BA 
was 85.5 [82,8; 90,3] %.

Due to the fact that the severity of ventilatory 
disorders is usually assessed by changes in FEV1, we 
found a decrease in FEV1 in our patients, which con-
firmed the diagnosis of BA. The FEV1 median was 
89.5 [79.8; 95.3] %. In 75.0 % (n = 30) of children, the 
values of FEV1 corresponded to age criteria (> 80 % 
of the norm). Tiffno index and Genslar index val-
ues were normal (100.6 [92.5; 107.3] %, 102.4 [95.1; 
109.9] %, respectively).

Spirography also showed a decrease in the maxi-
mum volumetric flow velocity in children with BA. 
Changes were noted at the point of 25, 50, 75 % 
(MOS25 — 79.0 [69.5; 87.8] %, MOS50 — 83.0 [71.8; 
97.3] %, MOS75 — 85.5 [73.3; 103.3] %). Spirographic 
parameters in children with BA depending on sever-
ity are presented in Table 4.

When evaluating BA control by c-ACT and ACT 
tests, the median FEV1 in patients with complete 
control of BA was 90.0 [85.0;95.5]%, with partial 
control 79.0 [78.5;90.5]%, and with no control 73.5 
[72.75;74.25]% (р = 0,05).

	 Table 2.	� Spearman correlation coefficients between serum periostin levels and other clinical variables in children 
with asthma (author’s table)

	Таблица 2.	� Коэффициенты корреляции Спирмена между уровнем периостина в сыворотке крови и другими 
клиническими переменными у детей с БА (таблица автора)

Serum periostin (ng/mL)
r p

Age 0,09 0,55
Duration of the disease −0,03 0,82
Disease severity −0,15 0,33
Degree of disease control 0,32 0,04
BMI 0,17 0,28
FEV1, % −0,34 0,03
AFR50 −0,21 0,17
Frequency of disease exacerbations during 
the year

0,74 0,000

	 Table 3.	� Spearman’s correlation coefficients of BMI with serum periostin levels in children with mild to moderate AD 
and control group (author’s table)

	Таблица 3.	� Коэффициенты корреляции Спирмена ИМТ с уровнем периостина в сыворотке крови у детей с лег-
кой и средней степенью тяжести БА и контрольной группы (таблица автора)

Serum periostin (ng/mL)
r p

BMI of children with mild BA −0,38 0,12
BMI of children with moderate BA 0,65 0,0006
BMI of children in the control group 0,09 0,57
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The results obtained from the study are in accor-
dance with the literature on the presence of a relation-
ship between serum periostin levels and the activity of 
allergic inflammation in asthma. Inoue T. et al. (2016) 
in a cross-sectional study also found higher serum 
periostin levels in children with asthma compared to 
children without atopy and indicated a possible role 
of periostin assessment in the diagnosis of asthma in 
children. The authors stated that serum periostin lev-
els in children are significantly higher than in healthy 
adults, which may be due to increased bone metabolism 
during childhood [21]. Song J. S. et al. (2015) showed 
that in children with BA, high serum periostin levels 
were associated with airway hyperresponsiveness [22]. 
Masalsky S. S. et al. (2018) found that serum periostin 
levels were significantly higher in children with BA 
compared to healthy children and directly correlated 
with the severity of BA [23]. In our study, serum peri-
ostin levels were higher in the group of children with 
BA, especially in moderate BA.

There are contradictory results about the rela-
tionship between serum periostin levels and asthma 
control status in children. El Basha N. R. et al. (2018) 
found significantly higher serum periostin levels in 
children during asthma exacerbation compared to 
children with stable BA and healthy children in con-
trol groups [24]. In contrast, Mena A. et al. (2017) 
found an inverse relationship — lower serum periostin 

levels occurred in children with uncontrolled asth-
ma [25]. Licari A. et al. (2019) found no association 
between asthma control and serum periostin levels in 
121 children with allergic asthma [26]. In our study, 
the serum periostin rate was higher in children with 
uncontrolled BA.

Asthma severity may be the best tool in the search 
for a biomarker reflecting the degree of inflammation 
in a chronic disease such as BA. There are contro-
versial results of studies that have investigated the 
relationship between asthma severity and serum peri-
ostin levels. Licari A. et al. (2019) and Konradsen J. 
R. et al. (2015) found no association between asthma 
severity and serum periostin levels [5]. In our study, 
we also found no correlation between periostin levels 
and the severity of BA, the indicators were within the 
range of normal values, but the indicator was higher 
in moderate BA (p < 0.05).

According to Kimura H. et al. (2018) and Shirai T. 
et al. (2019), we found a negative correlation between 
serum periostin levels and body mass index in chil-
dren with bronchial asthma, as well as in the control 
group [27-298]. We found a correlation between body 
mass index and periostin levels in children with BA 
of moderate severity, but no correlation in children in 
the control group (р > 0,05).

According to the literature, special attention 
has been paid to the study of the relationship 

	 Table 4.	� Spirometry indicators in children with asthma, depending on the severity, % (author’s table)
	Таблица 4.	� Показатели спирометрии у детей с БА в зависимости от степени тяжести, % (таблица автора)

Spirographic values Mild BA Ме [25 %; 75 %] 
n = 17

Moderate BA Ме [25 %; 75 %] 
n = 23

р

LVC 89,0 [81,0; 101,5] 87,0 [82,5; 91,0]

р > 0,05
FLVC 87,0 [84,0; 89,0] 84,0 [79,0; 91,5]
FEV1 90,0 [84,8; 100,0] 87,5 [78,8; 94,0]
MEF25 80,0 [68,0; 98,3] 83,0 [76,8; 93,3]
Genslar Index 97,7 [94,6; 109,6] 103,7 [97,6; 109,9]
Tiffno index 99,1 [92,3; 111,4] 100,6 [94,9; 105,2]
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between periostin concentration and indicators 
of external respiratory function in patients with 
BA. Kanemitu Y. et al. (2013) in  a study reported 
that high serum periostin levels correlated with 
decreased forced expiratory volume in one second 
with age in patients with asthma. Inoue T. et al. 
(2016) in a cross-sectional study found no cor-
relation between periostin level and lung function 
[21]. Our study revealed a moderate correlation 
between periostin level and FEV1 value, but no 
correlation between periostin and МОС50. Ob-
structive changes in the spirogram are detected by 
the level of decrease in the FEV1, VLC and their 
ratio (FEV1/VLC — Tiffno index). In the absence 
of ventilatory disorders, the values of VLC, FEV1, 
and FEV1/VLC are within the normal range. Ac-
cording to the current clinical recommendations, 
the obstructive type of ventilatory disorders oc-

curs in case of normal VLC index, normal or de-
creased FEV1, decreased FEV1/VLC [20]. Thus, in 
our study, no ventilation disorders were found in 
children with BA. Assessment of periostin levels 
in serum may help us to better study the possibil-
ities of BA control in children.

CONCLUSIONS:
1.	 Periostin concentration in serum increased in 

proportion to the severity of BA.
2.	 Periostin levels varied according to the degree 

of BA control and frequency of disease exacer-
bations during the year.

3.	 A moderate correlation between serum perios-
tin level and FEV1 was revealed.

4.	 It is advisable to determine serum periostin 
levels in children with BA to assess the activi-
ty of allergic inflammation in atopic BA.
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