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Original Article

Is Willebrand Factor Indicative of Chronic Inflammation 
in Children with Asthma?

INTRODUCTION

Presently, asthma is a global problem. It is a chronic disease of the bronchopulmonary system and affects almost 300 
million people worldwide [1-4]. The disease usually first occurs in childhood and develops until the patient is 6 years 
old [5-7]. The onset of asthma, which is clinically manifested in the form of wheezing, is often regarded as a syndrome 
of other pathologies [6]. Presently, it remains important to determine the formation of the disease in children of this age 
cohort and to study in depth the methods for diagnosing chronic inflammation of the respiratory organs. Chronic inflam-
mation, which is the main feature in the pathogenesis of asthma, affects all layers of tissues that form the system as a 
whole. Chronic inflammation affects the vascular endothelium, the blood coagulation system, the complement system, 
and others [4, 8]. Assessing the literature, endothelial dysfunction was detected in various diseases [cardiovascular, endo-
crine, etc], and pro-inflammatory and anti-inflammatory cytokines are a marker for their detection [4, 8, 9].

According to sources, the Willebrand factor can be considered as a potential marker of endothelial dysfunction as the 
synthesis of the von Willebrand factor occurs through the vascular endothelium, and various changes in its state manifest 
in its concentration in the plasma [10, 11]. Given these data, the study of endothelial dysfunction markers in asthma and 
repeated rales can reveal new information about the development of chronic inflammation and the occurrence of asth-
ma. Presently, the features of functional state of the endothelium at different stages of asthma have conflicting data, 
especially among the cohort of young children with the onset of the disease. In this study, we conducted a comparative 
assessment of the state of the vascular endothelium by determining the levels of the Willebrand factor in the blood 
plasma of children with recurrent episodes of wheezing and with an exacerbation of asthma.

MATERIAL AND METHODS

Subject (Study Population)

It was a prospective cohort study. The study was conducted from March 2017 to October 2018 in the Children’s Clinical 
Hospital. A sample of 302 children, aged 1-6 years, with asthma and recurrent wheezing was taken; they were all seen 
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OBJECTIVE: To improve our knowledge and to understand how the level of von Willebrand factor indicates the development of chronic 
inflammation in children with recurrent wheezing and asthma.

MATERIAL AND METHODS: It was a prospective cohort study. This study was conducted in children with recurrent wheezing and 
asthma who were referred to a children's hospital during 2017-2018. Patients were divided into 3 groups depending on the number 
of episodes of wheezing. Patients were examined for von Willebrand factor levels at admission and after treatment. Data analysis was 
performed with Statsofta Statistica Version 8 (Tulsa, OK).

RESULTS: WF1 levels in Group 2 and 3 children statistically significantly increased in comparison with the control group (p<0.001). 
WF2 levels remained elevated only in Group 3 patients (p<0.001). WF2 levels in Group 1 and 2 decreased to the indices of the control 
group (p>0.05). The WF2 significantly decreased after treatment in Group 2 children (p=0.0000, T=0) and Group 3 (p=0.0000, T=0).

CONCLUSION: levels of Willebrand factor indicate the presence of endothelial dysfunction. The level of Willebrand factor in the peak 
period of wheezing depends on the number of episodes of wheezing in history. Persistent high rates of Willebrand factor, even after the 
relief of clinical symptoms, indicates the present of chronic inflammation and can be regarded as the formation of asthma in children.
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by a pulmonologist or were treated for repeated wheezing in 
the hospital. A total of 81 children were randomly selected 
and invited to participate in the study. The patients under-
went specific treatment according to WHO recommenda-
tions [12]. All patients’ clinical medical history was record-
ed, physical examination was conducted, and laboratory 
assessments were obtained. The control group comprised 15 
healthy children [of similar age and gender] who had no 
signs of chronic diseases and no signs of acute diseases for 
the past three months and presented to the hospital for rou-
tine health control or vaccination. The parents of all patients 
and controls were informed about the study objectives, and 
written informed consent was obtained before inclusion in 
the study. 

All patients and healthy children were examined. Patients 
were divided into groups depending on the number of epi-
sodes of wheezing per their history. Among the 81 patients, 
there were 18 patients with a history of two episodes of 
wheezing; 32 patients with a history of three to five episodes 
of wheezing; 31 patients with a history of more than five 
wheezing episodes more per their anamnesis. Patients in the 
group with more than five wheezing episodes had a diagno-
sis of asthma. The clinical diagnosis was verified per Global 
Initiative for Asthma (GINA) 2018 recommendations and 
included symptoms [cough and wheeze] for more than 10 
days during an upper respiratory tract infection, more than 
three episodes of wheezing per year, and the child had a 
cough between episodes and had atopic dermatitis or food 
allergy or a family history of asthma.

Inclusion criteria were as follows: signing of informed con-
sent by the patient’s parents, age between 1 and 6 years, a 
history of preceding viral upper respiratory infection, estab-
lished diagnosis of mild-to-moderate persistent asthma, using 
the Global Strategy for Asthma Management and Prevention 
guidelines developed by the Global Initiative for Asthma 
(GINA 2018), recurrent wheezing episodes according to the 
European Respiratory Society (ERS) classification. Exclusion 
criteria were as follows: congenital and chronic cardiopul-
monary or neurological disease; hereditary diseases that lead 
to changes in the functioning of the respiratory tract, includ-
ing cystic fibrosis; proven immune deficiency; proven or 
suspected acute bacterial infection; previous treatment with 
anti-leucotriene drugs or systemic corticosteroids; and 
patients receiving vasoactive agents less than 48 hours 
before the study.

The planned clinical studies were carried out after receiving 
approval by the local ethics committee (date: February 1, 
2017; number: 2017/01) and were conducted in accordance 
with the principles of the Helsinki Declaration, amended in 
October 2013.

Determination of Willebrand Factor Levels
Willebrand factor levels were determined in the first two 
days of clinical manifestations of episodes of wheezing and 
exacerbation of asthma before the start of therapy (WF1) and 
when arresting clinical manifestations, after the treatment, on 
the 10th-14th day (WF2). The Willebrand factor was studied 
only at baseline in the control group.

The blood was collected in the morning, under fasting condi-
tions, by venipuncture using a standard technique or from a 
venous catheter, if available. Blood was collected into special 
tubes with a K2ADTA or K3ADTA anticoagulant. The sam-
ples were then centrifuged for 10 min at 1500-2000 rpm. All 
plasma samples were frozen at -70°C until assay. Plasma 
Willebrand factor levels were measured by using a Ristocytin 
test (RISTO test), where after receiving platelet-free plasma 
by centrifuging with a 0.1% solution of ristocytin and its 
mixture at standard dilution, the index of ristocytin aggrega-
tion is determined, which reflects its concentration in blood 
plasma. Results were expressed as a percentage.

Statistical Analysis
All statistical analyses were performed using the StatSoft 
STATISTICA version 8 package program [Tulsa, OK]. A 
Shapiro-Wilk test was used, and a histogram and q-q plot 
were examined to assess the normality. Non-parametric data 
were expressed either as median [Me] interquartile range 
[Lq: lower quartile; Uq: upper quartile]. The sample size was 
estimated in the statistical program “StatSoft STATISTICA ver-
sion 8” with a power of 90% and a type 1 error of 0.05%.

When comparing the indices, which were characterized by 
comparing more than two points, the Kruskal-Wallis disper-
sion analysis criterion (KW) was used, and the differences 
were considered reliable, taking into account the Bonferroni 
correction. For the comparison of indices of dependent 
samples, the Wilcoxon non-parametric criterion (t test) was 
used. Two independent samples were compared using the 
non-parametric Mann-Whitney test (MW). p values less than 
0.05 were considered statistically significant. Correlations 
between the number of wheezing episodes [qualitative] and 
von Willebrand factor level [quantitative] were estimated 
using the biserial correlation coefficient [Rb].

RESULTS

All 81 patients who were included in the study were divided 
into groups depending on the nosologically form and the 
number of episodes of wheezing per their history. Group 1 
included 18 patients who had no more than two episodes of 
wheezing, group 2 had 32 children with three or more epi-
sodes of wheezing, and group 3 involved 31 patients with 
asthma. 

When comparing groups by age, sex, the need for oxygen 
therapy during the period of attack, and the indicators of 

MAIN POINTS

•	 Willebrand factor levels indicates the dysfunction. 

•	 The level of Increase in levels of Willebrand factor in the 
blood plasma is determined in children with recurent 
wheezing. 

•	 Highest levels of Willebrand factor are determined in 
children with asthma. 

•	 Persistent high rates of Willebrand factor indicates the 
presence of chronic inflammation and can be regarded as 
the formation of asthma in children.
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standard biochemical data, there are no statistically signifi-
cant differences. In the anamnesis data on the presence of 
atopic dermatitis, laboratory data on elevated levels of total 
IgE and eosinophil levels were significantly more frequent in 
patients in group 3 (Table 1).

The Kruskal-Wallis test showed a statistically significant differ-
ence in WF1 levels between groups. It was revealed that WF1 
levels in children of groups 2 and 3 had a statistically signifi-
cant increase compared with the control group. The highest 
rates were observed in patients of group 3. Indicators of 
patients in group 1 did not differ from the control group. When 

relieving wheezing, the Kruskal-Wallis test also showed sig-
nificantly statistical differences between groups. WF2 levels 
remained elevated only in patients of the third group, while 
WF2 levels in the first and second groups decreased compared 
with those of the control group. Indicators of WF2, secondary 
to ongoing anti-inflammatory and bronchodilator therapy, 
decreased significantly over time in group 2 [p=0.0000, T=0] 
and in group 3 [p=0.0000, T=0] (Table 2). A reliable correla-
tion between the number of wheezing episodes and the level 
of von Willebrand factor (Rb=0.83, t=13.09, p<0.001) has 
been proved in biserial correlations.

Table 1. The main group clinical and laboratory data

Sign 	 Group 1	 Group 2	 Group 3	 p

Gender, M/F	 10/8	 18/14	 18/13	 >0.05

Age, years, Me [Lq; Uq]	 3.27[2.15;4.1]	 3.47 [2.87; 4.21]	 3.57 [2.12; 5.11]	 >0.05

Positive family allergic history	 27% [5/18]	 28% [9/32]	 35% [11/31]	 >0.05

Presence of atopic dermatitis in children	 5.6% [1/18]	 3.1% [1/32]	 16.1% [5/31]	 p1-2=0.3607

				    p1-3=0.1550

				    p2-3=0.0410

Presence of food allergy in children 	 11.1% [2/18]	 12.5% [4/32]	 6.5% [2/31]	 >0.05

Onset of wheezing of the first year of life	 27.8% [5/18]	 37.5% [12/32]	 32.2% [10/31]	 >0.05

Oxygen therapy 	 16.7% [3/18]	 18.7% [6/32]	 16.1% [5/31]	 >0.05

Leukocytosis, %	 11.1% [2/18]	 3.1% [1/32]	 9.7% [3/31]	 >0.05

Lymphocytosis, % 	 83.3% [15/18]	 87.5% [28/32]	 80.1% [27/31]	 >0.05

High eosinophil blood parameters, cells, µl	 11.1% [2/18]	 15.6% [5/32]	 38.7% [12/31]	 p1-2=0.3145

				    p1-3=0.0211

				    p2-3=0.0224

ESR increase, mm/h	 33.3% [6/18]	 37.5% [12/31]	 28.1% [9/32]	 >0.05

CRP, mg/l	 22.2% [4/18]	 18.8% [6/32]	 22.6% [7/31]	 >0.05

Glycoproteins increase, absorbance unit 	 27% [5/18]	 25% [8/32]	 22.6% [7/31]	 >0.05

Seromucoid increase, absorbance unit	 22.2% [4/18]	 18.8% [6/32]	 25.8% [8/31]	 >0.05

Ig E increase, IU/mL	 33.3% [6/18]	 48.9% [15/32]	 70.9% [22/31]	 p1-2=0.2785

				    p1-3=0.0127

				    p2-3=0.0799

Table 2. Statistical indices of the Willebrand factor

	 WF at the beginning of wheezing, % Me [Lq; Uq]	 WF after treatment of wheezing, % Me [Lq; Uq]

Group 1	 97.80 [96.80; 98.50]	 97.70 [96.00; 99.40]

Group 2	 109.81 [105.80; 113.50]	 97.92 [95.60; 100.95]

Group 3	 133.24 [130.40; 139.50]	 110.83 [101.20; 117.50]

Control 	 99.51 [95.40; 102.40]	 99.51 [95.40; 102.40]

 	 KW: H=83.8862; p <0.001	 KW: H=42.0083; p <0.001

	 MW: p1-2 <0.001;	 MW: p1-2 = 0.0674;

	 p1-3 <0.001;	 p1-3 <0.001;

	 p2-3 <0.001;	 p2-3 <0.001;

	 p1-control =0.0963;	 p1- control =0.1116;

	 p2- control <0.001;	 p2- control =0.5453;

	 p3- control <0.001.	 p3- control <0.001.
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DISCUSSION

This study has several limitations. First, about 55% of chil-
dren had a comorbid disease - atopic dermatitis or food 
allergies, which can influence the level of von Willebrand 
factor in blood plasma. Thus, it is possible that the level of 
von Willebrand factor that we obtained in children with 
asthma is too high due to concomitant allergic disease [13]. 
Second, we evaluated the severity and duration of the dis-
ease and the verification of the diagnosis of asthma only by 
clinical and anamnestic patient data [12].

The vascular endothelium is one of the protective barriers, 
and as inflammation develops, it reacts with functional dis-
orders. When responding to pathological effects, the vascular 
endothelium releases many biologically active agents [14]. 
The modern view of the endothelium presents it as an active 
endocrine organ, which is distributed throughout all vessels 
and systems and is one of the first to respond to inflamma-
tory processes in the body through its dysfunction [15, 16]. 
Studies have described and identified Willebrand factor lev-
els as an indicator of endothelial dysfunction [10, 17, 18]. 
Studies of the non-hemostatic role of the Willebrand factor 
remain controversial and not fully understood. Currently, it is 
not known whether the increased expression of the 
Willebrand factor is a cause or consequence of endothelial 
dysfunction, but changes in its levels directly or indirectly 
indicate endothelial dysfunction [10]. Our study showed an 
increase in the levels of Willebrand factor at the beginning of 
the development of the wheezing, which indicated manifes-
tations of endothelial dysfunction secondary to an active 
inflammatory process.

It is known that coagulation and anticoagulation are locally 
activated in the airways, especially in the inflamed airways, 
in such conditions as the acute respiratory distress syndrome, 
pneumonia, pulmonary fibrosis, and respiratory viral infec-
tions that have been studied and proven in the adult popula-
tion [19]. In pediatric practice, studies have been conducted 
indicating that Willebrand factor levels are a marker of pul-
monary endothelial damage in acute inflammatory lung 
damage, namely, pneumonia [20, 21] and acute respiratory 
distress syndrome [22].

Modern studies have shown changes in Willebrand factor 
indices in children as well as in asthma. This study was 
aimed at determining systemic blood coagulation during 
exacerbation and remission of asthma in children. Our study 
showed a significant increase in Willebrand factor levels in 
children with asthma, which is explained by the activation of 
the endothelium, resulting in the release of Willebrand factor 
[13, 23]. Moreover, our study identified more significant 
increases in Willebrand factor indices in children in the 
onset of clinical manifestations of asthma exacerbations 
compared with a less-pronounced increase in Willebrand 
factor levels in developed clinical manifestations during 
recurrent episodes of wheezing and the absence of changes 
in indices during the first episodes of bronchial obstruction, 
which may indicate the severity of the inflammatory process, 
depending on the number of episodes of recurrent wheezing 
in history.

Modern studies assessed changes in Willebrand factor indices 
in the evaluation of chronic inflammation in asthma. Despite 
its main function in hemostasis, its participation in asthma 
development has been shown, when activation occurs after 
exposure to a damaging factor during an asthma attack. An 
increase in Willebrand factor levels associated with the sever-
ity of the disease has been proved [22] and a decrease in 
indices has been shown in the period of remission [23]. In our 
study, children were examined at the stage of arresting clinical 
manifestations, namely, inflammation of the respiratory tract, 
Willebrand factor levels remained above the norm among 
children with asthma, suggesting that the pathological process 
was chronic. In addition, in patients who had a greater number 
of repeated wheezing episodes in history, higher levels of the 
Willebrand factor were noted, whereas in the first episodes, 
Willebrand factor levels decreased to the level of the control 
group. These results can be interpreted as the formation of 
more persistent changes in epithelial dysfunction among 
patients with recurrent wheezing episodes.

Thus, an increase in plasma Willebrand factor levels indi-
cates the presence of endothelial dysfunction. The level of 
Willebrand factor in the blood plasma during the peak peri-
od of wheezing depends on the number of episodes of bron-
chial obstruction in history. Persistent high rates of Willebrand 
factor, even after the relief of clinical symptoms, indicates the 
presence of chronic inflammation and can be regarded as the 
formation of asthma in children.

Ethics Committee Approval: Ethics Committee approval for the 
study was obtained from the Local Ethics Committee of Kharkiv 
National Medical University (February 1, 2017; number: 2017/01).

Informed Consent: Written informed consent was obtained the 
patients before inclusion in the study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - N.M., V.M.; Design - N.M., V.M.; 
Supervision - N.M., M.B.; Materials - M.B.; Data Collection and/or 
Processing - Y.V.; Analysis and/or Interpretation - V.M., Y.V., M.B.; 
Literature Search - Y.V.; Writing Manuscript - V.M., Y.V.; Critical 
Review - N.M., V.M., Y.V., M.B.

Conflict of Interest: The authors have no conflicts of interest to 
declare.

Financial Disclosure: This work was supported by the Kharkiv 
National Medical University (No 0111U001173).

REFERENCES 

1.	 Asher I, Pearce N. Global burden of asthma among children. Int 
J Tuberc Lung Dis 2014;18:1269-78. [Crossref]

2.	 Zhang JL, Ma Z, Sun WW, et al. Programmed vaccination may 
increase the prevalence of asthma and allergic diseases. Am J 
Rhinol Allergy 2016;30:113-7. [Crossref]

3.	 Kawayama T, Kinoshita T, Matsunaga K, et al. Role of Regula-
tory T cells in Airway Inflammation in Asthma. Kurume Med J 
2018;64:45-55. [Crossref]

4.	 Green CE, Turner AM. The role of the endothelium in asthma 
and chronic obstructive pulmonary disease [COPD]. Respir Res 
2017;18:20. doi: 10.1186/s12931-017-0505-1. [Crossref]

5.	 Hendaus MA, Jomha FA, Ehlayel M. Allergic diseases among 

Makieieva et al. Endothelial Dysfunction in Children with Recurrent Wheezing

365

https://doi.org/10.5588/ijtld.14.0170
https://doi.org/10.2500/ajra.2016.30.4335
https://doi.org/10.2739/kurumemedj.MS6430001
https://doi.org/10.1186/s12931-017-0505-1


children: Nutritional prevention and intervention. Ther Clin 
Risk Manag 2016;12:361-72. [Crossref]

6.	 Licari A, Castagnoli R, Brambilla I, et al. Asthma Endotyping 
and Biomarkers in Childhood Asthma. Pediatr Allergy Immunol 
Pulmonol 2018;31:44-55. [Crossref]

7.	 Gao H, Ying S, Dai Y. Pathological roles of neutrophil-mediated 
inflammation in asthma and its potential for therapy as a target. 
J Immunol Res 2017;2017:3743048. [Crossref]

8.	 Salvador B, Arranz A, Francisco S, et al. Modulation of endothe-
lial function by Toll like receptors. Pharmacol Res 2016;108:46-
56. [Crossref]

9.	 Luo S, Truong AH, Makino A. Isolation of Mouse Coronary En-
dothelial Cells. J Vis Exp 2016;113:53985. [Crossref]

10.	 Agostini S, Lionetti V. New insights into the non-hemostatic role 
of von Willebrand factor in endothelial protection. The IACS 
4th Cardiovascular Forum for Promoting Centers of Excellence 
and Young Investigators, Quebec, Canada, September 2016 
Can J Physiol Pharmacol 2017;95:1183-9. [Crossref]

11.	 Chung HT, Chang YS, Liao SL, et al. The effects of corrective sur-
gery on endothelial biomarkers and anthropometric data in chil-
dren with congenital heart disease. J Int Med Res 2017;45:493-
503. [Crossref]

12.	 The Global Strategy for Asthma Management and Prevention, 
Global Initiative for Asthma [GINA] 2018. http://www.ginasth-
ma.org/.

13.	 Manuyakorn W, Mairiang D, Sirachainan N, et al. A. Blood Co-
agulation and Asthma Exacerbation in Children. Int Arch Al-
lergy Immunol 2016;170:75-83. [Crossref]

14.	 Yang X, Chang Y, Wei W. Endothelial Dysfunction and Inflam-
mation: Immunity in Rheumatoid Arthritis. Mediators Inflamm 
2016;2016:6813016. [Crossref]

15.	 Fuji S, Matsushita S, Hyodo K, et al. Association between en-
dothelial function and micro-vascular remodeling measured 
by synchrotron radiation pulmonary micro-angiography in 

pulmonary arterial hypertension. Gen Thorac Cardiovasc Surg 
2016;64:597-603. [Crossref]

16.	 Wray DW, Amann M, Richardson RS. Peripheral vascular func-
tion, oxygen delivery and utilization: the impact of oxidative 
stress in aging and heart failure with reduced ejection fraction. 
Heart Fail Rev 2017;22:149-66. [Crossref]

17.	 Zhang F, Yang XC, Jia XW, et al. Von Willebrand factor and AD-
AMTS13 plasma in older patients with high CHA2DS2-VASc 
Score with and without atrial fibrillation. Eur Rev Med Pharma-
col Sci. 2017; 21: 4907-12.

18.	 Sottile PD, Albers D, Moss MM. Neuromuscular blockade is as-
sociated with the attenuation of biomarkers of epithelial and en-
dothelial injury in patients with moderate-to-severe acute respi-
ratory distress syndrome. Crit Care 2018;22:63. doi: 10.1186/
s13054-018-1974-4. [Crossref]

19.	 Handa T, Watanabe K, Tanizawa K, et al. Platelet aggregability 
in patients with interstitial pneumonias. Sarcoidosis Vasc Dif-
fuse Lung Dis 2016;33:143-50.

20.	 Erdman LK, D'Acremont V, Hayford K, et al. Biomarkers of Host 
Response Predict Primary End-Point Radiological Pneumonia 
in Tanzanian Children with Clinical Pneumonia. PLoS One 
2015;10:e0137592. [Crossref]

21.	 El Basset Abo El Ezz AA, Abd El Hafez MA, El Amrousy DM, et 
al. The predictive value of Von Willebrand factor antigen plas-
ma levels in children with acute lung injury. Pediatr Pulmonol. 
2017;52:91-7. [Crossref]

22.	 Zinter MS, Delucchi KL, Kong MY, et al. Early plasma matrix 
metalloproteinase profiles. A novel pathway in pediatric acute 
respiratory distress syndrome. Am J Respir Crit Care Med 2019; 
199:181-9. [Crossref]

23.	 Buyukyilmaz G, Soyer OU, Buyuktiryaki B, et al. Platelet ag-
gregation, secretion, and coagulation changes in children with 
asthma. Blood Coagul Fibrinolysis 2014;25:738-44. [Crossref]

Turk Thorac J 2020; 21(6): 362-6

366

https://doi.org/10.2147/TCRM.S98100
https://doi.org/10.1089/ped.2018.0886
https://doi.org/10.1155/2017/3743048
https://doi.org/10.1016/j.phrs.2016.03.038
https://doi.org/10.3791/53985
https://doi.org/10.1139/cjpp-2017-0126
https://doi.org/10.1177/0300060516685659
https://doi.org/10.1159/000446775
https://doi.org/10.1155/2016/6813016
https://doi.org/10.1007/s11748-016-0684-6
https://doi.org/10.1007/s10741-016-9573-4
https://doi.org/10.1186/s13054-018-1974-4
https://doi.org/10.1371/journal.pone.0137592
https://doi.org/10.1002/ppul.23518
https://doi.org/10.1164/rccm.201804-0678OC
https://doi.org/10.1097/MBC.0000000000000136

