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Abstract

Background: Urticaria is common in pediatric population and is caused by various etiologies which usually differ
among different age groups. The different etiologies require different management strategies. Thus, understanding
detailed of the etiologies of urticaria in children would help pediatricians to perform appropriate initial treatment.

Methods: A cross-sectional epidemiological study of all patients aged under 18-year-old with the diagnosis of
urticaria from any causes entered in the emergency department during January 1st, 2016 to December 31st, 2019
by collecting the data from the Health Object Program®, an authorized electronic medical records program, at the
Srinagarind Hospital, Faculty of Medicine, Khon Kaen University, Thailand.

Results: There were total of 515 urticaria patients aged under 18 years old at the emergency department. The ages
of patients ranged from 8months to 18 years with a median age of 7 years (IQR 3.17–12.08). The majority of the
patients were in the preschool-aged group (40.97%), followed by the school-aged (28.16%), adolescent (22.14%),
and infant (8.74%). Six major etiologic categories were identified in the present study. The most common cause of
urticaria was infection (51.26%), followed by idiopathic urticaria (34.37%), inhalants (6.99%), drugs (4.08%), foods
(2.52%), and insect stings (0.78%).

Conclusions: Having underlying allergic diseases had a strong association with all identified causes of urticaria in
the study population, of which, food and inhalation etiologies had a significant difference when compared to the
other identified causes. The present study has found that infection was the most common cause of acute urticaria
in children. This etiology (infection-induced urticaria) usually presents concurrent with fever, however, non-febrile
symptoms were also presented. Therefore, in the pediatric population, pediatricians should always look for infection
as the cause of urticaria even in patients without pyrexia.
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Introduction
Urticaria is common in pediatric population and is one
of the most common dermatologic conditions presenting
at the emergency departments [1]. The prevalence of ur-
ticaria in children ranged from 15.3 to 22.5% [2]. Even
though the majority of patients with urticaria are usually

benign, however, this problem can cause parental con-
cern especially with the first episodic attack. Urticaria
and angioedema can be an early sign of anaphylaxis
which need an immediate treatment [3–5]. The diagno-
sis of urticaria can be made by its typical presentation of
acute edematous, wheal and flare appearance, sometimes
also with angioedema. It has its fleeting nature (may be
absent by the time patients are actually seen). The le-
sions are usually itchy. The diagnosis can be challenging
in some circumstances conditions which can mimic urti-
caria (e.g. viral exanthem, morbilliform drug eruption,
insect bites, contact dermatitis, etc.) [6]. The acute
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episodic form is the most prevalent in the pediatric
population, and it is often a recurrent phenomenon [7].
Urticaria and angioedema are caused by various etiolo-
gies which usually differ among different age groups [8–
10]. These included; infections (virus, bacteria, fungus,
and parasite) [11–13], allergic reactions to foods and
drugs, or physical stimuli. In many instances it is not
possible to identify a specific cause (idiopathic urticaria).
The different etiologies require different management
strategies. A recent publication has found etiologies re-
lated to medications or infections, a history of allergies,
and the co-occurrence of pyrexia or urticaria were pre-
dictors of angioedema [14]. Thus, understanding the de-
tails of the etiologies of urticaria in children would help
pediatricians to perform appropriate further treatment.
This led to the objective of the present study to explore
the etiology of urticaria in children in the emergency de-
partment and find out the predictive factors associated
with different etiologies of pediatric urticaria that may
help pediatricians in managing urticaria in an emergency
setting.

Method
Study design
The authors conducted a cross-sectional epidemiological
study from January 1st, 2016 to December 31st, 2019 by
collecting the data from the Health Object Program®, an
authorized electronic medical records program, at the
Srinagarind Hospital, Faculty of Medicine, Khon Kaen
University, Thailand. All patients aged under 18-year-old
with the diagnosis of first episode urticaria from various
causes, entered at the emergency department, Faculty of
Medicine, Khon Kaen University were included in to the
study.
The study was approved by the institutional review

board of the Khon Kaen University, Human Research
Ethics Committee (#HE631510). The waiver for the in-
formed consent was approved and all methods were per-
formed in accordance with the relevant guidelines and
regulations.

Statistical analysis
At the end of the study, the collected data were analyzed
using STATA software version 10 (StataCorp LP). De-
scriptive statistical methods, means, standard deviations
(SDs), medians and frequencies were used to analyze the
demographic data. Values of P < .05 were considered to
indicate statistical significance. Multinomial logistic re-
gression and post hoc analysis were used to test for the
association between etiologic factors of urticaria.

Results
There were total of 515 urticaria patients aged under 18
years old at the emergency department during the study

period. There were 283 (54.95%) male and 232 (45.05%)
female patients; thus, the ratio of males to females was
1.2. The ages of patients ranged from 8months to 18
years with a median age of 7 years (IQR 3.17–12.08).
The age range were classified in to four groups; infant
(< 1-year-old), preschool-aged (1 to 6-year-old), school-
aged (7 to 12-year-old), and adolescent (13 to 18-year-
old). The majority of the patients were in the preschool-
aged group (40.97%), followed by the school-aged
(28.16%), adolescent (22.14%), and infant (8.74%). There
were 68 patients (13.2%) with fever and 27 patients
(5.24%) with angioedema. The patients’ underlying aller-
gic diseases (atopic dermatitis, allergic rhinitis, and
asthma) were documented in 59 patients (11.45%). Ma-
jority of patients (79.42%) had their onset of urticaria
less than 24 h prior to visiting the emergency room.
Table 1 shows demographic, clinical presentations, and
onset of urticaria in the study population.
Six major etiologic categories were identified in the

present study. The most common cause of urticaria was
infection (51.26%), followed by idiopathic cause (34.37%),
inhalants (6.99%), drugs (4.08%), foods (2.52%), and insect
stings (0.78%). We did not find acute urticaria caused by
physical stimuli from the present study. Figure 1 shows
prevalence of various etiologies of acute urticaria in chil-
dren from January 1st, 2016 to December 31st, 2019.
There were various sources of infection in infection-

induced urticaria in the study population. Respiratory
tract infection was the most common cause (97 cases,
36.74%), followed by gastrointestinal infection (84 cases,
31.82%), unidentified source of infection (48 cases,
18.18%), and otitis media (18 cases, 6.82%). Figure 2
showed number of patients with various sources of in-
fection in infection-induced urticaria in the study
population.
There were 59 patients (11.45%) with at least one

underlying allergic disease (atopic dermatitis, allergic
rhinitis, and asthma). Multinomial logistic regression
and post hoc analysis revealed an association between
urticaria (caused from foods, inhalation, drug, insect
stings, and infection) and patients with underlying aller-
gic diseases (P < 0.001). Two etiologies of urticaria (foods
and inhalation) showed a significant difference from
other causes (drug, insect stings, and infection), Table 2.

Discussion
Urticaria is common in pediatric population. The onset
of rashes are usually acute in nature, thus, majority of
the first attack acute urticaria patients usually visit emer-
gency department [10, 15, 16]. The cutaneous rash has
typical presentation of wheal edematous of the dermis,
mostly itch, and some with angioedema [1]. In newborns
and infants, acute urticaria is less common, is typically
generalized, and features large annular or geographic
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plaques which are often slightly raised [17]. Some propose
that differences in the prevalence and morphology in this
age group are due to functional insufficiency of the im-
mune system and skin characteristics [17].
Urticaria is more common in adults and is usually

idiopathic or spontaneous [18, 19]. In contrast, acute ur-
ticaria in children is mostly caused by infection [2]. A re-
cent report of the on going COVID-19 pandemic had
found that acute urticaria and pyrexia can be the first
manifestations of a COVID-19 infection [20]. Previous
reports have found that urticaria and angioedema are
caused by various etiologies which usually differ among
different age groups [2, 7, 9]. This finding is similar to
the present study that revealed a significant difference in
the prevalence of various urticaria etiologies between
different age groups (Table 3). Even though there were
various causes, however, the most common cause of ur-
ticaria in the overall pediatric population was infection.

This is correlated to the results from previous studies
that have found infection, especially viral infection, as
the most frequent cause in pediatric population [2, 7,
21]. Infection-induced urticaria is thought to involve the
complement system and plasma effector systems [10],
while the others; foods, drugs, inhalation cause urticaria
via an IgE- and IgE receptor-dependent mechanism.
Infection-induced urticaria is more common in young
children. This finding is perceived in a similar way to
the present study that in infants and preschool-aged
group, infection was the most common cause, while in
the older age groups (school-aged and adolescent), un-
known cause (idiopathic urticaria), drugs, and inhalation
were found be more frequent. Thus, history taking of ex-
posures (drugs, foods, inhalation) to identify causes of
urticaria in older children should not be missed.
Sixty-eight patients (13.2%) had fever, of which, infection-

induced urticaria was diagnosed in 62 patients. However,

Table 1 Demographic data of acute urticaria in children from January 1st, 2016 to December 31st, 2019

Variable Total
(n = 515)

Year

2016
(n = 99)

2017
(n = 149)

2018
(n = 149)

2019
(n = 118)

Sex

Male 283 (54.95) 57 (57.58) 74 (49.66) 80 (53.69) 72 (61.02)

Female 232 (45.05) 42 (42.42) 75 (50.34) 69 (46.31) 46 (38.98)

Age (years)

Median (IQR) 7.08 (3.17–12.08) 6.42 (3.17–11.67) 7.25 (3.33–12) 6.75 (2.92–12.25) 7.79 (2.75–12.58)

Median (Min-max) 7.08 (0.08–17.92) 6.42 (0.67–17.92) 7.25 (0.33–17.92) 6.75 (0.08–17.83) 7.79 (0.25–17.67)

Mean ± SD 7.83 ± 5.43 7.4 ± 5.36 8 ± 5.53 7.66 ± 5.29 8.18 ± 5.58

Age

< =1 yr 45 (8.74) 5 (5.05) 14 (9.4) 10 (6.71) 16 (13.56)

1-6 yr 211 (40.97) 50 (50.51) 60 (40.27) 66 (44.3) 35 (29.66)

7-12 yr 145 (28.16) 24 (24.24) 41 (27.52) 39 (26.17) 41 (34.75)

13-18 yr 114 (22.14) 20 (20.2) 34 (22.82) 34 (22.82) 26 (22.03)

Fever

No 447 (86.8) 86 (86.87) 129 (86.58) 133 (89.26) 99 (83.9)

Yes 68 (13.2) 13 (13.13) 20 (13.42) 16 (10.74) 19 (16.1)

Angioedema

No 488 (94.76) 94 (94.95) 147 (98.66) 140 (93.96) 107 (90.68)

Yes 27 (5.24) 5 (5.05) 2 (1.34) 9 (6.04) 11 (9.32)

U/D Allergy

No 456 (88.54) 88 (88.89) 135 (90.6) 131 (87.92) 102 (86.44)

AD 34 (6.6) 8 (8.08) 8 (5.37) 12 (8.05) 6 (5.08)

AR 25 (4.85) 2 (2.02) 4 (2.68) 7 (4.70) 12 (10.17)

Asthma 5 (0.97) 1 (1.01) 2 (1.34) 1 (0.67) 1 (0.85)

Discharge type

Discharge 508 (98.64) 97 (97.98) 148 (99.33) 148 (99.33) 115 (97.46)

Admission 7 (1.36) 2 (2.02) 1 (0.67) 1 (0.67) 3 (2.54)
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infection-induced urticaria can be found in nonfebrile pa-
tients. This may due to the fact that, patients can develop
urticaria at a time of infection or days to weeks after. Thus,
normal temperature in infection-induced urticaria can be
found. Therefore, in the pediatric population, pediatricians
should always look for infection as the cause of urticaria
even in patients without pyrexia. The present study per-
formed a correlation test between fever and the cause of ur-
ticaria by using multinomial logistic regression analysis,
nevertheless, no associations were found.

Angioedema was found in 27 patients (5.24%). This
symptom can indicate an early sign of anaphylaxis. An-
gioedema can be found together with urticarial rashes or
else as an isolated finding [4]. The present study revealed
that this finding is not associated to any causes of urti-
caria, Table 2. However, angioedema can be an initial
sign of anaphylaxis that need a prompt treatment [22–
26]. Therefore, if a clinical sign of angioedema is docu-
mented, physician should prepare for the possible severe
presentation.

Fig. 1 Prevalence of various etiologies of acute urticaria in children from January 1st, 2016 to December 31st, 2019

Fig. 2 Number of patients with various sources of infection in infection-induced urticaria in the study population
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Onset of the rashes in urticaria patients usually
present as acute onset in nature. The authors tried to
find the association between the onset of rashes prior to
the emergency room of less and more than 24 h and the
etiology of urticaria. However, this factor has no correl-
ation to any urticaria causes, Table 2.
Underlying allergic diseases (atopic dermatitis, allergic

rhinitis, and asthma) were documented in 59 patients
(11.46%). A recent publication among a large cohort study
in adolescent has found a strong association between
chronic spontaneous urticaria and atopic diseases [27].
These association were similar to the present study that
also found an association between identified cause of urti-
caria (food, inhalation, drug, insect stings, and infection)
and underlying allergic diseases, P < 0.001 (Table 2). Among
the five different groups of etiologies, urticaria caused by
food and inhalation, showed a significant association with
allergic disease when compared to the other causes (drug,
insect stings, and infection) in the study population.
From January 2016 to December 2019, etiologies of ur-

ticaria in children did not change over time (Fig. 1). In-
fection was always the leading etiology in pediatric
population, thus investigation of underlying infections is
essential in this age group.

Limitation
The main limitation of the present study was the retro-
spective study design. Some of the data recorded was in a
structural form, as it was an electronic file, which resulted
in a lack of some information. For example, the timing of
onset and persistence of urticaria could not be determined
when physicians did not add this information in the exam-
ination. Another limitation of this study is that it relied on
physicians in the emergency room to establish the diagno-
sis of urticaria and its cause. Without additional details,
the accuracy of these assessments could not be confirmed.
In many cases where urticaria was attributed to infection,
it was unclear whether other febrile conditions with rash,
viral exanthem or drug-induced urticaria (e.g. NSAID-in-
duced) were fully excluded. Moreover, some essential in-
formation in some patients, such as history of allergy was
also missing. In patients who had inhalants allergens (e.g.
pollens, grasses, dust mites) listed as the cause of their ur-
ticaria, it was not clear whether this occurred through
contact or other routes.

Conclusions
The present study revealed several identified causes of
urticaria (food, inhalation, drug, insect stings, and

Table 2 Association test among factors and the cause of urticaria by using multinomial logistic regression analysis

Factor Cause of urticaria p-value

Drugs
(n = 21)

Foods
(n = 13)

Insect stings
(n = 4)

Infection
(n = 264)

Inhalation
(n = 36)

Angioedema 0.659

No 19 (90.48) 13 (100) 4 (100) 251 (95.08) 33 (91.67)

Yes 2 (9.52) 0 (0) 0 (0) 13 (4.92) 3 (8.33)

Underlying allergic diseases < 0.001

No 19 (90.48) 1 (7.69) 4 (100) 252 (95.45) 4 (11.11)

Yes 2 (9.52)a 12 (92.31)b 0 (0)a 12 (4.55)a 32 (88.89)b

Onset of chief complaint 0.438

≤ 24 h 20 (95.24) 10 (76.92) 3 (75) 209 (79.17) 27 (75)

> 24 h 1 (4.76) 3 (23.08) 1 (25) 55 (20.83) 9 (25)

Different superscripts (a, b) in the same row indicate a significant difference between groups (chi-squared test, multinomial logistic regression analysis, p < 0.05)

Table 3 Number (%) of patients classified by the cause of urticaria in four different age-groups

Age Total
(n = 515)

Cause of urticaria

Idiopathic
(n = 177)

Drugs
(n = 21)

Foods
(n = 13)

Insect stings
(n = 4)

Infection
(n = 264)

Inhalation
(n = 36)

Median age
(IQR), years

7.08 (3.17–12.08) 7.08 (3.17–12.08) 12.58 (9.42–15.83) 7 (4.58–15.83) 1.25 (0.83–1.92) 16.83 (9.125–17.455) 3.96 (1.58–6.75)

<=1 yr 45 (8.74) 1 (0.56) 0 (0) 6 (46.15) 0 (0) 37 (14.02) 1 (2.78)

1-6 yr 211 (40.97) 15 (8.47) 10 (47.62) 5 (38.46) 1 (25) 165 (62.5) 15 (41.67)

7-12 yr 145 (28.16) 78 (44.07) 3 (14.29) 2 (15.38) 0 (0) 51 (19.32) 11 (30.56)

13-18 yr 114 (22.14) 83 (46.89) 8 (38.1) 0 (0) 3 (75) 11 (4.17) 9 (25)

Chi square test (15) = 247.0309, p-value < 0.001
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infection). All etiologies had a strong association with
the underlying allergic diseases, of which food and inhal-
ation causes had a significant difference when compared
to the other identified etiologies. The present study has
found that infection was the most common cause of
acute urticaria in children. This etiology (infection-in-
duced urticaria) usually presents concurrent with fever,
however, probable non-febrile symptoms can also exist.
Therefore, in pediatric population, pediatricians should
always look for the underlying causes of urticaria from
infections even in patients without pyrexia symptoms.

Acknowledgements
We would like to acknowledge Prof Gurdeep Singh for editing the MS via
Publication Clinic KKU, Thailand.

Authors’ contributions
LT conceptualized and designed the study, collected all the data, carried out
analyses, drafted the manuscript, revised the final manuscript and agrees to
be accountable for all aspect of the work. RU and PP conceptualized,
designed the study, and revised the final manuscript. JC conceptualized the
study, interpreted the data, and provided statistical analysis. All authors agree
to be accountable for all aspect of the work.

Funding
None

Availability of data and materials
The datasets generated and/or analysed during the current study are not
publicly available, but available from the corresponding author [LT and RU]
on request.

Ethics approval and consent to participate
The study was approved by the institutional review board of the Khon Kaen
University, Human Research Ethics Committee (#HE631510). The waiver for
the informed consent was approved and all methods were performed in
accordance with the relevant guidelines and regulations.

Consent for publication
The author signs for and accepts responsibility for releasing this material on
behalf of any and all co-authors.

Competing interests
The authors have no conflicts or competing interests relevant to this article
to disclose. All authors approved the final manuscript as submitted and
agree to be accountable for all aspects of the work.

Author details
1Dermatology Division, Pediatric Department, Faculty of Medicine, Khon
Kaen University, Khon Kaen, Thailand. 2Emergency Department, Faculty of
Medicine, Khon Kaen University, Khon Kaen, Thailand. 3Department of
Statistics, Faculty of Science, Khon Kaen University, Khon Kaen, Thailand.
4Critical care and Pulmonology Division, Faculty of Medicine, Khon Kaen
University, Khon Kaen, Thailand.

Received: 23 October 2020 Accepted: 9 February 2021

References
1. Baxi S, Dinakar C. Urticaria and angioedema. Immunol Allergy Clin N Am.

2005;25:353–67, vii.
2. Shin M, Lee S. Prevalence and causes of childhood urticaria. Allergy Asthma

Immunol Res. 2017;9:189–90.
3. Seth D, Kamat D. Angioedema. Pediatr Ann. 2019;48:e473–8.
4. Pattanaik D, Lieberman JA. Pediatric angioedema. Curr Allergy Asthma Rep.

2017;17:60.
5. Pedrosa M, Prieto-García A, Sala-Cunill A, Spanish Group for the Study of

Bradykinin-Mediated Angioedema (SGBA) and the Spanish Committee of

Cutaneous Allergy (CCA). Management of angioedema without urticaria in
the emergency department. Ann Med. 2014;46:607–18.

6. Onsoi W, Chaiyarit J, Techasatian L. Common misdiagnoses and prevalence
of dermatological disorders at a pediatric tertiary care center. J Int Med Res.
2020;48:300060519873490.

7. Novembre E, Cianferoni A, Mori F, Barni S, Calogero C, Bernardini R, et al.
Urticaria and urticaria related skin condition/disease in children. Eur Ann
Allergy Clin Immunol. 2008;40:5–13.

8. Radonjic-Hoesli S, Hofmeier KS, Micaletto S, Schmid-Grendelmeier P, Bircher
A, Simon D. Urticaria and angioedema: an update on classification and
pathogenesis. Clin Rev Allergy Immunol. 2018;54:88–101.

9. Kudryavtseva AV, Neskorodova KA, Staubach P. Urticaria in children and
adolescents: an updated review of the pathogenesis and management.
Pediatr Allergy Immunol Off Publ Eur Soc Pediatr Allergy Immunol. 2019;30:
17–24.

10. Liu T-H, Lin Y-R, Yang K-C, Chou C-C, Chang Y-J, Wu H-P. First attack of
acute urticaria in pediatric emergency department. Pediatr Neonatol. 2008;
49:58–64.

11. Minciullo PL, Cascio A, Barberi G, Gangemi S. Urticaria and bacterial
infections. Allergy Asthma Proc. 2014;35:295–302.

12. Imbalzano E, Casciaro M, Quartuccio S, Minciullo PL, Cascio A, Calapai G,
et al. Association between urticaria and virus infections: a systematic review.
Allergy Asthma Proc. 2016;37:18–22.

13. Minciullo PL, Cascio A, Gangemi S. Association between urticaria and
nematode infections. Allergy Asthma Proc. 2018;39:86–95.

14. Syue Y-J, Li C-J, Chen W-L, Lee T-H, Huang C-C, Yang M-C, et al. Significant
predictive factors of the severity and outcomes of the first attack of acute
angioedema in children. BMC Pediatr. 2019;19:423.

15. Sathishkumar D, Udhayakumar P, Adhikari DD, George R. Pediatric
cutaneous emergencies and their outcome: study from a tertiary care
center in South India. Indian Dermatol Online J. 2019;10:650–6.

16. Lin Y-R, Liu T-H, Wu T-K, Chang Y-J, Chou C-C, Wu H-P. Predictive factors of
the duration of a first-attack acute urticaria in children. Am J Emerg Med.
2011;29:883–9.

17. Minasi D, Manti S, Chiera F, Licari A, Marseglia GL. Acute urticaria in the
infant. Pediatr Allergy Immunol Off Publ Eur Soc Pediatr Allergy Immunol.
2020;31(Suppl 26):49–51.

18. Sánchez-Borges M, Capriles-Hulett A, Caballero-Fonseca F. Demographic
and clinical profiles in patients with acute urticaria. Allergol Immunopathol
(Madr). 2015;43:409–15.

19. Sabroe RA. Acute Urticaria. Immunol Allergy Clin N Am. 2014;34:11–21.
20. van Damme C, Berlingin E, Saussez S, Accaputo O. Acute urticaria with

pyrexia as the first manifestations of a COVID-19 infection. J Eur Acad
Dermatol Venereol JEADV. 2020;34:e300–1.

21. Bailey E, Shaker M. An update on childhood urticaria and angioedema. Curr
Opin Pediatr. 2008;20:425–30.

22. Simons FER, Ardusso LRF, Dimov V, Ebisawa M, El-Gamal YM, Lockey RF,
et al. World allergy organization anaphylaxis guidelines: 2013 update of the
evidence base. Int Arch Allergy Immunol. 2013;162:193–204.

23. Simons FER, Ardusso LRF, Bilò MB, El-Gamal YM, Ledford DK, Ring J, et al.
World allergy organization guidelines for the assessment and management
of anaphylaxis. World Allergy Organ J. 2011;4:13–37.

24. Lieberman P, Nicklas RA, Oppenheimer J, Kemp SF, Lang DM, Bernstein DI,
et al. The diagnosis and management of anaphylaxis practice parameter:
2010 update. J Allergy Clin Immunol. 2010;126:477–480.e1–42.

25. Sampson HA, Muñoz-Furlong A, Campbell RL, Adkinson NF, Bock SA,
Branum A, et al. Second symposium on the definition and management of
anaphylaxis: summary report--second National Institute of Allergy and
Infectious Disease/Food Allergy and Anaphylaxis Network symposium. Ann
Emerg Med. 2006;47:373–80.

26. Simons FER, Ebisawa M, Sanchez-Borges M, Thong BY, Worm M, Tanno LK,
et al. 2015 update of the evidence base: World Allergy Organization
anaphylaxis guidelines. World Allergy Organ J. 2015;8 [cited 2021 Jan 12].
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4625730/.

27. Rosman Y, Hershko AY, Meir-Shafrir K, Kedem R, Lachover-Roth I, Mekori YA,
et al. Characterization of chronic urticaria and associated conditions in a
large population of adolescents. J Am Acad Dermatol. 2019;81:129–35.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Techasatian et al. BMC Pediatrics           (2021) 21:92 Page 6 of 6

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4625730/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Method
	Study design
	Statistical analysis

	Results
	Discussion
	Limitation

	Conclusions
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

