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Editorial

Editorial
There are three excellent articles in the issue, including an 
overview of the complicated simple snoring, a territory-
wide study on e-cigarettes in Hong Kong, and a study on 
the importance of asthma written action plan in southern 
Taiwan.

The first article reviews the topic of complicated simple 
snoring. Primary snoring (PS) has historically been 
considered as a benign entity, however, increased evidence 
revealed its correlation to consequent cardiovascular and 
neurocognitive outcomes. Dr. Cheng provides an excellent 
review of PS including the definition, risk factors for 
progression, impact on cardiovascular and neurocognitive/
behavioral systems, proposed mechanism, and treatment. 
PS is a common sleep disorder in children and it deserves 
more studies to illustrate its health implications and 
find the appropriate intervention to prevent consequent 
morbidities.

E-cigarette use is an emerging health issue of extreme 
concern in recent. In Hong Kong, it was worrying that 
adolescents accounted for 37.4% of e-cigarette users and 
were the most popular age group. The second article 
reported a study on e-cigarettes. Dr. Yeung surveyed 
26,684 secondary-school students on sociodemographic 
characteristics, self-reported harms of e-cigarette use, 
and their relationship with smoking intention, habits, and 
quitting intention. The study concluded that e-cigarettes 
were related to poor perceived health status and respiratory 
symptoms. E-cigarette use was also associated with the 
intention to use cigarettes and with no significant changes 
in quitting intention.

The third article investigated the importance of parental 
knowledge regarding components of written asthma 
action plans (WAAP) in asthma control in children in 
southern Taiwan. The use of a WAAP has been shown 
to improve lung function and reduce school absences, 
activity limitations, and emergency department visits. 
However, patients and parents sometimes receive WAAP 
and sometimes receive health education information about 
asthma directly. Ms. Wang and Dr. Huang et al. conducted 

a questionnaire-based survey on this issue and found that 
the asthma symptom control level was significantly and 
positively related to the understanding of key WAAP 
components. They expected that developing an easy-to-
use WAAP and using it as a standard tool for asthmatic 
children would greatly improve asthma control in Taiwan.
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Review Article

The Complicated Simple Snoring
Esther Tin Wing Cheng

Department of Paediatrics, The Chinese University of Hong Kong, Hong Kong Special Administrative Region, China

Abstract

Primary snoring, also known as simple snoring, was historically regarded as a benign entity on the sleep‑disordered breathing 
spectrum until recently, when more and more evidence suggested the otherwise. This article aims to provide an overview on the 
research directions of primary snoring and their relevant clinical significance.

Keywords: Cognition, hypertension, obstructive sleep apnoea, primary snoring

A Continuum of Snoring?
Primary snoring (PS), also known as simple or non‑apneic 
snoring, is a relatively common condition characterized 
by habitual snoring (HS) >3 nights per week and 
normal conventional polysomnography (PSG). Current 
estimation reported that 7.2% and 4.8% of children in 
Hong Kong suffered from HS and obstructive sleep 
apnoea (OSA) respectively.[1,2] Positioned at the milder 
end of sleep‑disordered breathing (SDB) spectrum,[3,4] 
PS was historically regarded as a benign entity without 
causing significant medical consequences for the snorer 
and co‑snorer until recently. As accumulating evidence 
has identified PS as an independent risk factor for 
complications described originally for OSA, such as 
poorer neurocognitive‑behavioral function[5] and higher 
cardiovascular risks,[6] an urgent need for a paradigm shift 
in the current clinical thinking and management strategy 
of PS is hence required.

Definition of PS
Despite the high prevalence in the general population, 
currently, we see a lack of consensus regarding the cut‑
off  and occasional requirements of PS. The distinction 
between PS and other sleep disorders is, conceptually and 
originally, based on the absence of clinical consequences. 
Previously, the 2005 American Academy of Sleep 
Medicine (AASM) International Classification of Sleep 
Disorders (ICSD‑2) was amongst the most commonly 
cited definition of PS.[7] It defined PS as loud upper 

airway breathing sounds in sleep without episodes of 
apnoea or hypoventilation.[8] In 2014, the update by 
ICSD‑3 recognized that an absolute absence of apnoea 
is not essential to delineate the difference in clinical 
outcomes of PS and other sleep disorders.[9] Since then, 
<1 apnoea/hypopnoea events per hour of sleep on the 
Apnoea‑Hypopnoea Index (AHI) in the absence of any 
clinical consequences was commonly used to identify PS 
in research settings.[7] It is also worth noticing that this 
working definition is arbitrary, without reliable clinical 
validation, and varies between studies.

Meanwhile, it is clear that AHI alone may not be sufficient 
to define PS. In 2016, Kryger redefined PS based on the 
duration, oxygen saturation, airflow limitation, and the 
level of anatomical obstruction in the hopes to model 
the absence of any physical implications due to PS.[10] For 
the psychological aspect, i.e., to study the disturbance to 
patients and possibly the co‑sleepers, a noise approach 
that looks into sound patterns and cut‑offs of specific 
acoustic parameters may be appropriate.[11] The limitation 
of such an approach, however, lies in the subjectivity of 
individuals’ perception of snoring, making objective 
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quantification of nuisance from PS extremely difficult. 
Considering the dyadic nature of sleep, recent studies, such 
as the one by Genlyd et al. on noise exposure, promote the 
assessment of ‘noise annoyance level’ that include aspects 
such as ‘daytime sleepiness’ and ‘tiredness’ in the paired 
comparison.[12]

Currently, to distinguish PS from other sleep disorders, 
overnight PSG is the only currently available definitive 
investigation.[5] Diagnosis is made based on clinical history, 
the number of respiratory events per hour of sleep on 
PSG, and the corresponding physiological consequences 
in terms of gas exchange abnormalities and arousals. 
Some authors choose a composite respiratory disturbance 
score to diagnose PS based on several factors such as the 
extent of SpO2 desaturation and respiratory arousals.[13,14]

riSk fACtorS of HS AnD PS ProgreSSion
To the best of our knowledge, no studies have evaluated 
the risk factors of PS thus far. Studies reporting risk 
factors for HS may provide clues for the predictor of PS 
development. A large cohort across the Asia Pacific showed 
a higher prevalence of HS in males and Caucasians,[1] 
most probably due to their genetically determined 
craniofacial structure. Nonetheless, prematurely born 
children may be at a higher risk for snoring and SDB as 
well.[1] Additionally, the severity can be made significantly 
lower by breastfeeding for at least 2 months according to 
one study.[15]

Studies examining the natural history of PS are also 
scarce. Whether PS is associated with the development 
of other more severe sleep disorders, for example, OSA 
remains unclear. In a community‑based follow‑up study 
by Li et al, persistent snoring and overweight or obesity 
were found to be the risk factors for PS progression.[16] 
Persistent snoring, with its relatively high negative 
predictive value,[16] can hence be used as a guide for SDB 
progression. Meanwhile, weight reduction may play an 
important role in the management of PS. In addition, 
puberty has no significant effect on PS progression,[16] 
suggesting that changes in sex hormones were not a 
primary modulator of upper airway function during 
puberty. Neither sex nor adenotonsillar hypertrophy was 
identified as a significant predictor.[16]

CArDiovASCulAr imPACtS of PS
Emerging evidence has shown that childhood PS has 
adverse effects on the cardiovascular system,[17] rendering 
the need to identify and treat as soon as possible.

A local cross‑sectional study by Li et al. published in 2009 
was among the very few who first provided evidence on 
the potential cardiovascular risks in PS children.[18] By 
demonstrating that PS was an aspect of the dose‑response 
relationship between SDB and blood pressure (BP), it 

provided a new insight contrary to the universal belief  
that PS was entirely benign. Nighttime BP particularly 
was found to be significantly higher in the PS cohort after 
adjusting for age, sex, and body mass index (BMI). The 
findings carry prominent significance in the sense that 
elevated childhood BP is associated with increased carotid 
intima‑media thickness (cIMT) and arterial thickness, 
which are the preceding markers of atherosclerosis.[19] With 
a similar elevation in BP level during childhood, it predicts 
a worse prognosis of future cardiovascular adverse events, 
adult hypertension, and metabolic syndrome.[20]

The association between PS and endothelial function was 
first proposed by the same author in 2011, which showed 
a significantly reduced flow‑mediated vasodilation 
(FMD) among PS children independent of body size 
and OAHI.[21] Unlike OSA, the mechanism underlying 
PS and impaired endothelial function is not associated 
with hypoxia, oxidative stress, and frequent arousals, as 
reflected by the insignificant differences in all respiratory 
parameters, arousal indexes, and sleep architecture 
between PS and controls in the same study. These results, 
inspiringly, provided grounds on the possibility that PS 
may not simply be a milder form of OSA, but a part of 
a more complex phenotype that is yet to be determined.

The causal association between childhood PS and 
undesirable cardiovascular outcomes is further supported 
by a recent longitudinal study by Au et  al.[22] Predictive 
markers of cardiovascular disease (CVD), namely 
reduced FMD, increased cIMT, and elevated BP remained 
significant at 5‑year follow‑up of PS subjects aged 6 to 18 
irrespective to the change of OSA severity. Strategies to 
alleviate upper airway narrowing and the resultant CVD 
burden should, therefore, not be overlooked. Though a 
proven treatment for childhood snoring is not currently 
available besides nasal steroids,[23,24] the study highlighted 
the clinical importance of regular monitoring for children 
with PS on their SDB and cardiovascular status.

neuroCognitive AnD BeHAviorAl imPACtS of PS
There is growing evidence that children with PS exhibit 
cognitive and behavioral deficits equivalent to children 
with OSA when compared to non‑snoring controls.[25,26]

In a pioneer study by Blunden et  al. published in 
2000, a significant difference in cognitive functioning 
was accidentally found between snoring children and 
controls.[27] The unexpected finding sparked much intrigue 
surrounding the morbidity of PS. Subsequently, cognitive 
outcomes, such as IQ score, memory, attention, executive 
function, organization ability, motor coordination, 
verbal ability, and fluency, were investigated by various 
studies.[25,28‑30] The observation of deficit in PS children is 
not universal. It is noted that in the majority of studies, 
results of cognitive assessment in PS subjects, even if  
found to be significantly lower than controls, still fall 
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within normative limits. This highlights that whether 
snoring is associated with cognitive impairment later in life 
still requires further investigation. However, the adverse 
effect of PS on cognitive functioning is still undeniable if  
we compare the percentage of PS children labelled with 
impaired cognition and those who are carefully matched 
to control.[31]

Studies have consistently shown behavioral impairment 
in children with PS.[13,27] Most commonly reported deficits 
include hyperactivity, inattention, and somatic complaints. 
A surprising finding was found in the Jackman et al. study 
in which the PS group exhibited the greatest deficit in a 
majority of the behavioral domains, followed by the mild 
OSA group.[32] Another cross‑sectional study by Brockman 
et al. also reported that children with PS had a higher risk 
of inattentive behavior than those with OSA.[33] A 10‑fold 
increase in sleepiness was observed as well in PS children 
compared to a 5‑fold increase in the OSA group.[33] All 
evidence seems to be hinting that PS may not simply be a 
milder form of OSA at the SDB spectrum.

ProPoSeD meCHAniStiC PAtHwAyS
Currently, the clinical outcomes of OSA are explained 
by the hypoxic insult to the developing brain and sleep 
disruption due to repeated arousals.[34] There has been an 
endeavor to evaluate if  those physiological stresses also 
account for the deficit in PS. However, current data cannot 
depict the association.[31] It is possible that the subtle 
differences in oxygen level and sleep parameters could 
be missed using the conventional protocol. Measures 
of cerebral oxygenation in response to a respiratory 
event may be inaccurately reflected at the periphery 
and that excessive daytime sleepiness may not be a fit 
measurement for arousals. More objective assessments, 
such as differences in cerebral blood flow velocity[35] and 
sleep latency test,[36] may hence be required for further 
investigation.

Some of the neurocognitive and cardiovascular impacts of 
PS, nonetheless, can be explained by a large community‑
based study by Zhu et al. in 2014 consisting of 619 subjects.[37] 
Compared to non‑snoring children, the percentage of slow‑
wave sleep (SWS) decreased significantly in the prepubertal 
PS group. SWS is associated with better neurocognitive 
functioning.[38] Meanwhile, the percentage of non‑rapid 
eye movement stage 1 (N1) sleep as well as wake after sleep 
onset (WASO), a representation of sleep deficiency, were 
both significantly elevated in the pubertal sub‑group. With 
less N1 sleep, impacted learning and memory are explained. 
Along with a study by Zhang et  al. which showed the 
direct correlation between lower sleep efficiency (i.e. higher 
WASO) and increased sympathetic activity as reflected by 
a higher 24‑hour urinary catecholamine level,[39] the critical 
role of PS in mediating cardiovascular complications is 
also conjointly manifested.

treAtment of PS
PS management can be conservative or non‑conservative, 
depending on the associated underlying conditions. For 
snorers with obesity and orofacial myofunctional disorders 
(OMDs), for instance, weight loss and myofunctional 
therapy would be the first‑line treatment respectively.[40] 
The AASM also recommends oral appliance (OA) therapy 
for PS in general.[41] There is currently no consensus on 
the optimal design of OAs but the therapeutic outcome 
in term of AHI and oxygen desaturation index (ODI) 
appear to be better if  the device is custom‑made.[42] 
It is worth noted that OAs, though effective, are 
associated with low compliance.[43] Meanwhile, surgical 
approaches like uvulopalatopharyngoplasty (UPPP) and 
adenotonsillectomy, though radical, are also available 
for patients with associated obstructed upper airway 
due to craniofacial anomalies as well as adenotonsillar 
hypertrophy. Till date, there are no drugs available for 
treating the primary pathology of PS.[44]

ConCluSion
PS is a relatively common sleep disorder amongst the 
paediatric population. Although the original definition 
aims to delineate PS from OSA based on the absence of 
clinical consequences, increasing evidence revealed that 
snoring, even without associated changes in respiratory 
markers, may be associated with extensive cardiovascular 
and neurocognitive outcomes. More studies are required to 
elucidate the effects of PS on various disease development 
and appropriate action may be required to prevent these 
adverse outcomes.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

referenCeS
1. Li  AM, Sadeh  A, Au  CT, Goh  DY, Mindell  JA. Prevalence of 

habitual snoring and its correlates in young children across the Asia 
pacific. J Paediatr Child Health 2013;49:E153‑9.

2. Li AM, So HK, Au CT, Ho C, Lau J, Ng SK, et al. Epidemiology 
of obstructive sleep apnoea syndrome in Chinese children: A two‑
phase community study. Thorax 2010;65:991‑7.

3. Marcus  CL. Sleep‑disordered breathing in children. Am J Respir 
Crit Care Med 2001;164:16‑30.

4. Anstead M, Phillips B. The spectrum of sleep‑disordered breathing. 
Respir Care Clin N Am 1999;5:363‑77, viii.

5. Marcus  CL, Brooks  LJ, Draper  KA, Gozal  D, Halbower  AC, 
Jones  J, et  al.; American Academy of Pediatrics. Diagnosis and 
management of childhood obstructive sleep apnea syndrome. 
Pediatrics 2012;130:e714‑55.

6. Horne  RSC. Childhood snoring has long‑term adverse effects on 
cardiovascular health. Respirology 2021;26:725‑6.

7. De  Meyer  MMD, Jacquet  W, Vanderveken  OM, Marks  LAM. 
Systematic review of the different aspects of primary snoring. Sleep 
Med Rev 2019;45:88‑94.



Cheng: Complicated simple snoring

      Pediatric Respirology and Critical Care Medicine ¦ Volume 6 ¦ Issue 1 ¦ January‑March 2022 5  

8. Medicine  AAoS. International classification of sleep disorders. 
Diagnostic and coding manual 2005:51‑5.

9. Sateia  MJ. International classification of sleep disorders‑third 
edition: Highlights and modifications. Chest 2014;146:1387‑94.

10. Kryger  MH. Sleep and Breathing Disorders. E‑Book. Elsevier 
Health Science; 2016. pp. 126‑39.

11. Michael H, Andreas S, Thomas B, Beatrice H, Werner H, Holger K. 
Analysed snoring sounds correlate to obstructive sleep disordered 
breathing. European Archives of Oto‑Rhino‑Laryngology 
2008;265:105‑13.

12. Peterson TH. The “Genlyd” Noise Annoyance Model. Delta Report, 
2007.

13. O’Brien  LM, Mervis  CB, Holbrook  CR, Bruner  JL, Klaus  CJ, 
Rutherford  J, et  al. Neurobehavioral implications of habitual 
snoring in children. Pediatrics 2004;114:44‑9.

14. Honaker SM, Gozal D, Bennett J, Capdevila OS, Spruyt K. Sleep‑
disordered breathing and verbal skills in school‑aged community 
children. Dev Neuropsychol 2009;34:588‑600.

15. Montgomery‑Downs  HE, Crabtree  VM, Sans  Capdevila  O, 
Gozal  D. Infant‑feeding methods and childhood sleep‑disordered 
breathing. Pediatrics 2007;120:1030‑5.

16. Li AM, Zhu Y, Au CT, Lee DLY, Ho C, Wing YK. Natural history 
of primary snoring in school‑aged children: A  4‑year follow‑up 
study. Chest 2013;143:729‑35.

17. Deary V, Ellis JG, Wilson JA, Coulter C, Barclay NL. Simple snoring: 
Not quite so simple after all? Sleep Med Rev 2014;18:453‑62.

18. Li AM, Au CT, Ho C, Fok TF, Wing YK. Blood pressure is elevated 
in children with primary snoring. J Pediatr 2009;155:362‑8.e1.

19. Li S, Chen W, Srinivasan SR, Bond MG, Tang R, Urbina EM, et al. 
Childhood cardiovascular risk factors and carotid vascular changes 
in adulthood: The Bogalusa heart study. JAMA 2003;290:2271‑6.

20. Verdecchia  P, Schillaci  G, Borgioni  C, Ciucci  A, Battistelli  M, 
Bartoccini  C, et  al. Adverse prognostic significance of concentric 
remodeling of the left ventricle in hypertensive patients with normal 
left ventricular mass. J Am Coll Cardiol 1995;25:871‑8.

21. Li  AM, Au  CT, Chook  P, Lam  HS, Wing  YK. Reduced flow‑
mediated vasodilation of brachial artery in children with primary 
snoring. Int J Cardiol 2013;167:2092‑6.

22. Au  CT, Chan  KC, Chook  P, Wing  YK, Li  AM. Cardiovascular 
risks of children with primary snoring: A  5‑year follow‑up study. 
Respirology 2021;26:796‑803.

23. Vlahandonis  A, Walter  LM, Horne  RS. Does treatment of Sdb 
in children improve cardiovascular outcome? Sleep Med Rev 
2013;17:75‑85.

24. Leung  TN, Cheng  JW, Chan  AK. Paediatrics: How to manage 
obstructive sleep apnoea syndrome. DIC 2021;10:1‑14.

25. Bourke  R, Anderson  V, Yang  JS, Jackman  AR, Killedar  A, 
Nixon GM, et al. Cognitive and academic functions are impaired in 
children with all severities of sleep‑disordered breathing. Sleep Med 
2011;12:489‑96.

26. Miano S, Paolino MC, Urbano A, Parisi P, Massolo AC, Castaldo R, 
et al. Neurocognitive assessment and sleep analysis in children with 
sleep‑disordered breathing. Clin Neurophysiol 2011;122:311‑9.

27. Blunden S, Lushington K, Kennedy D, Martin J, Dawson D. Behavior 
and neurocognitive performance in children aged 5–10  years who 
snore compared to controls. J Clin Exp Neuropsyc 2000;22:554‑68.

28. Beebe  DW, Wells  CT, Jeffries  J, Chini  B, Kalra  M, Amin  R. 
Neuropsychological effects of pediatric obstructive sleep apnea. J 
Int Neuropsychol Soc 2004;10:962‑75.

29. O’Brien L, Mervis C, Holbrook C, Bruner J, Klaus C, Rutherford J, 
et al. Neurobehavioral implications of habitual snoring in children. 
Pediatrics  2004;114:44‑9 .

30. Beebe DW, Ris MD, Kramer ME, Long E, Amin R. The association 
between sleep disordered breathing, academic grades, and cognitive 
and behavioral functioning among overweight subjects during 
middle to late childhood. Sleep 2010;33:1447‑56.

31. Biggs  SN, Nixon  GM, Horne  RS. The conundrum of primary 
snoring in children: What are we missing in regards to cognitive and 
behavioural morbidity? Sleep Med Rev 2014;18:463‑75.

32. Jackman AR, Biggs SN, Walter LM, Embuldeniya US, Davey MJ, 
Nixon GM, et al. Sleep‑disordered breathing in preschool children 
is associated with behavioral, but not cognitive, impairments. Sleep 
Med 2012;13:621‑31.

33. Brockmann PE, Urschitz MS, Schlaud M, Poets CF. Primary snoring 
in school children: Prevalence and neurocognitive impairments. 
Sleep Breath 2012;16:23‑9.

34. Halbower  AC, Mahone  EM. Neuropsychological morbidity 
linked to childhood sleep‑disordered breathing. Sleep Med Rev 
2006;10:97‑107.

35. Hill  CM, Hogan  AM, Onugha  N, Harrison  D, Cooper  S, 
McGrigor  VJ, et  al. Increased cerebral blood flow velocity 
in children with mild sleep‑disordered breathing: A  possible 
association with abnormal neuropsychological function. Pediatrics 
2006;118:e1100‑8.

36. Gozal D, Wang M, Pope DW Jr. Objective sleepiness measures in 
pediatric obstructive sleep apnea. Pediatrics 2001;108:693‑7.

37. Zhu Y, Au CT, Lam HS, Chan CC, Ho C, Wing YK, et al. Sleep 
architecture in school‑aged children with primary snoring. Sleep 
Med 2014;15:303‑8.

38. Kaemingk  KL, Pasvogel  AE, Goodwin  JL, Mulvaney  SA, 
Martinez  F, Enright  PL, et  al. Learning in children and sleep 
disordered breathing: Findings of the tucson children’s assessment 
of sleep apnea (tucasa) prospective cohort study. J Int Neuropsychol 
Soc 2003;9:1016‑26.

39. Zhang  J, Ma  RC, Kong  AP, So  WY, Li  AM, Lam  SP, et  al. 
Relationship of sleep quantity and quality with 24‑hour urinary 
catecholamines and salivary awakening cortisol in healthy middle‑
aged adults. Sleep 2011;34:225‑33.

40. Camacho  M, Guilleminault  C, Wei  JM, Song  SA, Noller  MW, 
Reckley  LK, et  al. Oropharyngeal and tongue exercises 
(myofunctional therapy) for snoring: A systematic review and meta‑
analysis. Eur Arch Otorhinolaryngol 2018;275:849‑55.

41. Ramar K, Dort L, Katz S, Lettieri C, Harrod C, Thomas S, et al. 
Clinical practice guideline for the treatment of obstructive sleep 
apnea and snoring with oral appliance therapy: An update for 2015. 
J Clin Sleep Med 2015;11:773‑827.

42. Ilea A, Timuș D, Höpken J, Andrei V, Băbțan AM, Petrescu NB, 
et al. Oral appliance therapy in obstructive sleep apnea and snoring 
‑ systematic review and new directions of development. Cranio 
2021;39:472‑83.

43. De  Meyer  MMD, Vanderveken  OM, De  Weerdt  S, Marks  LAM, 
Cárcamo BA, Chavez AM, et al. Use of mandibular advancement 
devices for the treatment of primary snoring with or without 
obstructive sleep apnea (Osa): A systematic review. Sleep Med Rev 
2021;56:101407.

44. Achuthan S, Medhi B. A systematic review of the pharmacological 
approaches against snoring: Can we count on the chickens that have 
hatched? Sleep Breath 2015;19:1035‑42.



Access this article online

Quick Response Code:
Website: 
www.prccm.org 

DOI: 
10.4103/prcm.prcm_18_21

      6 6  © 2022 Pediatric Respirology and Critical Care Medicine | Published by Wolters Kluwer ‑ Medknow

Address for correspondence: Ms. Caitlin Hon Ning Yeung,  
Li Ka Shing Faculty of Medicine, The University of Hong Kong,  

Hong Kong SAR.
E-mail: caity@connect.hku.hk

Submitted: 05-10-2021 Revised: 09-01-2022 
Accepted: 08-05-2022 Published: 02-01-2023

This is an open access journal, and articles are distributed under the terms of the 
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows 
others to remix, tweak, and build upon the work non-commercially, as long as 
appropriate credit is given and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

How to cite this article: Yeung CHN. E‑cigarettes: An emerging threat 
to the respiratory health of our next generation. Pediatr Respirol Crit 
Care Med 2022;6:6‑18. 

Original Article

E-Cigarettes: An Emerging Threat to the Respiratory Health of 
Our Next Generation

Caitlin Hon Ning Yeung

Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong SAR

Abstract

Introduction: Given dramatic rises in electronic cigarette (e‑cigarette) use among adolescents and ongoing dilemmas regarding their 
harms versus potential for harm reduction, this study examined the current pattern of e‑cigarette use, the perceived health effects 
of e‑cigarettes and the association of e‑cigarette with the use of other tobacco products among Hong Kong secondary school 
students. Materials and Methods: 26,684 Hong Kong secondary school students participated in the territory‑wide, school‑based Hong 
Kong Secondary School Smoking and Health Survey 2016/17, conducted by the HKU School of Public Health. Data regarding 
demographics, self‑reported harms of e‑cigarette use, and its association with smoking intention, habits and quitting intention, was 
obtained and analysed. Results: Among Hong Kong secondary school students, 8.9% have ever‑used e‑cigarettes and the prevalence 
of past‑30‑day e‑cigarette use was 3.0%. For those who had ever used e‑cigarettes, 27.1% had their first puff before or at 11 years 
old. E‑cigarette use among secondary school students was significantly associated with chronic respiratory symptoms (current users: 
AOR 1.59, 95% CI 1.13–2.23; ever users: AOR 1.36, 95% CI 1.22–1.53) and poorer perceived health status (current users: AOR 1.57, 
95% CI 1.08–2.27; ever users: AOR 1.33, 95% CI 1.14–1.56), after adjusting for confounders. Current adolescent e‑cigarette use was 
also significantly associated with increased intentions of tobacco smoking (AOR 1.17, 95% CI 1.12–2.46) and waterpipe use (AOR 
2.63, 95% CI 1.77–3.91) in the next 12 months, cigarette smoking status (including those who ever‑smoked, experimented, quit and 
currently smoke), and waterpipe and other tobacco product use in the past 30 days. Moreover, Hong Kong secondary school students 
who used e‑cigarettes along with cigarettes did not show significant changes in quitting intention. Conclusions: E‑cigarette use was 
associated with poorer perceived health status and respiratory symptoms, increased use and intention to use cigarettes and other 
tobacco products, and no significant changes in quitting intention. This study does not support e‑cigarettes as a harm reduction tool 
and shows that e‑cigarettes are not safe as general consumer products. Their function as a gateway to smoking and their failure to 
reduce quitting intention in adolescents may renormalize the tobacco industry and reverse all tobacco control efforts.

Keywords: E‑cigarettes, electronic cigarettes, gateway, respiratory health, smoking cessation

IntroductIon
Tobacco is the top preventable cause of respiratory 
morbidity and mortality worldwide. Whilst Hong Kong’s 
tobacco smoking rates has been on the decline over the 
past few decades, ranking amongst the lowest in the world 
at 10.0%,[1] a new potential threat to respiratory health of 
our next generation has emerged.

Electronic cigarettes (e‑cigarettes) are devices that 
facilitate nicotine intake through a vaporized ‘e‑liquids’, 
consisting of  varying levels of  nicotine, flavorings 
and additives, without tobacco combustion.[2] Global 
e‑cigarettes usage surged from 7 to 35 million within 

5 years between 2011–2016, and is projected to rise even 
further to 55 million by 2021.[3] In 2017, the Tobacco 
Control Policy‑related Survey by the Hong Kong 
Council on Smoking and Health (COSH) showed that 
3.5% of  respondents have ever used e‑cigarettes. Yet, 
it was alarming to note that 37.4% of  e‑cigarette users 

ifejebkjbd



Yeung: E-cigarettes

      Pediatric Respirology and Critical Care Medicine ¦ Volume 6 ¦ Issue 1 ¦ January‑March 2022 7  

were adolescents aged 15–29, which was drastically 
more than any other age group.[4]

The rapidly growing youth and adolescent e‑cigarette user‑
base, bolstered by successful youth‑directed marketing 
with diverse e‑cigarette packaging and flavor choices,[5] 
is especially concerning. In 2016/17, the prevalence of 
e‑cigarette use among secondary and primary students 
were 8.7% and 1.4% respectively.[6] In particular, a local 
study revealed that the percentage of Primary 2 to 4 
pupils who had tried e‑cigarettes increased by 55% within 
a year from 2016/17 to 2017/18.[7] Given that substance 
use is typically established during early adolescence, it 
is important to develop a greater understanding on the 
impact of e‑cigarette usage amongst youths due to its 
implications on their short‑term and long‑term health.

However, there have been fervent debates over whether 
e‑cigarettes are in fact harm‑reducing or harm‑inducing. 
E‑cigarettes have been marketed as healthier alternatives 
for cigarettes that could also aid smoking cessation. On 
the other hand, numerous public health experts around 
the world have been calling for a ban on e‑cigarettes, 
citing mounting evidence of its negative health impact 
and potential as a gateway to nicotine addiction and 
youth smoking.[8] Hence, this study was conducted among 
Hong Kong secondary school students with the following 
objectives:

1) To assess the current pattern of e‑cigarette use among 
HK secondary school students

2) To analyze the perceived health effects of e‑cigarettes 
among Hong Kong secondary school students

3) To evaluate the association of e‑cigarette with the use of 
other tobacco products among Hong Kong adolescents

MaterIals and Methods
A territory‑wide, school‑based survey on smoking among 
Secondary 1 to 6 students was conducted by the HKU 
School of Public Health in 2016–17. Data regarding 
demographics, self‑reported harms of e‑cigarette use, and 
its association with smoking intention, habits and quitting 
intention, was obtained. SPSS Statistics 25 was used for 
analysis. Sociodemographic characteristics and e‑cigarette 
smoking behaviour were summarized using descriptive 
statistics. Chi‑squared tests were used to compare factors 
associated with e‑cigarette use, intention of use, health 
effects and associations with other tobacco products. 
Adjusted odds ratios (AOR) were calculated using logistic 
regression, adjusting for age, sex, place of birth, perceived 
family affluence, parental education, housing type, and, 
where appropriate, cigarette smoking status or use of 
other tobacco products in the past 30 days.

results

Pattern of e-cigarette use
A total of 26,684 secondary school students participated 
in the survey. Baseline characteristics are described in 
[Table 1].

Table 1: Baseline characteristics of 26,684 sampled subjects
 n = 26,684 n % (SD)  n = 26,684 n % (SD)
Age (Mean±SD) 14.8 ± 1.74 Housing type

 <11 years old 84 0.3% Public 12055 45.5%

 12 years old 2533 9.5% Subsidized 1090 4.1%

 13 years old 4256 16.0% Private 9664 36.5%

 14 years old 4834 18.1% Temporary/ Others 1925 7.3%

 15 years old 4910 18.4% Do not know 1772 6.7%

 16 years old 5470 20.5% Perceived family affluence  

 17 years old 3089 11.6% Relatively poor 1825 6.9%

 18 years old 1034 3.9% Poor to average 6475 24.4%

 19 years old 297 1.1% Average 14898 56.0%

 >20 years old 141 0.5% Average to rich 2872 10.8%

Gender Relatively rich 510 1.9%

 Boy 14575 54.7% Father’s education   

 Girl 12073 45.3% Primary or below 2861 10.8%

Place of Birth   Secondary 12948 48.7%

 Hong Kong 20073 75.4% Post‑secondary 4579 17.2%

 Mainland China 5619 21.1% Do not know 6213 23.4%

 Macau 228 0.9% Mother’s education   

 Taiwan 108 0.4% Primary or below 3366 12.7%

 Other places 579 2.2% Secondary 13525 50.9%

   Post‑secondary 4057 15.3%

      Do not know 5641 21.2%



Yeung: E-cigarettes

      8 8  Pediatric Respirology and Critical Care Medicine ¦ Volume 6 ¦ Issue 1 ¦ January‑March 2022

Among Hong Kong secondary school students, 8.9% have 
ever‑used e‑cigarettes and the prevalence of past‑30‑day 
e‑cigarette use was 3.0%. For those who had ever used 
e‑cigarettes, 30.4% had smoked in the past 30  days and 
5.3% were frequent users (i.e. used e‑cigarettes for more 
than 20  days in the past 30  days). 27.1% had their first 
puff before or at 11 years old (primary school age), and 
86.9% before 16 years old [Table 2].

The major reasons cited for using e‑cigarettes were ‘easy 
to use at home unnoticed’ (19.8%), ‘curiosity’ (17.2%), 

‘like the flavours’ (10.6%), ‘attractive and trendy’ (7.9%), 
and ‘less harmful to health’ (4.1%). 48.1% of e‑cigarette 
users did not know whether their e‑cigarettes contained 
nicotine. 24.5% never, 15.7% occasionally and 11.7% 
always used nicotine‑containing e‑cigarettes. Fruits were 
the most popular flavour among youth (43.4%), followed 
by mint (19.0%) and candy (12.2%). Only 3.1% smoked 
e‑cigarettes with no flavour [Table 3].

Among those who did not use e‑cigarettes, 9.8% were 
susceptible to use (i.e. did not have strong determination 

Table 2: E-cigarette smoking status and age of initiation
  n %  n %

E‑cigarette use Age of smoking the first electronic cigarette puff

 Never used 24191 91.1% <7 39 5.0%

 Ever used 2366 8.9% 8 28 3.6%

  Have quit now 2121 8.0% 9 37 4.7%

  Used once/few times 1464 5.5% 10 44 5.6%

  Prev. occasionally use, quit now 493 1.9% 11 65 8.3%

  Prev. use every day, quit now 164 0.6% 12 93 11.8%

  Current use 245 0.9% 13 131 16.6%

  Occasionally use 121 0.5% 14 145 18.4%

  Use every day 124 0.5% 15 102 13.0%

   16 103 13.1%

Number of days of e‑cigarette use in the past 30 days Intention to use e‑cigarettes in next 12 months

 0 day 25781 97.0% Definitely not 23992 90.2%

 1–2 days 272 1.0% Probably not 1564 5.9%

 3–5 days 187 0.7% Probably will 770 2.9%

 6–9 days 120 0.5% Definitely will 261 1.0%

 10–19 days 83 0.3%    

 20–29 days 33 0.1%    

 30 days 98 0.4%    

Table 3: Reasons for using e-cigarettes
 n %  n %
Reasons for using e‑cigarettes Nicotine‑containing e‑cigarettes

 Seems easy to use at home unnoticed 533 19.8% None 190 24.5%

 Curiosity 462 17.2% Some 122 15.7%

 Like the flavours 285 10.6% All 91 11.7%

 Friends also use 250 9.3% Do not know 374 48.1%

 Attractive and Trendy 211 7.9% Flavours of e‑cigarettes

 Seems less harmful to health 110 4.1% Fruits 519 43.4%

 Other reasons 105 3.9% Mint 227 19.0%

 Relieve boredom 93 3.5% Candy 146 12.2%

 Gift from friends 81 3.0% Coffee 115 9.6%

 Relieve stress 77 2.9% Tobacco 61 5.1%

 Family also use 75 2.8% Alcohol 59 4.9%

 Easier to be bought 69 2.6% No Flavour 37 3.1%

 Cheaper 68 2.5% Spice 33 2.8%

 Want to quit smoking 61 2.3% Others 93 7.8%

 Want to reduce smoking 56 2.1%    

 Seems generate less SHS 56 2.1%    

 Seems easy to use at school unnoticed 51 1.9%    

 Seems able to use anywhere 43 1.6%    
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to not use e‑cigarettes), and 3.9% had intentions 
to use e‑cigarettes in the next 12  months [Table 2]. 
Sociodemographic factors associated with a greater 
intention to use e‑cigarettes among non‑users in the 
next 12 months were older age, male sex, below‑average 
perceived family affluence, living in public/subsidized 
housing [Table 4]. The intention to use e‑cigarettes also 
significantly increased with increasing number of peers 
using e‑cigarettes, especially perceiving that 5 or more 
peers use e‑cigarettes, as well as e‑cigarette use in any 
family member, including father, mother, siblings, other 
relatives or maids (all P  <  0.001) [Table 5]. Those who 
perceived e‑cigarettes more positively and believed that 
e‑cigarettes were not harmful were also significantly 
more likely to have intentions of using e‑cigarettes. The 
most commonly cited favourably perceptions that were 
associated with increased intentions to use were ‘better 
acceptance’ (AOR 6.032, 95% CI 4.525–8.039), ‘attractive 
and trendy’ (AOR 3.72, 95% CI 3.04–4.55) and ‘having 
fewer harms’ (AOR 3.51, 95% CI 2.89–4.28) [Table 6].

Health effects of e-cigarette use
[Table 7] shows the association of e‑cigarette usage with 
respiratory symptoms. Among secondary school students, 
29.3% of ever e‑cigarette users and 34.4% of current users 
reported having respiratory symptoms, such as cough or 
sputum, for over 3 months in the past year, as compared 
to 23.2% among all students. E‑cigarette use was 
significantly associated with having chronic respiratory 
symptoms, including ever‑users (AOR, 1.36; 95% CI, 
1.22–1.53), experimenters, and current users (AOR 1.59, 
95% CI 1.13–2.23).

As for self‑perceived health status, 24.8% of  e‑cigarette 
ever‑users and 39.3% current users reporting fair to 
poor health (versus good to excellent), as compared 

to 15.1% among all secondary school students. Poorer 
perceived health status was significantly associated with 
ever use (AOR, 1.33; 95% CI, 1.14–1.56) and current 
use of  e‑cigarettes (AOR, 1.57; 95% CI, 1.08–2.27). 
Significant associations were also observed in e‑cigarette 
experimenters, ex‑smokers and current daily users 
[Table 8].

Passive e‑cigarette smoke exposure has also been shown to 
have significant health effects. Increased number of days 
of passive e‑cigarette smoke exposure at home over the 
past 7 days was significantly associated with fair to poor 
perceived health status. Likewise, increased number of 
days of passive e‑cigarette smoke exposure outside home 
over the past 7 days was significantly associated with fair 
to poor perceived health status and respiratory symptoms, 
as compared to good or excellent [Table 9].

The health effects of e‑cigarettes were also compared to 
traditional cigarettes. E‑cigarettes are generally perceived 
as less harmful and viewed more positively than cigarettes 
(both p‑values<0.001) [Table 10]. While the percentage of 
cigarette smokers who had poorer perceived health status 
(38.3%) and respiratory symptoms (39.2%) were indeed 
higher than e‑cigarette smokers (27.4% for perceived health 
status and 31.2% respiratory symptoms), no significant 
differences were observed between current cigarette and 
e‑cigarette smokers’ perceived health status (AOR, 1.49; 
95% CI, 0.90–2.46) and respiratory symptoms (1.59, 0.97–
2.62) [Table 11].

Association between e-cigarettes and other tobacco 
products
The association between e‑cigarette, cigarettes and other 
tobacco products is explored in [Table 12]. For those 
who had never used e‑cigarettes, the majority (92.5%) 
never smoked cigarettes, while 5.5% experimented, 1.3% 

Table 4: Association of sociodemographic factors with e-cigarette use and intention of use
Socio-demographics Intention to use in next 12 months

No Yes AOR (95% CI)
% %

Age   1.21 (1.17–1.25)*

Male sex (vs. female) 54.0% 59.1% 1.21 (1.09–1.35)*

Born in HK (vs. abroad) 76.0% 71.2% 1.03 (0.90–1.18)

Perceived family affluence (vs. average or above)

 Below average 3.2% 5.2% 1.67 (1.25–2.23)*

Parental education level at secondary or below (vs. tertiary or above)

 Father’s education  
secondary or below

63.3% 58.4% 1.05 (0.94–1.17)

 Mother’s education  
secondary or below

19.5% 16.6% 1.08 (0.92–1.26)

Housing    

 Private (ref. group) 34.9% 28.9% 1.00

 Public/Subsidized 57.5% 62.2% 1.30 (1.15–1.48)*

 Temporary/Other 7.6% 8.9% 1.301 (1.05–1.61)*
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quit and 0.7% were current smokers. Yet among current 
e‑cigarette users, the majority (61.0%) concurrently 
smoked cigarettes, as compared to 20.7% who had quit, 
10.4% who experimented and 7.9% who had never smoked 
cigarettes. Moreover, among current e‑cigarette users, 
38.4% used cigarettes, 19.2% used waterpipes and 59.6% 
used other tobacco products in the past 30 days.

Current e‑cigarette use was significantly associated with 
the intention to smoke cigarettes (AOR, 1.17; 95% CI, 
1.12–2.46) and waterpipes (2.63, 1.77–3.91). Current 
use also significantly increased odds of ever (15.09, 
7.35–30.97), experimented (11.54, 5.26–25.32), quit 
(16.58, 7.07–38.91) and current tobacco smoking status 
(45.02, 19.24–105.38). Moreover, current e‑cigarette 
use was significantly associated with cigarette (AOR: 
1.73, 1.02–2.96), waterpipe (AOR: 3.71, 1.82–7.57) 
and other tobacco product dual use (13.83, 9.56–20.02)  
[Table 13].

Regarding the temporality and effects of e‑cigarette use on 
cigarette smoking, 38.7% of those who had ever tried both 
cigarettes and e‑cigarettes stated that they used e‑cigarettes 
first. Out of all of the reasons to start smoking cigarettes, 
21.0% believed that e‑cigarette use caused their cigarette 
smoking. As for the effect of e‑cigarette use on cigarette 
smoking, 58.8% of respondents reported no change or 
increased cigarette smoking after using e‑cigarettes. Only 
23.1% quit smoking and 18.1% smoked fewer cigarettes 
[Table 14].

Although e‑cigarettes are marketed as a smoking 
cessation aid, using e‑cigarettes in addition to cigarettes, 
as compared to just smoking cigarettes, did not show 
any significant difference in quitting intention (AOR, 
1.02; 95% CI, 0.54–1.91). Negative but non‑significant 
associations were shown in number of quit attempts in 
the past 12 months (0.88, 0.76–1.02), total number of quit 
attempts (0.95, 0.83–1.09) and duration of the longest 

Table 5: Peer and Family Influence on Intention to Use E-cigarettes
Peer Influence % % p-value from χ² test AOR (95% CI)
Peer e‑cigarette use   .000* 2.555 (2.417–2.701)*

 None 87.3% 48.0%  1.000

 1 ‑ 2 9.3% 24.5%  4.405 (3.844–5.048)*

 3 ‑ 5 2.3% 15.0%  11.507 (9.645–13.729)*

 6 ‑ 10 0.5% 5.5%  22.039 (16.39–29.635)*

 >11 0.6% 7.0%  22.317 (17.136–29.064)*

Perceived number of e‑cigarette users in 100 peers .000* 1.315 (1.281–1.350)*

 0 8.9% 4.2%  1.000

 1 ‑ 4 14.0% 7.1%  1.214 (0.846 ‑1.743)

 5 ‑ 9 14.9% 9.1%  1.657 (1.177 ‑2.334)*

 10 ‑ 14 16.1% 12.0%  1.745 (1.245–2.446)*

 15 ‑ 19 14.9% 14.2%  2.405 (1.726 ‑3.352)*

 20 ‑ 29 13.7% 15.7%  2.945 (2.118 ‑4.095)*

 30 ‑ 49 10.2% 18.4%  5.017 (3.623 ‑6.947)*

 50 ‑ 69 3.4% 8.4%  7.095 (4.966–10.136)*

 >70 3.8% 11.0%   8.172 (5.784 ‑11.546)*

Family Influence     p‑value from χ² test AOR (95% CI)

Father   .000*  

 No 98.0% 96.1%   

 Yes 2.0% 3.9%  1.951 (1.458–2.610)*

Mother   .000*  

 No 99.3% 97.9%   

 Yes 0.7% 2.1%  2.382 (1.505–3.770)*

Siblings   .000*  

 No 99.3% 94.7%   

 Yes 0.7% 5.3%  7.143 (5.337–9.561)*

Other relatives/maid   .000*  

 No 99.0% 97.3%   

 Yes 1.0% 2.7%  2.725 (1.898–3.913)*

Other people     

 No 99.2% 97.2%   

 Yes 0.8% 2.8%  4.293 (2.965–6.216)*

None   .000*  

 No 5.3% 16.0%   

 Yes 94.7% 84.0%  0.327 (0.278–0.384)*
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Table 7: Association of e-cigarette usage with respiratory symptoms
Respiratory symptoms

No Yes p-value AOR (95% CI)
% %

All students 76.8% 23.2%   

E-cigarette use   0.000*  

Never used 77.4% 22.6%  1.00

Ever used 70.7% 29.3% 0.000* 1.36 (1.22–1.53)*

 Used once or a few times 72.5% 27.5% 0.001* 1.29 (1.11–1.48)*

 Used to use occasionally, but have quit now 71.7% 28.3% 0.049* 1.28 (1.00–1.64)*

 Used to use every day, but have quit now 58.3% 41.7% 0.000* 2.16 (1.45–3.23)*

Current use 65.6% 34.4% 0.008* 1.59 (1.13–2.23)*

 Occasionally use 63.7% 36.3% 0.084 1.54 (0.94–2.51)

 Use every day 67.5% 32.5% 0.023* 1.74 (1.08–2.80)*

Table 6: Association of perceptions of e-cigarettes with e-cigarette use and intention of use
 Intention to use e-cigarettes in next 12  month

No intention Intention to use p-value from χ² 
test

AOR (95% CI)
n % n %

Views on e‑cigarettes     .000*  

 Negative 18518 77.4% 466 23.5%   

 Neutral or positive 5407 22.6% 1514 76.5%  11.275 (9.917–12.818)*

Beliefs on e‑cigarette harms     .000*  

 Not harmful 1959 8.1% 657 29.3%  4.868 (4.287–5.477)*

 Harmful 22270 91.9% 1588 70.7%   

Beliefs on e‑cigarette benefits       

 Fewer harms     .000*  

 No 4997 64.0% 245 33.7%   

 Yes 2814 36.0% 481 66.3%  3.513 (2.886–4.277)*

 Easier to buy/ more convenient     .000*  

 No 6121 78.4% 411 56.6%   

 Yes 1690 21.6% 315 43.4%  2.720 (2.254–3.282)*

More environmentally friendly/ clean     .000*  

 No 6437 82.4% 481 66.3%   

 Yes 1374 17.6% 245 33.7%  2.364 (1.948–2.868)*

More attractive/trendy     .000*  

 No 6949 89.0% 494 68.0%   

 Yes 862 11.0% 232 32.0%  3.721 (3.044–4.548)*

Easier to use unnoticed at home/school     .000*  

 No 7326 93.8% 598 82.4%   

 Yes 485 6.2% 128 17.6%  3.281 (2.559–4.207)*

Better accepted by parents/school     .000*  

 No 7615 97.5% 623 85.8%   

 Yes 196 2.5% 103 14.2%  6.032 (4.525–8.039)*

None of the above     .000*  

 No 4878 62.5% 616 84.8%   

 Yes 2933 37.5% 110 15.2%  0.299 (0.232–0.386)*

Perception on legality of e‑cigarettes use in 
non‑smoking areas

    .000*  

 Illegal 4110 45.7% 205 27.0%  1.000

 Legal 2378 26.5% 251 33.1%  1.876 (1.496–2.353)*

 Do not know 2499 27.8% 302 39.8%   2.327 (1.871–2.894)*
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quit attempt (0.99, 0.92–1.08) in dual users compared with 
just cigarette smokers [Table 15].

dIscussIon

Current situation
The prevalence of past‑30‑day use (3.0%) and ever‑use 
(8.9%) of e‑cigarettes among Hong Kong secondary 
school students in 2016/17 were low compared with most 

Western countries. During the same time period, 11.3% 
of US high school students,[9] 25% of those aged 11–15 
in England[10] and 6.3% of Canadians aged 15–19 used 
e‑cigarettes in the past 30 days.[11] Ever‑use of e‑cigarettes 
was 27.1% in US adolescents,[12] 20.0% in New Zealand,[13] 
7.1% in Australia[14] and 7–18% across the UK.[15] As for 
Asian countries, e‑cigarette ever‑use among adolescents 
was also higher in Japan[16] and Korea (9.4%),[17] but lower 
in China (3.1%) and Taiwan (2.2%).[18,19]

Table 8: Association of e-cigarette usage with perceived health status
 
 
 

Perceived health status
Good to excellent Fair to poor p-value AOR (95% CI)

% %
All students 84.9% 15.1%   

E-cigarette use   0.000*  

Never used 85.8% 14.2%  1.00

Ever used 75.2% 24.8% 0.000* 1.33 (1.14–1.56)*

 Used once or a few times 78.7% 21.3% 0.032* 1.22 (1.02–1.45)*

 Used to use occasionally, but have quit now 74.3% 25.7% 0.007* 1.48 (1.11–1.96)*

 Used to use every day, but have quit now 66.9% 33.1% 0.003* 1.96 (1.25–3.05)*

Current use 60.7% 39.3% 0.018* 1.57 (1.08–2.27)*

 Occasionally use 69.0% 31.0% 0.185 1.43 (0.84–2.42)

 Use every day 52.5% 47.5% 0.000* 2.49 (1.50–4.14)*

Table 9: Health effects of passive e-cigarette smoke exposure in never-users
Number of days of passive e-cigarette smoke exposure at home in the past 7 days
 p-value from χ² test AOR (95% CI) β
Perceived health status .001*   

 Fair or poor  1.12 (1.07–1.17)* 0.089

 Good to excellent  1.00  

Respiratory symptoms in the past 12 months .000*   

 Yes  1.02 (0.97–1.06) 0.016

 No    1.00  

Number of days of passive e-cigarette smoke exposure outside home in the past 7 days

 p-value from χ² test AOR (95% CI) β

Perceived health status .000*   

 Fair or poor  1.12 (1.08–1.16)* 0.078

 Good to excellent  1.00  

Respiratory symptoms in the past 12 months .000*   

 Yes  1.05 (1.01–1.08)* 0.013

 No    1.00  

Table 10: Comparison of general perception of e-cigarette and cigarette
E-cigarettes Cigarettes p-value

n % n %
Harms     .000*

 Not harmful 2639 9.9% 1339 5.0%  

 Harmful 23964 90.1% 25276 95.0%  

Views     .000*

 Negative 19172 72.9% 21760 81.8%  

 Neutral or Positive 7117 27.1% 4846 18.2%  
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However, the past‑30‑day use prevalence (3.0%) in 2016/17 
indicates a 272% increase from 1.1% in 2012/13.[7] The tripling 
of e‑cigarette use in youth reflects a global pattern seen in 
other countries, including the US,[5] Canada,[11] Poland[20] and 
New Zealand.[13] Moreover, substantial growth in e‑cigarette 
use opposes the decline of cigarette smoking in Hong Kong 
over the past few decades, which is among the lowest globally 

at 10.0%.[21] To illustrate, e‑cigarettes have overtaken cigarettes 
as the most popular smoking device among teenagers in the 
US in 2019, with youth usage skyrocketing by 78% within 
1 year.[22] This trend will likely be echoed in Hong Kong if this 
emerging device is not regulated.

Moreover, almost one in three e‑cigarette users had their 
first e‑cigarette puff during primary school age (≤11 years 

Table 11: Comparison of health between cigarette and e-cigarette users
Current Use p-value from 

χ² test
AOR (95% CI)

E-cigarette user Cigarette User
n % n %

Perceived health status     .039*  

 Fair or poor 26 27.4% 252 38.3%  1.49 (0.90–2.46)

 Good to excellent 69 72.6% 406 61.7%  1.00

Respiratory symptoms in the past 12 months   0.136  

 Yes 29 31.2% 253 39.2%  1.59 (0.97–2.62)

 No 64 68.8% 392 60.8%   1.00 

Table 12: Relationship between e-cigarette and other tobacco products
All secondary school students E-cigarette smoking status

Never Experimented Quit Current
n % n % n % n %

Cigarette smoking status Never 22344 92.5% 642 44.2% 145 22.2% 19 7.9%

Experimented 1318 5.5% 410 28.2% 124 19.0% 25 10.4%

Quit 326 1.3% 206 14.2% 219 33.5% 50 20.7%

Current 170 0.7% 195 13.4% 165 25.3% 147 61.0%

Use of tobacco products in past 
30 days

Never 23622 97.60% 1117 76.30% 297 45.20% 38 15.50%

Cigarettes 278 1.10% 264 18.00% 167 25.40% 94 38.40%

Waterpipe 36 0.10% 43 2.90% 84 12.80% 47 19.20%

Other 122 0.50% 80 5.50% 169 25.70% 146 59.60%

Table 13: Association of e-cigarette use with smoking intention and status
E-cigarette use

Non-users Current users p-value from χ² test AOR (95% CI)
% %

Cigarette smoking intention in next 12 months .000*  

Yes 3.6% 56.8%  1.17 (1.18–2.46)*

No 96.4% 43.2%  1.00

Waterpipe use intention in next 12 months .000*  

Yes 2.9% 55.2%  2.63 (1.77–3.91)*

No 97.1% 44.8%  1.00

Smoking status     

Never smoked 88.1% 7.9%  1.000

Ever smoked 11.9% 92.1% .000* 15.09 (7.35–30.97)*

 Experimented 7.10% 10.4% .000* 11.54 (5.26–25.32)*

 Quit 2.9% 20.7% .000* 16.58 (7.07–38.91)*

 Current 2.0% 61.0% .000* 45.02 (19.24–105.38)*

Use of tobacco products in past 30 days    

Never 95.20% 15.50% 0.182 0.47 (0.16–1.42)

Cigarettes 2.70% 38.40% .000* 1.73 (1.02–2.96)*

Waterpipe 0.60% 19.20% .000* 3.71 (1.83–7.57)*

Other tobacco products 1.40% 59.60% .000* 13.83 (9.56–20.02)*
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old), which concurs with a local study showing a striking 
55% increase in Primary 2–4 pupils who had used 
e‑cigarette within a year.[7] These results are particularly 
concerning as those who started e‑cigarettes early were 
more likely to be current and frequent users, use nicotine‑
containing e‑cigarettes and other tobacco products. This 
will likely extend into adulthood and have severe impacts 
on their short‑term and long‑term health.

Health effects
In Hong Kong, secondary school students who had ever‑
used, quit or currently use e‑cigarettes were significantly 
more likely to have poorer perceived health than never‑
users, after adjusting for confounders including smoking 
status. All levels of e‑cigarette use also significantly 
increased respiratory symptoms, corroborating with 
earlier local findings that showed significant associations 
between past‑30‑day use and respiratory symptoms.[23] This 
adds to existing evidence of increased cough, wheezing and 
asthma exacerbations in adolescent e‑cigarette users.[24‑27]  
Findings are also coherent across animal and in‑vitro 
systems,[28] which suggest that respiratory symptoms are 
likely associated with increased oxidative stress, cellular 
inflammation, suppressed cough reflexes and impaired 
muco‑ciliary clearance induced by e‑cigarette aerosols.[29‑34]

These results bolster the mounting evidence regarding the 
health risks of e‑cigarettes. E‑cigarettes have previously 
been endorsed by Public Health England[35] and the Royal 
College of Physicians[36] as harm reduction tools with 
95% lower risk than smoking,[37] which explains the more 
positive perceptions of e‑cigarettes among secondary 
school students. However, these findings have since been 

Table 14: Temporality and effect of e-cigarette use on 
cigarette smoking
 n %
Temporality of cigarette and e‑cigarette use  

 E‑cigarette first 796 38.7%

 Cigarette first 1260 61.3%

Perception on whether e‑cigarette use caused cigarette smoking

 Yes 366 21.0%

 No 1379 79.0%

Change in smoking conventional cigarettes after using e‑cigarettes

 Quit cigarettes 305 23.1%

 Smoked fewer cigarettes 238 18.1%

 Smoked more cigarettes 137 10.4%

 No change 638 48.4%

Table 15: Association of cigarette and e-cigarette usage with quitting intention
Current usage of cigarettes and e-cigarettes

Just cigarette smoker Dual User p-value from χ² test AOR (95% CI)
% %

Intention to quit smoking   0.961  

 No 55.5% 58.0%  1.02 (0.54–1.91)

 Yes 44.5% 42.0%   

Number of quit attempts in the past 12 months  .014* 0.88 (0.76–1.02)

 0 30.3% 26.4%   

 1 14.5% 27.8%   

 2 14.9% 13.9%   

 3 ‑ 4 16.1% 8.3%   

 5 ‑ 9 5.6% 11.1%   

 10 or more 18.6% 12.5%   

Total number of quit attempts   0.328 0.95 (0.83–1.09)

 0 27.6% 22.8%   

 1 14.8% 22.8%   

 2 15.3% 17.7%   

 3 ‑ 4 16.0% 12.7%   

 5 ‑ 9 7.5% 10.1%   

 10 or more 18.9% 13.9%   

Duration of the longest quit attempt  0.130 0.99 (0.92–1.08)

 Smoke but never tried to quit 22.0% 13.2%   

 Less than 1 day 10.2% 17.1%   

 1 ‑ 2 days 10.4% 10.5%   

 3 ‑ 4 days 8.7% 13.2%   

 5 ‑ 7 days 8.0% 2.6%   

 8 ‑ 13 days 6.1% 7.9%   

 2 weeks to less than 1 month 7.8% 5.3%   

 1 to less than 2 months 6.8% 6.6%   

 2 months or longer 20.1% 23.7%    
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Health effects
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earlier local findings that showed significant associations 
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adds to existing evidence of increased cough, wheezing and 
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These results bolster the mounting evidence regarding the 
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been endorsed by Public Health England[35] and the Royal 
College of Physicians[36] as harm reduction tools with 
95% lower risk than smoking,[37] which explains the more 
positive perceptions of e‑cigarettes among secondary 
school students. However, these findings have since been 
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 E‑cigarette first 796 38.7%

 Cigarette first 1260 61.3%

Perception on whether e‑cigarette use caused cigarette smoking

 Yes 366 21.0%

 No 1379 79.0%

Change in smoking conventional cigarettes after using e‑cigarettes

 Quit cigarettes 305 23.1%

 Smoked fewer cigarettes 238 18.1%

 Smoked more cigarettes 137 10.4%

 No change 638 48.4%

Table 15: Association of cigarette and e-cigarette usage with quitting intention
Current usage of cigarettes and e-cigarettes

Just cigarette smoker Dual User p-value from χ² test AOR (95% CI)
% %

Intention to quit smoking   0.961  

 No 55.5% 58.0%  1.02 (0.54–1.91)

 Yes 44.5% 42.0%   

Number of quit attempts in the past 12 months  .014* 0.88 (0.76–1.02)

 0 30.3% 26.4%   

 1 14.5% 27.8%   

 2 14.9% 13.9%   

 3 ‑ 4 16.1% 8.3%   

 5 ‑ 9 5.6% 11.1%   

 10 or more 18.6% 12.5%   

Total number of quit attempts   0.328 0.95 (0.83–1.09)

 0 27.6% 22.8%   

 1 14.8% 22.8%   

 2 15.3% 17.7%   

 3 ‑ 4 16.0% 12.7%   

 5 ‑ 9 7.5% 10.1%   

 10 or more 18.9% 13.9%   

Duration of the longest quit attempt  0.130 0.99 (0.92–1.08)

 Smoke but never tried to quit 22.0% 13.2%   

 Less than 1 day 10.2% 17.1%   

 1 ‑ 2 days 10.4% 10.5%   

 3 ‑ 4 days 8.7% 13.2%   

 5 ‑ 7 days 8.0% 2.6%   

 8 ‑ 13 days 6.1% 7.9%   

 2 weeks to less than 1 month 7.8% 5.3%   
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 2 months or longer 20.1% 23.7%    
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criticized for drawing conclusions based on inadequate 
evidence, and no significant difference between Hong 
Kong secondary‑school cigarette and e‑cigarette users 
was found regarding their perceived health status and 
respiratory symptoms. Although exposure to certain toxic 
ingredients commonly found in cigarettes is indeed lower 
in e‑cigarettes,[38‑42] this does not mean that e‑cigarettes are 
safe as general consumer products.

E‑cigarette liquids and aerosols contain numerous toxic 
substances, including several known carcinogens (e.g. 
formaldehyde, acrolein) that support the possibility of 
increase cancer risk and adverse reproductive outcomes 
from long‑term exposure.[43‑47] Nicotine exposures are 
comparable to combustible tobacco cigarettes,[44,48] which 
leads to nicotine addiction and damages the developing 
adolescent brain.[5] Moreover, the number of heavy‑metals, 
which are established to be highly toxic for multiple organ 
systems when inhaled,[28] are greater in e‑cigarette aerosols 
than in tobacco‑cigarettes.[49] Emerging evidence further 
demonstrates that e‑cigarette usage increases the risk 
of long‑term health outcomes, including emphysema, 
chronic bronchitis and COPD,[50] stroke,[9] myocardial 
infarction,[51] angina and coronary heart disease,[52] with 
a low probability of reverse causation.[9] The biological 
plausibility of these long‑term health consequences are 
supported by new research showing decreased production 
in nitric oxide that protect blood vessels,[53] increased 
platelet function and thrombogenesis,[54] along with 
existing evidence that arterial stiffness, blood pressure and 
heart rate increase shortly after e‑cigarette use.[55‑58]

Passive e‑cigarette smoke exposure at home and outside 
were shown to negatively affect perceived health status 
and respiratory symptoms in secondary school students 
who never used e‑cigarettes. Second‑hand e‑cigarette 
emissions contribute to indoor air pollution above WHO 
recommended levels, although less so than second‑hand 
tobacco smoke. The chemical cocktail of nicotine, diacetyl 
flavourings which are linked to serious respiratory diseases, 
ultra‑fine particles, volatile organic compounds and heavy 
metals from second‑hand emissions can adversely affect 
health, especially in children, pregnant women, elderly 
and cardiorespiratory disease patients.[28]

Gateway to tobacco
Regarding the association between e‑cigarettes and 
tobacco‑products, current adolescent e‑cigarette use 
was significantly associated with increased intentions 
of tobacco smoking and waterpipe use in the next 
12 months, cigarette smoking status (including those who 
ever‑smoked, experimented, quit and currently smoke), 
and waterpipe and other tobacco product use in the past 
30  days. Moreover, 2 in 5 of those who ever tried both 
cigarettes and e‑cigarettes said they used e‑cigarettes 
before cigarettes, and 21% believed that e‑cigarette use 
caused their cigarette smoking. These findings all support 

e‑cigarettes as a gateway to youth smoking and other 
tobacco product use, in line with large scale systematic 
reviews and studies conducted locally and abroad.[59‑65] 
The majority of respondents also reported no change 
or increases in cigarette smoking after e‑cigarette use, 
rather than reducing or quitting smoking. Positive 
correlation between e‑cigarette use and cigarette smoking 
frequency and intensity is also documented in literature, 
with subsequent analysis showing that adolescent non‑
smokers who used e‑cigarettes with higher nicotine 
concentrations were subsequently more likely to smoke 
more frequently.[66,67]

Smoking cessation
Despite being marketed as a smoking cessation tool, Hong 
Kong secondary school students who used e‑cigarettes 
along with cigarettes did not show significant changes in 
quitting intention. Total number of quit attempts, number 
of quit attempts in the past year and duration of longest 
quit attempts were non‑significantly lower in dual users 
than those who just smoked cigarettes. This supports 
WHO’s decision to reject e‑cigarettes as an effective 
smoking cessation tool, especially given that ‘wanting 
to quit or reduce smoking’ ranked among the least‑
cited reasons for using e‑cigarettes in HK adolescents. 
Moreover, among current e‑cigarette users, twice as many 
concurrently smoked cigarettes (61.0%) compared to those 
who experimented or quit smoking (31.1%), indicating 
dual use of e‑cigarettes and cigarettes was much more 
likely than quitting smoking.

Conversely, a recent randomized trial showed that 
sustained abstinence was higher among e‑cigarette users 
(18.0%) than nicotine‑replacement therapy (9.9%), 
concluding that e‑cigarettes are efficient smoking cessation 
tools.[68] However, upon further analysis, nicotine‑free 
abstinence rates were in fact lower among e‑cigarette 
users (3.7%) compared to those who received nicotine‑
replacement therapy (9.0%), with significant dual use 
among those who failed to quit. While there is no available 
data regarding the long‑term health effects of dual use, it 
is likely that having two sources of nicotine can lead to 
effect multiplication on the harms.[5] Nonetheless, current 
evidence is inadequate to conclude that e‑cigarettes are 
effective smoking cessation aids.[28] More research is 
needed to determine the effectiveness and feasibility of 
medicalising e‑cigarettes as a restricted smoking cessation 
tool in Hong Kong.

Limitations and generalizability
There are various limitations to this study. First, the study 
was based on self‑reported data which is subject to reporting 
biases. Second, the cross‑sectional design does not permit 
causality inference on the temporal relationship between 
e‑cigarette use and independent variables. Nonetheless, the 
large territory‑wide, school‑based sample and appraisal 
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of a wide range of factors affecting e‑cigarette use in 
secondary school students suggest that these results can 
be generalizable to the Hong Kong adolescent population.

conclusIon

Overall, the tripling of e‑cigarette use and substantial 
early initial in recent years is extremely concerning. This 
report does not support e‑cigarettes as a harm reduction 
tool and shows that e‑cigarettes are not safe as general 
consumer products. Moreover, their function as a 
gateway to smoking and reduction of quitting intention 
in adolescents may renormalize the tobacco industry 
and reverse all tobacco control efforts.[6] Above all, as 
the potential harms of e‑cigarettes are not completely 
understood,[5] the precautionary principle should apply to 
protect the general public from exposures to the harms of 
e‑cigarettes until further scientific findings emerge.[69]

The use of tobacco products, including e‑cigarettes, 
continues to be a major health threat to children, 
adolescents and adults.[6] If  the current trend of e‑cigarette 
use among adolescents continues, the achievements in 
tobacco control would be completely undermined.[70] Given 
the unique role of paediatricians on influencing child and 
adolescent health in their early stages of development, 
paediatricians should counsel children and adolescents 
on the risks of e‑cigarette use, and advise parents and 
caregivers who smoke or use e‑cigarettes about quitting. 
Moreover, healthcare professionals should advocate for 
e‑cigarette control policies to nip the growing e‑cigarette 
epidemic in the bud. The proposed legislation to ban 
e‑cigarette sales, distribution, importation, advertising 
and use in smoking‑free areas should be passed as soon 
as possible to protect the health of our next generation.
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Abstract

Background: Under the hypothesis that poor asthma control in Taiwan is associated with the underuse of written asthma action 
plans (WAAPs), we investigate the relationship between parental knowledge of key components of WAAP and asthma control 
levels. Materials and Methods: We conducted a prospective study from July 2019 to July 2021. “Written Asthma Action Plan” 
questionnaires were completed by the parents of asthmatic children, and the responses were correlated to the asthma symptom control 
level according to the Global Initiative for Asthma guidelines. Results: A total of 67 asthmatic children were enrolled (males 71.6%, 
mean age 6.3 ± 3.3 years). The asthma control level was significantly related to WAAP questionnaire score. The key components of 
“know the daily medication and how to use them” and “know the triggers and how to deal with them” both showed significantly 
higher understanding rates in the partly controlled children compared to the uncontrolled children (P < 0.005). The rates of having 
WAAPs were both below 10% in these two groups. Conclusion: The asthma control level was significantly and positively related to 
the understanding of key WAAP components. The development of an easy-to-use WAAP and its use as a standard tool for asthmatic 
children is expected to greatly improve asthma control in Taiwan.

Keywords: Asthma, asthma action plan, asthma control level, children, knowledge

IntroductIon
Pediatric asthma is a common chronic disease which 
imposes a heavy burden on healthcare systems worldwide.[1-3] 
Asthma attacks and worsening lung functions greatly affect 
the quality of life. The strategies to treat asthma include 
developing a patient–doctor partnership, identifying and 
reducing exposure to risk factors, monitoring asthma 
control, and managing asthma exacerbations.[1,2] The aim 
of the partnership is to equip patients and caregivers with 
the knowledge to play a major role in the treatment plan 
by discussing asthma severity, setting treatment goals, and 
developing a self-management plan, all of which have been 
shown to be beneficial in reducing asthma morbidity both 
in adults and children.[4-7] The Global Initiative for Asthma 
(GINA) guidelines recommend that all children should 

be provided with a written asthma action plan (WAAP) 
according to an individual’s clinic condition, and that this 
WAAP should include details of how to recognize and 
respond to signs of worsening asthma.[1,2,4,5]

Asthma involves complex mechanisms and has many 
endotypes and phenotypes. There are obvious differences 
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in the clinical manifestations and corresponding 
medications between individuals, and therefore 
personalized self-management plans are recommended 
for all asthma patients.[6,8] A  WAAP should include the 
following key components: usual asthma medications, 
when and how to increase inhaled medications and start 
oral corticosteroids based on symptoms and/or peak 
expiratory flow, how to deal with the triggers and how to 
access medical care if  symptoms fail to respond.[1,5,6] The 
patients are educated to recognize the signs of an attack, 
how to relieve airflow obstruction, and how to control 
acute inflammation episodes with the early application 
of rescue therapy and adjusting the anti-inflammatory 
medications.[2,9] The use of a WAAP and self-management 
of asthma in children and adolescents have been shown 
to significantly improve lung function, and reduce school 
absences, activity limitations, emergency department 
visits, and night disturbances.[5,6]

Asthma is still the most common chronic disease in 
Taiwan, and there is potential to improve control. Under 
the hypothesis that poor asthma control is associated with 
the underuse of WAAPs, we investigated the relationship 
between knowledge of key WAAP components and 
asthma control in Taiwan.

MaterIals and Methods
In this prospective study, asthmatic children below 18 years 
of age visiting a pediatric pulmonology outpatient clinic 
at a reference center in a university-affiliated hospital 
between July 2019 and July 2021 were enrolled, who were 
diagnosed as asthma according to the Global Initiative 
for Asthma guidelines. The informed consents were 
obtained from parents. Asthmatic children coexistent with 
cardiovascular, neurologic, or chronic lung diseases were 
excluded. The parents of the children completed a “Written 
Asthma Action Plan” questionnaire. The clinical data of 
the children were collected and characterized according to 
asthma symptom control. The percentage of those using 
a WAAP and whether the parents understood the key 

components of WAAP were analyzed. The study protocol 
was approved by the hospital’s Ethical Review Committee.

Levels of asthma symptom control
The children were divided into well-controlled asthma group, 
partly controlled asthma group (PCG), and uncontrolled 
asthma group (UCG) according to the GINA guidelines. The 
level of asthma symptom control was evaluated according to 
the following four clinical findings, with each being scored as 
0 for “No” and 1 for “Yes”: In the past four weeks, has the 
patient had “Daytime asthma symptoms more than twice/
week?”, “Any night waking due to asthma?”, “SABA reliever 
for symptoms more than twice/week?”, and “Any activity 
limitation due to asthma?” A total score of 0 was defined 
as well-controlled asthma; a score of 1 or 2 was defined as 
PCG; and a score of 3 or 4 was defined as UCG.

WAAP questionnaire
The WAAP questionnaire was designed to assess a 
caregiver’s knowledge regarding the key components of a 
WAAP. Sex, age, asthma severity, GINA asthma symptom 
control level, and the WAAP questionnaire responses were 
recorded [Table 1]. The 15 questions were categorized into 
six components: 1)  know the daily medication and how 
to use them, 2) know the emergency medication and how 
to use them, 3)  identify and respond when the asthma 
gets worse, 4) identify and respond to an asthma attack, 
5) know the triggers and how to deal with the them, and 
6) contact information of the health care providers. Each 
question was scored 1 if  the caregiver knew the knowledge 
and 0 if  not. The WAAP questionnaire scores were 
compared between the different asthma control groups.

Statistical methods
Descriptive analysis was used to assess the distribution of 
variables, including the level of asthma symptom control 
and questionnaire scores. The chi-square test and Fisher’s 
exact test were used to investigate correlations between 
categorical variables from the questionnaires with 
different asthma control status. The Mann-Whitney U test 

Table 1: Characteristics of the asthmatic children according to level of asthma symptom control according to the GINA guidelines
Asthma control level Well-controlled group Partly controlled group Uncontrolled group P value
Case number (n) 5 33 29  

Age (years) (M±SD) 8.5 ± 4.7 6.7 ± 3.5 5.4 ± 2.7 0.147

Male (n(%)) 2(40.0) 26(78.8) 20(69.0) 0.401

Time since diagnosis (n(%))    0.053

 <3 months 0(0.0) 4(12.1) 12(41.4)  

 3–6 months 3(60.0) 4(12.1) 3(10.3)  

 6–12 months 1(20.0) 3(9.1) 3(10.3)  

 >12 months 1(20.0) 22(66.7) 11(37.9)  

Grade of severity (n(%))    0.096

 Intermittent 1(20.0) 0(0.0) 0(0.0)  

 Mild persistent 4(80.0) 27(81.8) 18(62.1)  

 Moderate persistent 0(0.0) 6(18.2) 11(37.9)  
The p values indicate partly controlled group versus uncontrolled group.
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was used to compare differences in WAAP questionnaire 
mean scores. SPSS was used for all statistical analyses 
(version 15 for Windows®, SPSS Corporation, Chicago).

results

Patients and WAAP knowledge questionnaires
A total of  70 asthmatic children initially met the criteria, 
however, three eligible cases did not participate in this 
study due to the time-consuming of  filling out the WAAP 
questionnaire and other personal reasons. Finally, 67 
asthmatic children were enrolled [Table  1], of  whom 
71.6% were male, and the mean age was 6.3 ± 3.3 years. 
There were no significant differences between the asthma 

status groups in age, sex, time since the diagnosis, and 
grade of  severity (P = 0.147; P = 0.401; P = 0.053; and 
P = 0.056, respectively). There were 5 (7.45%) children in 
the well-controlled group, 33 (49.3%) in the PCG, and 29 
(43.3%) in the UCG. Sixty-seven WAAP questionnaires 
which had been completed by the caregivers of  the 
children were collected. We only analyzed differences 
between the PCG and UCG, as the number of  children 
in the well-controlled group was too small (n  =  5) to 
analyze.

Relationships between asthma control status and WAAP 
questionnaire score
The relationships between asthma control status and 
WAAP questionnaire score are shown in [Figure 1]. The 
asthma control level was significantly related to WAAP 
questionnaire score. The WAAP score in the PCG was 
significantly higher than that in the UCP, with 9.6 ± 3.3 in 
the PCG and 6.4 ± 4.5 in the UCP (P = 0.005)

Relationships between asthma control status and the 
understanding rate of items in the WAAP questionnaire
When we further analyzed the responses in the WAAP 
questionnaire, we found there were significant differences 
between the PCG and UCG in five items (P < 0.05, Table 2). 
These five items were: “know the anti-inflammatory 
medicine”, “know the dose and frequency of anti-
inflammatory medicine”, “know the correct instructions 

Figure 1: Mean WAAP questionnaire scores of the parents of all 
patients, partly controlled group, and uncontrolled group. **p value, 
partly controlled group versus uncontrolled group

Table 2: The understanding rate (%) of each item in the WAAP questionnaire for all patients, partly controlled and uncontrolled 
asthma groups
Know the daily medications and how to use them (%)
1. Know the anti-inflammatory medicine 74.2 87.9 58.6 0.018*

2. Know the dose and frequency of anti-inflammatory medicine 66.1 84.8 46.4 0.002*

3. Know the correct instructions of how to use the anti-inflammatory medicine 40.3 54.5 25.0 0.036*

Know the emergency medications and how to use them (%)     

4. Know the emergency medicine 64.5 75.8 51.7 0.065

5. Know the dose and frequency of the emergency medicine 35.5 43.8 27.6 0.286

6. Know the correct instructions of how to use the emergency medicine 27.4 36.4 17.2 0.153

Identify and respond when the asthma gets worse (%)     

7. Identify the symptoms when the asthma gets worse 77.4 84.8 69.0 0.223

8. Know how to respond when the asthma gets worse 33.9 45.5 20.7 0.060

Identify and respond to an asthma attack (%)     

9. Identify and respond to an asthma attack 75.8 81.8 69.0 0.373

10. Know how to respond when an asthma attack occurs 38.7 39.4 37.9 1.000

Know the triggers and how to deal with them (%)     

11. Know the predisposing factors 74.2 90.9 55.2 0.003*

12. Know the allergens 64.5 78.8 48.3 0.017*

13. Know how to prevent the predisposing factors 46.8 59.4 34.5 0.073

Contact information of the healthcare providers (%)     

14. Know how to contact the physician 56.5 63.6 48.3) 0.306

15. Know how to contact the nurse/educators 32.3 33.3 32.1 1.000
p values, partly controlled group versus uncontrolled group



Wang and Huang: Correlation between parental asthma knowledge and asthma control levels in children

      22 22  Pediatric Respirology and Critical Care Medicine ¦ Volume 6 ¦ Issue 1 ¦ January-March 2022

of how to use the anti-inflammatory medicine”, “know the 
predisposing factors”, and “know the allergens”. The first 
three items were in the “know daily asthma medication” 
component, and the last two items were in the “deal with 
the triggers” component.

Utilization rate of WAAPs between the partly controlled 
and uncontrolled asthma groups
Low understanding rates for “know about WAAP” and 
“have your own WAAP” were noted in both the PCG and 
UCG (P > 0.05), at only 33.3% and 9.1% in the PCG, and 
20.7% and 0% in the UCG, respectively [Table 3].

dIscussIon
To evaluate the relationship between asthma control 
and strategy of  WAAPs, we conducted a prospective 
questionnaire-based study and investigated the asthma 
control status and knowledge of  WAAPs in Taiwan. We 
found a positive close relationship between knowledge 
regarding the key WAAP components and asthma 
control status, showing the importance of  including 
WAAPs in the treatment strategy for pediatric asthma. 
Goronfolah et al. reported that WAAPs were effective in 
increasing the patients’ knowledge about their condition, 
improving their quality of  life and functional limitations, 
and increasing their confidence level about controlling 
their asthma.[10] In addition, Lakupoch et al. reported a 
significant reduction in emergent room visits, unscheduled 
outpatient department visits, admission days and school 
absence days in patients who used WAAPs.[11] Properly 
educating the patients and parents regarding knowledge 
of  WAAPs has the potential to improve asthma control 
in Taiwan. In our study, there were significant differences 
in the understanding of  knowledge in the “know the 
daily medications and how to use them” and “know the 
triggers and how to deal with them” components in the 
WAAP questionnaire between the PCG and UCG.

In the “know daily asthma medications” component, the 
PCG had significantly higher understanding rates of all 
three items than the UCG. This means that the caregivers 
of the children in the PCG had better understanding 
of “know the anti-inflammatory medicine”, “know the 
dose and frequency of anti-inflammatory medicine”, and 
“know the correct instructions of how to use the anti-
inflammatory medicine”, and this was related to better 
control of asthma. Anti-inflammatory agents are the main 
medications used to control the inflammatory status, and 

stabilize the condition after recovering from an asthma 
exacerbation. However, knowledge of medications, 
good drug compliance, and accurate use including the 
kind, dose, and inhalation technique is complex, time-
consuming, and needs to be taught repeatedly. Bhupathi 
et al. reported that in spite of inhaled corticosteroids being 
effective in the management of asthma, oral medications 
and nebulizers are the mainstay treatment in the majority 
of the cases in India. Social stigma, fear of addiction, and 
lack of knowledge are the major reasons for the reluctance 
of parents towards the use of inhalers.[12] Using WAAPs 
to reinforce the comprehension and acceptance of inhaled 
corticosteroids, including the side effects and instructions, 
is important, and will lead to better control of asthma.

In this key component, the understanding rate of 
“know the correct instructions of how to use the anti-
inflammatory medicine” was both unsatisfactory in both 
the PCG (54.5%) and UCG (25%). In Thailand, Pothirat 
et al. reported that inhalation techniques in asthma patients 
were mostly unsatisfactory, especially in those who had 
been treated by a pulmonologist for less than 2 years. They 
concluded that face-to-face training could significantly 
improve the technique for all devices.[13] Almomani et al. 
conducted a study of 150 pediatric asthma patients on the 
proper handling of asthma inhalers in 2019–2020, and 
found that correct technique rates of 13.4%, 38.5%, and 
28.9% for Metered dose inhalers (MDI), Turbohaler, and 
Diskus, respectively. They also found that a higher number 
of correct MDI steps and fewer errors in critical steps 
were associated with a higher level of parental knowledge. 
Continuous education on appropriate inhaler techniques 
for asthmatic children is mandatory.[14]

In the “know the triggers and how to deal with 
them” component, the PCG had significantly higher 
understanding rates of “know the predisposing factors” 
and “know the allergens” than the UCG. This means 
that the caregivers of the children in the PCG had better 
understanding of these items, and this was related to 
better control of asthma. The first strategy to treat 
asthma is to know and avoid the predisposing factors. 
The most common predisposing factors are allergens, 
infections, exercise, emotional changes, medications, and 
temperature changes. Sensitization and allergens can be 
checked using blood tests and clinical correlations,[15] 
and the most common allergens are mites, dog hair, 
cat hair, cockroaches, house mites, fungi, chemical 
stimulants, seafood, eggs and milk.[15] Pathogens can be 

Table 3: Utilization rate of WAAPs between the partly controlled and uncontrolled asthma groups
Patients All  

(n=62)
Partly controlled group (n=33) Uncontrolled group  

(n=29)
p

a.Know about WAAP (%) 27.4 33.3 20.7 0.393

b.Have your own WAAP (%) 4.8 9.1 0.0 0.241
p values, partly controlled group versus uncontrolled group.
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identified through virus and blood tests for mycoplasma 
pneumonia.[16] The other predisposing factors can be 
assessed by the history of asthma exacerbations. In some 
situations, an allergen test or microorganism survey may 
not be performed. The predisposing factors are complex 
and easy to forget, and therefore it is preferable to write 
down the information rather than just telling them. 
WAAPs may act as a friendly reminder.

We also found that only 27.6% of parents knew about 
WAAP and 4.8% of children and parents had their own 
WAAP before this study. Both the PCG and UCG had 
low understanding rates for “know about WAAP” and 
“have your own WAAP” at only 33.3% and 9.1% in the 
PCG, and 20.7% and 0% in the UCG, respectively. The 
reasons for the infrequent use of WAAPs included too 
time consuming for doctors and difficult for parents 
to understand. In 2017, Lakupoch et  al. conducted a 
prospective study using newly developed WAAPs in 49 
children aged 5–18  years old with asthma, and found 
a significant decrease in emergency room visits after 
6 months.[11] These newly developed WAAPs used pictures 
of asthma symptoms along with a simple format, and 
colorful pictures of all available medications and devices, 
which the authors concluded were easier to understand. 
Moreover, the WAAP was user-friendly, and the 
physicians could complete it within 5 minutes. A WAAP 
is an important tool to remind the patients to prevent the 
triggers, monitor themselves confidently, use controllers 
and relievers correctly, contact the healthcare providers 
as needed, and finally promote asthma control. It is 
important to improve the format of WAAPs by making 
them more user friendly and emphasize the benefits of 
using them so that they become the standard strategy to 
promote the quality of asthma care in children.

There are some limitations to this study. First, this is a cross-
sectional study, and we studied the correlation between 
parental knowledge regarding components of WAAP and 
asthma control levels in asthmatic children at one clinic 
visit. We did not evaluate the effectiveness of the WAAP, 
since we did not follow-up the patients with regards to 
asthma symptom control level after a WAAP intervention. 
Second, because well-controlled asthma patients were 
transferred or chose to visit a local clinic, the number of 
well-controlled asthma patients was small, and therefore 
we only compared the PCG and UCG. Besides, during 
the COVID-19 pandemic, a relatively smaller number of 
patients searched the healthcare services in medical centers.

In conclusion, our results demonstrated that the asthma 
control level was significantly and positively related to the 
understanding status of key components in the WAAP 
questionnaire. Although a persistent high prevalence of 
pediatric asthma is noted in Taiwan, the utilization rate of 
WAAPs is very low. The development of an easy-to-use 
WAAP and its use as a standard tool for asthmatic children 
is expected to greatly improve asthma control in Taiwan.
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