Environmental tobacco smoke exposure disturbs sleep in children: a cross-sectional study
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Abstract

Background: Environmental tobacco smoke (ETS) exposure and sleep associated problems can lead to serious health problems in children. We aimed to evaluate association between ETS and sleep disturbance in children. 
Methods: We enrolled 209 children without chronic health problems or acute infections aged 4 to 12 years between June 2019 and March 2020 to this cross-sectional study. Parents’ smoking habits and ETS exposure of children were questioned and Children’s Sleep Habits Questionnaire (CSHQ) was administered to screen for the most common sleep problems in children. “Sleep disturbance” was defined as a score ≥41 in CSHQ. Plasma cotinine levels were measured in all subjects enrolled and levels ≥ 3 ng/mL were defined as ETS exposure.
Results: Total 115 children (55 %) were in the “sleep disturbance” group according to CSHQ, and 66 (57.3%) of them were exposed to ETS according to parental report. The children with parent reported ETS exposure had increased risk of sleep disturbance (adjusted OR: 1.3). All 209 children had plasma cotinine levels ≥3 ng/ml, with a mean (SD) 50.55 (13.78) ng/ml, revealing that all of them were exposed to ETS although only 105 of them were parent reported. Multivariable analysis of risk factors for sleep disturbance revealed that parent reported ETS exposure was associated with increased risks of sleep disturbance (p=0.023, adjusted OR: 1.9 and 95%CI: 1.09-3.3)
Conclusions: Parent reported ETS exposure is associated with sleep disturbance in their children however parental reports about smoking habits may not be compatible with plasma cotinine levels of the children.
Introduction
The side stream or the exhaled mainstream of cigarettes, pipes, and cigars generate environmental tobacco smoke (ETS). ETS exposure can result from second-hand and/or third-hand tobacco smoke.  Second-hand smoke is ETS inhaled involuntarily or passively by someone who is not smoking.  Third-hand smoke is the contamination that persists after emission of second-hand tobacco smoke into air. The WHO estimates that 40% of children worldwide are exposed to ETS1. Unfortunately, the incidence is higher in Turkey; it was reported that 59.9% of school aged children were exposed to ETS2. Exposure to ETS in childhood and adolescence are associated with many respiratory and non-respiratory problems such as sudden infant death syndrome, respiratory tract infection, asthma and obesity3.  
Sleep quality and quantity are critical for child health and development. Inadequate sleep leads to poor school performance, somatic complaints, behavior problems, and mental health problems in children4. Poor childhood sleep also leads to development of obesity and its associated morbidities5. Thus, it is important to identify factors that impair sleep in order to inform interventions aimed at improving sleep quality.

Active smoking and smokeless tobacco have been shown to be associated with a range of sleep problems including shorter sleep duration, difficulty initiating and maintaining sleep, snoring and daytime sleepiness, with changes in sleep architecture6, 7. Nicotine, the key chemical compound in tobacco, may have pharmacological effects on the central nervous system by stimulating the release of neurotransmitters, such as dopamine, serotonin, norepinephrine, acetylcholine, gamma amino butyric acid, that contribute to the regulation of sleep-wake cycles possibly increasing sleep latency and contributing to sleep disturbances. Since the blood nicotine levels decrease during sleep that may lead to nocturnal craving and withdrawal symptoms and sleep may be disturbed if a smoker awakens with nicotine craving and needs to smoke. It is also likely that ETS exposure acts as an upper airway irritant, thus contributing to overall sleep disturbance8. 
While studies among specific populations including pregnant women9 and working men10 reported a positive association between second-hand smoke and insufficient rest/sleep, reports about the association between ETS exposure and sleep problems among children are very scarce in English literature3, 8, 11. 
Therefore, in this study we hypothesized that ETS exposure is associated with sleep disturbances in children. Our primary objectives were to 1) compare the point prevalence of sleep disturbances between those exposed to and not exposed to ETS and 2) evaluate the association between ETS exposure and sleep disturbances in children.
Methods
Patients:

In this cross-sectional observational study, we enrolled healthy children not taking any medications affecting their sleep aged 4-12 years of age that presented to our outpatient clinic between June 2019 and March 2020 consecutively. Exclusion criteria were diagnosis of allergic rhinitis, asthma, attention deficit hyperactivity disorder, cystic fibrosis, dysmorphic disorders, infections, non-cystic fibrosis bronchiectasis, obesity, sleep disordered breathing, type I diabetes mellitus, and other chronic diseases. The ethics committee of our institution (10-805-19) approved this study and signed informed consents were obtained from the parents. 
We defined our primary outcome as the total score of Children’s Sleep Habits Questionnaire (CSHQ)12. Total sample size to reach a power 0.85 was calculated as 208 when standard deviation and hypothesized effect size was taken as 12 and 5 respectively based on a previous report12. 
Measurements:

Parent report about ETS exposure and sleep problems of their children:
Information about ETS exposure was collected by the researchers by asking the parents about their smoking habits; current smoking status of the accompanying parent and all others in the household (including baby-sitter). According to parents’ answers, we grouped children as “has parent reported ETS exposure” and “do not have parent reported ETS exposure”. 
We used the validated CSHQ (abbreviated version) to measure children’s sleep patterns and identify their sleep problems. The researchers face-to-face administered this questionnaire with the parents. The CSHQ includes 33 items relating to a number of key sleep domains that encompass the major presenting clinical sleep complaints: bedtime behavior and sleep onset; sleep duration; anxiety around sleep; behavior occurring during sleep and night waking; sleep-disordered breathing; parasomnias; and morning waking/daytime sleepiness. Parents were asked to recall sleep behaviors of their children occurring over a “typical” recent week. Items were rated on a three-point scale: “usually” if the sleep behavior occurred five to seven times/week; “sometimes” for two to four times/week; and “rarely” for zero to one time/week. Some items were reversed in order to consistently make a higher score indicative of more disturbed sleep, as the constructors of the questionnaire have suggested. The CSHQ yields a total sleep disturbance score and scores for eight scales (bedtime resistance, sleep onset delay, sleep duration, sleep anxiety, night waking, parasomnias, sleep disordered breathing, and daytime sleepiness). A higher score is indicative of more sleep problems. As an ROC curve analysis described before12 suggested a cut-off score of ≥41 yielded the best diagnostic confidence (correctly identified 80% of the clinical sample in the study); children with a score ≥41 were defined as “has sleep disturbance”, and <41 were defined as “do not have sleep disturbance”. Cut-off scores of eight scales were as follows: ≥7 have bedtime resistance; ≥2 have sleep onset delay; ≥4 have sleep duration problem; ≥5 have sleep anxiety; ≥4 have night waking problem; ≥8 have parasomnias; ≥4 have sleep disordered breathing; and ≥10 have daytime sleepiness.
Measurement of plasma cotinine levels:  
Cotinine, a metabolite of nicotine, is a reliable biomarker of exposure to tobacco smoke. Plasma levels provide a view of exposure over the previous 48-72 hours. However, due to stability of exposure patterns over time, a one-time cotinine measurement is considered representative of typical daily exposure13.
Plasma was collected using standard phlebotomy from every participant children and stored at −20°C until analysis. The quantitative determination of plasma cotinine levels was performed using commercially available Human Cotinine ELISA kit manufactured by Bioassay Technology Laboratory, Shanghai. Results were expressed in ng/ml. The calculated intra-assay coefficients of variation (CV) were <10%, and inter-assay CV were <12%. The functional sensitivity was 0.33ng/ml. 

Children with plasma cotinine levels ≥ 3 ng/mL were defined as “exposed to ETS”, and <3 ng/mL were defined as “not exposed to ETS”13. According to the same reference, a level of 14 ng/ml can distinguish between smoker and nonsmoker state13.
Statistical Analysis:
Statistical analyses were performed by SPSS Statistics 22.0 (IBM) computer program. Descriptive statistics were expressed as mean (SD) or median (interquartile range) as appropriate. Categorical variables were presented as n (%). CSHQ total sleep disturbance scores were compared between ETS exposed and non-exposed groups using Student’s t test. Statistical significance was accepted as p<0.05.  Odds ratio (OR) was calculated for quantifying the strength of association between parent reported ETS exposure and sleep disturbance. Multivariate analysis of the risk factors for sleep disturbance was carried out using binary logistic regression analysis and the model included the covariates age, gender, body weight, and parent reported ETS exposure. 
Results:

Sociodemographic characteristics 

We enrolled 209 children (108 male) with a mean (SD) age of 8.11 (2.3) years.  Among these 105 were exposed to ETS according to parent reports. 
Parent reported ETS exposure

Of the subjects enrolled, 105 (50.2%), with a mean (SD) age 8.0 (2.5) years, had parent reported ETS exposure and 50 (47.7%) were male; among these, 84 were exposed due to paternal smoking, 44 due to maternal smoking,  and 23 due to third party smoking. Distribution of children according to parent reported ETS exposure was presented in Figure 1. Mean age of the 104 subjects who did not have parent reported ETS exposure was 8.2 (2.2) years and 51 (49%) were male. 

Plasma cotinine analysis
Results of plasma cotinine analysis were incompatible with results of parental reports of smoking habits: all of 209 children had plasma cotinine levels ≥3 ng/ml with a mean (SD) 50.55 (13.78) ng/ml (minimum and maximum levels were 6.364 and 71.86 ng/ml respectively), indicating that all of them were “exposed to ETS”.  Besides, among 209 children 205 of them had plasma cotinine levels ≥14 ng/ml.
Childhood Sleep Health Questionnaire
One hundred and fifteen children (55 %) were classified as having sleep disturbance according to total CSHQ score. According to scores for eight scales, 132 (63.2%) had bedtime resistance, 43 (20.6%) had sleep onset delay, 69 (33%) had problems for sleep duration, 145 (69.4%) had sleep anxiety, 100 (47.8%) had night waking problems, 82 (39.2%) had parasomnias, 32 (15.3%) had sleep disordered breathing, and 135 (64.6%) had daytime sleepiness.
Sleep parameters and plasma cotinine levels in subjects who had and who did not have parent reported ETS exposure 

There was no difference in terms of plasma cotinine levels and total CSHQ scores between subjects who with and without parent-reported ETS exposure (p values were 0.97 and 0.92 respectively; and 95%CIs of the mean difference were and -4.579-2.953, and -.224-3.014 respectively). In subjects with and without parent-reported ETS exposure, mean (SD) plasma cotinine levels were 50.15 (13.90) ng/ml and 50.96 (13.71) ng/ml respectively, and CSHQ scores were 42.89 (5.81) and 41.49 (6.05) respectively.
Of 115 children who were in the “sleep disturbance” group, 66 (57.3%) of them had parent reported ETS exposure, and they had an increased risk of sleep disturbance (adjusted OR: 1.3).
In terms of major presenting clinical sleep complaints, parent reported ETS exposure increased the risk of bed time resistance, sleep anxiety, night waking problems, and parasomnias. Among the 132 children who had bedtime resistance, 72 (54.5%) of them were exposed to ETS with an increased risk of bedtime resistance (adjusted OR: 1.6); among the 145 children who had sleep anxiety, 76 (52.4%) of them were exposed to ETS with an increased risk of sleep anxiety (adjusted OR: 1.3); among the 100 children who had night waking problems, 58 (58%) of them were exposed to ETS with an increased risk of night waking problems (adjusted OR: 1.8); among the 82 children who had parasomnias, 48 (58.5%) of them were exposed to ETS with an increased risk of parasomnias (adjusted OR: 1.8).
Plasma cotinine levels in subjects with and without sleep disturbance 
Plasma cotinine levels were not significantly different between the groups with and without sleep disturbance according to CSHQ results [49.60 (13.95) ng/ml and 51.71 (13.5) ng/ml respectively; p=0.64 and 95%CI of the mean difference was -5.881-1.671)]. There was not any correlation between plasma cotinine levels and CSHQ scores (p=0.189, r=-0.09).
Multivariable analysis of risk factors for sleep disturbance and major clinical sleep complaints 
Parent reported ETS exposure and ETS exposure due to third party smoking were associated with increased risks of sleep disturbance [(p=0.023, adjusted OR: 1.9 and 95%CI: 1.09-3.3), and (p= 0.023, adjusted OR: 3.3 and 95%CI: 1.17-9.26) respectively]. ETS exposure due to third party smoking was associated with increased risk of bedtime resistance (p= 0.02, adjusted OR: 4.4 and 95%CI: 1.26-15.35). Increasing weight was associated with increased risk of having sleep duration problems (p= 0.038, adjusted OR: 1.02 and 95%CI: 1.002-1.058).  ETS exposure due to mother smoking was associated with increased risk of sleep anxiety (p= 0.046, adjusted OR: 2.33 and 95%CI: 1.01-5.35). Parent reported ETS exposure was associated with increased risk of night waking problems (p=0.032, adjusted OR: 1.82 and 95%CI: 1.05-3.15). Female gender was associated with increased risk of sleep-disordered breathing (p= 0.039, adjusted OR: 2.32 and 95%CI: 1.04-5.19). Increasing age and increasing weight were associated with increased risk of daytime sleepiness [(p= 0.002, adjusted OR: 1.22 and 95%CI: 1.07-1.38), and (p= 0.008, adjusted OR: 1.043 and 95%CI: 1.011-1.076) respectively]. 
Discussion:

The results of our study revealed that there is an association between ETS exposure and sleep disturbance in children. However, parent report of ETS exposure needs to be validated with further measurements since it is not compatible with some major clinical sleep complaints, and plasma cotinine levels of the children which demonstrated a high rate of ETS exposure.
There might be various explanations for the incompatibility between child plasma cotinine levels and parent reported ETS exposure. The first explanation is the low reliability of the declarations of the parents in the estimation of ETS exposure of children, which is compatible with previous reports14, 15. The rationale underlying parent’s misinformation was to prevent stigmatization as a “parent harming her/his own child”. Another explanation may be the effect of third hand ETS exposure; outdoor smokers may think it is unnecessary to declare it but inadvertently expose their children to third hand ETS. The final possible explanation is the probability of outdoor ETS exposure in the last 48-72 hours.
Previous studies reported that 25-50 % of children experience some type of sleep problem during childhood4, 16-18. Our results revealed that the parent reported prevalence of sleep disturbance in children exposed to ETS was 55.02%, which was slightly higher than the general sleep problem prevalence in children. 
In their study, Yolton et al8 found that as second hand smoke exposure increased, parents reported that their children had longer delays in sleep onset, more frequent parasomnias and sleep disordered breathing, increased daytime sleepiness, and greater overall sleep disturbance. They also reported that second hand smoke exposure was associated with increased incidence of parasomnias. In our study, parent reported ETS exposure was associated with increased risk of sleep disturbance and ETS exposure due to third party was the most effective factor.  In terms of major clinical sleep problems, we revealed that parent reported ETS exposure was associated with increased risk of night waking problems. Those night waking problems might be related to decrease of the blood nicotine levels during sleep that leads to nocturnal craving, withdrawal symptoms, disturbed sleep and awakening with nicotine craving. In our study, ETS exposure due to third party smoking was associated with increased risk of bedtime resistance. This result allows us to emphasize considering smoking baby-sitters, visitors or relatives during assessment of ETS exposure of a child. As the primary caregiver in most cultures, it is not surprising to find that in our study that ETS exposure due to maternal smoking was associated with increased risk of sleep anxiety.
Although Gordon et al19 reported that sleep anxiety is more frequent among girls, in our study, female gender was associated with increased risk of sleep-disordered breathing. This result is not compatible with previous epidemiological reports indicating that sleep-disordered breathing affects males and females equally in children20.
Finding out that all of the children enrolled to our study were exposed to ETS according to plasma cotinine levels was unexpected. This result created a limitation for the study by disrupting the causal chain of association between smoke exposures and sleep disturbances. Avila-Tang et al.13 mentioned in their article that choosing ≥ 3 ng/ml as a cut-off to describe a person as “exposed to ETS” was based on US population, and race and ethnicity might have an impact on plasma cotinine levels. Therefore, choosing the same cut-off point might not have been proper for our study. More studies are needed to define cut-off points to describe a person as “exposed to ETS” and/or “smoker” for our country.
Conclusion:

There is an association between ETS exposure and sleep disturbance in children and parent reports about smoking habits at home may not be the most reliable method to assess ETS exposure of children. Therefore, this needs to be considered when evaluating children with sleep disturbances in the clinic and providing counseling to parents about smoking. Finally, the high rate of ETS exposure in the pediatric population urges the researchers and policy makers to consider further limitations on smoking activities in the society to protect child health. 
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