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ABSTRACT 

 

Background and Purpose: This study aims to study prospectively specific sleep patterns 

and risk of ADHD after adjusting for potential confounders such as obstructive sleep apnoea 

(OSA) and methylphenidate use.  

Methods: A population-representative sample of 514 Chinese preschool children was 

recruited when in kindergarten (K3). Parents reported on their socioeconomic status and 

children’s sleep duration. The cohort was reassessed three years later when the children were 

in Grade 3 (P3). Parents reported on children’s sleep patterns and ADHD symptoms. 

Information on obstructive sleep apnoea diagnosis and methylphenidate use was retrieved 

from health records.  

Results: Among the 514 parent-child dyads (mean [SD] age, 5.52 [0.33] years), 411 were 

reassessed (80.0% retention; 9.35 [0.33] years) at follow-up. There were no significant 

baseline differences between follow-up and drop-out groups. A gradient relationship was 

observed between probable ADHD in P3 and sleep duration in K3. The risk of probable 

ADHD was 15.5 per 100 for children with <8 hours of sleep in K3, whereas it was 1.1 per 

100 for children with 11–12 hours of sleep in K3. The adjusted risk ratio was 14.19 (p=0.02).  

Conclusions: Sleep deprivation in early childhood is associated with higher risk of ADHD in 

middle childhood.  
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INTRODUCTION 

Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder common 

among school-aged children in both western and Chinese populations.(1) The worldwide 

prevalence of ADHD was estimated to be stable at 5–10%(2), while that in Hong Kong 

Chinese was at 8.9%(3). It is characterised by a persistent pattern of inattention, 

hyperactivity, and impulsivity, which is pervasive across different settings,(4) and usually 

manifests in middle childhood. ADHD is associated with adverse health, social, and 

educational outcomes, and imposes a huge burden on the patient, family, and society.(5) 

The aetiology of ADHD appears to be complex with interactions between genetic, 

neurological, and environmental factors.(6) It is closely associated with neurotransmitter 

disturbances in the frontal lobe, and impairments in early executive function development.(7) 

The symptoms of ADHD, particularly those related to executive functions, inattention, and 

lack of self-inhibition, usually become more apparent at primary school age. Emerging 

evidence suggest environmental influences on frontal lobe development are important during 

early preschool years when executive functions develop rapidly.(8) 

Sleep deprivation among preschoolers has been associated with lower school readiness and 

impaired executive functions.(9) Whether the deleterious implications of sleep deprivation on 

early childhood development (approximately <6 years) would extend to heighten the risk of 

ADHD in middle childhood (6–11 years) is an important question that has yet to be explored. 

Extant evidence of the association between sleep deprivation and ADHD has been mainly 

derived from cross-sectional studies and it is not clear whether the relations is 

bidirectional.(10) While sleep problem may contribute to the development of ADHD, ADHD 

children, particularly those receiving medication treatment, were often found to have 

comorbid sleep problems.(11) This hypothesis has been supported in a recent cohort study 
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showing a reciprocal association between sleep difficulties and externalising behaviours 

(hyperactivity and conduct problems). Touchette’s cohort study conducted in Quebec, 

Canada found increased hyperactivity symptoms in young children with short sleep duration, 

but the assessments of hyperactivity and sleep patterns were conducted only in early 

childhood and not beyond.(5) The Avon Longitudinal Study of Parents and Children in South 

West England showed that ADHD to be associated with abnormal sleep pattern and short 

sleep duration with small effect sizes.(12) Previous studies did not address potential 

confounders including obstructive sleep apnoea (OSA) and methylphenidate use in children 

with ADHD symptoms. OSA can cause inattention, hyperactivity symptoms, and sleep 

disturbances,(13) whereas methylphenidate, the first-line medication for children with 

ADHD, may result in short sleep duration.(14)  

This is the first prospective cohort study that examines the relationship between sleep 

deprivation in early childhood and the development of ADHD three years later, taking into 

account the potential effects of OSA and methylphenidate use. We hypothesised that sleep 

deprivation in early childhood would increase the risk for developing ADHD in middle 

childhood. In addition, since ADHD symptom severity differ by sex,(15), the study also 

examined whether sex moderate the association between sleep and ADHD.  

METHODS 

This study followed a sample of Chinese children from kindergarten to primary school. 

Between 2011 and 2012, children in the third year of kindergarten (K3; 5–6 years old) were 

recruited from 20 kindergartens in Hong Kong using stratified random sampling. 

Kindergartens were randomly selected within the selected districts. One class of K3 was then 

randomly selected. The detailed sampling framework can be found in previous 

publications.(9, 16) Parents of 514 K3 children consented to participate in the longitudinal 
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study. They completed a questionnaire on family sociodemographics and children’s sleep 

duration. These parent-child dyads were reassessed between 2014 and 2015 when the 

children were in the third year of primary school (P3; 8–9 years old). They completed another 

set of questionnaires on their children’s ADHD symptoms, sleep duration, pattern, and 

quality. 

Sleep duration and quality  

Sleep duration of preschool children in K3 was measured as the average number of sleeping 

hours per day in the past week (including naps) and subsequently categorised into four groups 

(≤8, 9–10, 11–12, and ≥13 hours per day). According to international guidelines the 

recommended number of sleeping hours for preschool children is 11–12 hours per day thus 

this was used as reference.(17) The selection of grouping was based on the previous findings 

that sleep duration and child development displayed a dose-response relationship.(9)  

Sleep duration and quality in primary school children in P3 were measured using the Chinese 

Childhood Sleep Quality Index (CSQI), which was adapted from the Children’s Sleep Habits 

Questionnaire and the Hong Kong Adolescent Sleep Questionnaire.(18, 19) This tool consists 

of five items on sleep duration (average bedtime and wake time on weekdays and weekends, 

average sleep latency), three items on regular sleep patterns (bedtime, wake time, sleep 

duration), three items on sleep disturbance (restlessness, nightmares, sudden awakening), and 

five items on sleep-related daytime dysfunction (unable to wake up independently, negative 

mood after waking up, extended time before becoming alert, tiredness after waking up, 

sleepiness on commute). The sleep duration subscale was the weighted average of sleep 

durations on weekdays and weekends minus the average sleep latency. The categorisation of 

sleep duration in P3 was changed according to the recommendation for this age group. The 

regular sleep subscale was the number of days that the child had regular bedtimes, wake 
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times, and sleep durations. The sleep quality subscale was the number of days that the child 

was free from both sleep disturbance and daytime sleepiness. All variables were based on 

one-week recall.  

ADHD symptoms  

Presence of ADHD symptoms in children in P3 was measured using the parent-rated Chinese 

Strengths and Weaknesses of ADHD-Symptoms and Normal-Behaviors (SWAN) 

questionnaire. The Chinese SWAN questionnaire was developed based on the Diagnostic and 

Statistical Manual of Mental Disorders (DSM-IV) criteria for ADHD,(20) and has very high 

sensitivity and specificity in distinguishing clinically diagnosed ADHD children from a 

healthy community sample. It has been widely used for the assessment of ADHD symptoms 

among children in Hong Kong.(21) The instrument consists of 18 items, with each item scored 

on a 7-point response scale ranging from +3 (far below average) to -3 (far above average). 

The ADHD-Combined (ADHD-C) score was the mean scores of all 18 items, the ADHD-

Inattentive (ADHD-I) score was the mean of items 1–9, and the ADHD-

Hyperactivity/Impulsivity (ADHD-HI) score was the mean of items 10–18. Children with 

probable ADHD were identified according to the published SWAN cut-off values.(21) These 

cut-off values were reported to screen out about 16% of children with probable ADHD and 

had 83% sensitivity and 75% specificity comparing with clinical diagnosis.(21) Probable 

ADHD (binary variable) and ADHD symptoms (continuous variable) were the primary 

outcome measures in this study. To minimise the possibility of reverse causation, 

participants’ ADHD symptoms at K3 was adjusted in analysis.  

The SWAN questionnaire was not administered at baseline because it was only validated 

among school-aged children. Instead, the ADHD symptom at K3 was measured by the 

inattention and hyperactivity subscale in the Chinese Early Development Instrument (CEDI). 
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The CEDI is a teacher-report assessment tool of 5-year-olds’ holistic early child development 

validated in Hong Kong, while the inattention and hyperactivity was found to have good 

reliability.(22) All the ADHD measurements did not contain items on sleep duration or 

quality.  

Potential confounders 

A family socioeconomic status (SES) index was computed from baseline family 

socioeconomic indicators at recruitment, including maternal and paternal education, maternal 

and paternal occupation, family assets, and adjusted family monthly household income. 

These measurements were aggregated into a single SES index using principal component 

analysis, which has been previously validated as a method to characterize SES variability 

within a population.(9, 22) 

Hong Kong has a comprehensive computerised record and management system in 42 public 

hospitals (~80% of all hospitalisations) since 2000. All patient information, medical 

diagnoses, and drug prescription details are routinely entered into the Clinical Data Analysis 

Reporting System (CDARS).(1) Using the CDARS, we identified children diagnosed with 

OSA, sleep disturbance, and/or taking oral methylphenidate. These variables could be 

potential confounders in the relationship between sleep and ADHD, yet have not been 

included in previous cohort studies.(13, 14) To supplement the potential underdiagnoses of 

OSA, parent-reported persistent snoring (night-time snoring in more than five days of a 

week) was also controlled in the analysis. Methylphenidate is the only approved 

psychostimulant for the treatment of ADHD in children in Hong Kong public hospitals.  

Data analysis  
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Descriptive statistics were calculated for all participants. Independent t-test (for continuous 

variables) and Fisher exact test (for categorical variables) were used to quantify any baseline 

differences between the remaining cohort and the drop-outs. Absolute risk and risk ratio (RR) 

of probable ADHD associated with early sleep duration were estimated using modified 

Poisson regression.(23) Probable ADHD (binary variable) was the dependent variable, while 

sleep duration at K3 were independent variables. Similarly, the prevalence and risk ratio (RR) 

between probable ADHD and concurrent sleep duration/quality were estimated with probable 

ADHD as the dependent variable and concurrent sleep duration/quality as independent 

variables. The associations between ADHD symptom severity and sleep variables were 

studied using multiple linear regressions. In all regression models, baseline SES index, OSA 

and sleep disturbance diagnosis, persistent snoring, and methylphenidate use were controlled 

as covariates. Age was not adjusted because all participants were 5 years baseline. The effect 

of sex was explored in subgroup analysis. Sensitivity analysis was conducted for using 

ADHD diagnosis as dependent variable. Statistical analyses were performed using R 

Statistical Software version 3.2.5. All statistical tests were two-tailed and p-values < 0.05 

were regarded as statistically significant.  

RESULTS 

Among the 514 parent-child dyads recruited in the longitudinal study, 411 of them (80.0% 

retention) agreed to be reassessed when the child was at primary school in P3 between 2014 

and 2015. Three parents did not complete the sleep duration item in K3 and their data were 

excluded from this analysis. The follow-up and attrition groups did not significantly differ in 

baseline demographics and sleep duration (table 1). In the initial assessments at K3, there 

were 264 girls (51.7%) and 247 boys (48.3%) with a mean (SD) age of 5.52 (0.33) years. In 
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the reassessments at P3, there were 210 females (51.5%) and 198 males (48.5%) with a mean 

age of 9.35 (0.33) years.  

Among the 408 children at follow-up, four children (1.0%) were diagnosed with OSA, 26 

(6.4%) had persistent snoring, and 20 (4.9%) received methylphenidate medication. All OSA 

diagnoses and methylphenidate prescriptions occurred after the first assessment at K3. The 

children with OSA have not been surgically treated. Only 43 (10.5%) had the recommended 

sleep duration of 11–12 hours per day during preschool (K3).(17) In primary school (P3), 126 

(30.9%) had the recommended sleeping duration of ≥10 hours per day (17), 38 (9.3%) had 

regular sleep patterns, and 176 (43.1%) had good sleep quality. At follow-up in P3, 61 

(15.0%) children had probable ADHD, 70 (17.2%) had probable ADHD with predominantly 

inattentive symptoms, and 66 (16.2%) had probable ADHD with predominantly hyperactive 

symptoms (Table 1).   

Figure 1 shows the association between probable ADHD in children in P3 and their sleep 

patterns. The risk of probable ADHD among children with <8 hours sleep duration in K3 was 

0.16 (95% CI 0.05–0.48; figure 1A), whereas the risk among children with 11–12 hours of 

sleep duration in K3 was 0.01 (95% CI 0.002–0.08). The adjusted risk ratio (RR) between the 

two groups was 14.19 (95% CI 1.54–130.95, p=0.02). Sensitivity analysis has also confirmed 

a significant association between ADHD diagnosis and sleep duration (RR for each hour 

0.72, 95% CI 0.54–0.97, p<0.001).  

The prevalence of probable ADHD among children with 0–3 days of good quality sleep at P3 

was 0.17 (95% CI 0.11–0.25; figure 1B) compared to those with 6–7 days of good quality 

sleep (prevalence 0.07, 95% CI 0.05–0.11). The adjusted RR between the two groups was 

2.31 (95% CI 1.32–4.03, p=0.003). Sleep duration and regular sleep habit at P3 was not 

significantly associated with the risk of probable ADHD (figures 1C and D).  



10 

The relationships between sleep and ADHD symptom severity are summarised in Table 2. 

There was a gradient relationship between sleep duration in K3 and subsequent ADHD 

symptom severity in P3. Children in K3 with sleep duration of <8 hours had the highest 

ADHD symptom severity scores in P3 (β 0.76, 95% CI 0.12–1.40, p<0.05). However, sleep 

duration in P3 was not associated with ADHD symptom severity scores. Children in P3 with 

0–3 days of good quality sleep and those with the lowest number of days with regular sleep 

patterns had the highest ADHD-combined symptom severity and highest ADHD-inattention 

symptom severity scores (Table 2).  

Table 3 shows the influence of sex on the relationship between children’s sleep 

duration/quality and ADHD symptoms. Boys with sleep deprivation in K3 had significantly 

increased ADHD symptoms in P3, and the effect sizes were much larger than in girls. Girls 

with shorter sleep duration in K3 had higher ADHD symptom scores in P3, but this 

association was not significant. Fewer days with regular sleep patterns and good quality sleep 

in P3 was associated with increased ADHD symptoms in only boys.  

DISCUSSION 

This is the first Chinese population-based cohort study to report an association between sleep 

patterns during early childhood and elevated risk of ADHD in middle childhood. 

Assessments of OSA and methylphenidate use were also included. Most longitudinal studies 

conducted over several years tend to be limited by attrition and a high proportion of missing 

data, particularly among socioeconomically deprived groups. The current study had a 

relatively high retention rate and there were no significant differences in the 

sociodemographic between the follow-up and drop-out groups. Prospective findings between 

early sleep deprivation and subsequent ADHD risk, with a large effect size, provide more 

robust evidence that sleep patterns in young children are a plausible risk factor for ADHD. 
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In line with the literature on sleep patterns and ADHD, we found that sleep-deprived 

preschool children had increased risk of ADHD.4,21,22 However, most previous empirical 

links were derived from cross-sectional studies, and any causal effects of sleep deprivation on 

ADHD risk were not ascertained. Moreover, other studies have suggested that children with 

ADHD were more vulnerable to sleep problems,(24) which makes interpreting the 

relationship between sleep duration and occurrence of ADHD symptoms even more 

challenging. Thus, rigorous longitudinal studies are necessary to delineate this relationship. 

However, previous longitudinal studies had various limitations. The Canadian cohort study 

by Touchette et al focussed only on the relationship between short sleep duration and 

hyperactive behaviours in early childhood and did not examine the long-term risk of 

ADHD.(5) The Avon Longitudinal Study of Parents and Children in South West England 

showed that children with ADHD had abnormal sleeping patterns and slept less than children 

without ADHD, but the absolute differences were small.(12) The current study documented a 

prospective effect between sleep deprivation and later ADHD risk that was relatively large 

(Figure 1A).  

As mentioned by the investigators of the Avon Longitudinal Study,(12) almost all previous 

studies did not capture sufficient health data to address the potential influence of 

psychostimulant medication and OSA on sleep disturbances among children with ADHD 

symptoms. This study sought to address the identified deficits by extracting information on 

methylphenidate use and OSA diagnoses from children’s health records. The prevalence of 

OSA and methylphenidate prescriptions were comparable with previous studies.(1) 

Evidence for a relationship between sleep patterns and ADHD has been demonstrated not 

only in human subjects but also in animal models. For example, an experimental study 

showed that sleep deprivation impaired attention function in rats(25) and increased response 
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latencies on a 5-point reaction time task, which were compatible with human findings on the 

effects of sleep deprivation on attention, psychomotor, and behavioural control.(26) A 

laboratory study also found melanin-concentrating hormone receptor knockout mice slept less 

and expressed marked hyperactivity.(27) These animal models demonstrate the biological 

plausibility of sleep deprivation giving rise to ADHD.  

Although the exact biological pathway between sleep deprivation and ADHD remains 

unconfirmed, we speculate that neurological dysfunction may be a key mediator. Previous 

clinical and laboratory studies have found that dopamine dysfunction played a crucial role in 

the development of ADHD.(28) Emerging evidence that insufficient sleep downregulated 

dopaminergic receptors in the brain(29) may account for increased ADHD symptoms in 

children with early childhood sleep deprivation in this study. In addition, sleep deprivation 

has been shown to decrease the functional connectivity and synchronisation of brain 

networks, especially in prefrontal regions.(30) Chronic sleep deprivation may impair 

functional and structural neural networks within prefrontal regions during the critical phase of 

brain development in preschool years, leading to the development of ADHD symptoms in 

middle childhood.  

It should be noted that environmental factors, such as psychological stressors, may contribute 

to ADHD through shorter sleep duration or unhealthy sleep habit. Previous studies have 

identified the unique role of psychological stress on suboptimal sleep (31). The mediation 

role of sleep between environmental factors and ADHD warrant further investigation.  

Sex differences in the prevalence and occurrence of ADHD have been reported, but the exact 

causes are still unknown. Population studies in Europe and U.S. found that boys were two to 

four times more likely to have ADHD than girls,(32) and boys tended to manifest ADHD 

symptoms at a younger age.(33) A previous study reported that male adults with ADHD 
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displayed more seriously impaired cerebellar-prefrontal-striatal brain networks than 

females.(34) Neurophysiological studies demonstrated that girls with ADHD exhibited 

abnormal brain activities in localised regions, whereas boys exhibited more widespread 

dysfunction.(35, 36) In line with these observations, results from the current study indicated 

that sleep deprivation had more prominent detrimental effects on boys than girls in middle 

childhood. This sex difference in sleep-related neurobehaviour may be linked to underlying 

epigenetic or neuroendocrine changes,(37) and warrants further investigation. 

Sleep deprivation in children in P3 did not appear to increase ADHD risk, suggesting that 

children may be less vulnerable to insufficient sleep-related damage during middle 

childhood.(38) Early childhood is a critical stage for the rapid development of executive 

functions. As such, sleep deprivation may be particularly harmful to early brain development, 

resulting in an increased ADHD risk. Results from this study provides strong evidence for the 

importance of sufficient sleep during preschool years, a critical stage for early brain 

development. Emerging evidence highlights the role of environmental influences on frontal 

lobe development during early childhood(8), and additional attention should be devoted to 

examining the early environmental context that provoke vulnerable sleep patterns. For 

example, disruptions in family emotional climate, routines, and agendas may directly shape 

children’s sleep patterns(39, 40). Furthermore, it is biologically plausible that sleep 

disturbance is transdiagnostic with implications across multiple psychiatric disorders(41), 

revealing vulnerable ecological patterns in early childhood can provide viable targets for 

early intervention.  

In clinical practice, because ADHD is one of the most common neurodevelopmental 

disorders with significant morbidities across the life course, parents and healthcare 

professionals should be informed about sleep as a key behavioural risk factor and appropriate 
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parenting practices should be advised. When assessing a child with developmental or 

behavioural concerns, it should be routine practice for paediatric providers to screen for sleep 

problems and give advice on sleep hygiene. Children with sleep disorders should be referred 

for evaluation and management by a sleep specialist early on to prevent detrimental effects on 

their attention and behaviours. A previous study had shown that many primary care 

paediatricians did not feel confident in counselling patients with sleep issues(42), 

highlighting the importance of formal education on sleep disorders for all paediatric 

providers.  

Furthermore, better child-friendly policies should be established to ensure young children 

have sufficient sleep and be optimally protected from developing ADHD and other mental 

health conditions.  

The findings from this study should be interpreted with the following caveats. First, 

children’s sleep patterns and quality of sleep were based on parental reports rather than 

objective assessments. Although subjective reporting can be prone to recall bias, this 

information was collected directly from parents or caregivers who were familiar with the 

child’s sleep habits. Previous studies also showed that parental reporting of children’s sleep 

duration were quite reliable.(43) Second, the presence of ADHD symptoms was measured 

using the parent-rated SWAN questionnaire and was not based on clinician assessments. The 

Chinese SWAN has been validated as a reliable tool with very high sensitivity and 

specificity, and has been widely used in previous population and clinical studies.(21) Third, 

although there were some missing data due to attrition, this cohort study had a relatively high 

retention rate and there were no significant differences between the follow-up and drop-out 

groups. Fourth, only parent-report ADHD symptoms is available. Impaired parent-child 

relationship may confound the association found. Last but not least, the sample size is 
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relatively limited in detecting the moderation effect of sex, despite the observed effect size 

difference.  

In conclusion, insufficient sleep during preschool years increases the risk of ADHD in middle 

childhood. One potential way to tackle early insufficient sleep is to extend existing effective 

sleep education(44) to parents and caregivers and alert them of the deleterious impact of early 

childhood sleep deprivation on long-term development. Paediatricians and other healthcare 

providers should beware of the potential adverse effect of sleep deprivation on ADHD and 

apply relevant treatment and advices for children with sleep problems.  
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Figure 1: Relationship between probable ADHD and sleep 

 

 
Adjusted for family SES and ADHD symptoms at K3, OSA diagnosis, persistent snoring, and methylphenidate use. Ref: Reference group 

RR: Risk ratio compared with the reference group
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Table 1: Participant characteristics 

  
Drop-outs 
(n=103) 

Participants re-
assessed (n=408) P 

Gender, n (%)   0.91 

Female 54 (52.4) 210 (51.5)  

Male 49 (47.6) 198 (48.5)  

Age at K3, mean (SD) 5.55 (0.42) 5.52 (0.33) 0.48 

Monthly family income, mean (SD), USD 1000 4.96 (4.12) 5.84 (4.22) 0.06 

Maternal education level, n (%)   0.15 

Bachelor degree or above 26 (25.2) 143 (35.0)  

Grade 10 to diploma 45 (43.7) 149 (36.5)  

Grade 9 or below 32 (31.1) 116 (28.4)  

Sleep duration at K3, n (%)   0.82 

<8 hours 2 (1.9) 11 (2.7)  

8 to <9 hours 13 (12.6) 63 (15.4)  

9 to <11 hours 79 (76.7) 289 (70.8)  

11 to 12 hours 9 (8.7) 43 (10.5)  

>12 hours 0 (0.0) 2 (0.5)  

ADHD symptoms at K3, mean (SD) 8.80 (1.79) 9.01 (1.81) 0.30 

Age at P3, mean (SD) - 9.35 (0.33)  

Sleep duration at P3, n (%)    

<8 hours - 85 (20.8)  

8 to <10 hours - 190 (46.6)  

≥10 hours - 126 (30.9)  

Missing - 7 (1.7)  

Regular sleep pattern at P3, n (%)    

0-3 days in a week - 158 (38.7)  

4-5 days in a week - 208 (51.0)  

6-7 days in a week - 38 (9.3)  

Missing - 4 (1.0)  

Good quality sleep at P3, n (%)    

0-3 days in a week - 101 (24.8)  

4-5 days in a week - 127 (31.1)  

6-7 days in a week - 176 (43.1)  

Missing - 4 (1.0)  

Diagnosis of OSA, n (%) - 4 (1.0)  

Diagnosis of sleep disturbance, n (%) - 2 (0.5)  

Persistent snoring, n (%) - 26 (6.4)  

Use of methylphenidate, n (%) - 20 (4.9)  

ADHD symptoms at P3    

Potential ADHD-combined, n (%) - 61 (15.0)  

Potential ADHD-inattention, n (%) - 70 (17.2)  

Potential ADHD-hyperactivity, n (%) - 66 (16.2)  

Combined score, mean (SD) - -0.57 (1.02)  

Inattention score, mean (SD) - -0.38 (1.03)  

Hyperactivity score, mean (SD) - -0.77 (1.13)   
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Table 2: Sleep and ADHD symptom severity 

 ADHD symptom score  Inattention symptom score  Hyperactivity symptom score 

  β (95% CI) P  β (95% CI) P  β (95% CI) P 

Sleep duration at K3         
<8 hours 0.77 ( 0.14, 1.40) *  0.89 ( 0.25, 1.53) **  0.66 (-0.06, 1.37)  
8 to <9 hours 0.36 ( 0.00, 0.72)   0.33 (-0.03, 0.70)   0.37 (-0.04, 0.78)  
9 to <11 hours 0.21 (-0.09, 0.51)   0.20 (-0.10, 0.50)   0.22 (-0.12, 0.56)  
11 to 12 hours 0 (Reference)   0 (Reference)   0 (Reference)  

Sleep duration at P3 
 

  

 

  

 

 
<8 hours 0.20 (-0.05, 0.46)   0.21 (-0.05, 0.47)   0.20 (-0.09, 0.49)  
8 to <10 hours 0.12 (-0.09, 0.33)   0.13 (-0.09, 0.34)   0.12 (-0.11, 0.36)  
≥10 hours 0 (Reference)   0 (Reference)   0 (Reference)  

Regular sleep pattern at P3    

 

  

 

 
0-3 days/week 0.44 ( 0.10, 0.78) *  0.55 ( 0.21, 0.89) **  0.34 (-0.03, 0.72)  
4-5 days/week 0.38 ( 0.05, 0.70) *  0.38 ( 0.05, 0.70) *  0.36 ( 0.00, 0.72)  
6-7 days/week 0 (Reference)   0 (Reference)   0 (Reference)  

Good quality sleep at P3    

 

  

 

 
0-3 days/week 0.38 ( 0.15, 0.61) **  0.40 ( 0.17, 0.63) **  0.36 ( 0.10, 0.62) * 

4-5 days/week 0.03 (-0.18, 0.24)   0.06 (-0.15, 0.27)   0.01 (-0.23, 0.24)  
6-7 days/week 0 (Reference)     0 (Reference)     0 (Reference)   

Adjusted for family SES and ADHD symptoms at K3, diagnosis of OSA and sleep disturbance, persistent snoring, and methylphenidate use 

**P<0.01, *P<0.05 
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Table 3: Sleep and ADHD symptom severity stratified by gender 

 ADHD symptoms of female  ADHD symptoms of male  Interaction  
P   β (95% CI) P  β (95% CI) P  

Sleep duration at K3       0.07 
<8 hours  0.59 (-0.22, 1.39) 

 
 0.88 (-0.08, 1.84) 

 
  

8 to <9 hours -0.06 (-0.54, 0.42) 
 

 0.67 ( 0.14, 1.20) *   
9 to <11 hours -0.05 (-0.43, 0.33) 

 
 0.48 ( 0.03, 0.94) *   

11 to 12 hours 0 (Reference)     0 (Reference) 
 

  
Sleep duration at P3 

  
 

  
 0.67 

≤8 hours  0.14 (-0.18, 0.46) 
 

 0.22 (-0.17, 0.62) 
 

  
>8 to <10 hours  0.05 (-0.21, 0.30) 

 
 0.19 (-0.14, 0.52) 

 
  

≥10 hours 0 (Reference)     0 (Reference) 
 

  
Regular sleep pattern at P3  

 
 

  
 0.22 

0-3 days/week  0.21 (-0.26, 0.68) 
 

 0.74 ( 0.26, 1.22) **   
4-5 days/week  0.17 (-0.29, 0.62) 

 
 0.60 ( 0.14, 1.05) *   

6-7 days/week 0 (Reference)     0 (Reference) 
 

  
Good quality sleep at P3  

 
 

  
 0.84 

0-3 days/week  0.34 ( 0.05, 0.64) *  0.39 ( 0.04, 0.74) *   
4-5 days/week  0.05 (-0.21, 0.31) 

 
 0.07 (-0.27, 0.40) 

 
  

6-7 days/week 0 (Reference)     0 (Reference)     
Adjusted for family SES and ADHD symptoms at K3, diagnosis of OSA and sleep disturbance, persistent snoring, and methylphenidate use 

**P<0.01, *P<0.05 

 

 

 


