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Annex 1. Distribution of the CPRS ADHD index score and the SDQ total difficulties score. 
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ABSTRACT 

Objective: To analyze associations between time spent sleeping, watching TV, 

engaging in cognitively-stimulating activities, and engaging in physical activity, all at 4 

years, and (i) attention-deficit/ hyperactivity disorder (ADHD) symptoms and (ii) 

behavior problems, both assessed at 7 years, in ADHD-free children at baseline. 

Method: In total, 817 participants of the INfancia y Medio Ambiente birth cohort, 

without ADHD at baseline, were included. At the 4-year follow-up, parents reported the 

time that their children spent sleeping, watching TV, engaging in cognitively-

stimulating activities, and engaging in physical activity. At the 7-year follow-up, 

parents completed the Conner’s Parent Rating Scales and the Strengths and Difficulties 

Questionnaire, which measure ADHD symptoms and behavior problems, respectively. 

Negative binomial regression models were used to assess associations between the 

activities at 4 years and ADHD symptoms and behavior problems at 7 years.     

Results: Children (48% girls) spent a median (p25-p75) of 10 (10-11) h/day sleeping, 

1.5 (0.9-2) h/day watching TV, 1.4 (0.9-1.9) h/day engaging in cognitively-stimulating 

activities, and 1.5 (0.4-2.3) h/day engaging in physical activity. Longer sleep duration 

(>10h/d) was associated with a lower ADHD symptom score (adjusted incidence rate 

ratio=0.97, 95% CI=0.95-1.00). Longer time spent in cognitively-stimulating activities 

(>1h/d) was associated with lower scores of both ADHD symptoms (0.96, 0.94-0.98) 

and behavior problems (0.89, 0.83-0.97). Time spent watching TV and engaging in 

physical activity were not associated with either outcome.  

Conclusions: A shorter sleep duration and less time spent in cognitively-stimulating 

activities were associated with an increased risk of developing ADHD symptoms and 

behavior problems.   

Keywords: ADHD; behavior problems; physical activity; sleep; cognitively-stimulating 

activities 
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INTRODUCTION 

Attention-deficit/hyperactivity disorder (ADHD) is considered the most common 

childhood neurobehavioral disorder, with a worldwide prevalence of 5% in children and 

adolescents1. It is characterized by an age-inappropriate pattern of inattention and/or 

hyperactivity–impulsivity2. ADHD symptoms are associated with academic difficulties3 

and with an increased risk of other comorbid behavior problems4. The etiology of 

ADHD is complex as it is influenced by both genetic and non-genetic factors, such as 

smoking during pregnancy or duration of breastfeeding, as well as their interplay5. 

Moreover, some lifestyle factors have been associated with ADHD symptoms. Sleeping 

less than 9 hours at 2.5 years of age was related to a higher risk of ADHD symptoms at 

6 years6.  Continued high TV exposure was also associated with the incidence of 

ADHD-related symptoms in both preschool and school-aged children in studies with 1-

year follow-ups7,8. However, there is a lack of knowledge regarding the role of other 

relevant lifestyle factors on the incidence of ADHD symptoms. Cognitively-stimulating 

activities, such as reading or doing puzzles, have not yet been studied, despite the fact 

that these are common childhood activities and that they might have positive effects on 

child development 9. Similarly, although exercise interventions have been found to be 

effective at mitigating ADHD symptoms in children with this disorder10, and 

involvement in sports has been cross-sectionally related to fewer behavior problems11, 

no study has longitudinally analyzed the role of physical activity on the incidence of 

ADHD symptoms. Furthermore, the joint effect of such lifestyle factors has not yet been 

assessed, despite their close relation, e.g., a higher time spent watching TV may come at 

the cost of less sleep12. 

The objective of the current study was to analyze associations between time spent 

sleeping, watching TV, engaging in cognitively-stimulating activities, and engaging in 

physical activity, all at 4 years, and (i) ADHD symptoms and (ii) behavior problems, 

both assessed at 7 years, in ADHD-free children at baseline. 

METHOD 

Study Design and Participants 

We used data from two regions of the Spanish longitudinal birth cohort INMA -

INfancia y Medio Ambiente [Environment and Childhood] 
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(http://www.proyectoinma.org). The criteria for inclusion and details of the data 

collection have been described elsewhere 13. Briefly, between November 2003 and July 

2006, pregnant women were recruited while attending antenatal care and eventually, 

their children were included in the study. The children were followed-up at 1.5, 4, 7 and 

9 years of age. The present study includes information covering age 4 years (set as our 

baseline visit) to 7 years (follow-up visit). Out of the 1147 children that attended the 

baseline visit at 4-years, we excluded: 4 prevalent ADHD cases (children with a doctor 

diagnosis of ADHD), 49 children without exposure data, 151 children without 

information about baseline ADHD symptoms, 108 children lost to follow-up by age 7 

years, and 18 children without outcome data at the follow-up visit. Ultimately, 817 

children (71% of the original sample) were included in the present analysis (see figure, 

Supplemental Digital Content 1, which illustrates the selection of study participants). 

The Ethics Committee of participating hospitals approved the study and all parents 

provided informed consent.  

Measures 

Lifestyle Factors Assessment 

At age 4 years, we assessed the time children spent sleeping, watching TV, engaging in 

cognitively-stimulating activities, and engaging in physical activity using a parent-

completed questionnaire. Time spent sleeping was assessed with the question “How 

many hours per day does your child spend sleeping? Include nap time”. Time spent 

watching TV was assessed with the question “How many hours per day does your child 

spend watching TV/videos?” Time spent engaging in cognitively-stimulating activities 

was assessed with the question “Outside school, how many hours per day does your 

child spend with games or other sedentary activities (for example: jigsaw puzzles, 

books, dolls, homework, or computer/videogames)? Exclude TV/videos and Wii 

sports”. Finally, time spent engaging in physical activity was assessed with the question 

“How many hours per day does your child spend with structured extracurricular 

activities (as dance, swimming, etc.) or with non-structured activities (playing in the 

playground/park, cycling, running, jumping, skating, swimming, etc.). Exclude Wii 

sports and commute to school”.  

Behavior Assessment 

http://www.proyectoinma.org/
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Data on behavior problems, including ADHD, were collected at both age periods. At 

age 4 years, we used medical histories to assess a clinical diagnosis of ADHD (used to 

exclude prevalent ADHD cases at baseline). Additionally, each child’s teacher 

completed the ADHD Diagnostic and Statistical Manual of Mental Disorders (Fourth 

Edition) (ADHD-DSM-IV) form14. This form is an internationally recognized list of 18 

items designed to evaluate attention deficit, hyperactivity, and impulsivity symptoms in 

children. We used the number of symptoms reported in the ADHD-DSM-IV form by 

each child’s teacher as a key covariate in the final models to account for potential 

reverse causation. 

At age 7 years, we measured ADHD symptoms with the short form of the Conners’ 

Parent Rating Scales (CPRS)15, which assesses problematic behavior in children. The 

CPRS consists of 27 items that result into scores for three subscales (oppositional, 

cognitive problems/inattention, and hyperactivity) and an ADHD Index. The raw scores 

are transformed (T-Scores) to have a mean of 50 and a standard deviation of 10. A 

higher ADHD Index score indicates higher ADHD symptoms and a score above 65 is 

usually indicative of a clinically significant problem16. For the present study, the ADHD 

Index, as a continuous variable, was used as the main measure of ADHD symptoms. 

The subscales were used in secondary analyses.  

The behavior development of the children was also assessed at 7 years using the 

parental version of the Strengths and Difficulties Questionnaire (SDQ)17. The SDQ 

consists of 25 items, which translate into individual scores for five subscales (emotional 

symptoms, conduct problems, hyperactivity/inattention, peer relationship problems, and 

prosocial behavior) that range from 0 to 10 and a Total Difficulties Score that ranges 

from 0 to 40. The Total Difficulties Score is obtained by summing four of the five 

scales (emotional symptoms, conduct problems, hyperactivity/inattention, and peer 

relationship problems; prosocial behavior is excluded because it is a positive subscale), 

and a higher score is indicative of more behavior problems. A score of ≥17 is indicative 

of abnormal behavior problems17. For the present study, we used the Total Difficulties 

Score, as a continuous variable, as the main measure of behavior problems. The five 

subscales were used in secondary analyses. 

Covariates 
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During pregnancy, at birth, and at age 1 year questionnaires or medical records were 

used to collect data on maternal and paternal education, maternal and paternal social 

class, any maternal smoking during pregnancy, any maternal alcohol use during 

pregnancy, child’s sex, gestational age at birth, birth weight, and duration of any 

breastfeeding. The following information was also obtained by questionnaire when the 

children were 4 years: maternal smoking habits, maternal intelligence (using the 

similarities subtest of the Wechsler Adult Intelligence Scales 3rd edition (WAIS-III)18 

as a proxy of intelligence quotient (IQ)), maternal mental health (using the Symptom 

Check List- 90-R (SCL-90-R)19), child daycare/nursery attendance before school, and 

child neuropsychological conditions (defined as seeing a psychologist and/or having a 

neuropsychological diagnosis other than ADHD).  

Statistical Analysis 

A priori to any modeling, we decided to use all exposure variables as categorical 

variables in the main analysis and as continuous variables in sensitivity analyses. This 

decision was primarily based on existing recommendations 20–22 (which facilitates the 

interpretation of the results in terms of public health relevance) and is supported by the 

results of the generalized additive models (GAMs). The GAMs suggested generally 

linear trends between time spent watching TV, engaging in cognitively-stimulating 

activities, and engaging in physical activity with the CPRS ADHD Index and the SDQ 

Total Difficulties Score. However, the GAM for the association between time spent 

sleeping and the CPRS ADHD Index and the SDQ Total Difficulties Score showed an 

inflection point at 10 hours per day, which suggests that entering time spent sleeping as 

a continuous variable into the models for our outcome variables could hide potential 

true associations. Thus, the cut-offs for time spent sleeping and watching TV were 10 

h/day and 1h/day, respectively, according to recommendations set for preschoolers20–22. 

Time spent engaging in cognitively-stimulating activities was categorized as ≤1h/day 

and >1h/day, according to the data distribution. Finally, time spent engaging in physical 

activity was categorized as low, moderate, and high according to region-specific tertiles, 

as the data distribution for this variable differed by region.  

We analyzed the differences in the distribution of the outcomes (ADHD symptoms and 

behavior problems) at age 7 years according to the exposures (sleep, TV, cognitively-

stimulating activities, and physical activity) at age 4 years using U-Mann Whitney or 
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Kruskal-Wallis tests. Negative binomial regression models were used to assess the 

association between each exposure variable and ADHD symptoms (CPRS scores) and 

behavior problems (SDQ scores), because the outcome variables were over-dispersed 

count variables 23. We performed a complete case analysis. Effect estimates are 

presented as incidence rate ratios (IRR) and their corresponding 95% confidence 

intervals. The IRR indicates the number of times that the CPRS ADHD Index/SDQ 

Total Difficulties Score is lower (IRR<1) or higher (IRR>1) than that of the reference 

group. 

Based on the previous literature, we initially considered the following variables as 

potential confounders: children age, sex, birth weight, gestational age, duration of any 

breastfeeding, parents’ social class, educational level, maternal IQ, maternal mental 

health, any maternal alcohol intake during pregnancy, any maternal smoking during 

pregnancy, maternal smoking when the child was 4 years, child daycare/nursery 

attendance before school, and child neuropsychological conditions at 4 years. 

Covariates were retained in the final model if they were statistically related to the 

outcome or modified the coefficient of any other covariate >10%. All models were 

additionally adjusted for the number of symptoms reported in the ADHD-DSM-IV form 

by each child’s teacher at baseline to account for potential reverse causation. We tested 

goodness of fit of the models using the likelihood-ratio test.  

We tested potential interactions between the exposure variables in the final models by 

using interaction terms. We performed several sensitivity analyses to assess the 

robustness of the results: the exposures were entered into the models as continuous 

variables, children with extreme exposure values were excluded, and children beyond 

the established cut-offs for ADHD symptoms and behavior problems were excluded. 

All statistical analyses were conducted with Stata 12.0 (Stata Corporation, College 

Station, Texas).  

RESULTS 

There were no differences in birth weight or gestational age between participants and 

non-participants. Non-participants had a lower duration of breastfeeding, maternal IQ, 

and parental educational level compared to participants (see table, Supplemental Digital 

Content 1, which compares the characteristics of participants and non-participants). The 

study population consisted of 817 children (418 boys and 399 girls). Children spent a 

median (p25-p75) of 10 (10-11) h/day sleeping, 1.5 (0.9-2) h/day watching TV, 1.4 
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(0.9-1.9) h/day engaging in cognitively-stimulating activities, and 1.5 (0.4-2.3) h/day 

engaging in physical activity (Table 1). The median score (p25-p75) of the ADHD 

Index and the Total Difficulties Score was 49 (45-56) and 8 (5-12), respectively (Table 

1).  

A shorter sleep duration and a shorter time spent engaging in cognitively-stimulating 

activities at age 4 years were associated with a higher ADHD symptom score at age 7 

years. A longer time spent watching TV and a shorter time spent engaging in 

cognitively-stimulating activities were related to more behavior problems (Table 2). 

After adjustment for child sex, duration of breastfeeding, maternal smoking during 

pregnancy, maternal smoking  when the child was 4 years, maternal education, maternal 

IQ, maternal mental health, paternal education, child daycare/nursery attendance before 

school, baseline child neuropsychological conditions, number of ADHD-DSM-IV 

symptoms at baseline, and region, the association between time spent sleeping and 

ADHD symptoms, as well as between time spent engaging in cognitively-stimulating 

activities and ADHD symptoms and behavior problems remained statistically 

significant (Table 3). However, time spent watching TV and engaging in physical 

activity at were no longer associated with either outcome. 

Additional analyses using the CPRS and SDQ subscales indicated that a longer sleep 

duration was associated with a lower CPRS cognitive score, and a longer time spent 

engaging in cognitively-stimulating activities was associated with lower CPRS 

cognitive, CPRS hyperactivity, SDQ conduct problem, and hyperactivity/inattention 

problem scores (see tables, Supplemental Digital Content 2 and 3, which show results 

for all subscales of CPRS and SDQ). 

We did not find statistically significant interactions between any of the exposure 

variables. Sensitivity analyses showed very similar estimates (see tables, Supplemental 

Digital Content 4 to 6, which show the results of each sensitivity analysis).  

DISCUSSION 

This study is the first to demonstrate associations between a longer time spent engaging 

in cognitively-stimulating activities and lower scores of both ADHD symptoms and 

behavior problems, in ADHD-free children at baseline. We also found that sleeping 

longer was associated with a lower ADHD symptom score. In contrast, time spent 

watching TV and time spent engaging in physical activity at age 4 years were not 
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associated with ADHD symptoms or behavior problems at age 7 years, nor was there 

any evidence of interactions between the several exposures considered.  

The associations between higher time spent in cognitively-stimulating activities and 

lowers scores of both ADHD symptoms and behavior problems are supported by 

previous studies which reported associations between playing, reading or being read to, 

and positive cognitive development9,24. Although the mechanisms for these associations 

are still unclear, the context in which these activities occur may be important. Playing, 

reading or being read to may increase interactions with other children and/or with the 

parents, which in turn, have been related to a better cognitive development in school-

aged children25. Unfortunately, as the original question about cognitively-stimulating 

activities included different kinds of activities, it is not possible to decipher which 

activity may be most important. Moreover, time reading a book may not be equal to 

time spent playing video games. Thus, the current findings need to be interpreted with 

caution and future research with detailed assessments of time spent in each of the 

cognitively-stimulating activities may provide more conclusive evidence. 

The association we observed between a longer sleep duration and a lower ADHD 

symptom score is in concordance with previous similar longitudinal studies,  which 

included children of diverse age ranges (from 3 to 11 years)6,26, thereby adding to the 

consistency of the findings. The benefits of more sleep may be explained in part by the 

fact that sleeping improves the development of executive functions27, whose deficits are 

key neuropsychological features of ADHD. On the other hand, our results show no 

association between sleeping time and behavior problems, which is in discordance with 

previous evidence28. This apparent discrepancy may be explained by the fact that 

previous studies that report an association between short sleep and behavior problems 

define a short sleep as having less than 9 hours per night, a level achieved by less than 

5% of our sample. 

It could be argued that, both for sleep duration and time spent engaging in cognitively-

stimulating activities, the magnitude of the association with ADHD symptoms and 

behavior problems is relatively small and therefore, the clinical significance of our 

findings may be questionable. However, in population-based research, it is common that 

small differences (e.g., in CPRS ADHD Index score) at the individual level result in 

large differences at the population level (e.g., prevalence of ADHD disorder)29. Given 



9 

 

that ADHD is currently considered the most common neurobehavioral disorder in 

childhood, even a small effect of lifestyle factors on this disorder could result in 

important and measurable health and societal impacts at the population level. 

We found no association between time spent watching TV during early childhood and 

scores of either ADHD symptoms or behavior problems by school age. This finding is 

also not in line with previous work. Longitudinal studies have found positive 

associations between time spent watching TV and  ADHD symptoms 7,8 as well as with 

an increased risk of behavior problems in children 30,31. Reasons for this inconsistency 

may be that our TV exposure variable was less detailed than that used in previous 

studies, and that the age distribution of our study is different from that used in other 

studies, as the effect of TV exposure may differ by stage of development.  

Our study is the first to assess the longitudinal association between physical activity (at 

4 years) and scores of ADHD symptoms and behavior problems (at 7 years), and we 

found no indication of an existing association. Exercise interventions in children with 

ADHD have shown to be effective for mitigating ADHD symptoms10 and involvement 

in sports has been associated with fewer behavior problems and more prosocial 

behaviors11. The fact that we found no associations may be due to a lack of any real 

effect of physical activity on the development of ADHD or behavior problems, or 

because of misclassification in the physical activity variable due to the use of a 

questionnaire.  

The present research is subject to some limitations. First, we used a parental 

questionnaire to assess time spent sleeping, watching TV, engaging in cognitive-

stimulating activities, and engaging in physical activity. Misclassification for all of 

these exposures is thus possible. Furthermore, the misclassification may be differential 

for ADHD symptoms as parents of children with ADHD symptoms may be more likely 

to report that their children sleep less hours or are more physically active. Second, 

ADHD symptoms and behavior problems were also measured using questionnaires 

completed by the parents, and therefore, some misclassification of the outcome is also 

possible. Third, the children who participated in the study had longer breastfeeding, 

higher maternal IQ, and higher parental education levels than those who did not 

participate. Because these are all risk factors for ADHD symptoms and behavior 

problems, our associations may be underestimated. Fourth, although attendance to 
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school at age 4 years is not compulsory in our study area, it is very common and the 

educational programs are fairly standardized. This may limit the broad generalizability 

of our findings to other geographical areas with different educational norms and 

programs. Finally, as we did not collect information on pharmacological or non-

pharmacological treatment of children with comorbidities, genetic factors, or all 

potentially relevant parental factors (e.g. paternal history of ADHD), our results may be 

subject to some residual confounding. 

This research nonetheless has several strengths. First, the longitudinal study design and 

the adjustment for baseline ADHD symptoms and neuropsychological conditions of the 

children reduced the possibility of reverse causation. Second, we had detailed 

information of many relevant potential confounders, such as socioeconomic and 

environmental factors. Third, the population-based sampling improves the 

generalizability of the findings. Finally, to our knowledge, this is the first study to 

analyze the effect of cognitively-stimulating activities, like reading, doing puzzles, and 

playing games, on the risk of developing ADHD symptoms and behavior problems.  

Conclusion 

A shorter sleep duration and less time spent in cognitively-stimulating activities were 

associated with an increased risk of developing ADHD symptoms and behavior 

problems. These results have important public health implications since an adequate 

sleep schedule and an appropriate distribution of leisure-time activities during preschool 

life could affect future ADHD and behavior development. Further research in other 

geographical areas with different distributions of the investigated lifestyle factors is 

warranted to better design and test health promotion strategies.  
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Table 1 

Description of the study population 

n (N=817) n(%)/mean(sd)/ 

median (p25-p75) 

Mothers Characteristics 

Age at child birth 812 30.6 (4.1) 

Social class 755 

High skilled/ skilled (I+II) 162 (21.5) 

Partly skilled (III) 231 (30.6) 

Unskilled / unemployed (IV+V) 362 (47.9) 

Educational level 803 

Primary or less 184 (22.1) 

Secondary 355 (44.2) 

University 264 (32.9) 

Smoking during pregnancy 808 256 (31.7) 

Smoking when child was 4 years 814 249 (30.6) 

Alcohol intake during pregnancy 745 79 (10.6) 

Maternal IQ (WAIS-III score) 806 10.4 (3.1) 

Maternal mental health (SCL-90-R score) 810 0.7 (0.4-1) 

Fathers Characteristics 

Age at child birth 813 32.5 (29-35) 

Social class 730 

High skilled/ skilled (I+II) 151 (20.7) 

Partly skilled (III) 140 (19.2) 

Unskilled / unemployed (IV+V) 439 (60.1) 

Educational level 803 

Primary or less 299 (36.9) 

Secondary 332 (41) 

University 179 (22.1) 

Children Characteristics 

Age at baseline visit 817 4.4 (4.3-4.5) 

Age at follow-up visit 817 7 (6.5-7.1) 

Sex 817 

Male 418 (51.2) 

Female 399 (48.8) 

Low birth weight (<2.5kg) 817 43 (5.3) 

Gestational age at birth (weeks) 817 39.9 (38.9-40.7) 

Duration of any breastfeeding (weeks) 816 25.9 (8.9-39.4) 

Daycare/nursery attendance before  

school  

742 

Yes 635  (85.6) 

No 107 (14.4) 

Baseline neuropsychological conditions* 815 

Yes 59  (7.2) 

No 756 (92.8) 

Number of ADHD-DSM-IV symptoms at baseline 817 0 (0-1) 



Table 1 

Description of the study population (continued) 

n (N=817) n(%)/mean(sd)/ 

median (p25-p75) 

Sleep, sedentary activities, and physical activity at 

age 4 years 

Sleeping (h/day) 817 10 (10-11) 

Watching TV (h/day) 817 1.5 (0.9-2) 

Cognitively-stimulating activities (h/day) 817 1.4 (0.9-1.9) 

Physical activity (h/day) 817 1.5 (0.4-2.3) 

Behavior assessment at age 7 years 

CPRS (T-Scores) 

ADHD Index 817 49 (45-56) 

Oppositional/Inattention subscale 817 48 (43-54) 

Cognitive subscale 817 50 (44-56) 

Hyperactivity subscale 817 51 (45-60) 

SDQ 

Total difficulties score (0-40) 817 8 (5-12) 

Emotional subscale (0-10) 817 2 (1-3) 

Conduct subscale (0-10) 817 1 (1-3) 

Hyperactivity/ Inattention subscale (0-10) 817 4 (2-5) 

Peer relationship subscale (0-10) 817 1 (0-2) 

Prosocial behavior subscale (0-10) 817 9 (7-10) 

Note: CPRS: Conner’s Parent Rating Scale; DSM-IV: Diagnostic and Statistical Manual of mental disorders- 4th edition; IQ: 

Intelligence Quotient; SCL-90-R: Symptom Check List- 90-R: SDQ: Strengths and Difficulties Questionnaire; WAIS-III: 

Wechsler Adult Intelligence-Third Edition 
* Defined as seeing a psychologist and/or having a neuropsychological diagnosis different than ADHD



Table 2 

Distribution of ADHD symptom and behavior problem scores at age 7 years, according to 

the length of time spent sleeping, watching TV, engaging in cognitively-stimulating 

activities, and engaging in physical activity at age 4 years 

n ADHD symptoms  

(CPRS ADHD Index) 

Behavior problems  

(SDQ Total Difficulties) 

Score) 

Median 

(p25-p75) 

p-value§ Median  

(p25-p75) 

p-value§

Sleeping 

≤10 h/day 418 51 (45-58) 0.006 8 (6-12) 0.111 

>10 h/day 399 48 (45-55) 8 (5-11) 

Watching TV 

≤1 h/day 297 49 (45-56)  0.044 7 (5-11) 0.001 

>1 h/day 520 51 (45-57) 9 (5-12) 

Cognitively-stimulating 

activities 

≤1 h/day 364 51.5 (45-58) 0.004 9 (6-12) 0.001 

>1 h/day 453 49 (45-55) 8 (5-11) 

Physical activity 

Low  308 49 (45-58) 0.219 8 (5-11) 0.650 

Moderate 243 51 (45-56) 8 (5-13) 

High  266 49 (45-55) 8 (6-11) 

Note:  CPRS: Conner’s Parent Rating Scale; SDQ: Strengths and Difficulties Questionnaire. 
§ U-Mann Whitney or Kruskal-Wallis according to variable type



Table 3 

Adjusted associations between time spent sleeping, watching TV, engaging in cognitively-stimulating activities, and engaging 

in physical activity at age 4 years, and ADHD symptoms and behavior problems at age 7 years (negative binomial regression) 

n ADHD symptoms 

(CPRS ADHD Index) 

Behavior problems 

(SDQ Total Difficulties Score) 

Adjusted ǂ  IRR 

(95% CI) 
p-value

Adjusted ǂ  IRR 

(95% CI)
p-value

Sleeping 

≤10 h/day 363 1[reference] 1 [reference] 

>10 h/day 348 0.97 (0.95 to 1.00) 0.035 0.97 (0.89 to 1.04) 0.380 

Watching TV 

≤1 h/day 268 1 [reference] 1 [reference] 

>1 h/day 443 1.01 (0.99 to 1.04) 0.338 1.07 (0.99 to 1.16) 0.106 

Cognitively-stimulating 

activities 

≤1 h/day 320 1 [reference] 1 [reference] 

>1 h/day 391 0.96 (0.94 to 0.98) <0.001 0.89 (0.83 to 0.97) 0.005 

Physical activity 

Low 283 1 [reference] 1 [reference] 

Moderate 208 1.01 (0.98 to 1.04) 0.607 1.01 (0.92 to 1.11) 0.769 

High 220 0.99 (0.96 to 1.02) 0.471 1.03 (0.94 to 1.13) 0.480 
Note:  CI: confidence interval; CPRS: Conner’s Parent Rating Scale; IRR: incidence rate ratio; SDQ: Strengths and Difficulties Questionnaire. 

ǂ All models are adjusted for child sex (male/female), any breastfeeding (continuous in weeks), maternal smoking during pregnancy (yes/no), maternal smoking 

when child was 4 years (yes/no), maternal education (primary or less, secondary, and university), maternal intelligence quotient (continuous), maternal mental 

health (continuous), paternal education (primary or less, secondary, and university), child daycare/nursery attendance before school (yes/no), baseline 

neuropsychological conditions (yes/no),  number of ADHD-DSM-IV symptoms at baseline (continuous), and region. 

The IRR indicates the number of times that the CPRS ADHD Index/SDQ Total Difficulties Score is lower (IRR<1) or higher (IRR>1) than the reference group. 

For example, children sleeping more than 10h/day have a CPRS ADHD Index score 0.97 times lower than children sleeping ≤10h/day. In other words, if the 

children sleeping ≤10h/day have a median CPRS ADHD Index of 51, then the children sleeping >10h/day will have 1.53 (51 – 0.97*51) points less in the CPRS 

ADHD Index after adjusting for the effect of confounders. Hence, these latter children sleeping >10h/day will have a median score of 49.47 




