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ABSTRACT

The comorbidity between physical and mental health conditions is challenging and frequently goes unrecognized in practice. Associations between Attention-Deficit/Hyperactivity Disorder (ADHD) and physical conditions have been reported in youth. However, prior research failed to: 1) address the patterns of associations in early childhood, middle childhood, and adolescence within the same population sample; 2) consider a large set of physical disorders at the same time; 3) take confounders into account. Our goal was to assess the associations between ADHD symptoms and a broad set of physical conditions across developmental periods. This birth cohort study (n= 2057) is the first to explore the associations between ADHD and a wide range of medical conditions by encompassing the whole early development from 5 months to 17 years in the same sample and relying on innovative network analyses. We found significant associations between ADHD symptoms and several physical conditions, some of which were observed in early childhood, middle childhood, and adolescence (e.g., asthma, sleep problems) or were confounded by socioeconomic status or psychiatric comorbidities (e.g., body mass index, dental caries). The study calls for an effective integrated care model encompassing mental and general healthcare across the developmental period.
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TEXT
INTRODUCTION
An increasing body of research points to a significant association between mental and medical disorders(1,2). The pathways underpinning the link between mental and medical conditions are complex and potentially bidirectional. Medical conditions may contribute to symptoms of mental disorders (e.g., hypothyroidism leading to depressive symptoms)(3), while negative outcomes associated with mental disorders may increase the risk for medical conditions (e.g., increased risk of sexually transmitted infections in bipolar disorder)(4). It is also possible that mental and medical disorders share common risk factors, including, among others, common genetic vulnerability, early trauma, chronic stress, inflammatory or autoimmune response, and socioeconomic factors (e.g., low income and poor educational attainment)(5,6). Gaining insights into these associations has important implications for the daily clinical management of patients with both mental and medical conditions. 
Here we focus on the link between several medical conditions and the most common neurodevelopmental disorder, namely Attention-Deficit/Hyperactivity Disorder (ADHD)(7,8). ADHD is associated with substantial personal burden and societal costs(9,10). In addition to well established comorbidity with other mental disorders (e.g. anxiety)(11), there is meta-analytic evidence, mostly based on cross-sectional studies, of a significant association between ADHD and several medical/physical conditions, including sleep alterations(12), obesity(13,14), metabolic conditions (15), asthma(16), and atopic diseases(17).
However, prior research on the association between ADHD and medical conditions can be expanded in several ways. First, most of the available evidence is restricted to specific developmental periods (i.e., childhood or adolescence), thus not capturing the developmental patterns from early childhood to adolescence (18). Understanding the links between ADHD and medical conditions across development is crucial to optimize the clinical management of patients affected by the double burden of ADHD and medical conditions (19,20). Furthermore, most previous studies linking ADHD to medical disorders did not provide a comprehensive view of the interrelationships between ADHD and several medical disorders, rather tending to focus on individual disorders (13,16). This is crucial to plan comprehensive management strategies of ADHD patients with more than one medical condition. Finally, possible confounding factors, especially socioeconomic status and sex, have not systematically been taken into account in previous studies(21). 
To fill these gaps, the present study aimed to assess the associations between ADHD symptoms and a broad set of medical conditions in early childhood, middle childhood and adolescence, using a large birth cohort prospectively followed up for 17 years, and controlling for confounding by socioeconomic status and sex.

METHODS
Participants and procedure
We draw on data from the Quebec Longitudinal Study of Child Development (QLSCD), which was approved by the St. Justine Hospital Research Center ethics committees and the Quebec Statistics Institute, Canada. Data were collected by the Quebec Statistics Institute(22).
Participants selected from the Quebec Birth Registry were stratified on living area/birth rate. Families were included in the QLSCD if the pregnancy lasted 24-42 weeks and the mother could speak English or French. Follow-up was conducted yearly during childhood (up to 12 years) and biyearly during adolescence (up to 17 years of age). Data were collected by trained interviewers through structured interviews. Results of the assessment from previous waves were not communicated to the interviewers in subsequent assessments. All questionnaires are available at https://www.jesuisjeserai.stat.gouv.qc.ca/. Written informed consent was obtained from all the participants at each wave. The initial population-based sample comprised 2120 infants representative of children born in the Canadian Province of Quebec between October 1997 and July 1998, with the exception of Northern Quebec, Cree territory, Inuit territory, and Native Reserves (2.2% of all births). Details about representativeness have been published elsewhere(22). Participants with available ADHD scores were retained for the analyses, which were conducted during three distinct periods of development: 1) Early childhood (5 months-5 years); 2) Middle childhood (6-12 years); 3) Adolescence (13-17 years).




Measures
ADHD symptoms
Behavioral ratings of ADHD symptoms (inattention, hyperactivity and impulsivity) were obtained from the person most knowledgeable about the child (at the age of 1.5, 2.5, 3.5, 4.5, and 5 years; the mothers in >98% of the cases), from teacher reports (6, 7, 8, 10, and 12 years), and from participants’ self-reports (13, 15 and 17 years). Symptom ratings of behavior until age 13 years were adapted from the Social Behavior Questionnaire, created for the Canadian National Longitudinal Study of Children and Youth(23). It includes items from the Child Behavior Checklist(24), the Ontario Child Health Study Scales(25), and the Preschool Behavior Questionnaire(26). Behavioral ratings at ages 15 and 17 years were made via the Mental Health and Social Inadaptation Assessment for Adolescents(27). Inattention items included the following: Cannot concentrate, cannot pay attention for long; Is inattentive; and Easily distracted, difficulty pursuing any activity. Hyperactivity/impulsivity items comprised: Can’t sit still, is restless or hyperactive; Impulsive, acts without thinking; and Difficulty waiting his/her/your turn in games/activities. These items correspond to the items of Criterion A of the DSM-5 criteria for ADHD and reflect those used in other standardized measures of childhood behavioral problems such as the Strengths and Difficulties Questionnaire(28). These measures have been extensively used in ADHD research as proxies of ADHD categorical diagnosis, particularly in epidemiological samples from the general population, and are in line with a view of ADHD as a quantitative trait, supported by recent genetic findings(29–32). Items were rated on a frequency scale (never/not true = 0, sometimes/somewhat true = 1, often/very true = 2). At each wave, scores were summed and divided by the number of items and then rescaled to range from 0 to 10. We averaged the behavioral scores over the waves of each age period, consistently with prior studies, thus obtaining a single ADHD symptoms score for each developmental period(33). Alpha scores for ADHD symptoms were 0.70 for early childhood ratings (1.5–5 years), 0.86 for middle childhood ratings (6–12 years), and 0.73 for adolescent ratings (13–17 years), respectively.

Medical conditions
Data on medical conditions were reported by the person most knowledgeable (PMK) about the child/adolescent at all waves (the mother in 98% of cases). The study collected the following diagnoses: asthma, dental caries, diabetes, eczema, epilepsy, food or digestive allergies, hypercholesterolemia, hypertension, migraine, injuries, acute infections, body mass index (BMI), burn, poisoning, bruxism, night terrors, snoring, symptoms of restless legs syndrome (RLS), sleepwalking, and sleep duration. 
Data on asthma, dental caries, diabetes, eczema, epilepsy, and food or digestive allergies corresponded to the cumulative frequency across periods and was coded as yes versus no, based on the PMK’s report of a diagnosis made by a physician. The other variables correspond to the frequency for each index period and were coded as follows: hypercholesterolemia (yes versus no, based on physician’s diagnostic report); hypertension (yes versus no, based on physician’s diagnostic report); migraine (yes versus no, based on physician’s diagnostic report); injuries [any versus none, based on report of accidental injuries requiring medical assessment (bicycle or scooter collision while riding/fall/sport injury/mouth or teeth injury)]; acute infections (gastrointestinal, otitis, bronchitis, pneumonia, pharyngitis, laryngitis, flu)  ( ≥2 versus <2, based on report of number of infections per data collection wave and averaged over each period);  BMI (standardized) ( ≥ 1SD  versus < 1SD, based on reported weights and sizes); burn (any versus none, based on report of burn requiring medical assessment); poisoning (any versus none, based on report of poisoning requiring medical assessment); bruxism (frequent/always versus sometimes/never, based on report of teeth-grinding during the night); night terrors (frequent/always versus sometimes/never, based on report of night terrors); snoring (frequent/always versus sometimes/never, based on report of snoring or noisy breathing when sleeping); symptoms of RLS (yes versus no, based on report of unpleasant sensations in legs at bedtime that make subject move); sleepwalking (yes versus no, based on report of somnambulism or sleepwalking); and sleep duration per night (short versus non-short (early childhood < 10 hours; childhood < 9 hours 30 minutes; adolescence < 8 hours), based on report of mean number of hours slept per night). The waves in which each of these conditions were assessed as well as their time frame are reported in the Supplement (eTable 1). For age at onset of medical conditions see eTable 2.



Covariates
[bookmark: _Hlk75972193]All variables, except psychiatric comorbidities, were measured when the child was 5 months of age: sex of child (male versus female); socioeconomic status, assessed with five aggregate  items regarding parental educational level, parental occupation, and annual gross income (range, -3 to 3, centered at 0, with higher scores indicating higher socioeconomic status); family dysfunction score, assessed with 7 items (e.g., Do not get along well together) from the McMaster Family Assessment (34) administered to mother and scores range from 0 to 10, with higher scores indicating lower family functioning; maternal and paternal depression, assessed using short version of the Center for Epidemiological Study Depression Scale (35) with scores ranging from 0 to 10, with higher scores indicating higher depressive symptoms; maternal and paternal anti-sociality, assessed with binary questions on five  different conduct problems based on DSM-IV criteria for conduct disorder and antisocial personality disorder (scores range from 0 to 5, with higher scores indicating more antisocial behaviors); low birth weight (<2500g versus > or = 2500g), maternal and paternal age at birth (in years), no intact family (single or blended versus others), and immigrant mother (mother born outside Canada versus born in Canada). Behavioral/psychiatric comorbidities were measured with the same tools as ADHD symptoms (23-27). They included problems of anxiety, emotional problems and oppositional behaviors in early and middle childhood; and problems of anxiety, depression, and conduct disorder in adolescence.

Data Analyses
Analyses aimed to: 
1. Visually represent the associations (networks) between ADHD symptoms and a set of medical conditions in specific developmental periods using graph theory approaches, where each condition is represented by nodes and their links by edges. This approach is suitable to show how several conditions cluster together in networks and the strength of these associations. We estimated partial correlation networks to explore the shared variance among ADHD symptoms and medical conditions. Partial correlation networks assess unique relations among a large set of variables. We estimated the Mixed Graphical Models (MGMs)(36) for the medical conditions and ADHD symptoms (R software package, mgm). We used LASSO regularization regression to identify the most relevant edges among the large number of pairwise associations. The LASSO penalty parameter was selected using the Extended Bayesian Information Criterion (EBIC) for which the tuning parameter lambda was set to 0. Accuracy and stability were assessed by 100 non-parametric bootstraps of the edge weights(37) and displaying the proportion of non-zero estimates (R package, bootnet). We used the node strength centrality index to assess the strength of internode connections.
 
2. Estimate the unadjusted associations between medical conditions and ADHD symptoms (outcome), via linear regressions and expressed as β and Cohen's d (standardized mean differences).
          
[bookmark: Bookmark15111][bookmark: Bookmark16111]3. Quantify the adjusted associations between medical conditions and ADHD symptoms by developmental period. To further assess the association between medical conditions and ADHD symptoms, we conducted multivariate modeling for each medical condition, taking sex of the youth and family socioeconomic status at each period into account. We used linear regression models to estimate the associations of medical problems and ADHD symptoms (outcome) at each period. Medical variables and covariates with missing data were imputed (multiple imputation on 40 data sets for multivariate analyses and 1 data set for network analyses) based on ADHD symptoms, medical conditions and key variables (sex of child, low birth weight, maternal age at birth, family socioeconomic status, immigrant status, not intact family) (R package, mice). A change-in-estimate (CIE) > 10% between unadjusted and adjusted association was indicative of a confounding effect of adjustment variables (38).

We also conducted sensitivity analyses to test the robustness of the findings by 1) adjusting  on psychiatric comorbidities including problems of anxiety (early childhood, middle childhood, adolescence), emotional problems (early childhood, middle childhood), oppositional behaviors (early childhood, middle childhood), depression (adolescence), and conduct disorder (adolescence); 2) adjusting (beyond sex of child and family socioeconomic status) for the following additional variables identified as confounders in previous systematic reviews of the relationships between ADHD and two common medical conditions (i.e. asthma/obesity): low birth weight, maternal age at birth, immigrant status, and lack of intact family(13,16); 3) conducting the analyses on the samples with complete cases (i.e. without imputed data).


RESULTS
Sample characteristics
The initial sample at recruitment and the three samples used in the present study (early childhood, middle childhood, and adolescent samples) included 2120, 2057, 1631, and 1548 participants, respectively. There were no significant differences between the three study samples and the initial sample regarding main family and individual characteristics, except for mother’s immigrant status, with immigrant mothers less likely to participate in follow-up (Table 1).

Networks of medical conditions and ADHD symptoms by developmental period
Figure 1 shows the networks of medical conditions and ADHD symptoms for the three age periods (early childhood, middle childhood, and adolescence). Coherently, medical conditions formed communities in the network structure, particularly regarding atopic, sleep and infection problems. In early childhood, ADHD symptoms were associated with bruxism, sleepwalking, RLS, injuries, acute infections, asthma, higher BMI, dental caries, and short sleep duration (regularized edge weights equal to 0.24, 0.22, 0.21, 0.20, 0.17, 0.14, 0.08, 0.07, and 0.04, respectively). In middle childhood, ADHD symptoms were associated with RLS, higher BMI, dental caries, food and digestive allergies, sleepwalking, and asthma (regularized edge weights equal to 0.20, 0.11, 0.11, 0.10, 0.10, and 0.09, respectively). In adolescence, ADHD symptoms were associated with RLS, short sleep duration, acute infections, dental caries, injuries, and asthma (regularized edge weights equal to 0.13, 0.09, 0.08, 0.08, 0.07, and 0.06, respectively). Non-parametric bootstraps on edge weight are shown in eFigures 1a, 1b, 1c. All regularized edge weights are provided in eFigures 2a, 2b, 2c. The node strength centrality indices for the variables of the network are shown in eFigure 3.

Unadjusted associations
Table 2 reports the unadjusted associations between the medical conditions and ADHD symptoms across the three developmental periods. Whilst ADHD was significantly associated with some medical conditions consistently in the three developmental periods (e.g. asthma/RLS), other associations were significant only at specific time points (e.g. link between ADHD and BMI, significant only in early childhood and middle childhood).

Adjusted associations between medical conditions and ADHD symptoms by developmental period
Table 3 reports univariate and multivariate associations between medical conditions and ADHD symptoms by developmental period adjusted for sex and SES. In early childhood, ADHD symptoms were significantly and positively related to a higher risk of numerous conditions including asthma, higher BMI, epilepsy, dental caries, acute infections, injuries, and sleep problems (i.e. night terrors/bruxism/sleepwalking/snoring/RLS/short sleep duration). The reduction in the strength of associations after adjustment suggested a confounding role of sex and SES with asthma (CIE=25.7%), BMI (CIE=38.5%), epilepsy (CIE=12.7%), dental caries (CIE=66.7%), injuries (CIE=10.2%), sleepwalking (CIE=19.6%), snoring (CIE=14.2%) and RLS (CIE=10.5%). In middle childhood, ADHD symptoms significantly increased the likelihood to present asthma, food and digestive allergies, higher BMI, dental caries, and sleep problems (i.e. night terrors/sleepwalking/RLS). The reduction in the strength of associations after adjustment suggested a confounding role of sex and SES with asthma (CIE=47.5%), BMI (CIE=35.7%), dental caries (CIE=66.6%), night terrors (CIE=35.7%), sleepwalking (CIE=15%), and RLS (CIE=31.6%). In adolescence, ADHD symptoms were significantly and positively related to a higher risk of asthma, dental caries, acute infections, injuries, poisoning, RLS, and short sleep duration. The association with dental caries was confounded by adjustment variables (CIE=16.7%). 

Sensitivity analyses
Results of sensitivity analyses regarding psychiatric comorbidities are shown in eTable 3. In early childhood the reduction in the strength of associations after adjustment suggested a confounding role of anxiety with asthma (CIE=31.4%), epilepsy (CIE=15.7%), dental caries (CIE=42.9%), acute infections (CIE=68.8%), injuries (CIE=12.2%), night terrors (CIE=51.1%), bruxism (CIE=34.9%), sleepwalking (CIE=29.5%), snoring (CIE=30.6%), RLS (CIE=61.4%) and short sleep duration (CIE=61.1%). It also showed a confounding role of emotional problems with asthma (CIE=20.0%), epilepsy (CIE=17.0%), dental caries (CIE=23.8%), acute infections (CIE=43.8%), injuries (CIE=14.3%), night terrors (CIE=27.2%), bruxism (CIE=23.8%), sleepwalking (CIE=18.0%), snoring (CIE=14.3%), RLS (CIE=35.0%) and short sleep duration (CIE=11.1%). Additionally, we found a confounding role of oppositional behaviors with asthma (CIE=34.3%%), BMI (CIE=46.1%), epilepsy (CIE=46.4%), dental caries (CIE=14.3%), acute infections (CIE=40.6%), injuries (CIE=40.8%), night terrors (CIE=53.4%), bruxism (CIE=49.2%), sleepwalking (CIE=45.9%), snoring (CIE=55.1%), RLS (CIE=50.9%), and short sleep duration (CIE=77.8%).
In middle childhood, the reduction in the strength of associations after adjustment suggested a confounding role of anxiety with BMI (CIE=33.3%), and RLS (CIE=12.3%). We also found evidence of a confounding role of emotional problems with asthma (CIE=40.0%), food or digestive allergies (CIE=73.5%), BMI (CIE=100%), dental caries (CIE=17.9%), night terrors (CIE=20.5%), sleepwalking (CIE=12.5%), and RLS (CIE=19.3%). We also found a confounding role of oppositional behaviors with asthma (CIE=32.5%), food or digestive allergies (CIE=63.3%), BMI (CIE=97.6%), dental caries (CIE=53.8%), night terrors (CIE=91.1%), sleepwalking (CIE=55.0%), and RLS (CIE=43.9%).
In adolescence, the reduction in the strength of associations after adjustment suggested a confounding role of anxiety for acute infections (CIE=48.3%), poisoning (CIE=35.6%), and short sleep duration (CIE=59.3%). Additionally, there was evidence of a confounding role of depression for acute infections (CIE=34.5%), poisoning (CIE=61.3%), and short sleep duration (63.0%). Finally, a confounding role of conduct problems for asthma (CIE=65.2%), dental caries (CIE=58.3%), injuries (CIE=29.2%), RLS (CIE=16.3%), and short sleep duration (CIE=29.6%) was detected. The rest of sensitivity analyses showed the same pattern of results (eTable 4, and eTable 5).

DISCUSSION
Main results and comparison with the literature
This study is the first to our knowledge to explore the associations between ADHD and a wide range of medical conditions by encompassing the whole early development from 5 months to 17 years in the same sample. We found significant associations between ADHD symptoms and several medical conditions. Of note, several of these associations started from early childhood. Specifically, we confirm the link with asthma supported by meta-analytic evidence from cross-sectional(16) and longitudinal studies(17) and found significant adjusted associations in early childhood. 
In line with a large body of literature, sleep problems were related to ADHD. Interestingly RLS symptoms were significantly associated with ADHD symptoms (both unadjusted and adjusted associations) in each developmental period. This extends previous evidence based on studies focused on specific age groups(39).  In addition, a significant adjusted association in early childhood was found for symptoms of other sleep disorders, including night terrors, bruxism, snoring, and sleepwalking (the latter persisting in childhood). Short sleep duration was significantly associated with ADHD in adolescence. Overall, our results related to sleep problems highlight the need to focus on specific disorders, rather than on “sleep problems” as a generic construct. 
A significant adjusted association in early childhood was also found for epilepsy, in line with current recommendations to screen for ADHD in children with epilepsy(40). However, whilst these recent recommendations suggest screening for ADHD from 6 years of age, we found that the adjusted association was significant only in early childhood. 
We also found a significant adjusted association between ADHD symptoms and injuries, during early childhood and adolescence, in line with previous meta-analytic evidence by Ruiz-Goikoetxea et al.(41) pointing to a significantly higher risk of unintentional physical injuries in individuals with ADHD. Likewise, the significant association with poisoning that we found in adolescents, reduced to non-significance by psychiatric comorbidities, adds to previous meta-analytic findings based on aggregated data that showed a significant association but without a significant age effect from childhood to adolescence.
We also found a significant association between ADHD symptoms and acute infections in early childhood and adolescence, which was reduced and became non-significant after adjustment on psychiatric comorbidities. This topic of research has received little attention so far, but overall corroborates initial findings suggesting an association between the etiology of ADHD and infectious agents such as viruses and Group A beta-hemolytic streptococcus(42). 
Among the others non-significant associations after adjustment, notable was the one between BMI and ADHD. This result may initially appear at odds with meta-analytic evidence by Cortese et al.(13) showing a significant association between obesity and ADHD in childhood, as well as in adulthood. However, whilst the meta-analysis by Cortese et al. focused on obesity as a categorical diagnosis, we focused on BMI and there may be non-linear relationship between BMI and ADHD symptoms. Furthermore, only some of the studies included in the meta-analysis of adjusted odds ratios accounted for the variables we adjusted for, i.e., sex, SES or psychiatric comorbidities. Importantly, in our study, most associations were slightly confounded by relevant co-variates, suggesting the relative independence of the link between medical conditions and ADHD symptoms. However the strengths of the associations between BMI and ADHD, as well as dental caries and ADHD, were reduced and became non-significant after adjustment on sex, SES, or psychiatric comorbidities, suggesting a stronger confounding role of these covariates. 
Interpretation
The mechanisms and reasons underlying the significant associations that we found are likely complex and multifactorial. Common genetic alterations may contribute to some of these associations. For instance, the association between RLS and ADHD symptoms may involve a shared dopamine dysfunction, possibly implicating iron(39). Genetic determinants (i.e., alterations in BTBD9 gene) might underpin this common pathophysiology. More generally, the actual findings regarding the polygenic score prediction of complex phenotypes, such as ADHD, underline the highly polygenic and pleiotropic nature of these predictions (6). Inflammatory mechanisms are also likely to contribute to some of the associations by acting as mediators or as common risk factors. The allergic inflammation that characterizes asthma could increase the level of circulating cytokines, which in turn might impact some areas of the prefrontal cortex and neurotransmitter systems implicated in ADHD(43). Similarly, allergic mechanisms related to sleep alterations may contribute, at least partially, to ADHD symptoms(44). Infections themselves trigger modulations of immunity which could share common pathways with ADHD, as illustrated by the Pediatric Autoimmune Neuropsychiatric Disorders associated with streptococcal infections (42,45). With respect to epilepsy, the association with ADHD appears complex and might involve various mechanisms ranging from common genetic factors to the iatrogenic effects of anti-epileptics(46). Beyond the biological correlates, ADHD symptoms may themselves be at play in the relationship with certain medical conditions. Cardinal features such as poor attention and impulsivity, as well as comorbid neuropsychological characteristics including executive dysfunction or risk-taking, make individuals more vulnerable to accidental injuries(41). Emotional impulsivity may also lead to dysregulated eating patterns with subsequent weight gain. However, ADHD and weight dysregulation/obesity might share common biological risk factors, including genetic variants and dopaminergic dysfunctions in the brain(13). Disorganization and difficulties to maintain routines may also contribute to jeopardize oral hygiene practices, and ADHD medications may impact salivary function and appetite(47), which in turn may heighten the risk of dental caries. Of note, some associations were significantly reduced after adjusting for sex, SES, or psychiatric comorbidities. Therefore, confounding by sex, SES and/or psychiatric comorbidities may be an alternative hypothesis for the interpretation in some instances (e.g., ADHD/dental caries; ADHD/BMI). 
Strengths and limitations
This study has several strengths. First, it relies on a large and unique population-based sample followed from early childhood until adolescence. Second, it considers a wide range of medical conditions. Third, it takes relevant confounders into account. It also has some limitations. First, behavioral and medical assessments were based on participants’ reports rather than on clinical and objective assessments. However, participants often report the diagnoses made by their own doctors and the symptom-based scales we used have shown satisfactory psychometric properties(26). Second, changes in raters over time with respect to ADHD symptoms could produce an instability bias. However, the assessments for each developmental period were conducted by well-informed respondents with respect to individuals' behaviors. Parents provided information about the early-childhood period, which is considered appropriate. Teachers provided information about children’s symptoms in middle childhood, as they are the best placed to identify departures from behavioral normality at this age(48). The adolescent period was informed by self-reports, which have been shown to be relevant to evaluate behavioral symptoms although they may lead to under-reporting and thus to more conservative results(49,50). Third, the study sample was subject to attrition. However, there were no significant differences in key variables when compared with the initial sample, except for the mother’s immigrant status. Fourth, we could not explore causality behind the studied associations because of the absence of temporal precedence in the modeling of ADHD and medical conditions. Fifth, although we explored a wide range of medical conditions, the investigation was not exhaustive (for instance, sleep apnea was not assessed) and was limited by low statistical power for rare conditions in this general population sample. Sixth, we did not address the effects of ADHD medication. However, stimulant medications might have an impact on the association between ADHD symptoms and somatic conditions, particularly with BMI (stimulants are associated with decreased appetite) and sleep problems (stimulants are associated with sleep delay)(51). Future studies should specifically focus on these issues. Finally, as basically all of the included medical conditions may have a variable age at onset but because most of them can start very early in life (first or second year) and can have a variable persistence in life across patients, likely due to a plethora of genetic and non-genetic factors, we could not further model the time-varying nature of the medical conditions we assessed.
Implications
Whether the correlations between medical conditions and ADHD are causal, which directions characterize them, and whether they are consequences of the same underlying factors or are mere correlations reflecting confounding, remain to be understood. Different pathways and heterogeneous mechanisms might contribute to the links between medical conditions and ADHD and vary as a function of each specific condition. It is crucial to further study these underlying mechanisms since they could open avenues for improving ADHD management early on with beneficial long-term effects. The high level of comorbidity between ADHD and medical conditions pleads for a better awareness among clinicians who work with children and adolescents. Physical health specialists (e.g., pediatricians/general practitioners) should be aware of and trained in the frequent co-occurrence of ADHD with asthma, sleep problems, overweight, and dental caries, i.e. the most prevalent medical conditions during childhood and adolescence, and where possible screen for them. For instance, repeated unintentional injuries may prompt trauma surgeons to refer their patient for a psychiatric assessment and ADHD treatment when appropriate. Mental health specialists in turn should be able to consider medical issues and refer to medical physicians, especially when ADHD symptoms are subsequent or aggravated by a medical concern (e.g., sleep disorder). Of note, our results showing significant associations during early childhood point to the need for early screening, when prevention and early treatment strategies may be more effective. This has important implications for service organization and delivery, pointing to the need for an effective integrated care model encompassing mental and general healthcare.
Conclusions
This study shows that medical concerns and ADHD symptoms are significantly intertwined from early developmental stages onwards until adolescence, and mostly beyond the influence of confounders. It is important to gain insights into the longitudinal links, mediating and moderating effects, and the causal mechanisms underpinning these associations because of their relevance for improving the treatment of the physical and mental health conditions that co-occur in childhood and adolescence.
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Table 1. Comparisons between three study samples and initial sample at recruitment on key variablesa (QLSCD, Canada)
	Characteristics
[no (%) or mean (SD)]
	
	Initial sample
(n=2,120)
	
	Early 
childhood sample
(n=2,057)
	pb
	Middle childhood sample (n=1,631)
	pb
	
Adolescent 
sample
(n=1,548)
	pb

	Sex of child (male)
	
	1080 (50.9)
	
	1043 (50.7)
	0.88
	791 (48.5)
	0.14
	741 (47.9)
	0.07

	Low birth weight (<2500g)
	
	71 (3.4)
	
	69 (3.4)
	0.99
	56 (3.4)
	0.89
	48 (3.1)
	0.68

	Family socioeconomic status
	
	-0.02 (0.97)
	
	-0.02 (0.97)
	1
	0.01 (0.96)
	0.32
	0.04 (0.94)
	0.09

	Maternal age (y) at childbirth
	
	29.30 (5.23)
	
	29.34 (5.22)
	0.82
	29.27 (5.23)
	0.88
	29.35 (5.15)
	0.79

	Paternal age (y) at childbirth
	
	32.26 (5.64)
	
	32.22 (5.60)
	0.84
	32.24 (5.52)
	0.91
	32.25 (5.46)
	0.97

	Family dysfunction score
	
	1.71 (1.46)
	
	1.70 (1.45)
	0.82
	1.70 (1.44)
	0.98
	1.69 (1.44)
	0.90

	No intact family (single or blended)
	
	406 (19.2)
	
	388 (18.9)
	0.81
	301 (18.5)
	0.58
	284 (18.4)
	0.53

	Immigrant mother
	
	253 (11.9)
	
	221 (10.8)
	0.23
	138 (8.5)
	<0.001
	141 (9.1)
	<0.01

	Maternal depression
	
	1.40 (1.34)
	
	1.40 (1.34)
	0.88
	1.39 (1.33)
	0.75
	1.37 (1.31)
	0.50

	Maternal adolescent anti-sociality
	
	0.21 (0.49)
	
	0.21 (0.49)
	0.98
	0.21 (0.48)
	0.94
	0.21 (0.48)
	0.99

	Paternal depression
	
	1.00 (0.96)
	
	1.00 (0.96)
	0.95
	1.00 (0.94)
	0.92
	1.00 (0.95)
	0.79

	Paternal adolescent anti-sociality
	
	0.56 (0.80)
	
	0.56 (0.80)
	0.92
	0.57 (0.81)
	0.60
	0.58 (0.82)
	0.40


a All variables measured when child was 5 months of age. Data compiled from final master file of Québec Longitudinal Study of Child Development (1998-2015), Québec Government, Québec Statistics Institute.
b p values based on unpaired t test or Mann-Whitney test for continuous variables and χ² test for categorical variables. 
























Table 2. Unadjusted associations between medical conditions and ADHD symptoms by age period (QLSCD, Descriptive statistics)
	
	Early childhood
5 months to 5 years (n=2,057)
	Middle childhood
6 to 12 years (n=1,631)
	Adolescence
13 to 17 years (n=1,548)

	
	% (N)

	ADHD scores
Mean 
(SD)
	SMDc
	% (N)
	ADHD scores
Mean (SD)
	SMDc
	% (N)
	ADHD scores
Mean (SD)
	SMDc

	Atopic problemsa 
	
	
	
	
	
	
	
	
	

	Asthma
	14.9  (293/1961)
	Yes: 4.12 (1.68)
No: 3.77 (1.57)
	0.22***
	23.8 (383/1608)
	Yes: 3.22 (2.39)
No: 2.81 (2.19)
	0.18**
	26.8 (404/1509)
	Yes: 3.23 (1.79)
No: 2.99 (1.70)
	0.14*

	Food or digestive allergies
	3.1 (54/1759)
	Yes: 3.95 (1.82)
No: 3.85 (1.57)
	0.06
	7.7 (122/1587)
	Yes: 3.36 (2.37)
No: 2.87 (2.23)
	0.22*
	9.7 (147/1509)
	Yes: 3.04 (1.66)
No: 3.06 (1.73)
	-0.01

	Eczema
	7.6 (149/2054)
	Yes: 3.76 (1.62)
No: 3.86 (1.57)
	-0.06
	15.5 (246/1583)
	Yes: 3.00 (2.38)
No: 2.89 (2.22)
	0.05
	19.7 (297/1509)
	Yes: 3.11 (1.71)
No: 3.04 (1.73)
	0.04

	
	
	
	
	
	
	
	
	
	

	BMIb 
	14.5 (298/2054)
	Yes: 4.03 (1.66)
No: 3.77 (1.60)
	0.16**
	12.1 (197/1622)
	Yes: 3.27 (2.09)
No: 2.85 (2.25)
	0.19**
	13.1 (201/1537)
	Yes: 3.10 (1.80)
No: 3.06 (1.70)
	0.03

	
	
	
	
	
	
	
	
	
	

	Epilepsya 
	0.2 
(5/2057)
	Yes: 6.15 (1.75)
No: 3.80 (1.61)
	1.46**
	0.7 
(11/1587)
	Yes: 3.76 (3.34)
No: 2.90 (2.23)
	0.38
	0.8 
(12/1509)
	Yes: 3.94 (1.16)
No: 3.05 (1.73)
	0.51*

	
	
	
	
	
	
	
	
	
	

	Other chronic problems
	
	
	
	
	
	
	
	
	

	Diabetesa 
	/
	/
	/
	0.4 
(7/1587)
	Yes: 2.71 (2.35)
No: 2.91 (2.24)
	-0.09
	0.7 (10/1509)
	Yes: 2.01 (1.94)
No: 3.06 (1.72)
	-0.61*

	Hypertensionb
	/
	/
	/
	0.1 
(1/1438)
	Yes: 5.42 (NA)
No: 2.90 (2.23)
	/
	0.5 
(8/1509)
	Yes: 3.00 (1.75)
No: 3.06 (1.73)
	-0.03

	Migraineb
	/
	/
	/
	1.9 (25/1351)
	Yes: 3.39 (2.31)
No: 2.87 (2.23)
	0.23
	5.3 (80/1509)
	Yes: 3.27 (1.61)
No: 3.04 (1.73)
	0.13

	Cholesterolb
	/
	/
	/
	1.2 (17/1438)
	Yes: 2.78 (2.73)
No: 2.90 (2.22)
	-0.06
	1.7 (26/1509)
	Yes: 3.32 (1.58)
No: 3.05 (1.73)
	0.15

	
	
	
	
	
	
	
	
	
	

	Infections
	
	
	
	
	
	
	
	
	

	Dental cariesa 
	14.0 (271/1933)
	Yes: 3.99 (1.56)
No: 3.79 (1.59)
	0.13
	72.5 (1111/1532)
	Yes: 3.01 (2.27)
No: 2.62 (2.11)
	0.17**
	76.1 (971/1276)
	Yes: 3.06 (1.68)
No: 2.82 (1.71)
	0.14*

	Acute infectionsb
	18.9 (381/2014)
	Yes: 4.07 (1.69)
No: 3.76 (1.57)
	0.20***
	17.4 (279/1608)
	Yes: 2.97 (2.36)
No: 2.90 (2.22)
	0.03
	10.4 (157/1509)
	Yes: 3.31 (1.59)
No: 3.02 (1.74)
	0.17*

	
	
	
	
	
	
	
	
	
	

	Injuriesb
	24.2 (497/2057)
	Yes: 4.17 (1.56)
No: 3.68 (1.61)
	0.31***
	19.2 (304/1587)
	Yes: 3.11 (2.25)
No: 2.86 (2.24)
	0.11
	31.6 (477/1509)
	Yes: 3.22 (1.71)
No: 2.98 (1.73)
	0.14*

	Burnb
	1.3 (26/2057)
	Yes: 3.74 (1.77)
No: 3.80 (1.61)
	-0.04
	0.7 (11/1559)
	Yes: 3.88 (2.97)
No: 2.89 (2.22)
	0.44
	1.1 (17/1509)
	Yes: 3.31 (1.51)
No: 3.05 (1.73)
	0.15

	Poisoningb
	0.6 (12/2057)
	Yes: 4.16 (2.40)
No: 3.80 (1.61)
	0.22
	0.3 
(4/1559)
	Yes: 3.68 (2.65)
No: 2.89 (2.23)
	0.35
	0.4 
(6/1509)
	Yes: 4.68 (0.81)
No: 3.05 (1.72)
	0.94**

	
	
	
	
	
	
	
	
	
	

	Sleep problemsb
	
	
	
	
	
	
	
	
	

	Night terrors
	3.2 (66/2042)
	Yes: 4.64 (1.78)
No: 3.78 (1.59)
	0.54***
	1.1 (17/1544)
	Yes: 3.99 (2.34)
No: 2.87 (2.22)
	0.50*
	0.4 
(6/1375)
	Yes: 4.17 (1.38)
No: 3.02 (1.69)
	0.68

	Bruxism
	10.3 (210/2042)
	Yes: 4.36 (1.66)
No: 3.74 (1.58)
	0.39***
	16.3 (252/1542)
	Yes: 3.10 (2.30)
No: 2.85 (2.21)
	0.12
	8.0 (110/1370)
	Yes: 3.21 (1.76)
No: 3.01 (1.69)
	0.12

	Sleepwalking
	10.0 (199/1997)
	Yes: 4.35 (1.57)
No: 3.76 (1.59)
	0.37***
	22.7 (350/1544)
	Yes: 3.20 (2.28)
No: 2.79 (2.20)
	0.19**
	13.2 (182/1374)
	Yes: 3.22 (1.7)
No: 2.99 (1.68)
	0.13

	Snoring
	18.0 (370/2054)
	Yes: 4.20 (1.57)
No: 3.72 (1.61)
	0.30***
	13.6 (201/1480)
	Yes: 2.81 (2.19)
No: 2.87 (2.20)
	-0.03
	/
	/
	/

	Restless legs syndrome
	22.4 (438/1952)
	Yes: 4.26 (1.64)
No: 3.71 (1.55)
	0.35***
	21.6 (331/1534)
	Yes: 3.34 (2.39)
No: 2.77 (2.16)
	0.26***
	12.2 (167/1368)
	Yes: 3.44 (1.74)
No: 2.97 (1.67)
	0.28***

	Short sleep duration
	24.7 (492/1992)
	Yes: 3.94 (1.61)
No: 3.78 (1.58)
	0.11*
	21.4 (330/1541)
	Yes: 2.89 (2.08)
No: 2.89 (2.27)
	0.00
	15.8 (218/1378)
	Yes: 3.25 (1.68)
No: 2.98 (1.69)
	0.16*


a Cumulative frequency across periods
b Frequency for index period
c SMD: standardized mean difference, based on Cohen’s d statistic (very small when <0.20; small: 0.20-0.50; medium: 0.50-0.80; large: 0.80-1.20; very large: 1.20-2.0; huge: > 2.0)

* p<0.05 ; ** p<0.01 ; *** p<0.001

ADHD: Attention-Deficit/Hyperactivity Disorder; BMI: Body Mass Index


Table 3. Associations of medical conditions with ADHD symptoms by age period (QLSCD, Multivariate statistics)
	
	Early Childhood
5 months to 5 years (n=2,057)
	Middle childhood
6 to 12 years (n=1,631)
	Adolescence
13 to 17 years (n=1,548)

	
	β
(95%CI)
	β adjustedd
(95%CI)
	SMD adjusted
	β
(95%CI)
	β adjustedd
(95%CI)
	SMD adjusted
	β
(95%CI)
	β adjustedd
(95%CI)
	SMD adjusted

	Atopic problemsa 
	
	
	
	
	
	
	
	
	

	Asthma
	0.35 
(0.15, 0.56)
	0.26 
(0.06, 0.46)
	0.17
	0.40 
(0.15, 0.66)
	0.21 
(-0.02, 0.45)
	0.11
	0.23 
(0.04, 0.43)
	0.24 
(0.04, 0.43)
	0.14

	Food or digestive allergies
	0.07 
(-0.37, 0.51)
	0.12 
(-0.31, 0.55)
	0.07
	0.49 
(0.08, 0.90)
	0.54 
(0.17, 0.92)
	0.27
	-0.01 
(-0.31, 0.28)
	-0.01 
(-0.30, 0.28)
	-0.01

	Eczema
	-0.10 
(-0.39, 0.19)
	-0.05 
(-0.34, 0.23)
	-0.03
	0.11 
(-0.19, 0.42)
	0.20 
(-0.07, 0.48)
	0.10
	0.07 
(-0.15, 0.29)
	0.08 
(-0.14, 0.30)
	0.05

	
	
	
	
	
	
	
	
	
	

	BMIb 
	0.26
(0.06, 0.46)
	0.16 
(-0.03, 0.36)
	0.10
	0.42 
(0.09, 0.75)
	0.27 
(-0.03, 0.57)
	0.13
	0.04 
(-0.22, 0.30)
	0.00 
(-0.26, 0.26)
	0.00

	
	
	
	
	
	
	
	
	
	

	Epilepsya 
	2.35 
(0.94, 3.77)
	2.05
(0.67, 3.43)
	1.31
	0.88 
(-0.45, 2.20)
	0.83 
(-0.38, 2.04)
	0.41
	0.86 
(-0.12, 1.85)
	0.89 
(-0.09, 1.87)
	0.52

	
	
	
	
	
	
	
	
	
	

	Other chronic problems
	
	
	
	
	
	
	
	
	

	Diabetesa 
	/
	/
	/
	-0.19 
(-1.85, 1.47)
	-0.17 
(-1.68, 1.34)
	-0.08
	-0.99 
(-2.06, 0.07)
	-1.05 
(-2.12, 0.01)
	-0.61

	Hypertensionb
	/
	/
	/
	/
	/
	/
	-0.03 
(-1.22, 1.15)
	-0.01 
(-1.20, 1.18)
	0.00

	Migraineb
	/
	/
	/
	0.47 
(-0.51, 1.46)
	0.26 
(-0.64, 1.16)
	0.13
	0.24 
(-0.15, 0.63)
	0.23 
(-0.15, 0.62)
	0.14

	Cholesterolb
	/
	/
	/
	-0.06 
(-1.12, 1.01)
	0.05 
(-0.93, 1.02)
	0.02
	0.27 
(-0.40, 0.93)
	0.27 
(-0.39, 0.94)
	0.16

	
	
	
	
	
	
	
	
	
	

	Infections
	
	
	
	
	
	
	
	
	

	Dental cariesa 
	0.21 
(0.01, 0.42)
	0.07 
(-0.14, 0.28)
	0.04
	0.39 
(0.14, 0.64)
	0.13 
(-0.10, 0.37)
	0.06
	0.24 
(0.02, 0.46)
	0.20 
(-0.02, 0.42)
	0.12

	Acute infectionsb
	0.32 
(0.14, 0.50)
	0.30 
(0.12, 0.48)
	0.19
	0.07 
(-0.22, 0.36)
	-0.02 
(-0.29, 0.24)
	-0.01
	0.29 
(0.01, 0.57)
	0.29 
(0.01, 0.58)
	0.17

	
	
	
	
	
	
	
	
	
	

	Injuriesb
	0.49
(0.33, 0.65)
	0.44
(0.28, 0.60)
	0.28
	0.25 
(-0.03, 0.53)
	0.17 
(-0.09, 0.42)
	0.08
	0.24 
(0.06, 0.43)
	0.29
(0.10, 0.48)
	0.17

	Burnb
	-0.07 
(-0.69, 0.56)
	-0.16 
(-0.77, 0.45)
	-0.10
	1.00 
(-0.34, 2.33)
	1.15 
(-0.06, 2.36)
	0.57
	0.26 
(-0.56, 1.08)
	0.27 
(-0.55, 1.09)
	0.16

	Poisoningb
	0.36 
(-0.56, 1.27)
	0.28 
(-0.61, 1.18)
	0.18
	0.64 
(-1.57, 2.85)
	0.34 
(-1.68, 2.36)
	0.17
	1.60 
(0.24, 2.96)
	1.57 
(0.21, 2.93)
	0.92

	
	
	
	
	
	
	
	
	
	

	Sleep problemsb
	
	
	
	
	
	
	
	
	

	Night terrors
	0.88
(0.48, 1.28)
	0.84 
(0.46, 1.23)
	0.54
	1.12 
(0.05, 2.20)
	0.72 
(-0.26, 1.70)
	0.35
	1.10 
(-0.26, 2.46)
	1.08 
(-0.28, 2.43)
	0.63

	Bruxism
	0.63
(0.40, 0.86)
	0.59 
(0.36, 0.81)
	0.38
	0.26 
(-0.05, 0.57)
	0.22 
(-0.06, 0.51)
	0.11
	0.20 
(-0.14, 0.55)
	0.21 
(-0.14, 0.55)
	0.12

	Sleepwalking
	0.61
(0.37, 0.85)
	0.49
(0.25, 0.72)
	0.31
	0.40
(0.13, 0.67)
	0.34
(0.09, 0.59)
	0.17
	0.24 
(-0.04, 0.51)
	0.23 
(-0.04, 0.51)
	0.14

	Snoring
	0.49 
(0.30, 0.67)
	0.42
(0.25, 0.60)
	0.27
	-0.06 
(-0.39, 0.27)
	-0.13 
(-0.43, 0.18)
	-0.06
	/
	/
	/

	Restless legs syndrome
	0.57
(0.40, 0.75)
	0.51 
(0.34, 0.68)
	0.32
	0.57 
(0.30, 0.84)
	0.39 
(0.14, 0.64)
	0.19
	0.49 
(0.21, 0.77)
	0.48 
(0.20, 0.76)
	0.28

	Short sleep durationc
	0.18 
(0.01, 0.34)
	0.15 
(-0.01, 0.31)
	0.10
	0.00 
(-0.27, 0.27)
	-0.07 
(-0.32, 0.18)
	-0.03
	0.27 
(0.02, 0.52)
	0.27 
(0.02, 0.52)
	0.16


a Cumulative frequency across periods
b Frequency for index period
c Sleep duration per day in hours: pre-school < 10; childhood < 9h30; adolescence < 8
d Adjusted on sex of child, family socioeconomic status
ADHD: Attention-Deficit/Hyperactivity Disorder; BMI: Body Mass Index
 Multiple testing corrected p-values significant after correction for multiple testing via the Benjamini-Hochberg procedure
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