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Abstract

Few studies have explored the contribution of family and school factors to the association between ADHD symptoms and
lower education. Possibly, having more ADHD symptoms contributes to poorer family functioning and less social support,
and consequently a lower educational level (i.e., mediation). Moreover, the negative effects of ADHD symptoms on educa-
tion may be stronger for adolescents with poorer family functioning or less social support (i.e., interaction). Using data of
the Dutch TRAILS Study (N=2,229), we evaluated associations between ADHD symptoms around age 11 and educational
level around age 14, as well as between ADHD symptoms around age 14 and 16 years and subsequent changes in educational
level around age 16 and 19, respectively. We assessed the potential mediating role of family functioning, and social support
by teachers and classmates, all measured around ages 11, 14, and 16, while additionally evaluating interactions between
ADHD symptoms and these hypothesized mediators. ADHD symptoms were associated with poorer family functioning, less
social support by teachers and classmates, and lower education throughout adolescence. No conclusive evidence of media-
tion was found, because unique associations between family functioning and social support by teachers and classmates and
education were largely absent. Furthermore, we found no interactions between ADHD symptoms and family functioning and
social support by teachers and classmates. Although social support by teachers and classmates and good family functioning
may benefit the wellbeing and mental health of adolescents with high levels of ADHD symptoms, they will not necessarily
improve their educational attainment.
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Introduction lower educational tracks. Selective educational systems

are defined by an early selection into different educational

Symptoms of attention-deficit/hyperactivity disorder
(ADHD) are associated with significant impairments in
adolescents’ academic functioning, as well as a lower
level of education (Schmengler et al., 2021). In selective
educational systems like in the Netherlands, this associ-
ation begins in childhood, when children with high lev-
els of ADHD symptoms are more frequently assigned to
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tracks while allowing for mobility between tracks post-
selection. Subsequent to this initial selection, symptoms of
ADHD have been consistently associated with moving to
a lower educational track throughout all phases of adoles-
cence and in young adulthood (Schmengler et al., 2021).
While the association between ADHD symptoms and
lower education is well-established, little research has
focussed on risk or protective factors in the social context,
which may contribute to this association (Dvorsky &
Langberg, 2016; Dvorsky et al., 2018; Zendarski et al.,
2017). This is surprising, considering that it is well known
that adolescents with high levels of ADHD symptoms com-
monly experience problems in their relationships with par-
ents, teachers, and peers (Ewe, 2019; Glatz et al., 2011;
McQuade, 2020). Meanwhile, studies have consistently
highlighted the importance of these relationships for
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adolescents’ academic development in general (Lin et al.,
2019; Robertson & Reynolds, 2010; Roorda et al., 2017;
Tao et al., 2022; Wentzel et al., 2021). It is therefore plau-
sible that poorer social relationships with parents, teachers,
and peers might act as mechanisms (mediators) contributing
to the association between ADHD symptoms and lower
education. Furthermore, adolescents with relatively poor
relationships with their family, peers, or teachers and high
levels of ADHD symptoms may be at a particularly high
risk of poor educational outcomes, which would imply
interactions between ADHD symptoms and adolescents’
social context. From a clinical perspective, it is critical to
explore these interactions to identify especially vulnerable
subgroups, who should be prioritized for interventions.

A better understanding of social relationships in the
context of ADHD and educational outcomes may also be
informative for the development of new psychosocial inter-
ventions, as previous studies have highlighted the benefits
of involving both the family and school to achieve positive
outcomes (DuPaul et al., 2020). For example, parent-teen
behaviour therapy has yielded stronger reductions in ADHD
symptom severity, as well as in impairments in organization,
time management, and planning in the home setting than
treatment as usual (Sibley et al., 2016). A peer-delivered
intervention prevented declines in class attendance, organi-
zation skills, and academic motivation throughout the school
year in adolescents with symptoms of ADHD (Sibley et al.,
2020). Lastly, a strong student—teacher relationship was one
of the most frequently endorsed facilitators by teachers for
the use of behavioural classroom interventions for ADHD
(Lawson et al., 2022). In this study, we aimed to evaluate
the role of three important family and school factors that
could be targets in psychosocial interventions (i.e., family
functioning, and social support by classmates and teachers)
as mediators in the association between ADHD symptoms
and (changes in) adolescent educational track in Dutch ado-
lescents, whilst also taking into account potential interac-
tions between ADHD symptoms and these family and school
factors.

Family and School Factors as Mediators
in the Association between ADHD Symptoms
and Lower Educational Level

While the evidence for the direct and harmful effects of pri-
mary ADHD symptoms on adolescents’ education is strong
(Schmengler et al., 2021), ADHD symptoms might also
affect educational outcomes indirectly, by causing impair-
ments in aspects of adolescents’ social context important
for their academic development, such as relationships with
parents, teachers, and peers. Indeed, extensive research has
characterized the harmful impact of ADHD symptoms on
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these relationships, which may lead to poorer family func-
tioning and receiving less social support at school.

In the parental home, adolescents with high levels of
ADHD symptoms frequently have difficulties following
directions and are less responsive to cues and punishment,
rendering parental rule-setting less effective (Glatz et al.,
2011). This can lead to perceptions of powerlessness in par-
ents (Glatz et al., 2011), who may react with less respon-
siveness and emotional support (Glatz et al., 2011; Jones
et al., 2015). In families with adolescents with high levels
of ADHD symptoms, studies reveal more parental stress,
marital conflict, higher rates of divorce, as well as poorer
overall family functioning (Moen et al., 2014; Schroeder
& Kelley, 2009; Theule et al., 2010; Wiener et al., 2016;
Wymbs et al., 2008).

The classroom context, which requires students to sit
still and pay attention, can make ADHD symptoms par-
ticularly salient. In comparison to their typically develop-
ing peers, adolescents with high levels of ADHD symp-
toms show significantly shorter attentive states during
class, more off-task behaviours, and less overall engage-
ment in school (Rogers et al., 2015). Often teachers lack
awareness of ADHD, leading them to believe that stu-
dents’ inattentive and impulsive behaviour is intentional
(Wiener & Daniels, 2015), and they may hence resort to
frequent criticism and disciplinary penalties, leading to
further negative responses from adolescents (Honkasilta
et al., 2016). Indeed, studies report more conflictual and
less emotionally close relationships between students with
ADHD and their teachers (Ewe, 2019).

ADHD symptoms can also cause difficulties in relation-
ships with peers. For example, adolescents with ADHD
more often have problems waiting for their turn in give-
and-take exchanges, often talk excessively, and more fre-
quently interrupt others (McQuade, 2020). Restlessness and
fidgeting may be misinterpreted as disinterest or impatience
(McQuade, 2020). As a result of these disruptive behaviours,
adolescents with ADHD symptoms tend to report fewer
friends, and are more commonly rejected by their classmates
(McQuade, 2020; Wiener & Daniels, 2015).

Impairments in the family life and in relationships
with teachers and peers caused by ADHD symptoms may
adversely affect academic performance, and in this way
contribute to the association between ADHD symptoms
and lower educational attainment. Past research has
highlighted poor social relationships within the family
and with teachers and peers as risk factors for academic
problems and poor educational outcomes. These stud-
ies have mainly focussed on academic development in
general, and not specifically in the context of ADHD.
For example, it was found that adolescents from poorly
functioning families tend to have lower math, logic,
and reasoning skills (Lin et al., 2019), lower school
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engagement and academic self-efficiency (Stubbs &
Maynard, 2017), higher risks of school disruption (Sun
et al., 2021), lower academic achievement (Blackson,
1995), and ultimately lower educational attainment
(Robertson & Reynolds, 2010; Roy et al., 2017). The
less effective parenting styles that frequently character-
ize poorly functioning families may act as a mechanisms
connecting family dysfunction and poorer adolescent
educational outcomes (Chan & Koo, 2010; Lin et al.,
2019; Matejevic et al., 2014; Spera, 2005).
Accordingly, it was found that lack of social support
by or poor relationships with teachers predict worse aca-
demic outcomes. Meta-analyses found associations of the
quality of teacher-student relationships and social support
from teachers with academic achievement (Roorda et al.,
2017; Tao et al., 2022). Meta-analytic mediation analyses
revealed that the association between social support from
teachers and academic achievement was partially driven
by behavioural (participation in academic activities, e.g.,
homework completion), emotional (feelings about school/
academics, e.g., interest, enjoyment, school belonging and
identification), and cognitive engagement (level of psycho-
logical investment in academics, e.g., intrinsic motivation,
self-efficacy, self-regulation, learning strategies, goals and
values) (Tao et al., 2022). Also, social support by and the
quality of relationships with peers have been associated
with adolescents’ educational outcomes (Ahmed et al.,
2010; Fang et al., 2020; Lorijn et al., 2022; Wentzel et al.,
2021; Woodward & Fergusson, 2000). Adolescents who
do not perceive much support from their peers tend to be
less motivated to learn new skills, enjoy studying less, feel
less competent and interested in subject-matter knowledge,
and are less able to cope with academic difficulties, which
in turn was found to predict lower academic achievement
(Ahmed et al., 2010; Fang et al., 2020; Patrick et al., 2007).
Regarding children and adolescents with high lev-
els of ADHD symptoms, one study demonstrated that
parental marital problems in childhood (which could
be indicative of poor family functioning) are associ-
ated with lower educational attainment in young adults
with a previous ADHD diagnosis (Roy et al., 2017),
and one study showed that not having a close bond with
teachers is associated with lower academic motivation
(Rogers et al., 2015). While these two studies demon-
strated associations between family and school factors and
education amongst children and adolescents with ADHD,
they did not assess whether these factors act as explana-
tory mechanisms in the association between ADHD symp-
toms and educational level. We aimed to address this
omission by investigating whether having more ADHD
symptoms contributes to poorer family functioning and
less social support by teachers and classmates, and con-
sequently a lower educational level (i.e., mediation).

Poor Family Functioning and Lack of Social
Support by Teachers and Classmates may Amplify
the Association between ADHD Symptoms

and Lower Educational Level (i.e., Interaction)

Adverse family functioning and poor relationships with
teachers and peers may also amplify the association between
ADHD symptoms and lower education, yet past research
on this topic is limited. We were able to identify only one
study showing weaker associations between ADHD symp-
toms and lower Grade Point Average (GPA) in adolescents
who felt socially accepted by peers (Dvorsky et al., 2018).
This suggests that adolescents with low social support by
peers and high levels of ADHD symptoms may be at par-
ticularly high risk of poorer educational outcomes, as they,
for instance, cannot rely on academic support from class-
mates, for example through sharing resources, such as notes
and books, which may reduce the impact of their symptoms
on education (Dvorsky et al., 2018). To our knowledge,
it has not yet been investigated whether the findings of
Dvorsky et al. (2018) concerning fluctuations in GPA extend
to long-term outcomes, such as educational track member-
ship. Furthermore, we are not aware of any studies that
assessed interactions between family functioning or social
support by teachers and ADHD symptoms in affecting ado-
lescent’s educational level. It is conceivable that ADHD
symptoms may affect educational level more strongly in
the presence of poor family functioning, as poorly function-
ing families are less able to provide a supportive learning
environment at home, for example by helping with home-
work, or vouch for their children at school. Similarly, ADHD
symptoms may be particularly detrimental for the education
of adolescents whose relationships with teachers are con-
flictual, given that adolescents with ADHD frequently have
to rely on their teachers for accommodations to meet their
academic needs (Harrison et al., 2020).

Aims of the Study

In the present study, we aimed to contribute to the litera-
ture by investigating the role of three important family and
school factors (i.e., family functioning, social support by
teachers, and social support by classmates) as mediators in
the association between ADHD symptoms and (changes in)
educational level from early adolescence to young adult-
hood in the Dutch educational system. While doing so, we
allowed for potential interactions between ADHD symptoms
and family and school factors using interventional effects for
mediation analysis (VanderWeele et al., 2014; Vansteelandt
& Daniel, 2017). By using a multi-informant approach, we
avoided mono-informant bias and were able to consider both
parents’ and adolescents’ views on ADHD symptoms. By
covering the entire adolescent period and the transition into
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young adulthood, we took into account potential changes in
the role of parents, teachers, and peers in youngsters’ educa-
tion over the course of development. Our study sheds new
light on how several systems (family, school) around adoles-
cents may interact or contribute to the association between
ADHD symptoms and lower educational attainment.

Materials and Methods
Study Population

We used data from the first four waves (T1 — T4) of
the TRacking Adolescents’ Individual Lives Survey
(TRAILS), a population-based prospective cohort study of
Dutch adolescents (n=2,229, 49.26% male, 13.50% non-
Dutch ethnicity). A detailed description of the cohort can be
obtained elsewhere (Oldehinkel et al., 2015). At the begin-
ning of the study, 135 schools in the provinces of Groningen,
Friesland, and Drenthe were invited, of which 122 decided
to participate. Adolescents were followed between 2000 and
2010, with assessments around age 11, 14, 16, and 19.

ADHD Symptoms

ADHD symptoms were assessed using a multi-informant
approach, by computing the mean score of the DSM-
oriented ADHD symptom scales of the parent-report Child
Behavior Checklist (CBCL) and the Youth Self-report
(YSR) of the Achenbach System of Empirically Based
Assessment (ASEBA), completed at wave 1, 2, and 3 (i.e.,
around age 11, 14, and 16) (Achenbach & Rescorla, 2001).
The YSR and CBCL contain lists of questions on emotional
and behavioural problems in the preceding six months, with
three response categories: 0= ‘not true’, 1 = ‘somewhat or
sometimes true’, 2 = ‘very or often true’. Sample items from
the scales include ‘difficulties concentrating’, ‘not finish-
ing tasks’, and ‘being unable to sit still’. Cronbach’s alphas
ranged from 0.68 to 0.74 for the YSR, and from 0.82 to 0.84
for the CBCL. Mean scores of the YSR and CBCL scales (7
items each) were computed separately, and then the mean of
both scales was taken, yielding a scale ranging from 0 to 2,
with higher scores indicating higher levels of ADHD symp-
toms. The DSM-oriented scales were constructed based on
the ratings of experienced psychiatrists and psychologists
in terms of the consistency of each item in the CBCL/YSR
with DSM-IV ADHD diagnostic criteria. While the DSM-
oriented scales do not measure all DSM symptom criteria of
ADHD, and cannot take into account the age of onset, dura-
tion, and level of impairment, the scales have been able to
distinguish between diagnosed and non-diagnosed children,
and are strongly associated with other standardized rating
scales, such as the Conners Scales (Achenbach et al., 2003).
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Adolescents’ Educational Level

The Dutch educational system is characterized by an early
(age 11-12) selection into a particular educational track,
based on cognitive tests and the advice of the primary
school. There are four tracks in the Dutch educational sys-
tem, each consisting of a specific type of secondary school
followed by tertiary education at the corresponding level
(Fig. 1): (1) lower vocational track, (2) intermediate voca-
tional track, (3) higher vocational track, (4) academic track.
In addition, there is a special education track, attended by
students who are unable to attend regular education. This
track was collapsed with the lower vocational track in our
analyses. While in secondary education, adolescents can be
recommended by their school to move between educational
tracks, depending on their academic performance. Further-
more, after attaining specific milestones of their track, stu-
dents can become eligible to continue their education at a
higher track. Overall, a substantial proportion of students
is mobile between educational tracks: 24.66% of adoles-
cents moved to a different track between wave 2 and 3 (i.e.,
between around age 14 and 16), and 25.41% between wave 3
and 4 (i.e., between around age 16 and 19). Educational track
membership was assessed at each wave by asking for partici-
pants’ current enrolment, as well as their highest completed
diploma. Participants who finished the final diploma of a
given track received the value corresponding to that level
for all subsequent waves, unless they continued education
at a higher level. Our measure of educational level allows us
to assign a score that represents an age-appropriate measure
of educational level as proxy of developing socioeconomic
status (SES).

Family Functioning

Family functioning was assessed at wave 1, 2, and 3 (i.e.,
around ages 11, 14, and 16) by parent-report using a modi-
fied version of the Dutch version of the General Functioning
Scale of the McMaster Family Assessment Device (FAD),
which is a mean score of 12 items with each four response
categories: 1 = ‘totally disagree’, 2 = ‘disagree’, 3 = ‘agree’,
4 = ‘totally agree’. (Bouma et al., 2008; Epstein et al., 1983).
We recoded the items of the FAD such that higher scores
indicate better family functioning. Six dimensions of fam-
ily functioning were assessed: communications, problem
solving, affective responsiveness, affective involvement,
roles, and behaviour control. Example items include ‘being
able to count on each other’s support’, ‘trusting each other’,
and ‘avoiding talking about one’s fears and worries’ within
the family. The scale has demonstrated adequate test—retest
reliability, is moderately correlated with other self-report
family functioning measures, and has shown utility in dif-
ferentiating between clinician-rated healthy and unhealthy
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Fig.1 The Dutch educational system

families (Hamilton & Carr, 2016; Wenniger et al., 1993).
The Cronbach’s alpha of the FAD in TRAILS ranged from
0.85 t0 0.87.

Social Support by Teachers

Social support by teachers was assessed at wave 1, 2, and 3
(i.e., around age 11, 14, and 16) by adolescent-report using
the mean score of the corresponding affection (4 items)
and behavioural confirmation (4 items) subscales adapted
from the Social Production Functions (SPF) Questionnaire
(Ormel et al., 1997). The response options were 1 = ‘never’,
2 = ‘almost never’, 3 = ‘sometimes’, 4 = ‘almost always’,
5="‘always’. Higher scores on the scale indicate higher lev-
els of social support by teachers. Example items include
‘most teachers are satisfied with the way I am’ and ‘I can
trust most teachers’. The Cronbach’s alpha ranged from 0.75
to 0.78 for the affection subscale, and from 0.72 to 0.74 for
the behavioural confirmation subscale.

Social Support by Classmates

Social support by classmates was assessed at waves 1, 2, and
3 (i.e., around age 11, 14, and 16) by adolescent-report using

Higher pre-vocational

(VMBO gemengd

education

Higher general (VWO)

secondary education
(HAVO)

5 years 6 years

Primary education

the mean score of the corresponding affection (4 items)
and behavioural confirmation (4 items) subscales adapted
from the Social Production Functions (SPF) Questionnaire
(Ormel et al., 1997). The response options were 1 = ‘never’,
2 = ‘almost never’, 3 = ‘sometimes’, 4 = ‘almost always’,
5="‘always’). Higher scores on the scale indicate higher lev-
els of social support by classmates. Example items include
‘most classmates help me in case of a problem’ and ‘most
classmates like to do things with me’. The Cronbach’s alpha
ranged from 0.80 to 0.84 for the affection subscale, and from
0.76 to 0.82 for the behavioural confirmation subscale.

Covariates

Covariates assessed at baseline around age 11 (wave 1)
include children’s 1Q, which was estimated using the Block
Design and Vocabulary subtests of the Revised Wechsler
Intelligence Scale for Children (WISC-R), as well as parents’
socioeconomic status (SES), constructed as the mean score
of five indicators (standardized): maternal and paternal edu-
cational attainment, maternal and paternal occupational posi-
tion (according to the International Standard Classification of
Occupations), and family income. Furthermore, we included
gender and ethnicity as demographic covariates. Children
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were classified as having non-Dutch ethnicity if at least one
of their parents was born outside the Netherlands. Finally,
we adjusted for adolescent age, which was measured con-
temporaneously with each assessment of ADHD symptoms.

Analytic Approach

First, we computed descriptive statistics of the study popula-
tion by cross-tabulating baseline characteristics (mean age
11) with early adolescent educational track membership at
wave 2 (mean age 14), as well as ADHD symptoms and
family and school factors with concurrent educational level
from wave 2 to wave 3 (mean age 19). In mediation analyses,
we modelled the association between ADHD symptoms and
initial educational level in early adolescence (i.e., around age
14). Subsequent changes in educational level were estimated
by regressing educational level around 16 and 19 on previ-
ous measurements of educational level (i.e., around 14 and
16, respectively). We assessed the potential mediating role of
family functioning, and social support by teachers and class-
mates, all measured concurrently with ADHD symptoms
(around ages 11, 14, and 16), in the association between
ADHD symptoms and (changes in) education, whilst addi-
tionally evaluating interactions between ADHD symptoms
and these hypothesized mediators (Fig. 2). Separate models
were run for each age category (i.e., between around age
11 and 14, 14 and 16, and 16 and 19) and for each potential
mediator (i.e., family functioning, social support by class-
mates, social support by teachers). It is possible that ADHD
symptoms also affect educational level after relatively short
amounts of time. In this case, measures of educational level
assessed concurrently with ADHD symptoms could function
as exposure-induced mediator-outcome confounders, which
can cause bias in many types of mediation models. We there-
fore used interventional effects mediation models, which
can still yield valid results by treating these confounders as
additional mediators (Chan & Leung, 2022; VanderWeele
et al., 2014; Vansteelandt & Daniel, 2017). All continuous
variables were z-score transformed to facilitate interpret-
ability of coefficients. If change in education was estimated
by regressing educational level on its past value, standard-
ized beta-coefficients of 0.03 were judged as small, 0.07 as
medium, and 0.12 as large effects, as recommended by Orth
et al. (2022) for longitudinal autoregressive models. For
all other estimates from mediator and outcome models, we
followed recommendations by Funder & Ozer (2019), who
suggested classifying effects of 0.05 as very small, 0.10 as
small, 0.20 as medium, 0.30 as large, and 0.40 as very large
in psychological research. The effect sizes of indirect effects
were given by the proportion mediated (Alwin & Hauser,
1975; Goldstein, 2016).

Attrition analyses showed that at wave 2 3.63% (N=81)
of the original participants no longer participated in the
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study. At wave 3 this was the case for 18.44% (N=411),
and at wave 4 for 15.66% (N =349) of the original partici-
pants. Adolescents with greater age, male gender, non-Dutch
ethnicity, lower educational level and 1Q, as well as those
from lower SES households were more likely to drop out of
the study (Table S1). ADHD symptoms were also related
to dropout, but only significantly so at wave 1 (i.e., around
age 11). Considering family and school factors, lower fam-
ily functioning around age 14 was related to increased risks
of having left the study by wave 4 (i.e., around age 19).
Comparable differences were found between participants
with complete information on educational level and those
whose educational level was missing or could not be clas-
sified (Table S2).

Missing information on educational track member-
ship from wave 2 to 4 was imputed using retrospective
event history calendar data collected at wave 3 and wave
5. Participants who were still in elementary education or
in a combined class at wave 2 were assigned according to
their elementary school teacher’s recommended level. If
this information was not available, pupils were classified
according to the first track they attended after leaving ele-
mentary education or the combined class. It was not possible
to classify participants who had not been in education for a
longer period, were not classifiable into an educational track
(e.g., because of education abroad), whose educational level
was assessed incompletely, who did not respond to ques-
tions on education, or who had left the educational system
permanently (wave 2: N=221, 10.29%; wave 3: N=289,
15.90%; wave 4: N=373, 19.84%). Education was consid-
ered as missing for these participants. This missing informa-
tion together with missing values on all other variables was
addressed using multiple imputations by chained equations
under fully conditional specification (van Buuren, 2007) and
under the assumption of missingness at random. 90 imputed
datasets were created with 50 iterations between datasets.
Analyses were conducted in STATA 16.1 and in R 4.2.2,
making use of the ‘intmed’ (version 0.1.2) package (Chan,
2022) for mediation analyses.

Sensitivity Analyses

The ‘intmed’ package currently does not support ordinal
outcomes. We therefore assessed whether the ordinal nature
of our educational variable affected the linear regression
results of the mediation models by repeating our analyses
using structural equation modelling and the weighted least
square means and variance adjusted (WLSMV) estimator in
Mplus 8.8. These models allow for ordinal outcomes, while
assuming the absence of exposure-mediator interactions
(Figs. S1-S3). In mediation models it is usually preferable
to measure exposures, mediators, and outcomes in consecu-
tive waves. However, the time lags between measurements
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comes, to assess whether the choice of time lags affects our

in TRAILS are rather long (about three years), which means
that adolescents are frequently in different social contexts
(e.g., in different classrooms with different teachers and results (Figure S4, Table S3).
peers) in one wave compared to the next. To adequately
assess the consequences of ADHD symptoms, in terms of
social support in the classroom and family functioning, it ~ Results
is important to measure these variables within the same
social context as ADHD symptoms, necessitating a fairly
short time interval between measurements. This is why we
modelled exposures and mediators contemporaneously in
our main analyses. Nevertheless, we conducted sensitivity
analyses in which we allowed for each one wave time lag

Descriptive Statistics
Table 1 shows the characteristics of TRAILS participants
around age 11 according to educational level around age

14. More ADHD symptoms around age 11 were strongly
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associated with lower education around age 14. Children
about to attend the lower educational tracks in early adoles-
cence tended to experience poorer family functioning. No
significant differences according to educational level around
age 14 were found in terms of social support by teachers
and classmates around age 11. Children with less affluent or
non-Dutch parents were more commonly selected into the
lower educational tracks. Girls more frequently went on to
attend the academic and intermediate vocational tracks than
boys. Further, higher IQ around age 11 was strongly associ-
ated with higher education around age 14. Being in a higher
educational track was strongly and inversely associated with
ADHD symptoms around age 14 and 16 (Table 2). Overall,
with few exceptions, adolescents in the higher educational
tracks tended to experience somewhat better family func-
tioning, and more social support by teachers and classmates
around 14 and 16.

Mediation and Interaction Analyses

Mediation analyses (Table 3) revealed small direct effects
of ADHD symptoms in childhood (around age 11) on lower
educational level around age 14. Similarly, we found medium-
sized direct effects of ADHD symptoms around age 14 and
16 on decreases in educational level by around age 16 and
19, respectively. Our models also revealed small associations
between ADHD symptoms and lower family functioning,
as well as less social support by classmates, and medium-
sized to large associations between ADHD symptoms and
less social support by teachers, throughout the whole study
period. Unexpectedly, in none of our mediation models were

family functioning and social support by teachers and class-
mates associated with (changes in) educational level. Accord-
ingly, the interventional effects mediation models detected no
significant indirect effects. Furthermore, we did not find any
significant interactions between family functioning, and social
support by classmates and teachers and ADHD symptoms.

Results regarding mediation in our sensitivity analysis
allowing for ordinal outcomes were consistent with our main
analysis (Figs. S1-S3). However, when one wave time lag
(approximately 3 years) was allowed between the measure-
ments of ADHD symptoms and family and school factors,
we detected negligible to very small but significant associa-
tions between more social support by teachers and class-
mates around age 14 and a higher educational level around
age 16, as well as between more social support by teachers
around age 16 and increases in educational level by around
age 19. Nevertheless, we found only a very small (proportion
mediated =0.05) indirect effect of ADHD symptoms around
age 11 on lower education around age 16 via lower levels
of social support by classmates around age 14 (Fig. S4 and
Table S3).

In order to gain further insight into why we found no
mediation when modelling ADHD symptoms and fam-
ily and school factors contemporaneously, we conducted
sequentially adjusted regression analyses of associations
between family functioning and social support by teach-
ers and classmates and subsequent (changes in) education
(Table S4). These analyses revealed some negligible to small
associations between family and school factors and (changes
in) education, all of which remained or became significant
after adjustment for covariates, but none of which survived
further adjustment for ADHD symptoms.

Table 1 Characteristics of adolescents participating in the TRAILS Study (wave 1 — 4, the Netherlands, 2000-2010, N=2,229) at wave 1 (2000-

2002) according to educational level at wave 2 (2003-2005)

All levels Lower voca- Intermediate Higher voca- Academic
tional & special vocational tional
education
N=27229 N=635 N=497 N=383 N=457
ADHD symptoms ", mean (SD) 0.58 (0.33) 0.69* (035 0.62" (0.32) 0.55° 0.31) 0.43¢ 0.27)
Family functioning, mean (SD) 323 (0.36) 3.16 (0.34) 3.23° (0.38) 3.24° (0.35) 3.32¢ (0.36)
Social support by teachers, mean (SD) 3.81 (0.70) 3.79* (0.79) 3.82* (0.67) 3.78* 0.66) 3.87* 0.57)
Social support by classmates, mean (SD) 3.58 (0.73) 3.60* (0.82) 3.62* (0.71) 3.53* (0.68) 3.53% (0.64)
Male gender, N (%) 1,098 (49.26) 341*  (53.70) 217"  (43.66) 196* (51.17) 195° (42.67)
Non-Dutch ethnicity, N (%) 301 (13.50) 108  (17.01) 61° (12.27) 39° (10.18) 45P (9.85)
Age, mean (SD) 11.11 (0.56) 11.16* (0.56) 11.07° (0.54) 11.05> (0.56) 11.14* (0.56)
Parental socioeconomic status (SES), mean (SD) -0.05 (0.80) -0.53* (0.70) -0.16" (0.67) 0.21¢ (0.68) 0.55¢ (0.70)
Wechsler Intelligence Deviation Quotient, mean (SD) 97.19 (15.00) 86.05* (12.49) 95.20° (10.98) 102.68° (11.20) 111.14% (11.91)

SD =standard deviation; parameters with different superscripts differ significantly from each other at p <0.05, as determined by chi-squared tests
(categorical variables) and one-way ANOVAs with pairwise comparisons (continuous variables); higher scores indicate higher SES, higher intel-
ligence, more ADHD symptoms, higher levels of family functioning, and more social support by teachers and classmates

“ADHD symptoms were assessed using mean scores of the YSR and CBCL DSM-oriented ADHD symptom scales
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Table 2 Characteristics of . Wave 2 Wave 3 Wave 4
adolescents and young adults in
the TRAILS Study (wave 1 -4,y participants 2,148 1,818 1,880
ﬁigg;g;ﬁgg;ﬁgﬂfom’ Date range 2003-2005 2005-2008 2008-2010
concurrent educational level Male gender, N (%) 1,054 (49.07) 867 (47.69) 898 47.77)
Educational level, N (%)
Lower vocational & special education 635 (32.20) 349 (22.83) 161 (10.68)
Intermediate vocational 497 (25.20) 405 (26.49) 498 (33.02)
Higher vocational 383 (19.42) 362 (23.68) 475 (31.50)
Academic 457 (23.17) 413 (27.01) 374 (24.80)
ADHD symptoms”, mean (SD)
All levels 0.54 0.32) 0.52 0.32) - -
Lower vocational & special education 0.63* 0.33) 0.64* 0.34) - -
Intermediate vocational 0.58" 0.31) 0.57° 032) - -
Higher vocational 0.53¢ 0.32) 0.50° 0.28) - -
Academic 0.43¢ 0.28)  0.40¢ 027) - -
Family functioning, mean (SD) - -
All levels 3.36 0.40) 3.35 0.40) - -
Lower vocational & special education 3.26* 0.41) 3.32° 0.44) - -
Intermediate vocational 3.36" 0.40) 3.31* 0.41) - -
Higher vocational 3.41%¢ 0.38) 3.35% 0.38) - -
Academic 3.44¢ (0.38)  3.40° (038) - -
Social support by teachers, mean (SD)
All levels 3.48 0.65) 343 0.61) - -
Lower vocational & special education 3.47° 0.74)  3.41%0 0.69) - -
Intermediate vocational 3472 (0.60)  3.44%° 0.63) - -
Higher vocational 3.46° 0.62) 3.37° 0.61) - -
Academic 3.56° 0.56) 3.48° (0.48) - -
Social support by classmates, mean (SD)
All levels 3.59 0.65) 3.57 0.55) - -
Lower vocational & special education 3.50* 0.74) 3.53* 0.65) — -
Intermediate vocational 3.61° 0.66) 3.55% 0.54) - -
Higher vocational 3.63° (0.60) 3.58 0.51) - -
Academic 3.64° 0.57) 3.61° 0.49) - -
Age, mean (SD)
All levels 13.57 (0.53) 16.28 0.71) - -
Lower vocational & special education 13.65% 0.52) 16.15% 0.66) — -
Intermediate vocational 13.53° 0.56) 16.14* 0.72) - -
Higher vocational 13.49° 0.54) 16.25° 0.62) - -
Academic 13.55° 0.49) 16.25° 0.54) - -

SD =standard deviation; parameters with different superscripts differ significantly from each other at
p<0.05, as determined by one-way ANOVAs with pairwise comparisons; higher scores indicate more
ADHD symptoms, higher levels of family functioning, and more social support by teachers and classmates

*ADHD symptoms were assessed using mean scores of the YSR and CBCL DSM-oriented ADHD symp-

tom scales
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Discussion

In this study, we investigated the role of family functioning
and social support by classmates and teachers as mediators
within associations between symptoms of ADHD and edu-
cational level, while also evaluating potential interactions
between ADHD symptoms and these family and school fac-
tors. Significant direct effects revealed that ADHD symp-
toms were associated with being in a lower educational track
in early adolescence, and that adolescents with high levels
of ADHD symptoms more frequently decreased in their
educational level over the course of adolescence, relative to
their peers with low levels of ADHD symptoms, irrespec-
tive of family functioning and social support by teachers
and peers. In addition, ADHD symptoms were associated
with worse family functioning, as well as lower levels of
social support by teachers and classmates throughout the
whole study period. Yet, significant indirect effects were
absent in all but one model in our sensitivity analyses, in
which ADHD symptoms around age 11 were allowed to
influence social support by classmates approximately three
years later. Whenever family and school factors were mod-
elled contemporaneously with ADHD symptoms (i.e., within
the same social contexts), no mediation was found. This is
likely due to the small magnitude of associations between
family and school factors and subsequent (changes in) edu-
cation after adjustment for covariates, which were even com-
pletely absent after also adjusting for concurrent measures
of ADHD symptoms. Lastly, we observed no interactions
between ADHD symptoms and family and school factors,
suggesting that associations between ADHD symptoms and
education do not differ in the presence of varying levels of
family functioning and social support by teachers and peers.
Overall, our results highlight the robustness of the detrimen-
tal associations of ADHD symptoms with educational level
throughout adolescence, which persist even in the presence
of positive social relationships within the family and with
teachers and peers.

Interpretation of Findings

Family and School Factors Largely do not Mediate
the Association between ADHD Symptoms and Educational
Level

Despite robust and consistent relations of ADHD symptoms
with both educational level and family and school factors,
contrary to our hypotheses, we found little empirical support
that these factors contribute much to the association between
ADHD symptoms and lower education as mediators. Media-
tion was largely absent given that we only observed neg-
ligible to small associations between family functioning

and social support by teachers and classmates and (changes
in) education, which were no longer significant following
adjustment for covariates and ADHD symptoms, if those
symptoms were assessed within the same social contexts as
family and school factors. One exception was an extremely
small indirect effect via social support by classmates in the
sensitivity analysis in which family and school factors were
measured approximately three years after ADHD symptoms.
This was unexpected, given that we deemed mediation more
likely with ADHD symptoms and family and school fac-
tors measured at the same time. Our findings contrast past
research highlighting the importance of the social environ-
ment at home and at school for adolescents’ educational
attainment (Blackson, 1995; Lin et al., 2019; Robertson &
Reynolds, 2010; Roorda et al., 2017; Roy et al., 2017; Tao
et al., 2022; Wentzel et al., 2021).

There are several potential explanations for the discrep-
ancy between our results and past research. First, our meas-
ures of family functioning and peer/teacher support may not
have sufficiently tapped into the aspects of social relation-
ships contributing most strongly to the association between
ADHD symptoms and educational level. Family functioning,
for instance, is a rather general measure assessing family
climate but may not exactly capture the specific aspects of
parenting (e.g., parental involvement in school) important
for the education of adolescents (Castro et al., 2015; Masud
et al., 2015; Song et al., 2015). Similarly, adolescents may
perceive much affection and behavioural confirmation from
peers and teachers, which would be reflected in high scores
on the SPF scales used here, but may lack more academic
support from their classmates (e.g., through note sharing)
(Dvorsky et al., 2018) or teachers (e.g., accommodations)
(Harrison et al., 2020). Future studies may benefit from
including measures of social support that more specifically
relate to adolescents’ academic development.

Second, most previous studies have used GPA-based
measures (Gallardo et al., 2016; Goguen et al., 2010; Scales
et al., 2020; Sebanc et al., 2014; Wentzel & Caldwell, 1997)
or standardized testing (Blackson, 1995; Lee, 2012; Li et al.,
2020; Liem & Martin, 2011; Lin et al., 2019; Phan & Ngu,
2018; Song et al., 2015) as measures of education. Family
and school factors may strongly affect day-to-day fluctua-
tions in GPA, yet these fluctuations might not be substantial
enough to cause moving to a lower school type for most
adolescents. Still, two studies which, similar to ours, used
measures of long-term educational outcomes (mean number
of school certificate passes (Woodward & Fergusson, 2000),
and degree attainment in young adulthood (Roy et al., 2017))
did find associations. Nevertheless, family and school fac-
tors might be more strongly and consistently associated with
GPA than long-term educational outcomes.

Lastly, differences between our results and past findings
could be explained by divergent approaches to covariate
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adjustment. For example, most previous studies on social
factors and education had a non-clinical focus and therefore
did not adjust for, for instance, adolescents’ psychological
problems, including ADHD symptoms. We were able to find
only two studies controlling for similar covariates to our
study, which, in line with our results, both found substantial
reductions in associations between family and school factors
and educational outcomes after statistical adjustment. Yet,
unlike most associations in our study, associations in these
studies remained significant. In Sun et al. (2021), the asso-
ciation between family functioning and school disruption
was strongly attenuated after adjusting for adolescents’ psy-
chological problems, including ADHD symptoms. Similar
results were found by Woodward and Fergusson (2000), who
besides ADHD symptoms, like in our study also adjusted for
parental SES and 1Q, concerning the association between
peer relationship problems and later educational attainment
(Woodward & Fergusson, 2000). Overall, these results high-
light the importance of careful covariate selection when
evaluating associations between social factors and educa-
tional outcomes.

Family and School Factors and ADHD Symptoms
do not Interact

We found no interactions of family functioning and social
support by teachers and classmates with ADHD symptom:s,
suggesting that ADHD symptoms are similarly related to
education across varying levels of these family and school
factors. A potential explanation for this finding is that the
current structure of the Dutch educational system might not
be able to provide enough support to adolescents with high
levels of ADHD symptoms, even if teachers and parents are
willing to provide such assistance. For example, classes in
most schools might be too large to optimally support stu-
dents with special needs, including ADHD, for whom small
classes of maximally 8 to 15 students may be optimal (Loe
& Feldman, 2007). In 2016, in secondary schools in the
Netherlands, the academic and higher vocational tracks had
an average class size of 27 pupils in the first year, and the
intermediate and lower vocational tracks 19 and 12 pupils,
respectively (Dutch House of Representatives, 2017). In pri-
mary school, the average class size was at 23 pupils (Dutch
Ministry of Education, Culture and Science, 2018). It is thus
possible that, particularly in primary school and the higher
educational tracks, the Dutch system currently cannot suf-
ficiently accommodate the academic needs of adolescents
grappling with ADHD symptoms. The effect of insufficient
facilitation may be strong, such that educational outcomes
do not change for the better even if these adolescents per-
ceive positive relationships with teachers and peers and
grow in up in households with a positive family climate.
Furthermore, the smaller number of pupils in intermediate

@ Springer

vocational and lower vocational tracks may be late in view
of reaching higher educational outcomes, and insufficient
facilitation in primary school may have already set lower
educational outcomes in motion.

Strengths and Limitations

Key strengths of our study are a high response rate, its
long follow-up, and the consistency of measures over time,
allowing to capture multiple developmental periods simul-
taneously (Oldehinkel et al., 2015). By incorporating both
parent- and self-reported ADHD symptoms, we were able
to avoid mono-informant bias (Martel et al., 2021). Further-
more, we incorporated factors both in the school and home
context, which has rarely been done in previous studies.
Another strength of our study is our measure of educational
level, which is consistent throughout adolescence and young
adulthood. The selective educational system of the Nether-
lands provides an age-appropriate measure of educational
attainment, as proxy for developing SES over the course of
adolescence. That is, the selection into educational tracks
as early as at age 11-12 years means that Dutch adoles-
cents grow up in distinct educational environments that are
characterized by different social norms, future expectations,
cognitive resources, and occupational prospects — charac-
teristics that are closely related to conceptualizations of SES
in adulthood (Schmengler et al., 2021). One could there-
fore argue that in selective educational systems, such as in
the Netherlands, youngsters move into ‘their own’ SES at a
much earlier age than in comprehensive systems, such as in
Finland or the USA. TRAILS provides a unique opportu-
nity to investigate both the antecedents and consequences, in
terms of health-related characteristics, of this differentiation
and subsequent intragenerational social mobility in adoles-
cents and young adults (Schmengler et al., 2021).

Some limitations of this study may have affected our
results and conclusions. First, we used data from a relatively
low-risk population-based sample of adolescents, which
means that findings may not extend to high-risk or clinical
samples of adolescents diagnosed with ADHD. As we did
not use clinical diagnoses, we could not distinguish between
the impact of symptoms above and below clinical thresholds.
Second, informants might differ in how they judge social
relationships. Future studies may take a multi-informant
approach when assessing family functioning and social rela-
tionships of adolescents with teachers and peers, to take into
account differing perspectives on these relationships. Third,
attrition might have influenced the results of our study.
Although we implemented multiple imputations to man-
age missing data, higher dropout of adolescents with less
favourable conditions (e.g., lower education, parental SES,
1Q) may still have affected our results. As these characteris-
tics are also important determinants of adverse outcomes in
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young adulthood, further research on at-risk groups is nec-
essary (Caspi et al., 2016). Lastly, future research may also
consider the reverse-causal path in the association between
ADHD and family functioning. For example, past studies
have found associations between early-life adversity, includ-
ing indicators of family dysfunction, and later neurodevelop-
mental outcomes, including symptoms of ADHD (Xu et al.,
2022). Particularly early and severe emotional deprivation
may adversely affect children’s neurodevelopment, poten-
tially through epigenetic mechanisms (Sonuga-Barke et al.,
2017), yet familial confounding may also contribute to asso-
ciations between childhood adversity and ADHD symptoms
(Carlsson et al., 2021). Future research may employ geneti-
cally informed designs to investigate to what extent ADHD
symptoms contribute to the association between childhood
adversity, including severe family dysfunction, and later edu-
cational attainment.

Conclusion and Implications

Our findings suggest that ADHD symptoms are robustly
associated with lower educational attainment over the course
of adolescence. Yet, this association was not mediated by
general measures of family functioning and social support by
teachers and classmates. Furthermore, we found no evidence
that these measures amplify the association between ADHD
symptoms and lower educational level. General social sup-
port and family functioning may still substantially contribute
to associations between ADHD symptoms and other func-
tional outcomes, such as mental health (Dvorsky & Lang-
berg, 2016; Karawekpanyawong et al., 2021; Meinzer et al.,
2021). For educational attainment, specific aspects of social
support proximally related to academic functioning may be
more important (e.g., parental involvement in school, note
sharing with classmates, accommodations at school). Cru-
cially, research on the role of social factors in associations
between ADHD symptoms and functional outcomes is still
in its infancy (Dvorsky & Langberg, 2016). Therefore, rep-
lication studies are necessary to explore the extent to which
our results extend across dimensions of social support and to
other, including high-risk, populations. Lastly, our findings
may differ from studies on interventions targeting adoles-
cents’ social context, as interventions addressing multiple
systems (family, teachers, peers) have shown promise and
should not be ignored based on our results (DuPaul et al.,
2020; Sibley et al., 2016, 2020). These studies typically have
a relatively short follow-up (DuPaul et al., 2020) and may
therefore also capture more subtle effects of the social con-
text on academic functioning, which may be missed in stud-
ies with long follow-up and focus on long-term educational
attainment, like TRAILS.
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