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Abstract
Astenvald, R. 2026. Emotional reactivity and regulation in ADHD during childhood and
adolescence. Digital Comprehensive Summaries of Uppsala Dissertations from the Faculty of
Medicine 2249. 116 pp. Uppsala: Acta Universitatis Upsaliensis. ISBN 978-91-513-2780-8.

Attention-deficit/hyperactivity disorder (ADHD) is neurodevelopmental condition
characterized by symptoms of inattention and hyperactivity/impulsivity that interferes with
daily functioning. Many individuals with ADHD show elevated emotional reactivity and
emotion regulation challenges, and there has been a long-standing debate on whether emotional
challenges should be included in the diagnostic criteria. However, the current literature is limited
regarding the phenotypic and aetiological links between emotional challenges and ADHD. The
aim of this thesis was to improve specificity of the association between ADHD and emotional
reactivity and regulation with a focus on childhood and adolescence.

Study I used a co-twin control design with a sample of dizygotic and monozygotic twins
(N=382, 8–36 years) and found that the association between ADHD and rated emotion
dysregulation remained despite adjusting for sex, age, and psychiatric co-occurrence and that
their association may be influenced by genetic factors.

Study II had a cross-sectional design including two cohorts, the diagnostic cohort (N=104,
10–17 years) and the referred cohort (N=85, 13–18 years), which showed that ADHD was
robustly associated with rated elevated anger reactivity, and dysregulation of anger and
exuberance.

Study III had a cross-sectional design including the diagnostic cohort with an extended
recruitment period utilizing an emotional task (N=176, 10–17 years) and questionnaire data
(N=94, 13–17 years). Main findings showed an association between ADHD and less self-rated
and task-specific use of adaptive strategies, and more self-rated use of maladaptive strategies,
although these did not remain after full adjustments. Post-hoc analyses indicated that ADHD is
related to lower self-rated use of acceptance, specifically.

Study IV used a single-case experimental design to evaluate a newly developed psychological
intervention (ER-SKILLS) aiming to increase emotion regulation capacity among adolescents
with ADHD (N=9, 13–17 years). ER-SKILLS was feasible and effective for some participants,
although methodological constraints partly hindered determination of intervention effects.

In conclusion, reactivity and dysregulation of anger, and possibly exuberance, as well as a
lower use of acceptance, may be specific to ADHD. A shared genetic background between
emotion dysregulation and ADHD was also revealed. ER-SKILLS shows promise and may be
refined by adopting group-based formats and targeting motivational difficulties.
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Introduction 

Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental 
condition characterized by symptoms of inattention and hyperactivity/impul-
sivity (American Psychiatric Association, 2013). The core symptoms of 
ADHD have a significant impact on various aspects of daily living, as they 
negatively affect the individual’s functioning (American Psychiatric Associa-
tion, 2013; World Health Organization, 2019). Daily challenges include diffi-
culties with school and work performance, increased risk-taking, and difficul-
ties with peer relations and friendships (Meyer, Alaie, et al., 2022; Shoham et 
al., 2021; Spender et al., 2023). Future adverse outcomes of childhood ADHD 
include impaired academic and occupational functioning, poorer physical and 
mental health, and increased mortality risk (Cherkasova et al., 2022). ADHD 
has also been associated with emotional challenges, such as having intense 
emotions and difficulties modulating them, which tend to exacerbate clinical 
prognosis, impairment, and psychiatric burden (Faraone et al., 2019; Shaw et 
al., 2014). While recent research has highlighted the important role of emo-
tional symptoms in ADHD, the current literature provides limited specificity. 
Increased precision is necessary for our understanding of ADHD as a whole 
and for the development of targeted and effective treatments. Consequently, 
this thesis aims to explore the specific relation between ADHD and emotional 
challenges, commencing with an overview of the current knowledge of 
ADHD and an introduction to relevant concepts.  

ADHD 
The diagnostic construct of ADHD originated in 1980 with the launch of the 
3rd edition of the Diagnostic and Statistical Manual for Mental Disorders 
(DSM- III; American Psychiatric Association, 1980), but descriptions of inat-
tention, hyperactivity, and impulsivity can be found in medical texts dating 
back to the late 18th and the early 20th centuries (Crichton, 1798; Still, 1902). 
Today, the diagnostic criteria for ADHD can be found in the most recent ver-
sions of the DSM (DSM-5; American Psychiatric Association, 2013) and the 
International Statistical Classification of Diseases and Related Health Prob-
lems (ICD-11; World Health Organization, 2019). The clinical definition of 
ADHD includes persistent symptoms of inattention (such as being easily dis-
tracted or forgetful) and/or hyperactivity/impulsivity (such as having 
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difficulties sitting still or with turn-taking in conversations) that have been 
present for the last six months and where some symptoms have been observed 
prior to age 12. The symptoms must result in functional impairment, be no-
ticeable in multiple settings (such as at home or in school), and not be attribut-
able to other psychiatric conditions. Six or more symptoms (five for individ-
uals 17 years or older) of inattention or hyperactivity/impulsivity need to be 
fulfilled to receive a diagnosis according to the DSM-5. Note that the ICD-11 
does not require a specific number of symptoms in order to fulfil the criteria 
for a clinical diagnosis of ADHD.  

ADHD was previously divided into three subtypes to specify the condition: 
the predominantly inattentive subtype (meeting criteria for inattention symp-
toms), the predominantly hyperactive/impulsive subtype (meeting criteria for 
hyperactive/impulsive symptoms), and the combined subtype (meeting criteria 
for both inattention and hyperactive/impulsive symptoms) (American Psychi-
atric Association, 1994). A recent change from the previous diagnostic criteria 
is that the subtypes are now regarded as presentations of ADHD, as research 
show high intraindividual variation regarding symptom presentation over time 
(Lahey & Willcutt, 2010). Thus, the current presentation of ADHD is speci-
fied at the time of diagnosis but may vary for the individual over time.  

Reframing of ADHD  
The definition of ADHD as a distinct and categorical condition has been chal-
lenged, as research suggests that the phenotypical presentation of ADHD is 
better characterized as a continuous trait at the extreme end of the distribution 
(Hinshaw, 2018; Nigg, Sibley, et al., 2020; Sonuga-Barke et al., 2023). Ex-
ploring a more dimensional view of ADHD has revealed that impaired func-
tioning is found across the whole spectrum of ADHD (Arildskov et al., 2022), 
including subthreshold cases (Meyer, Alaie, et al., 2022). Such findings high-
light the importance of not solely focusing on diagnostic thresholds within 
research or healthcare. The dimensional perspective is further reflected in re-
cent alternative classification frameworks within psychiatry and psychology, 
such as the Research Domain Criteria project (Cuthbert & Insel, 2013) and the 
Hierarchical Taxonomy of Psychopathology (Kotov et al., 2021).  

Another noteworthy perspective moves beyond the medical model for un-
derstanding psychiatric conditions, including ADHD. The neurodiversity par-
adigm challenges the medical model and its focus on individual impairment 
over acknowledging how societal expectations and norms may result in disa-
bility for neurodivergent individuals, meaning those whose development dif-
fers from neurotypical patterns (Pellicano & den Houting, 2022). While defi-
nitions of the neurodiversity approach vary, it does not necessarily exclude the 
consideration of individual factors altogether; instead, it highlights the inter-
play of individual and societal influences in the role of understanding disabil-
ity (Dwyer, 2022). A key distinction, however, is that while the medical model 
assumes that deviations from typical patterns of functioning are inherently 
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pathological (Dwyer, 2022), the neurodiversity paradigm recognizes a natural 
variation of neurotypes (i.e., based on patterns of how we process information 
and interact with the world) with the understanding that, although neurotypi-
cality may be more common, it is not more “normal” than being neurodiverse 
(Fletcher‐Watson, 2022). Rather, all neurotypes are recognized as natural var-
iations within human diversity. This framework also allows for acknowledg-
ing specific strengths that are linked to neurodiversity (Dwyer, 2022), moving 
beyond factors inherently tied to, or associated with, pathological classifica-
tions. In the context of ADHD, such strengths may include the ability to hyper-
focus, openness to experiences, spontaneity, and/or adventurousness (Mahdi 
et al., 2017; Nordby et al., 2023; Sedgwick et al., 2019). Notably, this strength-
based perspective extends beyond individual traits, as researchers emphasize 
that neurodiversity in and of itself is valuable (Fletcher‐Watson, 2022; Pelli-
cano & den Houting, 2022). 

Aligned with this perspective, an editorial emphasizes the need for a more 
nuanced understanding of ADHD, incorporating both strengths and chal-
lenges, and acknowledging the broad heterogeneity of the condition, instead 
of relying on the notion of an “average” ADHD profile (Franke & the ‘Mod-
ernizing the concept of ADHD’ (MocA) Team, 2023). Others have also ar-
gued that ADHD is not a fixed, biological entity but rather a social construct 
(Banaschewski et al., 2024). Importantly, this perspective does not undermine 
the validity or clinical relevance of the ADHD construct but rather highlights 
that it cannot be fully understood without considering societal and environ-
mental factors (Banaschewski et al., 2024).  

To conclude, how ADHD should be characterized is currently being de-
bated and new perspectives are expected to spark shifts in psychiatric care and 
research.  

Prevalence 
The prevalence of ADHD ranges from 2.2–7.6% among children and adoles-
cents worldwide (Erskine et al., 2013; Polanczyk et al., 2007, 2014; Salari et 
al., 2023; Willcutt, 2012), with a slight increase in prevalence when applying 
the diagnostic criteria of DSM-5 compared to earlier versions (Salari et al., 
2023). Prevalence rates tend to be lower for adults with ADHD, ranging from 
2.5–2.8% (Fayyad et al., 2017; Simon et al., 2009). Possible explanations for 
this include that ADHD symptoms tend to decrease over time, although atten-
tion difficulties remain more stable compared to hyperactive/impulsive symp-
toms (Francx et al., 2015; Larsson et al., 2011). This discrepancy may also be 
due to a mismatch between the childhood-based diagnostic criteria and how 
ADHD presents in adults (Faraone et al., 2006; Simon et al., 2009). Corrobo-
rating this, while only 15–35% with childhood ADHD continue to meet full 
diagnostic criteria in later adolescence or adulthood, persistence is higher (up 
to 78%) when considering those who still experience symptoms of ADHD, 
functional impairment, or require medication (Biederman et al., 2010; Faraone 
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et al., 2006). Further, a recent longitudinal study found that remission and re-
currence rates fluctuate over time, indicating that full remission rates may be 
unstable (Sibley et al., 2022).   

ADHD is frequently reported as more common in males than in females 
(Dalsgaard et al., 2020; Erskine et al., 2013; M. Rydell et al., 2018; Willcutt, 
2012), where females often present with a more inattentive profile (American 
Psychiatric Association, 2013; Rucklidge, 2010). These sex differences tend 
to even out in adulthood, possibly due to a later onset of ADHD symptoms for 
females compared to males (Dalsgaard et al., 2020; Murray et al., 2019), a 
more pronounced reduction of ADHD symptoms for males across develop-
ment (Wootton et al., 2022), and/or due to referral bias (Cortese et al., 2016; 
Loyer Carbonneau et al., 2021; Sonuga-Barke et al., 2023).  

Recent studies also show an increase of ADHD diagnoses. For instance, in 
the United States, the prevalence of ADHD among children and adolescents 
has increased from 6.2% to 10.2% over a 20-year period (Xu et al., 2018). In 
Sweden, it has been estimated that 10.5% of boys and 6% of girls had an 
ADHD diagnosis in 2022, with projections suggesting that prevalence rates 
may rise to 15% among boys and 11% among girls before stabilizing (So-
cialstyrelsen, 2023). The cause of this increase is not fully understood, but 
several factors have been proposed, including greater awareness of ADHD, 
socio-political changes and educational policies, and/or diagnostic and admin-
istrative procedures (Hinshaw, 2018; M. Rydell et al., 2018).  

Co-occurrence of psychiatric conditions 
Other psychiatric conditions are common in the ADHD population (Faraone 
et al., 2021; Sonuga-Barke et al., 2023), where a majority present with at least 
one other psychiatric diagnosis (Jensen & Steinhausen, 2015; Reale et al., 
2017). This often negatively affect clinical prognosis and quality of life (Ah-
nemark et al., 2018; Armstrong et al., 2015; Taurines et al., 2010) and may 
increase the likelihood of ADHD persistence (Roy et al., 2016). Common co-
occurring psychiatric conditions include: externalizing conditions, including 
oppositional defiant disorder (ODD) and conduct disorder (CD); internalizing 
conditions, such as mood and anxiety disorders; neurodevelopmental condi-
tions, including autism spectrum disorder (henceforth: autism) and learning 
disorders, as well as sleep disturbances, substance use disorders, and person-
ality disorders (Armstrong et al., 2015; Franke et al., 2018; Reale et al., 2017). 
There are developmental effects to the trajectory of co-occurring conditions, 
where for example ODD and CD are more prevalent during childhood and 
adolescence (Franke et al., 2018; Jensen & Steinhausen, 2015). Co-occurring 
psychiatric conditions also vary by sex, where females with ADHD have an 
increased risk of internalizing conditions, reaction to severe stress, and eating 
disorders, whereas males have a higher prevalence of other neurodevelopmen-
tal conditions and externalizing challenges (Jensen & Steinhausen, 2015).  
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Emotional reactivity and regulation 
During recent years, there has been an upsurge of interest regarding the role 
of experiencing intense and frequent emotions, as well as having difficulties 
with regulating emotions, in psychopathology overall, and ADHD in particu-
lar. The field of emotional challenges relating to psychiatric conditions is vast 
and there are several definitions of what constitutes an emotion and varying 
characterizations of emotion regulation (Gross & Feldman Barrett, 2011). Alt-
hough scientific consensus for these terms is yet to emerge, some widely cited 
characterizations are outlined below. 

Emotions 
Emotional reactivity 
Emotions (such as anger, fear, or joy) can be described as emergent responses 
towards a situation evaluated as vital to one’s current goals, encompassing 
intertwined experiential, behavioural, and physiological responses (Gross & 
Jazaieri, 2014). Changes in emotional responses can be defined as emotional 
reactivity (Gross & Jazaieri, 2014), for example experiencing feelings of 
dread, engaging in avoidance behaviours, and having an increased heart rate 
during a threatening situation. Emotions help us allocate attention, interpret 
our surroundings, differentiate between threats and rewards, and communicate 
our internal states to others (Larsen, 2000). However, our emotional responses 
can also become overwhelming, and problematic emotional reactivity may in-
clude experiencing highly intense and frequent emotions and/or expressing 
context-inappropriate emotions (Gross & Jazaieri, 2014). Other terms often 
associated with ADHD, such as emotional lability and emotional impulsivity, 
refer to similar traits. Emotional lability is defined as an individual’s propen-
sity for rapid shifts in emotional responses (Graziano & Garcia, 2016), 
whereas emotional impulsivity often refers to more specific traits, including 
having a low frustration tolerance and being impatient or more easily excitable 
(Barkley & Fischer, 2010). In this thesis, emotional reactivity will be used as 
an overarching term, encompassing both emotional lability and impulsivity.  

Although the definition of problematic emotional reactivity includes in-
tense and/or frequent emotions, such characteristics should not be patholo-
gized in isolation (Gratz & Tull, 2022; Tull & Aldao, 2015). One can think of 
many instances where elevated emotional reactivity is adaptive or meaningful 
for the individual. For example, sharing uncontrollable laughter with a close 
friend or reacting strongly when one’s boundaries are violated should not be 
deemed pathological per se. Additionally, blunted emotional responses or sup-
pression of emotions could equally be considered problematic for the individ-
ual. For instance, the loss of the ability to experience or upregulate pleasure 
or interest for oneself or the world is part of the diagnostic criteria for major 
depressive disorder (American Psychiatric Association, 2013). Thus, while 
definitions of maladaptive emotional reactivity are needed to systematically 
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conduct research on these constructs, it is important to recognize that contex-
tual factors play a vital role in understanding emotional challenges as well 
(e.g., Tull & Aldao, 2015). Further, how we respond to our emotions, and not 
just the emotional experience itself, also plays an important role for our well-
being (Hu et al., 2014; Kraiss et al., 2020).  

Emotion regulation  
According to the influential theoretical framework by Gross (1998, 2015a), 
emotion regulation involves processes aiming to modulate or influence elicited 
emotional responses (Gross & Jazaieri, 2014). The Extended Process Model 
(EPM) outlines an emotion-generative system, commencing with an emotion-
eliciting situation that is perceived and evaluated and ultimately produces an 
emotional response, and a regulatory system aiming to modify that emotional 
response (Sheppes et al., 2015). According to the EPM, the regulation process 
can be divided into different stages: 1) the identification stage, where the emo-
tional response is perceived and valuated in relation to one’s goal, and a goal 
to regulate the emotion may be activated 2) the selection stage, where the goal 
to regulate the emotional response is active and an overarching regulation 
strategy is chosen (e.g., cognitive change), and 3) the implementation stage, 
in which the goal to use a specific regulation strategy is active and a specific 
regulation tactic (e.g., changing how you think about a situation) is chosen 
(Sheppes et al., 2015). A monitoring process is also active throughout every 
stage, helping the individual to maintain, switch, or stop a regulation process 
(Sheppes et al., 2015). In short, emotion regulation occurs when the emotional 
response (e.g., a tantrum) conflicts with a desired emotional state (e.g., being 
calm), and a goal to regulate the emotional response is activated and specific 
regulation strategies are employed to achieve this goal (Sheppes et al., 2015). 
Emotion regulatory processes can be both within or outside conscious control 
(Gross, 1998), as well as intrinsic (i.e., directed towards regulating one’s own 
emotional responses) or extrinsic (i.e., directed towards regulating another 
person’s emotional response) (Gross, 2015a).  

The specific components of emotion regulation may vary depending on the 
theoretical model that is applied. Another widely cited framework is that of 
Gratz & Roemer (2004), who defines emotion regulation as a process consisting 
of various abilities: “(a) awareness and understanding of emotions, (b) ac-
ceptance of emotions, (c) ability to control impulsive behaviours and behave in 
accordance with desired goals when experiencing negative emotions, and (d) 
ability to use situationally appropriate emotion regulation strategies flexibly to 
modulate emotional responses as desired in order to meet individual goals and 
situational demands” (Gratz & Roemer, 2004, pp. 42–43). Although the frame-
works proposed by Gross (2015a) and Gratz & Roemer (2004) differ in their 
conceptualization of emotion regulation, they also share several similarities. For 
example, Gratz & Roemer (2004) highlight the understanding and acceptance 
of emotions as the foundational abilities of adaptive emotion regulation (Gratz 
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& Tull, 2022). Even though these characteristics are not as equally emphasized 
within the EPM, similar abilities (e.g., attending to, being aware of, and differ-
entiating between emotions) are described as vital for representing an emotional 
response accurately at the beginning of the regulation process (Sheppes et al., 
2015). Further, both frameworks highlight the adaptive use of emotion regula-
tion strategies and that the regulatory processes are tied to achieving specific, 
individual goals (Gratz & Roemer, 2004; Gross, 2015a). Taken together, the 
influential frameworks proposed by Gross (2015a) and Gratz & Roemer (2004) 
offer complementary perspectives that may help to clarify important factors un-
derlying adaptive emotion regulation. 

Development of emotion regulation 
Emotion regulation capacity generally develops over time, commencing in  
infancy where the child relies more on parental influences and basic regulation 
strategies (such as averting one’s gaze), and then progressing toward greater 
autonomy and the acquisition of more complex strategies (Steinberg & 
Drabick, 2015). During childhood, social regulation (i.e., when one person 
attempts to change or influence another’s emotional state) (Reeck et al., 2016) 
may be particularly important, as children frequently rely on adults for sup-
port, and caregivers’ roles as extrinsic regulators seems important to how chil-
dren learn to manage their emotions (LeBlanc et al., 2017, pp. 3–4). Children’s 
emotional processing has been suggested to be shaped by both parenting prac-
tices and the emotion regulation capacities of their parents (Morris et al., 2017; 
Zimmer-Gembeck et al., 2022). However, it is also important to consider the 
role of genetic factors and innate susceptibility to emotion regulation and 
dysregulation, as suggested by previous research (Althoff et al., 2006; Hawn 
et al., 2015), which may influence both caregivers and their offspring. Never-
theless, it has been suggested that the role of caregivers extend beyond child-
hood, as parenting practices may continue to influence children’s emotion reg-
ulation capacities into adolescence (Silvers, 2022). This is important given 
that adolescence is a significant developmental period marked by biological, 
cognitive, and social changes, as well as major shifts in emotional processing 
(McLaughlin et al., 2015). These developmental changes may also increase 
vulnerability for developing psychopathology (McLaughlin et al., 2015), 
where the use of maladaptive emotion regulation strategies can be a contrib-
uting factor to mental health problems (Kraft et al., 2023). At the same time, 
the use of adaptive emotion regulation strategies seems to increase from ado-
lescence into adulthood (Zimmermann & Iwanski, 2014), and strategy use be-
comes more flexible with age (Riediger, 2024, p. 137). Notably, the develop-
ment of emotion regulation capacity may not be linear, and multiple factors 
(such as neurophysiological maturation) may shape individuals’ regulatory 
abilities over time (Riediger, 2024, pp. 138–140).  

In summary, childhood and adolescence are critical periods for the devel-
opment of emotion regulation, although the specific skills that emerge (and 
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the factors that influence these abilities) may vary across different ages and 
developmental stages. 

Emotion dysregulation  
As with the conceptualization of emotion regulation, different theoretical 
frameworks vary in their emphasis on factors that contribute to difficulties in 
executing regulatory processes. A broader definition of emotion dysregulation 
refers to being unable to execute the whole, or parts of, the regulation process, 
resulting in impaired functioning (Bunford et al., 2015). Another more general 
characterization commonly found in child- and adolescent psychiatric re-
search is that of deficient emotional self-regulation, which includes traits 
closely related to the construct of emotional impulsivity (Spencer et al., 2011) 
and has been widely examined in clinical samples, including in ADHD popu-
lations (e.g., Wang et al., 2021). 

Other conceptualizations of emotion dysregulation are more explicitly  
embedded within theoretical frameworks that describe the processes underly-
ing emotion regulation. The EPM describes various ways in which an individ-
ual may struggle to employ adaptive regulatory processes across different 
stages (Sheppes et al., 2015). For example, some individuals may struggle 
with perceiving their emotional responses, and others may experience diffi-
culties in carrying out a selected strategy into action (Sheppes et al., 2015). 
Thus, the EPM functions as an integrated system illustrating that there are 
several pathways through which emotion regulation processes can become 
maladaptive. On the other hand, Gratz & Roemer (2004) conceptualizes emo-
tion dysregulation primarily as a lack of specific abilities (such as limited emo-
tional awareness or access to regulation strategies), rooted in their acceptance-
based framework of what constitutes adaptive emotion regulation (Gratz & 
Tull, 2022). Although these frameworks differ in their theoretical background, 
they converge in their emphasis on how the employment of regulation strate-
gies influence emotion regulation capacity.  

Strategies 
According to the EPM, emotion regulation strategies can be divided into five 
different types based on temporal aspects: 1) Situation selection, that is either 
attending or not attending to a future (potentially) emotion-eliciting situation, 
2) situation modification, defined by making changes to external features of a 
current emotion-eliciting situation, 3) attentional deployment, namely steering 
one’s attention towards or from an emotion-eliciting stimulus or situation, 
such as shifting one’s gaze to avert seeing something frightening, 4) cognitive 
change, meaning thinking differently about an emotion-eliciting situation, for 
example by using cognitive reappraisal where the meaning or relevance of a 
situation is altered through thought, and 5) response modulation, that is mod-
ulating the expression of the emotional response, for example by using breath-
ing exercises to calm a racing heartbeat (Gross, 2015a). In addition to 
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categorizing emotion regulation strategies based on temporal aspects, others 
may distinguish between strategies based on how they are executed. Behav-
ioural regulation strategies can be defined by taking explicit, physical actions, 
whereas cognitive regulation strategies involve internal, mental action (Au-
gustine & Hemenover, 2009). It has been argued that utilizing cognitive emo-
tion regulation strategies is more beneficial since thoughts and appraisals typ-
ically precede behavioural acts (Garnefski et al., 2001).  

Cognitive emotion regulation can be defined as the process of altering your 
thoughts or cognitions to modify or influence your emotions after a negative 
event (Garnefski et al., 2001). The framework by Garnefski (2001) outlines 
several distinct cognitive regulation strategies: acceptance (i.e., accepting a 
negative experience as it is); refocus on planning (i.e., thoughts about how to 
handle a negative event); positive refocusing (i.e., shifting attention to more 
joyous thoughts), positive reappraisal (i.e., reinterpreting the stimulus or sit-
uation in a positive manner that relates to personal growth); putting into per-
spective (i.e., minimizing the severity of, or relativizing, a negative experi-
ence); self-blame (i.e., thinking that the negative experience is your own fault); 
other-blame (i.e., thinking that the negative experience is someone else’s 
fault); rumination (i.e., dwelling on thoughts and feelings linked to the nega-
tive experience) and catastrophizing (i.e., thoughts that amplify the threat or 
danger of an experience). The above-mentioned strategies seem to map well 
onto the cognitive change category in Gross (2015a) model of emotion regu-
lation, while also offering the benefit of providing more detailed categoriza-
tions of specific cognitive strategies or tactics. 

One of the most frequently studied strategies is cognitive reappraisal, 
wherein thoughts are used to modify interpretations of emotional content, also 
encompassing more narrowly defined constructs such as positive reappraisal 
stated above. Cognitive reappraisal is an effective regulation strategy (Augus-
tine & Hemenover, 2009; Webb, Miles, et al., 2012) and associated with 
higher levels of positive emotion (Boemo et al., 2022) and well-being (Kraiss 
et al., 2020), although it may carry the costs of increased cognitive load 
(Strauss et al., 2016). Another widely studied regulation strategy is suppres-
sion of emotions, which may encompass both cognitive and behavioural com-
ponents, including inhibition of outward displays of emotional expressions 
and the suppression of one’s emotional experiences or thoughts (Webb, Miles, 
et al., 2012). Emotional suppression has been associated with negative out-
comes, including increased negative affect and psychopathology (e.g., Aldao 
et al., 2010; Boemo et al., 2022), though findings vary depending on how the 
strategy is operationalized (Webb, Miles, et al., 2012). 

Adaptive and maladaptive regulation strategies 
How emotion regulation strategies relate to specific outcomes have often been 
used to differentiate between more or less helpful strategies. For instance, 
problem-solving and cognitive reappraisal have been negatively associated 
with psychopathology and are often termed adaptive, while rumination, as 
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well as suppression and avoidance of emotions, have been positively linked to 
psychopathology and are often labelled as maladaptive (Aldao et al., 2010; 
Aldao & Nolen-Hoeksema, 2010; Schäfer et al., 2017). Previous research has 
found that the use of particularly maladaptive strategies may play an important 
role for psychopathological outcomes (Aldao et al., 2010; Aldao & Nolen-
Hoeksema, 2010; Garnefski et al., 2006; Kraft et al., 2023; Nolen-Hoeksema 
& Aldao, 2011). However, contextual factors, such as when a strategy is im-
plemented, may also influence its effectiveness and associated outcomes 
(Webb, Schweiger Gallo, et al., 2012). It has also been suggested that regula-
tion strategies that are often considered adaptive is more influenced by con-
textual factors than those that are considered maladaptive (Nolen-Hoeksema 
& Aldao, 2011). For instance, rumination may be considered maladaptive 
across various situations, whereas problem-solving or reappraisal techniques 
may only be considered adaptive under specific conditions (Nolen-Hoeksema 
& Aldao, 2011). Further, a flexible use of different emotion regulation strate-
gies may be more beneficial than rigidly employing a single strategy a priori 
defined as adaptive (Kobylińska & Kusev, 2019).  

To summarize, emotion dysregulation is a multifaceted construct spanning 
several domains, including challenges in identifying and understanding emo-
tions, difficulties initiating and maintaining regulation processes, and prob-
lems with context-appropriate and flexible use of regulation strategies. 

Emotional reactivity and regulation in ADHD 
Elevated emotional reactivity and dysregulation are prevalent in approxi-
mately 25 to 45% of children, and 30 to 70% of adults, with ADHD and have 
been associated with a worse clinical prognosis and impairment (Shaw et al., 
2014). Emotion dysregulation has also been shown to mediate the association 
between ADHD symptoms and other outcomes, including lower satisfaction 
with close relationships (Bodalski et al., 2019). Elevated emotional reactivity, 
emotion dysregulation, and difficulties recognizing and identifying emotions 
may be particularly implicated in children and adolescents with ADHD (Gra-
ziano & Garcia, 2016). These findings have largely been replicated in adult 
ADHD (Beheshti et al., 2020). Research has also identified potential ADHD 
subgroups based on emotional characteristics, which complement the tradi-
tional domains of inattention and hyperactivity/impulsivity (Goh et al., 2020; 
Karalunas et al., 2019; Nigg, 2022). Notably, a subgroup characterized by high 
levels of negative emotions appears to be more stable over time and more 
strongly associated with future psychopathology and impairment than current 
DSM-presentations of ADHD (Karalunas et al., 2019). 

Despite these findings, emotional challenges are only acknowledged as  
associated features to ADHD rather than as defining characteristics of the  
condition (American Psychiatric Association, 2013; World Health Organiza-
tion, 2019). This has not been without controversy, as there is a long-standing 
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debate about whether emotional reactivity and dysregulation should be con-
sidered core components of ADHD (Nigg, Karalunas, et al., 2020). This per-
spective is sometimes accompanied by the notion of re-conceptualizing 
ADHD as a condition characterized by self-regulation challenges in general, 
rather than defined solely by difficulties in attentional and behavioural do-
mains (Hinshaw, 2018; Nigg, 2022; Nigg, Karalunas, et al., 2020). However, 
because of the transdiagnostic nature of emotional reactivity and regulation 
(England-Mason, 2020; Fernandez et al., 2016; Sloan et al., 2017), consensus 
is yet to be reached. Distinct, condition-specific patterns of emotional reactiv-
ity and regulation may exist across various psychiatric conditions, but this is 
yet to be clarified (Bunford et al., 2015; Moll, 2024).   

Specificity 
The association between ADHD and emotional reactivity and regulation re-
main imprecise, which is possibly a consequence of the high heterogeneity 
within psychiatric nosology (Feczko et al., 2019) coupled with the various 
definitions of emotional reactivity and regulation. A comprehensive under-
standing of the emotional domain in ADHD necessitates consideration of mul-
tiple factors, including different aspects of emotional reactivity and regulation, 
the influence of psychiatric co-occurrence, and sex- and age-related patterns. 

Emotion type and valence 
One important aspect of the emotional domain in ADHD has to do with emo-
tion type (e.g., anger, sadness, or joy) and emotional valence (i.e., the pleas-
antness/unpleasantness of an emotion). For example, irritability (or proneness 
to anger) is a major concern for clinically referred youths (Evans et al., 2023) 
and has been found to span several psychiatric conditions, including ADHD 
(Leibenluft et al., 2024). Further, as stated above, a subgroup of children with 
ADHD characterized by elevated irritability and negative emotionality has 
been identified (Goh et al., 2020; Karalunas et al., 2019). However, previous 
research is often limited by utilizing composite variables encompassing dif-
ferent emotions (e.g., fear, sadness, and anger). One study found that children 
and younger adolescents (7–13 years) with ADHD had greater levels of chal-
lenges of regulating fear, sadness, anger, and happiness/exuberance compared 
to a control group (Sjöwall et al., 2013). However, the authors did not include 
assessments of emotional reactivity of these specific emotions, making it dif-
ficult to determine whether greater emotional intensity accompanies regula-
tion challenges across distinct emotions in ADHD. The literature has also of-
ten overlooked the potential role of positive emotions, particularly in child- 
and adolescent populations (Gilbert, 2012; Vogel et al., 2023). This omission 
is of relevance to ADHD, as dysregulation of both negative and positive emo-
tions may be characteristic for the condition (Bunford et al., 2015; Graziano 
& Garcia, 2016; Nigg, 2022).  
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Taken together, it is important to consider both distinct emotion types and 
emotional valence when assessing reactivity and regulation in ADHD, as 
broader operationalizations may mask specific associations of varying rele-
vance to ADHD.  

Emotion regulation strategies  
The use of emotion regulation strategies could be a vital factor for understand-
ing emotional challenges in ADHD. Cognitive emotion regulation may be of 
particular importance since ADHD is associated with cognitive challenges 
overall (e.g., Shephard et al., 2022) and possible delayed cortical maturation 
in brain regions involved in cognitive functioning (Shaw et al., 2007). Cor-
roborating this, ADHD has been linked to decreased or less effective use of 
cognitive reappraisal (Liu et al., 2025; Shushakova et al., 2018; Thorell et al., 
2020; Van Cauwenberge et al., 2017). However, cognitive emotion regulation 
remains largely underexplored in children and adolescents with ADHD and a 
broader range of cognitive regulation strategies has rarely been considered, 
possibly impacting the specificity of findings. Garnefski’s (2001) framework 
of cognitive emotion regulation includes several strategies considered adap-
tive (i.e., positive refocusing, planning, positive reappraisal, putting into per-
spective, and acceptance) or maladaptive (i.e., self-blame, other-blame, rumi-
nation, and catastrophizing). Through the lens of this framework, ADHD has 
been linked to increased use of maladaptive strategies in adults (Alacha et al., 
2025; Rüfenacht et al., 2019). Similar patterns were found in a younger cohort, 
although the results varied depending on strategy type and the presence of co-
occurring depression (Mayer et al., 2022). These findings suggest that the spe-
cific use of cognitive emotion regulation strategies may be important to un-
derstand emotion dysregulation in ADHD, while highlighting the need to con-
sider distinct cognitive regulation strategies, as well as the potential effects of 
psychiatric co-occurrence.   

Condition-specific manifestations 
The question of whether other psychiatric conditions account for the relation 
between ADHD and emotion dysregulation may seem resolved, as studies 
suggest that these conditions only account for part of the association (Banas-
chewski et al., 2018) and that emotional challenges are present in individuals 
with ADHD without co-occurring conditions (Christiansen et al., 2019). Re-
garding the latter, however, the referenced studies were limited by only in-
cluding adult men, raising concerns about the generalizability of the findings. 
Studies involving child and adolescent populations are also few (Banaschew-
ski et al., 2018) and other neurodevelopmental conditions, such as autism, are 
seldom considered. Autism is a neurodevelopmental condition defined by 
atypical social communication and interaction patterns, repetitive and/or re-
strictive behaviours and interests, as well as atypical sensory processing 
(American Psychiatric Association, 2013). Autism, as well as autism traits, 
often coincide with ADHD (Grzadzinski et al., 2011; Jensen & Steinhausen, 
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2015; Reiersen et al., 2007) and has also been linked to emotion regulation 
challenges (Mazefsky et al., 2014; Samson et al., 2014).  

Further, both internalizing (e.g., anxiety) and externalizing problems (e.g., 
conduct problems) have been linked to maladaptive emotion regulation (e.g., 
Cappadocia et al., 2009; Cisler et al., 2010), although their associations may 
differ. For instance, internalizing problems have been linked to increased self-
blame and rumination, whereas externalizing problems have been associated 
with positive refocusing, which although often classified as adaptive, can also 
be considered an avoidant strategy (Garnefski et al., 2005). As both internal-
izing and externalizing conditions are common co-occurrences with ADHD 
(Franke et al., 2018), they may confound assessments of emotional reactivity 
and regulation in ADHD.  

Together, this highlights the need to account for other neurodevelopmental 
conditions, as well as internalizing and externalizing problems, when examin-
ing emotional challenges in ADHD to improve specificity. Further, dimen-
sional aspects of other psychiatric conditions are seldom accounted for and by 
moving beyond more crude, diagnostic classifications of psychiatric co-occur-
rence, specificity can be improved.  

Sex- and age-related patterns 
In ADHD, previous research suggests that females may be at particular risk 
of emotional challenges (Bölte et al., 2023; De Ronda et al., 2023). These 
findings also reflect potential sex differences found in the general popula-
tion, where one review highlights that adolescent girls experience more in-
tense and variable emotions compared to boys (Bailen et al., 2019). Con-
versely, other studies including clinical populations (Riglin et al., 2017; 
Sjöwall et al., 2013) and a meta-analysis including children and adolescents 
with ADHD (Graziano & Garcia, 2016) found no sex effects to the associa-
tion between ADHD and emotional challenges, warranting further examina-
tion. Sex may also influence the use of distinct emotion regulation strategies. 
In the general population, women seem to use more adaptive strategies (e.g., 
reappraisal) and maladaptive strategies (e.g., rumination) compared to men 
(Nolen-Hoeksema & Aldao, 2011). However, effects of sex for specific 
strategy use in ADHD remains understudied.  

How age effects on emotional reactivity and regulation manifest in ADHD 
also remains largely uncharted. A meta-analysis found no age effects on emo-
tion dysregulation, but the relation between emotional reactivity and ADHD 
was stronger in samples with older children (Graziano & Garcia, 2016). Con-
versely, Riglin and colleagues (2017) found that younger children with ADHD 
had higher levels of irritability than older children. Thus, more research is 
needed to clarify potential age patterns on emotional reactivity and regulation 
in clinical populations.  
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Aetiology 
It is generally agreed that ADHD does not stem from a singular cause; rather, 
there are multiple pathways that contribute to the development of the condi-
tion, including genetics, environmental factors, and psychological mecha-
nisms (Hinshaw, 2018). The aetiology underlying the relation between ADHD 
and emotional challenges is not fully known, but existing literature on this 
association is reviewed below. 

Genetics 
To gain insight into the aetiology of ADHD, heritability estimates have been 
calculated. Heritability measures to which extent genetic factors account for 
the variation of a specific trait in a specific population, where a heritability of 
100% indicates that all variation can be attributed to genetics. Twin study de-
signs are often employed to assess heritability, wherein dizygotic (DZ) and 
monozygotic (MZ) twins are compared through within-pair correlations of a 
trait. When MZ twin pairs are more similar regarding a trait (i.e., have higher 
levels of concordance) compared to DZ twin pairs, it suggests that genetic 
factors influence the trait under investigation. This comparison assumes that 
DZ twin pairs share 50% of their genetics, and MZ twin pairs share 100% of 
their genetics, while shared environmental factors influence both groups 
equally. Twin studies have consistently generated a high heritability for 
ADHD with an average estimate of 74%, indicating that genetic factors play 
a large role in the aetiology of ADHD, although estimates vary across studies 
(Faraone & Larsson, 2019). Despite varying estimates, ADHD is best under-
stood as a polygenic trait, meaning that multiple genes, each with a small ef-
fect, contribute to the development of ADHD (Demontis et al., 2019). Regard-
ing emotion regulation processes, studies have also found a moderate degree 
of heritability (Hawn et al., 2015). 

Initial evidence indicates a shared genetic background between ADHD and 
emotional challenges. In a sample of children and adolescents in the general 
population, Merwood and colleagues (2014) found that the core symptom do-
mains of ADHD and emotional lability were associated with each other pri-
marily due to shared genetic influences. Both negative and positive emotional 
reactivity, as well as irritability, have also been associated with genetic risk 
for ADHD (Nigg, Karalunas, et al., 2020; Riglin et al., 2017). However, the 
available research is still limited, specifically regarding emotion regulation 
challenges. To clarify aetiological influences, the discordant twin design (or 
co-twin control study) holds promise (McGue et al., 2010; Rutter, 2007). By 
investigating discordant twin pairs who differ on the exposure of interest (e.g., 
ADHD), this design relies on counterfactual reasoning, where the non-af-
fected twin serves as a closely matched control for the affected twin (McGue 
et al., 2010). Comparing how the association between an exposure and out-
come differ within discordant twin pairs can then provide insights into their 
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aetiological background (McGue et al., 2010). If the association between an 
exposure (e.g., ADHD) and an outcome (e.g., emotion dysregulation) is driven 
by genetic factors, their association would be expected to appear within DZ 
twin pairs, but not within MZ twin pairs, as the latter share 100% of their 
genetic makeup and thus implicitly control for genetic influences (Willfors, 
2017, p. 31). Alternatively, any significant difference observed among dis-
cordant MZ twins in relation to a specific outcome can only be attributed to 
non-shared environmental factors (or measurement error), as these are the sole 
factors distinguishing the twins (McGue et al., 2010; Willfors, 2017, p. 25). 

Environmental factors 
Twin studies have found that shared environmental factors, such as having the 
same caregivers and/or living arrangements, seem to have a low or minimal 
impact on the aetiology of ADHD (Franke et al., 2012; Larsson et al., 2014), 
whereas non-shared environmental factors contribute with an estimate of 11–
12% (Larsson et al., 2014). A similar pattern emerges for emotion regulation 
(Hawn et al., 2015), although studies in this area are scarcer. Non-shared en-
vironmental influences that may increase the likelihood for developing ADHD 
include low birthweight, early exposure to toxins, extreme deprivation or mal-
treatment, and adverse contextual factors, although these environmental fac-
tors are thought to interact with genetic liability (Hinshaw, 2018). It remains 
unclear to what extent, if any, these environmental factors act as causal influ-
ences (Sonuga-Barke et al., 2023).  

Self-regulation 
Throughout the years, several theories have been put forward regarding the 
underlying mechanisms for ADHD. One proposed viewpoint is that self-reg-
ulation capacity contributes to the ADHD phenotype (Nigg, 2022). Self-regu-
latory processes aim to induce changes in an individual’s internal state to pro-
mote adaptation and goal-fulfilment (Nigg, 2017). The broader concept of 
self-regulation comprises both bottom-up processes (i.e., more automatic pro-
cesses, such as a stimulus-provoked avoidance) and top-down processes (i.e., 
more voluntary processes) (Nigg, 2017). The latter include executive func-
tions, meaning cognitive abilities used for top-down processing of information 
spanning a spectrum of varying complexity (Nigg, 2017). Executive functions 
have been found to play an important role for (at least some) individuals with 
ADHD (Coghill et al., 2014; Kofler et al., 2019; Shephard et al., 2022). How-
ever, research shows great variability in executive functioning among individ-
uals with ADHD (Coghill et al., 2014; Doyle, 2006; Kofler et al., 2019; Piev-
sky & McGrath, 2018) and it has been suggested that it cannot solely act as an 
explanation for ADHD (Willcutt et al., 2005).  

Other possible developmental pathways to ADHD which incorporates a 
broader span of self-regulatory challenges, including emotional aspects, stem 
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from temperamental research. Temperament can be defined as predisposed 
traits which interact with environmental factors and may vary in expression 
across development (Shiner et al., 2012). Within the Rothbart model, two 
overarching temperamental traits include emotional aspects, namely surgency 
and negative emotionality (Shiner et al., 2012). Surgency is characterized by 
positive emotionality, approach-related behaviours, high activity levels and 
impulsivity, whereas negative emotionality includes higher levels of negative 
emotions, such as anger, fear and sadness, as well as low soothability (Roth-
bart, 2011, pp. 50–51). There are different ideas on how temperamental traits 
influence the development of ADHD, including that early elevated emotion-
ality result in disruptions of cognitive development, which over time presents 
as ADHD (Nigg, 2022). Thus, temperamental research further corroborates 
the role of emotional aspects for ADHD and elucidate a potential aetiological 
pathway. A recent study also suggested that emotion dysregulation may play 
an independent role in explaining ADHD symptomatology and persistence, 
beyond cognitive and motivational factors (Hou et al., 2024), supporting an 
emotional pathway toward ADHD symptoms. However, how ADHD relates 
to emotion regulation challenges, while also accounting for other factors (such 
as psychiatric co-occurrence), remains largely unknown.  

Treatments and interventions 
Guidelines for administering treatment and interventions for ADHD include 
psychoeducational information about ADHD, potential impacts of receiving a 
diagnosis, and strengthening individual management of the condition (Na-
tional Institute for Health and Care Excellence, 2019; Socialstyrelsen, 2022). 
The importance of environmental adaptations to support the person with 
ADHD, such as in school or at home, should also be addressed and imple-
mented following diagnosis (National Institute for Health and Care Excel-
lence, 2019; Socialstyrelsen, 2022). According to international guidelines for 
children and adolescents, pharmacological treatments should be offered only 
when attempts to reduce symptoms through environmental adaptations have 
been thoroughly tried and impairment associated with ADHD persists (Na-
tional Institute for Health and Care Excellence, 2019). If medications are not 
sufficiently beneficial, cognitive behavioural therapy (CBT), targeting for ex-
ample self-control or managing of emotions, may be considered for younger 
individuals with ADHD (National Institute for Health and Care Excellence, 
2019). More specific guidelines regarding the treatment of co-occurring emo-
tional challenges in ADHD have not been outlined. This is a noteworthy omis-
sion given the potential detrimental effects of emotional challenges for this 
population (Christiansen et al., 2019; Shaw et al., 2014). 
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Pharmacological treatments 
Both stimulants (e.g., methylphenidate) and non-stimulants (e.g., atomoxe-
tine) have shown good effects for reducing the core symptoms of ADHD, 
though effects vary based on age and medication type (Cortese et al., 2018). 
Medications for ADHD may also have a positive effect on other co-occurring 
symptoms, such as aggression, and stimulants may ameliorate emotion 
dysregulation, although the effects are not as large as for the core symptoms 
of ADHD (Faraone et al., 2019, 2021). A recent longitudinal study found pre-
liminary evidence that lifetime exposure to ADHD medication act as a protec-
tive factor against emotion regulation challenges among adolescents with 
ADHD (Kondi et al., 2025). However, pharmacological treatments are also 
associated with adverse side effects, such as decreased appetite and sleep 
problems (Brown et al., 2018; Solmi et al., 2020), or an increased risk of car-
diovascular disease (Zhang et al., 2024). In addition, for some individuals, 
ADHD medications are not effective (Franke et al., 2018), treatment persis-
tence may be low, especially among adolescents and young adults (Brikell et 
al., 2024), and the long-term effects are not well-known (Brown et al., 2018; 
Cortese et al., 2018), prompting other treatment alternatives.  

Psychosocial and psychological interventions 
Given the limitations of pharmacological treatments, developing effective 
psychosocial and psychological interventions for individuals with ADHD and 
emotional challenges is vital. Various psychotherapies engage with the subject 
of emotions. The foundational work of CBT highlights how cognitions and 
thought patterns influence emotions and behaviours, forming a framework for 
understanding and treating psychopathology (Beck, 2021, pp. 5, 12) and has 
been found to be an effective intervention, for example regarding anxiety 
problems and anger/aggression, also among children and adolescents (Hof-
mann et al., 2012). With the arrival of the so-called third wave of CBT, ther-
apeutic processes extend to also include other methods, such as mindfulness 
and acceptance (Hayes & Hofmann, 2017). Mindfulness, acceptance, and 
willingness are methods used in acceptance- and commitment therapy (ACT) 
and involve adopting a non-judgmental approach toward experiences (includ-
ing emotions), accepting them as they are in the present, and being willing to 
experience them in that state (Hayes, 2004). Previous research has shown that 
such techniques may be beneficial for psychological and emotional well-being 
(Ford et al., 2018; van der Velden et al., 2015), as well as psychopathology, 
including ADHD (Cairncross & Miller, 2020; Goldberg et al., 2018). A psy-
chotherapeutic approach wherein CBT and ACT converge is dialectical be-
haviour therapy (DBT). DBT is part of the broader CBT framework and em-
phasizes the role of emotions in psychopathology and on learning regulatory 
skills, including mindfulness, acceptance, and emotional awareness and clar-
ity (Linehan, 2025, pp. 3, 12–13). DBT-based skills have shown promise in 
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reducing negative affect and emotion dysregulation, and alleviating ADHD 
symptoms (Linehan, 2025, pp. 19–21), at least in adult populations.  

In the context of child- and adolescent ADHD, a systematic review reported 
that children with ADHD and emotional challenges may benefit from tech-
niques based on CBT and ACT, learning emotional coping and socialization 
strategies, as well as problem-solving (Vacher et al., 2020). Supporting this, one 
RCT found that youths 8–12 years with a diagnosis of ADHD, ASD, or an anx-
iety condition benefited from a CBT intervention targeting both emotion regu-
lation abilities and social skills (Temkin et al., 2022). Further, one pilot study 
investigated feasibility of a group intervention aiming to increase factors such 
as emotion recognition and awareness, as well as adaptive emotion regulation 
and communication skills, among adolescents with ADHD (Breaux & Lang-
berg, 2020). The intervention also included parallel training for the adolescent’s 
caregivers, as well as joint practice with both parties (Breaux & Langberg, 
2020). Although the study had no control group, initial findings showed promise 
in reducing emotion dysregulation in both adolescents and their caregivers. An-
other pilot study investigated whether adolescents with various psychiatric con-
ditions (including ADHD) and their caregivers benefit from a shared group in-
tervention targeting emotion regulation skills (Holmqvist Larsson et al., 2020). 
Initial findings showed promise regarding feasibility, as well as improvement 
for both parties regarding different aspects of emotion regulation challenges, 
such as reduced difficulties with goal-directed behaviours (Holmqvist Larsson 
et al., 2020). Similarly, one pilot study provided preliminary support for a 10-
week DBT-based group treatment for adolescents with ADHD, showing poten-
tial benefits across various outcomes, including ADHD symptoms and self-reg-
ulation, at least at follow-up (Landin et al., 2025). However, this study did not 
either include a control group. Additionally, a qualitative study indicated that 
mindfulness training for children and adolescents with ADHD and their care-
givers have a positive impact on children’s emotional awareness and parental 
emotional reactivity (Siebelink et al., 2021). Apart from these studies, interven-
tions specifically targeting the enhancement of emotion regulation skills in 
ADHD are few, especially for adolescents (Vacher et al., 2020). Further, they 
seldom include a control group and more experimental designs are needed to 
investigate effectiveness. 

Caregiver involvement 
Overall, the above-mentioned studies suggest that involving caregivers yields 
positive effects during interventions. Corroborating this, a meta-analysis re-
ported greater effects on adolescent psychopathology when involving caregiv-
ers compared to treatments focusing solely on the adolescent, particularly for 
externalizing challenges (Pine et al., 2024). A recent qualitative study also 
suggests that including both adolescents and their caregivers in an intervention 
targeting emotion regulation results in positive outcomes, such as improved 
communication of emotional experiences between both parties (Holmqvist 
Larsson et al., 2023). This aligns with research showing that parents may play 
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a role in their child’s development of emotion regulatory skills, also during 
adolescence (Morris et al., 2017). How parents respond to their child’s ex-
pressed emotions, either supportively (e.g., facilitating problem-solving) or 
non-supportively (e.g., dismissiveness), can also impact their child’s emotion 
regulation capacity (Breaux et al., 2022). This may be particularly important 
for children with elevated ADHD symptoms, as they may be more recipient 
to how their parents respond to expressed emotions (Breaux et al., 2018).  

Methodological considerations 
Clinical research is often constrained by recruitment difficulties and logistic 
challenges, making resource-intensive designs like randomized controlled tri-
als (RCTs) difficult to conduct even though RCTs are considered the gold 
standard in medical research (Kraemer et al., 2002). An alternative approach 
is utilizing single-case experimental designs (SCEDs) for assessing the effec-
tiveness of interventions (Krasny-Pacini & Evans, 2018). SCEDs typically in-
volve a small number of participants who act as their own controls, where 
power is derived from frequent repeated measurement rather than large sam-
ple sizes (Krasny-Pacini & Evans, 2018). To maintain experimental control in 
SCEDs, outcomes are compared across baseline and intervention phases, and 
during periods in which the intervention is withdrawn (i.e., return to baseline) 
(Krasny-Pacini & Evans, 2018). Ideally, improvement should only be ob-
served during the intervention phases to demonstrate an effect. When return 
to baseline is not feasible, such as when learning effects of the intervention 
are expected, a commonly used SCED is the multiple baseline design (MBD) 
(Krasny-Pacini & Evans, 2018; Smith, 2012). In MBDs, the intervention is 
introduced sequentially at different time points across participants, settings, or 
behaviours, and intervention effects are inferred from changes that occur only 
after intervention onset and are replicated across at least three cases (Krasny-
Pacini & Evans, 2018). For instance, if three participants begin the interven-
tion at different time points and improve only after its onset, observed changes 
can be attributed to the intervention rather than to other confounding factors, 
such as time passing (Krasny-Pacini & Evans, 2018). Beyond addressing re-
cruitment and logistical challenges, other benefits of SCEDs include the abil-
ity to examine individual variability in outcomes over time and ensuring that 
all participants receive the intervention (Rapoff & Stark, 2008). 

Summary and knowledge gaps 
There has been an upsurge of research both within the ADHD and emotion 
literature over recent years, and the debate over whether elevated emotional 
reactivity and dysregulation should be considered core components of ADHD 
is still ongoing. Despite numerous studies cementing a strong association be-
tween ADHD and emotional challenges, greater precision is needed to ad-
vance our understanding and inform future conceptualizations of ADHD. To 
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improve specificity, it is essential to consider different aspects of emotional 
challenges and other factors, such as sex, age, and psychiatric co-occurrence. 
The latter is of particular importance, given that elevated emotional reactivity 
and dysregulation have been demonstrated across the psychiatric nosology, 
and that ADHD shares overlapping symptoms and challenges with many co-
occurring psychiatric conditions. Furthermore, there is a lack of research on 
non-pharmacological treatment alternatives that specifically target emotional 
challenges in the context of ADHD, particularly during adolescence. Address-
ing this gap is critical, as individuals with ADHD and emotional challenges 
represent a particularly vulnerable population. 
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Aims 

The overarching aim of this thesis was to specify the relation between ADHD 
and emotional reactivity and regulation with a particular focus on childhood 
and adolescence. Specificity in this area is necessary to inform future concep-
tualizations of ADHD, the understanding of aetiological factors, as well as for 
the development of interventions. The aims of the studies were: 
 

I. To investigate how ADHD and emotion dysregulation relate to each 
other while also considering sex, age, and other psychiatric condi-
tions, and to explore the aetiological background for the association 
 

II. To explore how diagnostic (clinical) and trait-level (symptoms) 
ADHD relate to reactivity and regulation of distinct emotions with 
both negative and positive valence, while considering sex, age, and 
other co-occurring psychiatric symptoms or traits  
 

III. To investigate how ADHD relates to the self-rated, and task-specific, 
use of adaptive and maladaptive cognitive regulation strategies, also 
considering influences of sex, age, and co-occurring psychiatric 
symptoms or traits 
 

IV. To examine the feasibility and effectiveness of a newly developed 
psychological intervention targeting emotion regulation skills for  
adolescents with ADHD  
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Methodology 

Methodology for the studies included in this thesis are presented below. Study 
characteristics are presented in Table 1. 

 
Table 1. Study characteristics 

 
 
 
 
 
 
 

Study Design Sample Main outcome measures 

I Co-twin control 
study 

Dizygotic and monozygotic twins  
(N = 382, 8–36 years) with 

ADHD and other psychiatric 
conditions, and  

typically developing controls 

Caregiver-rated  
questionnaires  

targeting emotion  
dysregulation 

II Cross-sectional 

1) Participants with ADHD  
and typically developing  

controls (N = 104, 10–17 years) 
 

2) Participants  
(N = 85, 13–18 years)  
referred to a specialist  

psychiatric unit 

Self-rated questionnaires 
 targeting emotion-specific  

reactivity and regulation 
 

A validation set  
of caregiver ratings 

III Cross-sectional 

Participants with ADHD and  
typically developing controls  

(N = 176, 10–17 years; subsample 
of N = 94, 13–17 years for  

self-ratings) 

Task-specific and self-rated 
use of cognitive emotion 

regulation strategies 

IV 
Single-case  

experimental  
design 

Participants with ADHD  
(N = 9, 13–17 years) 

Self- and caregiver-rated  
questionnaires targeting  
emotion dysregulation 
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Participants 
See Figure 1 for a visual overview of the cohorts included in each study. 

Study I 
Study I included participants from the Roots of Autism and ADHD Twin 
Study in Sweden (RATSS). DZ and MZ twins were primarily recruited from 
the Child and Adolescent Twin Study in Sweden (Anckarsäter et al., 2011) 
and other projects in The Swedish Twin Registry, as well as from patient reg-
istries, interest organizations, and media outlets (Bölte et al., 2014). The 
RATSS sample is enriched for twins discordant for different neurodevelop-
mental conditions, meaning that one twin in a pair has a neurodevelopmental 
condition (e.g., ADHD) while the other does not. Exclusion criteria for 
RATSS consist of having serious psychiatric or neurological conditions, well-
defined genetic syndromes, or indications of severe intellectual disability 
(Bölte et al., 2014). The sample of Study I consisted of 382 twins1 (54.8% MZ 
twins, 45.5% females) with a mean age of 16.78 (range 8–36 years). A total 
of 104 participants had an ADHD diagnosis, where a majority were prescribed 
ADHD medication (n=60). Participants could also be autistic (n=86) or have 
other neurodevelopmental conditions (including e.g., Tourette’s syndrome, 
specific learning disorders, motor and/or vocal tic conditions and speech 
sound disorder; n=61), affective conditions (including e.g., mood and anxiety 
conditions; n=73) and intellectual disability (n=18). Typically developing 
(TD) twin pairs were also included. Twins could be qualitatively concordant 
or discordant for psychiatric conditions and a total of 39 DZ twin pairs and 14 
MZ twin pairs were discordant for ADHD.  

Study II 
Study II included participants from two distinct cohorts. The diagnostic cohort 
included participants with an ADHD diagnosis, as well as a comparison group 
of TD controls. The diagnostic cohort was recruited from the Child and Ado-
lescent Psychiatric (CAP) outpatient unit in Uppsala, Sweden. TD controls 
were recruited through the population registry in Uppsala, as well as through 
advertising in Meta (i.e., Facebook). Exclusion criteria for the ADHD group 
included autism, intellectual disability, psychosis, and long-acting medication 
for ADHD. For the comparison group, exclusion criteria comprised of having 

 
1 Upon reviewing Study I for the thesis, an error was discovered by the first author in which a total of seven 
participants were included in the final sample by mistake in the published version. The participants had 
completely missing data on the outcome measure which was erroneously recorded as zeros during data 
handling, affecting approximately 0.7–2.4% of the data. The error had no significant effect on the interpre-
tations, discussions, or conclusions. All co-authors and the editor of the journal were immediately notified 
of the error upon its discovery and a correction has been made to the published version. Results from the 
re-calculations are presented within this thesis.  
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a caregiver-reported psychiatric diagnosis. The final sample consisted of chil-
dren and adolescents 10–17 years old with ADHD (n=56, mean age 13.48, 
64.3% girls) and TD controls (n=48, mean age 13.56, 47.9% girls). Adoles-
cents with ADHD had been diagnosed with the combined presentation (n=29), 
predominantly inattentive presentation (n=18), predominantly hyperac-
tive/impulsive presentation (n=5) or unspecified ADHD (n=1) based on care-
giver reports. A validation set of caregiver ratings comprised 55 reports for 
the ADHD group (mean age 13.49, 63.6% girls) and 48 reports for the com-
parison group (mean age 13.85, 45.8% girls).  

The referred cohort included participants referred to a first visit at the CAP 
unit and were recruited through a digital intake questionnaire. The final sam-
ple included 85 adolescents (mean age 15.71, age range 13–18 years, 78.8% 
girls). A validation set of 212 caregiver reports (mean age 13.17, age range 6–
18 years, 62.3% girls) was included.  

Study III 
Study III included participants from the diagnostic cohort in Study II and fol-
lowed the same recruitment process but with an extended recruitment period, 
thereby adding additional participants to the cohort. For the first part of the 
study, investigating self-rated use of cognitive emotion regulation strategies, 
the final sample included children and adolescents 13–17 years old with 
ADHD (n=53, mean age 14.77, 71.7% girls) and TD controls (n=41, mean age 
15.17, 48.8% girls). Participants with ADHD had been diagnosed with the 
combined presentation (n=31) or predominantly inattentive presentation 
(n=22) according to their medical journal. For the second part of the study, 
investigating task-specific use of cognitive emotion regulation strategies, the 
final sample included children and adolescents 10–17 years old with ADHD 
(n=82, mean age 13.41, 61.0% girls) and TD controls (n=94, mean age 13.11, 
50.0% girls). Participants with ADHD had been diagnosed with the combined 
presentation (n=52) or predominantly inattentive presentation (n=29) accord-
ing to their medical journal. 

Study IV 
Study IV included a sample of adolescents with ADHD recruited from the 
CAP outpatient unit in Uppsala, Sweden. Inclusion criteria consisted of hav-
ing a diagnosis of ADHD and internal emotion regulation challenges, where 
the latter was defined as scoring ≤2 (“doesn’t apply at all” or “applies quite 
bad”) on any of the items targeting internal regulation (“when I am 
sad/scared/angry/excited, I can do something to improve my mood/make my-
self calm/quiet down”) on the Emotion Questionnaire (EQ) (A. Rydell et al., 
2003). Exclusion criteria included autism, bipolar disorder, psychosis, severe 
depression, intellectual disability, high risk of suicidality, ongoing psycholog-
ical treatment, and non-stabilized medication for ADHD at intake. Out of 22 
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adolescents interested to partake in the study and assessed for eligibility, six 
individuals declined participation, four individuals met the exclusion criteria, 
two individuals stopped answering and one individual did not meet the inclu-
sion criteria. A total of nine girls with ADHD were recruited. One participant 
dropped out before the start of the study, whereas another participant declined 
further participation after their first treatment session. Thus, the final sample 
consisted of seven adolescents with ADHD (mean age: 15, age range 13–17 
years, 100% girls), who received the complete intervention. The seven partic-
ipants had a clinical diagnosis of ADHD with a combined presentation (n=4) 
or predominantly inattentive presentation (n=3). Four participants took stim-
ulant medication at intake.  

 

Figure 1 Included cohorts in Studies I–IV 

Note. A visual overview of the various cohorts included in Studies I–IV: 1) the RATSS cohort 
2) the diagnostic cohort 3) the referred cohort and 4) the intervention cohort 

Procedure 
Study I 
Data was collected from the participants during a 2.5-day visit at a clinical 
research unit in Stockholm, Sweden, and through questionnaires collected by 
mail (Bölte et al., 2014). During the visit, participants underwent a thorough 
assessment for biological, behavioural, and cognitive phenotyping by experi-
enced clinical personnel (Bölte et al., 2014). Medical anamnesis and demo-
graphic information were also collected by the team (Bölte et al., 2014). Di-
agnostic status was determined by a team of psychologists based on all the 
information gathered during the visit and in accordance with the DSM-5 or 
ICD-10 (Bölte et al., 2014; Willfors, 2017). 

Study II 
Participants in the diagnostic cohort visited a research lab in Uppsala during 
2.5 hours where they partook in different experimental tasks, underwent cog-
nitive testing, and were interviewed for current ADHD symptoms using the 
ADHD module of the Mini International Neuropsychiatric Interview for chil-
dren and adolescents (MINI-KID) (Sheehan, 1998; Sheehan et al., 2010). 
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Before the visit, participants completed self- and caregiver-rated digital ques-
tionnaires, although some were collected post-visit. Diagnostic status for partic-
ipants with ADHD was determined a priori study participation at the CAP unit, 
often by a clinical psychologist. Data were collected from June 2021 to Septem-
ber 2023. For the referred cohort, all patients and caregivers consenting to par-
ticipate in research provided their answers through a digital intake question-
naire, where data was collected from December 2022 to December 2023. Study 
II was pre-registered at the Open Science Framework (https://osf.io/b4ucm).  

Study III 
Participants partook in the same procedure as the diagnostic cohort in Study 
II. Data was collected from June 2021 to March 2025. The emotional task in 
Study IV was based on the Reactivity and Regulation-Images task (Carthy et 
al., 2010) and consists of two phases. For this study, only the first phase was 
used, which involved viewing photos with negative valence from the Interna-
tional Affective Picture System (IAPS; Lang et al., 2008) on a computer (e.g., 
images depicting catastrophes or dangerous animals). The task comprised a 
total of 14 photo trials. First, a photo was presented for eight seconds with 
participants being instructed to view the photos while imagining themselves 
as part of the depicted situation. Second, participants were asked to rate their 
level of emotional intensity upon viewing the photo on a scale from 1 (not at 
all uncomfortable) to 9 (very uncomfortable). Third, participants were 
prompted to give verbal descriptions of their thoughts of the photo (“Tell me 
what you thought about the photo”). The verbal descriptions were recorded by 
the test leader using an iPhone. Two practice trials were conducted prior to the 
start of the task.  

Study IV 
All participants partook in an introductory visit with a clinical psychologist 
prior to the start of the study. The visit included a psychiatric assessment using 
the MINI-KID (Sheehan et al., 2010) and the development of two individual 
target behaviours largely aligning with the adolescent’s treatment goals. At 
the end of the visit, participants were randomized to a baseline length before 
the start of the intervention. Randomization was conducted by the psycholo-
gist who drew lots to assign participants to one of three baselines across three 
blocks of participants.  

Participants started the intervention after a baseline phase of five, six, or 
seven weeks. The intervention phase consisted of eight individual psycholo-
gist-led visits at the CAP unit. See Figure 2 for a visual overview of the study 
phases. Weekly self-and caregiver ratings were collected before the interven-
tion (five, six, or seven weeks), during the intervention and for two weeks after 
the last session. Daily caregiver ratings of individual target behaviours were 
collected five, six, or seven days before the intervention during the last week 
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of the baseline phase and was collected daily during the intervention phase 
and during two weeks after the last session. Pre- and post-intervention 
measures were collected at one time point after the first introductory visit and 
at one time point two weeks after the last session, respectively. Study IV was 
pre-registered at ClinicalTrials.gov with ID NCT05664698.  

 

Figure 2 Visual overview of the study phases 

Note. An overview of the baseline and intervention phases in Study IV across participants, 
commencing with an introductory visit for all participants 

Development of the intervention 
An overview of the intervention content is displayed below in Table 2. The 
new psychological intervention (Emotion Regulation Skills; ER-SKILLS) 
was developed in accordance with the theoretical framework of the EPM of 
emotion regulation (Gross, 2015b). According to Sheppes and colleagues 
(2015), individuals may struggle during different phases of the regulation pro-
cess. For example, struggling to distinguish between emotions may result in 
difficulties during the identification stage. Perceiving emotions as unmallea-
ble can also interfere with the activation of a goal to regulate the emotional 
response (Sheppes et al., 2015). Another influential factor is the beliefs about 
one’s own capacity to manage emotions (Webb, Schweiger Gallo, et al., 
2012). Therefore, the first sessions of the intervention targeted concepts such 
as emotional awareness and clarity, as well as emotional willingness, self-ef-
ficacy and exploring ambivalence towards change. It has been suggested that 
individuals with ADHD have challenges with perceiving long-term conse-
quences of specific tactics during the implementation stage (Sheppes et al., 
2015). Thus, functional behavioural analysis as a tool to reflect upon short- 
and long-term consequences of actions was introduced early on. Further, adap-
tive regulation strategies and tactics may not be available or easily accessible 
for individuals with ADHD, why most of the sessions focused on learning and 
practicing specific strategies or tactics. Behavioural strategies were mainly 
chosen, since more cognitively demanding tactics may be less accessible for 
the ADHD population (Sheppes et al., 2015). However, cognitive reappraisal 
was included in the intervention since previous studies suggest that it is an 
effective regulation strategy (Augustine & Hemenover, 2009; Webb, Schwei-
ger Gallo, et al., 2012) and that individuals with ADHD can use the strategy 
upon receiving instructions (e.g., Hagstrøm et al., 2020; Materna et al., 2019; 
Van Cauwenberge et al., 2017).  
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Potential barriers for adolescents with ADHD to engage in behavioural in-
terventions include low motivation to participate, limited caregiver support for 
completing homework or practicing skills, forgetfulness (e.g., about assign-
ments), and low self-efficacy (Sibley et al., 2023). Some steps taken to coun-
teract such barriers in ER-SKILLS included: addressing motivational chal-
lenges early in the intervention; sending out reminders for completing assess-
ments between sessions; emphasizing caregiver involvement and support as 
important for the intervention; setting treatment goals with the adolescent to 
enhance internal motivation; and highlighting that how we respond to our 
emotions can be modified by training during psychoeducation. 

 
Table 2. Overview of the intervention content in ER-SKILLS 

Sessions Main content 

1 Emotional awareness and clarity 

2 Acceptance of emotions and emotional willingness 

3 Identification of short- and long-term consequences of actions 
Exploration of potential ambivalence towards change 

4 Emotion regulation strategies in general 
Situation selection and modification as regulatory strategies 

5 Distraction as a regulatory tactic 

6 Cognitive reappraisal as a regulatory tactic 

7 Choosing, changing and stopping a strategy/tactic 
Flexibility in strategy use 

8 Maintaining positive changes and defining future goals 

Measures and materials 
All study measures and materials are presented below. See Table 3 for an 
overview of the main measures used in each study.  

ADHD 
Diagnostic instruments – Studies I–IV 
For Study I, the Diagnostic Interview for ADHD in adults 2.0 (Kooij, 2010) 
was used as part of the diagnostic process for ADHD in adults. The Kiddie 
Schedule for Affective Disorders and Schizophrenia (J. Kaufman et al., 1997) 
was used to assess ADHD in children participating in RATSS (Bölte et al., 
2014). Both instruments have shown good psychometric properties (J. 



 

 39

Kaufman et al., 1997; R. Pettersson et al., 2018). For Studies II–IV, the ADHD 
module of the sixth version of the MINI-KID (Sheehan et al., 2010) was used 
to assess current symptomatology for participants with ADHD, as well as a 
screening procedure for the comparison group in Study II and III. The MINI-
KID covers a range of psychiatric conditions based on the DSM-IV and ICD-
10 and has shown good psychometric properties (Sheehan et al., 2010).  

ADHD traits – Studies II–IV 
The World Health Organization Adult ADHD Self-Report Scale (ASRS; 
Kessler et al., 2005) targets the core symptoms of ADHD and consist of 18 
items rated on a five-point scale from 0 (never) to 4 (very often) (Kessler et 
al., 2005), where higher scores indicate the presence of more ADHD traits. 
For Study II and IV, the adolescent version of the original scale (ASRS-A; 
Sonnby et al., 2015) and a parent-rated version of ASRS for adolescent popu-
lations (ASRS-AP; Sjölander et al., 2016) was used to assess ADHD symp-
toms. For study III, the ASRS-AP was used during a post-hoc analysis. The 
ASRS-A and ASRS-AP has been validated in adolescent populations with 
good psychometric properties (Sjölander et al., 2016; Sonnby et al., 2015).  

Emotional reactivity and regulation 
Emotion dysregulation – Studies I, IV 
To assess emotion dysregulation in Study I, a dysregulation profile derived 
from the Child Behaviour Checklist (CBCL; Achenbach & Rescorla, 2001) 
and the Adult Behaviour Checklist (ABCL; Achenbach & Rescorla, 2003) 
was used. Both the CBCL and the ABCL are part of the Achenbach System 
of Empirically Based Assessment instruments and contain items targeting sev-
eral domains of behavioural challenges and psychiatric traits. The dysregula-
tion profile is comprised by three subscales (attention problems, anxious/de-
pressed and aggressive behaviour) (Spencer et al., 2011). Items are rated on a 
three-point scale from 0 (not true), 1 (somewhat or sometimes true), to 2 (very 
true or often true), where higher scores indicate increased emotion regulation 
challenges. The raw total scores from each subscale are first converted to their 
corresponding T-scores, where the truncated T-score scale has a minimum 
value of 50 and where T-scores of ≥ 65 are considered to be in the clinical 
range (Achenbach & Rescorla, 2001). All T-scores from the three subscales 
are summed to generate a total score for the dysregulation profile. A dysregu-
lation score below 180 indicates no emotion dysregulation, scores between 
180 and <210 indicate moderate problems (corresponding to an average of 
about 1 to <2 SD elevations across the scales), and scores of ≥210 indicate 
severe problems (corresponding to an average of ≥2 SD elevations across the 
scales) (Biederman, Petty, et al., 2012; Biederman, Spencer, et al., 2012; 
Spencer et al., 2011). Caregiver ratings of the dysregulation profile were used 
as the main outcome measure for Study I. Both the CBCL and the ABCL have 
shown good psychometric properties (Achenbach & Rescorla, 2001, 2003). 
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For Study IV, weekly self- and caregiver ratings of a short version of the 
Difficulties in Emotion Regulation Scale (DERS-SF; E. A. Kaufman et al., 
2016) were used to assess emotion dysregulation. The DERS-SF consist of 18 
items and can be divided into six subscales targeting emotional awareness, 
lack of emotional clarity, non-acceptance of emotions, difficulties with goal-
directed behaviour, emotional impulsivity and limited access to regulation 
strategies (E. A. Kaufman et al., 2016). Items are rated on a five-point scale 
from 1 (almost never) to 5 (almost always), where emotional awareness items 
are reverse-scored (Gratz & Roemer, 2004; E. A. Kaufman et al., 2016). Each 
subscale comprise three items and the total score is produced by summing the 
subscale scores, where higher scores indicate more emotion regulation chal-
lenges. The DERS-SF has shown good psychometric properties (E. A. Kauf-
man et al., 2016; Skutch et al., 2019).  

Daily caregiver ratings of individualized target behaviours were used to 
assess overt aspects of emotion regulation and dysregulation in Study IV. Two 
target behaviours were defined during the introductory visit for each partici-
pant, closely aligning with the adolescents’ goals. One behaviour was ex-
pected to increase in frequency (e.g., naming of various emotions), while the 
other was expected to decrease in frequency (e.g., number of outbursts).  
Target behaviours were recorded with pen- and paper ratings. 

Emotional reactivity and regulation – Studies II, IV 
The EQ targets reactivity and regulation of four emotions, namely fear, sad-
ness, anger, and exuberance (A. Rydell et al., 2003). A short version of the 
EQ consists of 16 items, where two items target reactivity and two items target 
regulation for each distinct emotion (A. Rydell et al., 2003). Items are rated 
on a five-point scale from 1 (doesn’t apply at all) to 5 (applies very well). 
Higher scores on reactivity items indicate higher levels of frequency and in-
tensity of that particular emotion, whereas higher scores on the regulation 
items indicate a better capacity to regulate that emotion (A. Rydell et al., 
2003). Self-ratings of the EQ were used as the main outcome measure in Study 
II, while caregiver ratings were used to validate findings. In Study IV, the EQ 
was used to assess the presence of emotion regulation challenges as part of the 
inclusion criteria.   

Task-specific use of cognitive emotion regulation – Study III 
Part of an emotional task based on the Reactivity and Regulation-Images task 
by Carthy et al. (2010) was used to assess emotional reactivity and task-spe-
cific use of cognitive emotion regulation strategies as a main outcome measure 
in Study III. The main task is divided into two phases, but to assess non-guided 
cognitive emotion regulation, only the first phase of the task was analysed in 
Study III. This includes viewing photos with negative valence, where each 
individual photo trial comprises several steps. First, a photo is presented for a 
duration of eight seconds. Next, participants are asked to rate the intensity of 
discomfort felt upon viewing the photo on a scale from 1 (not at all 
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uncomfortable) to 9 (very uncomfortable). The mean intensity of the emo-
tional discomfort across all photo trials were used to assess emotional reactiv-
ity, with a Cronbach’s alpha of .82. Last, the participants are also prompted to 
vocally describe their thoughts about the photo. The test leader recorded par-
ticipant responses in audio by an iPhone to evaluate if any cognitive regulation 
strategies (i.e., positive refocusing, refocus on planning, positive reappraisal, 
putting into perspective, acceptance, cognitive reappraisal, self-blame, other-
blame, rumination, catastrophizing, and thought suppression) were used or 
not, based on the participants’ descriptions of the photos. The total use of 
adaptive and maladaptive strategies (calculated into two separate variables), 
and the total use of distinct regulation strategies, were used for the main anal-
yses and post-hoc analyses, respectively. See Figure 3 for a visual representa-
tion of a photo trial.  

The photos were taken from the IAPS (Lang et al., 2008). A total of 28 
photos were included, divided into two sets: set A (1050, 1101, 1201, 1274, 
1300, 1930, 2120, 2683, 2810, 6250, 8485, 9050, 9584, 9910) and set B (1111, 
1120, 1205, 1271, 1525, 1931, 2130, 2691, 3280, 6260, 9592, 9600, 9611, 
9912). The photos were matched in valence and arousal levels, as well as im-
age content, across the two sets. The order of image presentation was  
randomized in each set to reduce order effects. Participants were also assigned 
to view either set A or set B in an alternating order to counterbalance potential 
stimulus-specific effects. All photos were presented in grayscale. 

 
 

 
 

Figure 3 Visual representation of an individual photo trial 

Note. First, an image with negative valence was presented. Second, the participant was 
prompted by the test leader to rate the intensity of discomfort felt upon viewing the photo. 
Third, a grey image was shown when the participant described the photo. Adapted from “Adap-
tive and maladaptive cognitive emotion regulation in child- and adolescent ADHD” by R. 
Astenvald, M.A. Frick, J. Lundin Kleberg, and J. Isaksson, 2026, International Journal of Clin-
ical and Health Psychology, 26(1), 100660. Creative Commons CC BY 
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Self-rated use of cognitive emotion regulation – Studies III, IV 
The abbreviated version of the Cognitive Emotion Regulation Questionnaire 
(CERQ; Garnefski et al., 2001), namely the CERQ-short (Garnefski & Kraaij, 
2006), targets nine distinct cognitive emotion regulation strategies. The regu-
lation strategies can be defined as adaptive (i.e., positive refocusing, refocus 
on planning, positive reappraisal, putting into perspective and acceptance) or 
maladaptive (i.e., self-blame, other-blame, rumination and catastrophizing). 
The scale consists of 18 items in total, where two items each targets a specific 
regulation strategy. Items are rated on a five-point scale from 1 ((almost) 
never) to 5 (almost) always), where higher scores indicate higher levels of use 
for the specific strategy. Self-ratings of the CERQ-short was used as a main 
outcome measure for self-rated use of regulation strategies in Study III and as 
a pre- and post-intervention measure in Study IV. The CERQ-short has shown 
good psychometric properties (Garnefski & Kraaij, 2006), also when includ-
ing adolescents (Sætren et al., 2024; Santos et al., 2023). 

Other psychiatric traits, intellectual ability, and functional 
impairment 
Diagnostic instruments – Studies I, IV 
For Study I, the Kiddie Schedule for Affective Disorders and Schizophrenia 
(J. Kaufman et al., 1997) was used to assess co-occurring psychiatric condi-
tions in children, whereas the Structured Clinical Interview for DSM-IV 
(SCID, axis 1) was used for adult participants in RATSS (Bölte et al., 2014; 
Willfors, 2017). Diagnostic-specific instruments for assessing autism in Study 
I included the Autism Diagnostic Interview – Revised (Lord et al., 1994) and 
the Autism Diagnostic Observation Schedule (Lord et al., 2012). For Study 
IV, the MINI-KID (Sheehan et al., 2010) was used to assess co-occurring psy-
chiatric conditions. 

Depressive symptoms – Studies II, III   
Self- and caregiver ratings of the Montgomery Åsberg Depression Rating 
Scale (MADRS; Montgomery & Åsberg, 1979), specifically the MADRS-S 
(Svanborg & Åsberg, 2001) and MADRS-P (Torres Soler et al., 2018), were 
used to measure depressive symptoms for the referred cohort in Study II. For 
Study III, self-ratings of the MADRS-S were used to measure depressive 
symptoms. Both the MADRS-S and MADRS-P comprise nine items rated on 
a seven-point scale ranging from 0 to 6, where higher scores indicate an in-
crease in depressive symptoms. The nine-item version of MADRS has shown 
good psychometric properties for self-reports and caregiver-rated reports in 
adolescent populations (Ntini et al., 2020; Torres Soler et al., 2018). 
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Anxiety symptoms – Studies II–IV   
The Spence Children’s Anxiety Scale (SCAS; Spence, 1997) was used in 
Studies II–IV to assess anxiety symptoms. Both self-ratings (SCAS-S) (Ahlen 
et al., 2018) and caregiver ratings (SCAS-P) (Nauta et al., 2004) were used for 
the referred cohort in Study II and as a pre- and post-intervention measure for 
Study IV. In Study III, only caregiver ratings of SCAS-P were used. The num-
ber of items differ between the two versions of the scale (19 items for SCAS-
S and 38 items for SCAS-P). For both versions, items are rated on a four-point 
scale from 0 (never) to 3 (always), where higher scores indicate more anxiety 
symptoms. The questionnaires have shown acceptable psychometric proper-
ties (Ahlen et al., 2018; Nauta et al., 2004). 

Autism traits – Studies I–III  
In Study I, the parent-reported Social Responsiveness Scale Second Edition 
(Constantino, & Gruber, 2012) was used as part of the diagnostic  
assessments of autism (Bölte et al., 2014). For Study II and III, autism traits 
were measured via caregiver ratings of the Autism-Tics, AD/HD and other 
Comorbidities inventory (A-TAC; Hansson et al., 2005) in questionnaire 
form. A total of 17 of the gate items targeting language, social interaction, and 
flexibility were included. Items are rated on a three-point scale from 0 (no), 
0.5 (yes, to some extent) and 1 (yes), where higher scores indicate the presence 
of more autism traits. The original parent-reported interview format of the A-
TAC has been validated in prior studies and has shown good psychometrics 
(e.g., Halldner et al., 2025; Hansson et al., 2005; Larson et al., 2010, 2013).  

Conduct problems – Studies II, III 
Two distinct questionnaires consisting of items targeting the main domains of 
CD, as defined in the DSM-5 (i.e., aggression to people and animals, destruc-
tion of property, deceitfulness, or theft and serious violations of rules), were 
used to assess conduct problems in Study II and III, respectively. For the re-
ferred cohort in Study II, the questionnaire comprised 15 items, where  
responses were dichotomized for analysis. Scores ranged from 0 (never) to 1 
(one time or more), indicating whether a specific event or behaviour adhering 
to the diagnostic criteria of CD had ever occurred during the participant’s life-
time. Self-ratings were used for the main analyses, and a validation set of care-
giver ratings were included. For Study III, the questionnaire comprised 11 
items. Items are rated on scale from 1 (never), 2 (once), 3 (2–4 times), 4 (5–
10 times), or 5 (more than 10 times), where higher scores indicate greater fre-
quency of conduct problems across the participant’s lifespan. Caregiver rat-
ings were used to assess co-occurring conduct problems in Study III.  

ODD symptoms – Study IV 
Caregiver ratings of the ODD subscale of the Swanson, Nolan and Pelham IV 
scale (SNAP-IV; Bussing et al., 2008) was used to assess ODD symptoms pre- 
and post-intervention in Study IV. The subscale consists of eight items in total, 
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where items are rated on a four-point scale ranging from 0 (not at all) to 3 
(very much). Higher scores indicate more ODD symptoms. The ODD subscale 
has shown acceptable psychometric properties (Bussing et al., 2008). 

Intellectual ability and functional impairment – Studies I, IV 
For Study I, intellectual ability was based on results from the Wechsler In-
telligence Scales for Children (WISC-IV; Wechsler, 2003) or Adults 
(WAIS-IV; Wechsler, 2008), Leiter-revised scales (Roid & Miller, 1997) 
and/or the Peabody Picture Vocabulary Test Third Edition, depending on the 
participant’s verbal abilities (Bölte et al., 2014). Adaptive functioning was 
assessed by using the Adaptive Behaviour Assessment System-2 (Harrison 
& Oakland, 2003). 

In Study IV, the Uppsala scale of Functional Impairment in Daily life 
(UFID) was used to assess functional ability pre- and post-intervention. The 
first version of the scale, which was used in Study IV, comprises four items 
targeting functioning in multiple contexts of daily life (i.e., at home and during 
daily routines, in school and with schoolwork, with friends and peers, and 
during leisure activities). Items are rated on a scale of 1 (functioning well), 2 
(some problems), 3 (moderate problems), 4 (serious problems and 5 (unable 
to function). Both self- and caregiver ratings were used to assess functional 
impairment before and after the intervention in Study IV. UFID was newly 
developed by the last author of Study IV during 2022, and while its psycho-
metric properties have not yet been established, preliminary unpublished data 
suggest that the instrument has high internal consistency.  

Feasibility 
Implementation – Study IV 
Attrition and retention rates, therapist-rated adherence to the treatment proto-
col, and participant compliance during the intervention in Study IV were used 
as measures of implementation (i.e., the degree to which an intervention can 
be implemented and delivered as intended) (Bowen et al., 2009). Attrition and 
retention rates were measured by the frequency of dropouts and number of 
completed sessions. Therapist-rated adherence to the treatment protocol was 
rated by each therapist after each session during the intervention. Nine items 
were used to rate adherence, except for the first session which consisted of 
eight items. Items were rated on whether the session content was delivered or 
not on a three-point scale, ranging from 1 (was not administered), 2 (partly 
administered) and 3 (administered). The questionnaire was developed specif-
ically for Study IV. Participant compliance was assessed by examining home-
work completion for each session (0 = not completed, 1 = completed), as well 
as engagement with the digital reading material. The latter was defined as 
whether the participant had attended to the digital material for a specific ses-
sion (0 = no, 1 = yes) and the percentage of material opened. 
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Acceptability – Study IV 
Self- and caregiver ratings of client satisfaction and negative effects of the 
intervention were used as a measure of acceptability (i.e., participant’s reac-
tions to the intervention) (Bowen et al., 2009). Post-intervention measures of 
client satisfaction were measured by a modified version of a previously used 
questionnaire (Meyer, Ramklint, et al., 2022). The questionnaire comprises 
eight questions in total. The first item asks whether the participant/caregiver 
would recommend the treatment (0 = no, 1 = yes). The following three items 
include statements regarding whether the intervention has resulted in better 
management of emotions, of ADHD, and whether the intervention was bene-
ficial, which are rated on a scale from 0 (does not apply), 1 (partly applies), to 
2 (applies completely). Participants and caregivers were also instructed to rate 
their experience of the number of sessions, amount of information, number of 
video clips, number of exercises, and amount of homework on a scale from 0 
(too few/insufficient), 1 (just right), and 2 (too much). The questionnaire also 
provided space for free text answers about the impression of the treatment. 

Post-intervention measures of potential negative effects of the intervention 
were measured by a shorter version of the Negative Effects Questionnaire 
(NEQ; Rozental et al., 2019), which consists of 20 items targeting adverse 
outcomes, such as increased symptoms and dependency on the therapist or 
treatment. On the NEQ, participants are instructed to indicate the occurrence 
of each negative event, rating whether it has happened to them (Rozental et 
al., 2016). If the answer is yes, the participant continues to rate how negatively 
the event affected them on a four-point scale from 0 (not at all) to 4 (ex-
tremely), as well as the probable cause of the event (i.e., the treatment itself 
or other circumstances) (Rozental et al., 2016).  
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Table 3. An overview over the main measures used in Studies I–IV   

 Study I Study II Study III Study IV 

ADHD 
Clinical ADHD (diagnosis)     
Trait-level ADHD (ASRS)     

Emotional reactivity and regulation 

Dysregulation profile     

EQ     
CERQ-short     

Emotional task     
DERS-SF     

Other psychiatric traits/conditions and functional impairment 

Other psychiatric conditions     
Autism traits (A-TAC)     

Conduct problems     
Depressive symptoms (MADRS)     

Anxiety symptoms (SCAS)     
ODD symptoms (SNAP-IV)     

Functional impairment (UFID)     
Feasibility 

Attrition and retention rates     
Therapist-rated adherence     

Participant compliance     
Client satisfaction     

Negative effects (NEQ)     

Note. ASRS: ADHD Self-Report Scale; EQ: Emotion Questionnaire; CERQ: Cognitive Emo-
tion Regulation Questionnaire; DERS-SF: Difficulties in Emotion Regulation Scale Short 
Form; A-TAC: Autism-Tics/, AD/HD and other Comorbidities inventory; MADRS: Mont-
gomery Åsberg Depression Rating Scale; SCAS: Spence Children’s Anxiety Scale; SNAP-IV: 
Swanson, Nolan and Pelham IV scale; UFID: Uppsala Scale of Functional Impairment in Daily 
Life; NEQ: Negative Effects Questionnaire 
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Statistical analyses 
Study I 
Analyses were conducted in R Studio (R version 4.0.5) and consisted of con-
ditional linear regression analyses within the generalized estimating equations 
framework using the “drgee” package (v. 1.1.10) (Goetgeluk & Vansteelandt, 
2008; Zetterqvist & Sjölander, 2015). The main exposure variable was cate-
gorical, that is diagnostic ADHD (0, 1). The outcome variable was continuous, 
that is the total summed t-score of the caregiver-rated dysregulation profile. 
Informants of the CBCL comprised 70.7% mothers, 10.8% fathers, 14.1% 
both caregivers and 4.4% unknown raters. Informants of the ABCL consisted 
of 45.9% mothers, 3.6% fathers, 37.6% unspecified caregivers and 10.5% un-
known raters. Cronbach’s alpha for the dysregulation profile subscales of the 
CBCL ranged from .85 to .92 and from .83 to .88 for the ABCL. Covariates, 
including other psychiatric conditions (i.e., autism, other neurodevelopmental 
conditions, intellectual disability, and affective conditions) and sex were de-
fined as dichotomous variables, whereas age was a continuous variable.  

The first step of the analyses was to investigate the association between 
ADHD and emotion dysregulation across the entire sample. Next, adjustments 
for age and sex were made. Last, adjustments were made for other psychiatric 
conditions. The same steps were repeated for the within-pairs analyses, where 
differences within the twin pairs regarding the exposure and outcome variable 
is correlated with each other. For the within-pairs analyses, sex and age were 
not included as covariates due to the inclusion of only same-sex twin pairs, as 
well as the fact that each twin pair was assessed at the same time. The same 
procedure was conducted for within-pairs analyses in the DZ and MZ sub co-
horts separately. Statistical significance was defined as p <.05. 

Study II 
Analyses were computed using SPSS version 28. Linear regression models 
were used for the main analyses. First, associations between diagnostic ADHD 
and self-rated emotion-specific reactivity and regulation, as measured by the 
EQ, were investigated in the diagnostic cohort, while adjusting for sex, age, 
and caregiver educational level (included due to significant group differences 
between individuals with ADHD and the comparison group). Second, associ-
ations between trait-level ADHD and self-rated emotion-specific reactivity 
and regulation were explored in the referred cohort, adjusting for sex, age, and 
other co-occurring psychiatric traits. Potential interaction effects of sex by di-
agnostic or trait-level ADHD were investigated by using generalized linear 
models, adjusted for age. Partial eta-squared (η²ₚ) values were included as an 
effect size and calculated through general linear models, where a η²ₚ of 0.1 
indicates a small effect, a η²ₚ of .06 a medium effect and a η²ₚ of .14 a large 
effect. Adjustments for multiple comparisons were done via a Benjamini-
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Hochberg correction with a false discovery rate of 5%. Statistical significance 
was defined as p <.05. Self-ratings were used for the main analyses, whereas 
caregiver ratings were used to validate findings.  

Study III 
Analyses were computed using SPSS version 28. Linear regression models 
and generalized linear models (negative binomial distribution with log link) 
were used for the main analyses of self-rated and task-specific use of cognitive 
emotion regulation, respectively. Potential sex- and age-effects were explored 
for all analyses. Caregivers’ socioeconomic status (SES) was also included as 
a covariate due to significant group differences between individuals with 
ADHD and the comparison group. For the first part of the study, the first 
model investigated associations between diagnostic ADHD and self-rated use 
of adaptive and maladaptive cognitive emotion regulation strategies, while ad-
justing for sex, age, and SES. For the second part, the first model investigated 
associations between diagnostic ADHD and task-specific use of adaptive and 
maladaptive cognitive emotion regulation strategies, while adjusting for sex, 
age, and SES. For the first models, interaction effects of sex by diagnostic 
ADHD were also examined using generalized linear models. In a second 
model, the above-mentioned analyses were re-calculated while also adjusting 
for co-occurring psychiatric traits (i.e., depressive symptoms, anxiety symp-
toms, conduct problems, and autism traits). Post-hoc analyses investigated the 
association between ADHD and self-rated use of distinct cognitive emotion 
regulation strategies using linear regressions, and for task-specific use of dis-
tinct cognitive emotion regulation strategies using logistic regressions. For the 
latter, the use of regulation strategies was dichotomized due to the low fre-
quency of strategy use. Adjustments for multiple testing were conducted for 
all analyses using Benjamini-Hochberg correction with a false discovery rate 
of 5%. Statistical significance was defined as p <.05. 

Study IV 
Main analyses investigating feasibility (i.e., implementation and acceptabil-
ity) were examined through descriptive statistics using SPSS version 28. Main 
analyses investigating effectiveness of the intervention comprised several 
steps using the total DERS-SF scores as the outcome variable. First, visual 
analysis for each participant was conducted based on previous guidelines 
(Kratochwill et al., 2013; Wolfe et al., 2019) by two raters, examining the 
following data: level (median level change from the baseline to the interven-
tion phase), trend (best-fitting straight line for the baseline and intervention 
phase, as well as the trend direction change from the baseline to the interven-
tion phase), variability (how data fluctuates from the trend line), immediacy 
(median of the last five datapoints during the baseline compared to the first 
five datapoints during the intervention phase), and overlap (percentage of 
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datapoints during the intervention phase which overlaps with the lowest base-
line score). Stability was defined as the median value of the follow-up scores 
being equal to or lower than the median of the last two data points from the 
intervention phase.  

Second, Tarlow’s non-overlap measure of Tau-UAdj was used to assess effect 
size of the intervention for each participant (Tarlow, 2017), using R Studio (R 
version 4.4.2) and the R code available at: https://ktarlow.com/stats/r/bctau.txt. 
Correction for baseline trend was conducted if the trend was statistically signif-
icant (p <.05) or if the Tau value was >.20 (Vannest & Ninci, 2015). The bench-
mark for evaluating intervention effects was set at a Tau value of ≥45, as sug-
gested by a review of SCEDs examining intervention effects for younger indi-
viduals with neurodevelopmental conditions (i.e., autism) (Alresheed & Ma-
chalicek, 2023).  

Last, a multiple baseline design (MBD) analysis was conducted using a 
systematic protocol (Wolfe et al., 2019). The analyses were based on two sub-
groups, encompassing three participants each with different baseline lengths 
(i.e., five, six, or seven weeks). The protocol guides the analyst through a se-
ries of yes- or no-questions about the data for each participant. Some items are 
given a score that ranges from -1 to 1, depending on its analytical weight, 
where a total score of ≥3 is considered evidence for an intervention effect 
(Wolfe et al., 2019). If a participant receives a “no” on a critical item, such as 
baseline stability, the remaining items for that participant are skipped and the 
assessment proceeds to the next participant. See Table 4 for an overview of 
the included questions in the MBD protocol. Inter-rater agreement between 
the two raters on the main MBD protocol scores indicated an almost perfect 
agreement, with a Cohen’s kappa of .93 (p <.001). 

For the pre- and post-intervention measures, a reliable change index (RCI) 
was calculated (Jacobson & Truax, 1991).  
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Table 4. An overview of the questions and criteria for the MBD protocol 

Ethical considerations 
Study I was approved by the Swedish Ethical Review Board in Stockholm 
(dnr: 2010/1778; Ö 32-2010; dnr 2016/1452-31). Studies II–III were approved 
by the Swedish Ethical Review Authority (dnr: 2020-04621; dnr: 202203983-
02; dnr: 2022-04228-01). Study IV was approved by the Swedish Ethical Re-
view Authority (dnr: 2022-04228-01). Written and oral informed assent and 
consent was obtained from all children and adolescents, and their caregivers, 
participating in each study. All participants were informed, in writing and ver-
bally, that participation was voluntary and that they could withdraw from the 
study at any time without providing an explanation. Because the studies in-
cluded patients recruited from psychiatric clinics, participants and their care-
givers were informed that withdrawal from the study would have no conse-
quences for any ongoing regular care.  

Children and adolescents may have limited capacity to evaluate potential 
risks associated with participation. Therefore, in Studies II–IV, we obtained 
written and oral informed assent and consent from both the children and 

Question Criteria fulfilled if…  

1. Stability There are ≥3 data points in the baseline and intervention 
phase that can be used to predict future behaviour 

2. Phase contrast The observed data (level, trend or variability) during the 
intervention phase differ from the predicted baseline trend 

3. Immediacy There is an immediate change in level, trend or variability 
when comparing the last 3–5 baseline data points with the 
first 3–5 intervention data points 

4. Overlap Less than 30% of the intervention data points overlap with 
the data in the baseline phase 

5. Consistency The level, trend or variability during the intervention phase 
for one participant is similar to that of another participant  

6. Vertical analysis There is no change in the baseline data for one participant 
during the intervention onset for another participant 

7. Staggered  
    treatment 

The intervention is introduced to one participant after  
intervention onset for another participant 

Note. Failure to meet the criteria for question 1 or 2 results in skipping the remaining items 
for the participant  
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adolescents and their caregivers, using age-appropriate consent forms tailored 
to the participants’ age. At the same time, we cannot fully exclude the possi-
bility of external influences that may have affected participation, such as so-
cial desirability. To mitigate this risk, all children and adolescents were addi-
tionally verbally reminded at the study visit that participation was voluntary, 
that they could choose to take part in some parts of the study and not others, 
and that they could withdraw their consent at any time without consequences 
or the need to provide an explanation. Test leaders were also instructed to be 
mindful of potential signals of discomfort or hesitation, and to pause or dis-
continue participation if adverse reactions were observed.  

In Studies II–IV, self-ratings from the participants were collected. Answer-
ing questions about emotional challenges and mental health problems may 
have caused discomfort for some participants. The questionnaires were delib-
erately chosen to be age-appropriate, which is why participants aged 10–12 
years in Studies II–III only answered demographic questions and completed 
the EQ, which has been validated for use in younger children (A. Rydell et al., 
2007). Study III included a task which aimed to elicit negative emotions 
among the participants. The selected photos from the IAPS were rated as being 
in the moderate range of arousal according to the norms reported in the origi-
nal manual (i.e., rated arousal from 4.5 to 6.9 on a 9-point scale) (Lang et al., 
2008). Further, two children aged 12 and 14 years with ADHD was invited to 
evaluate the selected photos before recruitment of participants and the images 
were considered tolerable. 

The newly developed intervention in Study IV, ER-SKILLS, had not previ-
ously been evaluated, necessitating potential risks to be carefully considered. 
To mitigate risks, the intervention was based on a well-established theoretical 
framework, and incorporated elements of CBT, ACT, and DBT, all of which 
are evaluated therapeutic approaches, also commonly used in regular care for 
child and adolescent populations. Further, all individuals who had contact with 
the participants in Study IV were licensed clinical psychologists working within 
CAP. All therapists were also experienced in clinical assessments and treat-
ments and were qualified to detect indications of severe mental illness and to 
address such situations in accordance with the CAP unit guidelines. Addition-
ally, assessments of adverse events were conducted to facilitate detection of 
negative effects of the intervention. The methodological choice to use a SCED 
and to present individual-level data necessitated particular care to ensure partic-
ipant anonymity. To address this, more sensitive and demographic information 
tied to individual characteristics was presented at a group level.  

For Study I, participants received a gift voucher worth 500 SEK for each 
completed segment within the study, with a total potential compensation of up 
to 2000 SEK. Twins and their caregivers were also compensated for travel 
expenses, accommodations and any loss of work income. For Studies II–IV, 
participants received cinema gift vouchers worth approximately 200 SEK af-
ter study completion.  
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Results 

Study I 
Our main hypothesis for Study I was that ADHD would remain associated 
with emotion dysregulation, albeit attenuated, when adjusting for other psy-
chiatric conditions, and that the association between ADHD and emotion 
dysregulation would be driven by genetic influences.  

Main findings showed that diagnostic ADHD was robustly associated 
with emotion dysregulation, even when adjusting for sex, age, and other psy-
chiatric conditions. Transdiagnostic patterns also emerged, as a majority of 
the included psychiatric conditions (i.e., autism, other neurodevelopmental 
conditions and affective conditions) were significantly associated with emo-
tion dysregulation in the final model. However, the association between 
ADHD and emotion dysregulation was the strongest compared to other psy-
chiatric conditions. Female sex was associated with higher scores on the 
dysregulation profile, whereas older age was related to lower scores of emo-
tion dysregulation. See Table 5 for an overview of the analyses across indi-
viduals. Regarding the co-twin control analyses, the associations between 
ADHD and emotion dysregulation was significant within the DZ twin pairs, 
but not in the MZ twin pairs. The confidence intervals did not overlap be-
tween the two groups, indicating a difference between the correlations of DZ 
and MZ twins. The results indicate that the association between ADHD and 
emotion dysregulation is influenced by genetic factors. See Table 6 for an 
overview of the within-pairs analyses. 
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Study II 
Our main hypotheses for Study II were that a diagnosis of ADHD would be 
associated with elevated reactivity and dysregulation of all emotions (i.e., sad-
ness, fear, anger, and exuberance), whereas ADHD symptoms (trait-level 
ADHD) would be specifically related to reactivity and dysregulation of anger 
and exuberance.  

Main findings showed that both diagnostic and trait-level ADHD were re-
lated to elevated reactivity and dysregulation of anger, while adjusting for sex 
and age in both cohorts, and while adjusting for other psychiatric traits in the 
referred cohort. See Table 7 and 8 for the analyses. Trait-level ADHD was 
related to increased exuberance reactivity and dysregulation despite all adjust-
ments, whereas diagnostic ADHD was associated with exuberance dysregula-
tion only. Diagnostic ADHD was also related to higher levels of sadness and 
fear, as well as increased fear dysregulation. Sex-related effects were mainly 
evident in the diagnostic cohort, where girls scored higher than boys on emo-
tional reactivity for all negative emotions. No interaction effects of sex by 
diagnostic or trait-level ADHD, or age effects, were detected in the main anal-
yses. Depressive symptoms were related to increased sadness reactivity and 
dysregulation, as well as anger dysregulation. Anxiety symptoms were related 
to higher levels of sadness and fear. Caregiver ratings largely validated the 
findings (see Supplementary Material for Study II). 
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Study III 
Our main hypothesis for Study III was that a diagnosis of ADHD would be 
associated with more use of maladaptive, and less use of adaptive, cognitive 
emotion regulation strategies. 

Main findings showed that diagnostic ADHD was initially associated with 
lower self-rated and task-specific use of adaptive strategies, as well as greater 
use of self-rated maladaptive strategies. The associations did not remain after 
adjusting for co-occurring psychiatric symptoms and multiple comparisons. 
Further, co-occurring depressive symptoms were significantly related to self-
rated use of maladaptive strategies. Post-hoc analyses suggested that a lower 
self-rated use of acceptance was distinctly and robustly related to ADHD (β 
= −.38, p = .005). Sex-related effects included girls having a lower self-rated 
use of adaptive strategies, and higher self-rated use of maladaptive strategies, 
than boys. However, the association between female sex and maladaptive 
strategy use was no longer significant when adjusting for multiple compari-
sons and was attenuated after including depressive symptoms in the model. 
Regarding the lower use of adaptive strategies, post-hoc analyses revealed that 
female sex was robustly related to lower self-rated use of acceptance (β 
= −.47, p = <.001), despite all adjustments. Age-related patterns included that 
older age was associated with greater self-rated use of maladaptive strategies. 
Post-hoc analyses showed that older age was robustly associated with the dis-
tinct self-rated use of self-blame (β = .30, p = .003) and rumination (β = .31, 
p = .002), specifically. See Table 9 and 10 for the main findings. For the post-
hoc analyses, see Supplementary Table 4–7 in the Supplementary information 
for Study III.  
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Study IV 
Our hypotheses for Study IV were that 1) the intervention would be feasible 
regarding intervention delivery and participants’ responses to the intervention, 
2) that emotion dysregulation would change in a therapeutic direction during
the intervention, that time to change would be related to when the intervention
was initiated, and that effects would remain stable up to two weeks after the
intervention, and 3) that changes in specific aspects of emotion regulation
would align with the corresponding intervention content.

Main findings showed that the newly developed intervention, ER-SKILLS, 
was feasible. Regarding implementation, except for two participants dropping 
out early in the study, all seven remaining participants completed the inter-
vention in full. Therapist-rated adherence was high, suggesting that it was pos-
sible to implement the intervention as planned. Participant compliance was 
lower, with a completion rate of approximately only half of the homework by 
the adolescents and their caregivers, as well as a medium engagement with the 
digital reading material for both groups. Regarding acceptability, client satis-
faction was good, where all participants except one of the adolescents rated 
that they would recommend the treatment. A majority of the adolescents and 
caregivers also reported that the intervention (at least partly) led to an in-
creased capacity for the adolescent to manage emotions and their ADHD, as 
well as that they benefited from the intervention. See Table 11 for client sat-
isfaction results. Twelve negative effects were reported across both adoles-
cents and caregivers, involving either adverse events caused by the interven-
tion or with an unknown cause due to missing data. Two negative effects were 
reported as having a strong impact on the participant, including that the inter-
vention was boring or unmotivating and that the intervention did not produce 
any results. Apart from these findings, the other reported adverse effects were 
reported as having no to moderate impact on participants, and no severe ad-
verse events (e.g., increased suicidality) were reported.  
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Main findings on effectiveness of the intervention showed slightly differing 
results depending on the analysis. Further, a decrease in emotion dysregula-
tion scores during the baseline phase were commonly found in ratings, which 
complicated the distinction between intervention-specific effects and other 
factors, such as the passage of time. Nonetheless, for the self-ratings, one par-
ticipant showed both visual and statistical improvement from the intervention, 
while another demonstrated a statistical improvement only. One participant 
exhibited a deterioration, with a trend of increasing scores during the inter-
vention phase. However, the median level change for this participant was ther-
apeutic, showing a reduction of 7.5 points on the DERS-SF comparing the 
baseline phase to intervention phase. Among caregiver ratings, two partici-
pants were reported as demonstrating both a visual and statistical improve-
ment, while two others showed either a visual or statistical improvement, re-
spectively. See Figure 4 for graphed data of the DERS-SF scores for each 
participant and rater, as well as Table 12 for level (median) change comparing 
the baseline to the intervention phase, and effect size. Robust stability was 
observed for four participants in both self- and caregiver ratings. There were 
no clear visual patterns that changes in subscale scores aligned with the cor-
responding intervention content.  

Regarding secondary outcomes, five adolescents reported an increased use 
of adaptive strategies, and six reported a decreased use of maladaptive strate-
gies, following the intervention. Reliable change was observed for two ado-
lescents. One caregiver report indicated a reliable reduction in ODD symp-
toms for one adolescent after the intervention. No reliable change was detected 
for ADHD symptoms, anxiety, or functioning levels. 

In summary, positive intervention effects were observed for four participants 
across the entire sample, although the results varied depending on the rater. See 
Figure 5 for a visual overview of the intervention effects for each participant 
across raters. Results from the main MBD protocols did not suggest a functional 
relation between the intervention and overall emotion dysregulation or a repli-
cable intervention effect. Post-hoc analyses, however, indicated that the inter-
vention may have a small effect on emotional clarity, specifically.  
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 Table 12. Level (median) change and effect size (Tau) for the intervention 

 

 
 
 
 
 
 
 
 
 

 Level (median) change a  Tau-UAdj 

Participant    

1a -11  .10a 

1b -4.5  .10a 

2a -7.5  .71a 

2b -9.5  .22a 

3a -10.7  -.58b 

3b +3.5  -.56a 

4a -7  .73a 

4b -9  .11a 

6a -15  -.66b 

6b -10  -.45a 

7a -5.5  .72a 

7b -3.5  -.72a 

8a +0.5  .73a 

8b -0.5  -.32a 
Note. Self-ratings are presented in the first rows (e.g., 1a) and caregivers at the bottom 
rows (e.g., 1b). Bold: Significant p-value of <.05. 
a Level (median) change between the baseline phase and the intervention phase for each 
participant. A negative value indicates a reduction in DERS-SF emotion dysregulation 
scores (i.e., improvement) comparing the baseline to the intervention phase 
b Effect size (Tau-UAdj) for each participant. A negative value suggests an improvement of 
the intervention 
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Note. Green indicates both visual and statistical improvement. A green-grey pattern represents 
either visual (checkered pattern) or statistical (striped pattern) improvement, but not both. Red 
displays a contra-therapeutic effect, while grey indicates no improvement (e.g. beyond a therapeutic 
baseline trend). From “Emotion Regulation Training for adolescents with ADHD: a multiple-base-
line single-case experimental study” by R. Astenvald, M. Isaksson, J. Meyer, M. Lööf, M.A. Frick, 
and J. Isaksson, 2025, Cognitive Behaviour Therapy, 1–17. Creative Commons CC BY   

Figure 5 Visual representation of intervention effects 
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General discussion 

As is the hallmark of scientific inquiry, the literature of ADHD and emotions 
is constantly evolving. The recent growth in research examining how ADHD 
and emotional challenges is intertwined has addressed important questions, 
while simultaneously raising many others. Issues regarding the specificity of 
the constructs, as well as their associations, are necessary to address before a 
more comprehensive understanding can be achieved – it is my hope to con-
tribute to a part of this endeavour. The overarching aim of the current thesis 
was to disentangle and specify the relation between ADHD and emotional re-
activity and regulation, as well as to develop and evaluate a new psychological 
intervention for adolescents with ADHD and emotion regulation challenges. 
Here, I discuss the findings from these studies, commencing with the main 
results and their theoretical and clinical implications.  

Emotional reactivity and regulation in ADHD 
Emotion valence, type and strategies 
Study I and II suggested that ADHD is robustly associated with various as-
pects of emotional challenges, even when adjusting for sex, age, and psychi-
atric co-occurrence. Study I utilized a well-established but broad measure of 
emotion dysregulation that was limited to negative emotions. Study II pro-
vided more specificity, revealing that ADHD is mainly related to anger reac-
tivity and dysregulation. This aligns with results from Study I, where at least 
one-third of the measure includes items related to anger or aggressive behav-
iour, as well as previous research identifying a robust subgroup characterized 
by irritability within the ADHD population (Karalunas et al., 2019). Study II 
also showed that positive emotions (i.e., exuberance) are distinctly related to 
ADHD. However, trait-level ADHD was associated with both elevated exu-
berance reactivity and dysregulation, whereas a diagnosis of ADHD was only 
related to the latter. This discrepancy may stem from the fact that, within the 
diagnostic cohort, the ADHD and comparison groups showed similar levels 
of exuberance reactivity. Consequently, only dysregulation of exuberance ap-
peared to distinguish between the groups. Possibly, exuberance reactivity (i.e., 
“often gets happy, excited, and in an exuberant mood” may not be pathological 
on its own, and challenges in regulating positive emotions may be more di-
rectly linked to diagnostic status and impairment. Corroborating this, Thorell 
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and colleagues (2017) showed that elevated ADHD symptoms combined with 
either high levels of exuberance dysregulation, or low exuberance reactivity, 
predicted lower social functioning.  

In Study II, the associations between ADHD and emotional reactivity and 
regulation of sadness and fear were less robust. For instance, ADHD symp-
toms were unrelated to any sadness or fear measure in the referred cohort. 
Because a diagnosis of ADHD constitutes a broader construct than sympto-
matology, the associations between ADHD and sadness and fear within the 
diagnostic cohort may reflect unmeasured factors, such as impairment levels 
or psychiatric co-occurrence. Although post-hoc analyses did not clearly im-
plicate co-occurring psychiatric conditions (such as depression or anxiety), 
these findings should be interpreted cautiously given limited power and reli-
ance on caregiver reports for the psychiatric conditions. Future studies may 
benefit from addressing this limitation by including a dimensional-level anal-
ysis of psychiatric co-occurrence, which may help to reveal more clear pat-
terns of confounding. 

Study I and II may also imply that it is specifically emotional reactivity, 
rather than regulation, that is particularly pertinent to ADHD. Although the 
emotional construct assessed in Study I includes “dysregulation” in its name, 
a closer examination of the items comprising the dysregulation profile indi-
cates that several items primarily reflect emotional reactivity (e.g., fearful, 
nervous, mood changes, temper). In Study II, the explained variance was 
higher for emotional reactivity compared to the regulation measures. An ex-
ception was observed for the relation between ADHD and exuberance reac-
tivity, and exuberance dysregulation, where the opposite pattern was found. 
As discussed above, exuberance may be associated with challenges only when 
there are problems regulating it, rather than when it is merely experienced or 
expressed. When considering whether reactivity or regulation is implicated in 
ADHD, it is important to recognize that these two constructs are difficult to 
disentangle. Some theoretical frameworks do not clearly distinguish between 
reactivity and regulation of emotions (Gross & Feldman Barrett, 2011) and 
the possibility to determine whether a response reflects an implicit regulatory 
threshold for an emotional experience or the reactive aspect of that experience 
has been questioned (Faraone et al., 2019). At the same time, from a scientific 
viewpoint, it is important to distinguish between reactivity and regulation for 
conceptual clarity. In Study II, it becomes clear that these constructs also may 
differ in their explanatory power. Other studies have also found varying asso-
ciations when differentiating between reactivity and regulation and encourage 
such a distinction (A. Rydell et al., 2003; Thorell et al., 2017). However, as 
all studies utilized rating scales to assess emotional reactivity and regulation, 
it is unclear whether the findings reflect a conceptual difference, or differences 
in how individuals perceive these constructs, which warrants further investi-
gation. Notably, Ochsner and colleagues (2012) notes that the emergence and 
regulation of emotions share partly overlapping psychological and neural 
mechanisms. Conversely, others have stated that emotional responses can be 
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distinguished from regulatory processes, even at a neurophysiological level 
(Cisler et al., 2010). A more thorough understanding of how these constructs 
may be defined and potentially distinguished prompts a more fine-tuned in-
vestigation into the temporal dynamics of emotional processing.  

Focusing on a more specific aspect of emotional processing, namely the 
use of cognitive emotion regulation strategies, Study III found no remaining 
associations between a diagnosis of ADHD and the use of adaptive or mala-
daptive strategies after adjustments for co-occurring psychiatric symptoms 
and multiple comparisons. These findings suggest that cognitive emotion reg-
ulation does not fully account for emotional challenges in children and ado-
lescents with ADHD. In Study III, depressive symptoms seemed to better ac-
count for self-rated maladaptive strategy use compared to ADHD, consistent 
with findings in youths showing that depressive symptoms (but not ADHD) 
are associated with more use of maladaptive, and less use of adaptive, cogni-
tive regulation strategies (Mayer et al., 2022). However, post-hoc analyses 
showed that lower self-rated use of acceptance may contribute to emotional 
challenges in ADHD. Specific adaptive strategy use in ADHD warrants fur-
ther investigation, especially within a clinical framework, where a therapeutic 
focus on acceptance may prove fruitful in counteracting emotional challenges. 
Moreover, if maladaptive strategy use is primarily driven by co-occurring de-
pressive symptoms rather than ADHD, this motivates the assessment of de-
pression when such strategies are being used. Interventions may also need to 
be more specifically tailored to address depressive symptoms, rather than as-
suming that these difficulties are inherent to ADHD itself. In contrast to pre-
vious research (Graziano & Garcia, 2016), there were no differences in emo-
tional reactivity between participants with ADHD and the comparison group. 
Similarly, Hagstrøm and colleagues (2020) found no difference in emotional 
reactivity between the ADHD and comparison groups during an experimental 
task, and the authors suggested that the stimuli used may not have provoked 
sufficiently strong emotional reactions to reveal any group differences. This 
could have influenced the results in Study III, highlighting the need to exam-
ine emotional reactivity using more varied and ecologically valid measures 
within the context of observational and/or experimental designs.  

In summary, Studies I–II indicate that ADHD is robustly related to both 
negative (particularly anger) emotional reactivity and dysregulation, and pos-
itive emotion dysregulation. Notably, associations with (rated) emotional re-
activity may be stronger than those with regulatory processes. However, Study 
III also suggests that the association between ADHD and emotional reactivity 
may be influenced by methodological choices, necessitating the need for fu-
ture research to examine generalizability of findings generalize across differ-
ent measures. Distinct regulatory processes could still play an important role 
for understanding emotional challenges in ADHD, as suggested by the find-
ings of lower use of acceptance in Study III.  
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The impact of psychiatric co-occurrence  
Transdiagnostic patterns of emotional reactivity and dysregulation were  
identified across the studies. The broader construct of emotion dysregulation 
in Study I was related to autism, other neurodevelopmental conditions, and 
affective conditions, but less strongly than to ADHD. In Study II, mainly in-
ternalizing symptoms (depressive symptoms and anxiety) were robustly re-
lated to negative emotional reactivity (sadness and fear) and dysregulation 
(sadness and anger), although associations varied depending on the measures. 
For instance, depressive symptoms were more strongly related to sadness re-
activity, whereas anxiety was related to fear reactivity. Caregiver reports (see 
Supplementary Information for Study II) corroborated these findings and ad-
ditionally revealed other notable patterns, possibly due to the larger sample 
size and greater statistical power. Here, depressive symptoms were related to 
more sadness and anger, and less exuberance, reactivity and dysregulation of 
all negative emotions. Further, anxiety was related to higher levels of fear, 
conduct problems were associated with greater anger reactivity and sadness 
and exuberance dysregulation, while autism traits were associated with in-
creased sadness reactivity and anger dysregulation. Particularly depressive 
symptoms and anxiety seem vital for associations with sadness and fear. This 
highlights that depression, anxiety, autism, and conduct problems are relevant 
confounders when examining emotional challenges in ADHD.  

Although the studies aimed to increase specificity by adjusting for common 
psychiatric co-occurrences in ADHD, not all possible confounders were cov-
ered. For instance, personality conditions, such as borderline personality dis-
order (BPD), may be of interest. BPD is characterized by instability in inter-
personal relationships and sense of identity, impulsive behaviour, self-harm 
and suicidality, chronic feelings of emptiness, emotion dysregulation, and dis-
sociative experiences (American Psychiatric Association, 2013). ADHD and 
BPD commonly co-occur, have overlapping symptoms (such as impulsivity), 
and it has been suggested that they share a genetic background (Ditrich et al., 
2021). However, although some symptoms are shared, they may reflect dif-
ferent underlying mechanisms in ADHD and BPD. Addressing these potential 
differences is important to reduce the risk of overlooking condition-specific 
profiles. Traumatic experiences, with a high prevalence in both ADHD and 
BPD (Ditrich et al., 2021), could also be important to consider in future efforts 
to improve specificity. Last, sleep disturbances and problems are common 
comorbidities in children and adolescents in ADHD (Reale et al., 2017) and 
may also affect emotional processing in ADHD (Sørensen et al., 2026), war-
ranting further investigation. 
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Aetiology 
Study I suggested that shared genetic factors may drive the association be-
tween ADHD and emotion dysregulation, consistent with a twin study inves-
tigating emotional lability and trait-level ADHD in a community sample (Mer-
wood et al., 2014). Together, these results indicate that ADHD and emotion 
dysregulation partly reflect a shared underlying construct, as implied by a 
common aetiology. However, following the reasoning by Merwood and col-
leagues (2014), it is worth noting that several psychiatric traits and conditions 
share common genetic factors (e.g., E. Pettersson et al., 2016; The Brainstorm 
Consortium et al., 2018). Thus, our findings may stem from an overarching 
genetic influence within psychiatry in general (Merwood et al., 2014). At the 
same time, our results suggest a stronger association between ADHD and 
emotion dysregulation than for the other included psychiatric conditions, pos-
sibly elucidating some specificity to their shared aetiology. Supporting this, 
prior research has shown that anger and positive emotionality are associated 
with polygenic risk scores for ADHD in children (Nigg, Karalunas, et al., 
2020). These findings are consistent with Study II, which suggested that an-
ger, and partly exuberance, are particularly relevant to ADHD. Nigg, Karalu-
nas, et al. (2020) found no support for other negative emotions (including sad-
ness and fear) being linked to polygenic risk scores for ADHD, possibly align-
ing with the findings of Study II, which showed less robust associations with 
sadness and fear, compared to anger and exuberance.  

In summary, there seems to be a genetic link between ADHD and emo-
tional challenges, possibly mainly relevant to specific emotions such as anger.  

Sex- and age-related patterns 
Study I and III showed that girls and women experienced higher levels of 
emotional challenges – more emotion dysregulation and lower self-rated use 
of adaptive cognitive regulation strategies – compared to their male counter-
parts. These findings were robust even when adjusting for age and psychiatric 
co-occurrence. Study II also demonstrated sex-related effects, where girls 
within the diagnostic cohort reported higher levels of sadness, fear, and anger 
reactivity compared to boys. Our findings align with previous research show-
ing that females have more emotional difficulties than males (Bailen et al., 
2019; Bölte et al., 2023; De Ronda et al., 2023). However, Study II also re-
vealed that when adjusting for other psychiatric traits in the referred cohort, 
sex-related effects were not as robust, suggesting that internalizing traits (i.e., 
depressive and anxiety symptoms) may also play an important role in explain-
ing negative emotional reactivity, at least for sadness and fear. Within this 
context, addressing both sex and internalizing challenges is important, as fe-
males reportedly have higher levels of internalizing problems compared to 
males (e.g., Serio et al., 2022; Stewart et al., 2022). Considering both factors 
allow us to distinguish whether observed effects are sex-specific and/or driven 
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by the co-occurrence of internalizing symptoms. Unmeasured factors, which 
influences both sex and internalizing symptoms, may also play a role. Here, 
developmental factors may be of relevance, for example puberty onset or mat-
uration (Natsuaki et al., 2009). Also worth considering is the potential impact 
of gender norms, as it has been suggested that gender differences in emotional 
expressions are socialized during development, which may result in girls be-
ing more emotionally expressive than boys, at least for specific emotions 
(Chaplin & Aldao, 2013). Such socialization processes may also influence 
how participants respond to questions regarding emotions and are important 
to consider when interpreting findings. 

In Study I, younger age was associated with an increase in emotion dysreg-
ulation, whereas no robust age effects were evident in the main analyses for 
Study II. The exception was that in the caregiver ratings, older age was ro-
bustly associated with lower anger reactivity in the diagnostic cohort, and with 
lower anger and exuberance reactivity in the referred cohort (see Table S2 and 
Table S3 in the Supplementary Information for Study II). Possibly, age effects 
are mainly visible when including participants with a broader age span: Study 
I included participants 8–36 years, and the caregiver ratings for the referred 
cohort in Study II included participants aged 6–18 years. However, this does 
not fully explain why older age was associated with lower anger reactivity in 
the diagnostic cohort based on caregiver ratings, but not in adolescent self-
ratings, despite the age range and sample size being nearly identical. Possibly, 
this discrepancy may reflect differences in how anger expression is perceived 
by different raters rather than clear age-specific patterns. Study III demon-
strated that self-rated use of maladaptive cognitive regulation strategies was 
associated with older age, despite adjusting for sex, SES, and other psychiatric 
symptoms and including a narrower age span of 13–17 years. This may reflect 
that age effects are more visible during this particular developmental window 
for cognitive emotion regulation, specifically. 

To conclude, the findings suggest notable sex- and age-related patterns in 
emotional challenges. When examining sex-specific effects, it is important to 
consider co-occurring psychiatric symptoms that influence girls and boys in 
different ways, as well as developmental factors, such as puberty. When in-
vestigating age effects, a variety of developmental periods should be included 
to fully grasp potential age-related and/or developmental influences. Including 
multiple raters, or more objective measures, may also help to reduce rater bias.  
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Emotion regulation training in ADHD 
Conclusions from Study IV indicated that the newly developed psychological 
intervention targeting emotion regulation ability in adolescent ADHD, ER-
SKILLS, was feasible, although participant compliance and motivational 
problems need to be addressed in future refinements. ER-SKILLS appeared 
to be effective for at least some participants, but the multiple baseline analysis 
did not reveal a functional relation between the intervention and overall emo-
tion dysregulation. The main challenge in detecting intervention-specific ef-
fects was that several participants showed improvement already during the 
baseline phase. While methodologically problematic, this finding raises a crit-
ical question for clinical research: which factors drive potential improvement 
during baseline conditions? Further, it exposes a vulnerability in designs em-
ploying single pre- and post-measures as the basis for analysis. If Study IV 
had relied solely on one pre- and post-measures of emotion dysregulation and 
used a group-level analysis, the results would probably have indicated a sig-
nificant decrease in emotion dysregulation. Such approaches would have 
masked the baseline trend, possibly creating the impression that the observed 
improvement was entirely attributable to the intervention.  

One post-hoc multiple baseline analysis, however, indicated a potential in-
tervention-related improvement in emotional clarity specifically. Holmqvist 
Larsson (2025, pp. 56–57) also found that a group-based intervention for ad-
olescents targeting emotion regulation skills reduces difficulties in emotional 
clarity and alexithymia. Alexithymia refers to challenges in identifying and 
describing emotions, as well as limited awareness of internal states (Preece et 
al., 2017). Similarities between Study IV and the study by Holmqvist Larsson 
(2025) include that both interventions encompassed elements from DBT and 
ACT, sessions specifically targeting emotional awareness and acceptance of 
emotions, the inclusion of patients within a psychiatric context, and caregiver 
involvement (Holmqvist Larsson, 2025, pp. 48–49). Despite differences in 
theoretical background, intervention format (individual delivery versus a 
group format), and methodological choices, both studies reported possible im-
provements in emotional clarity. Together, these results indicate that targeting 
emotional clarity may be a fruitful direction for future intervention develop-
ment of emotion regulation skills training in psychiatric contexts.  

Another important contribution to the literature on emotion regulation 
training in general, and in ADHD specifically, is the finding in Study IV that 
emotion regulation capacity seems to be malleable over time, also during ad-
olescence. Although Study IV was limited by the presence of therapeutic base-
lines complicating determination of specific intervention effects, the data 
demonstrate variability in emotion dysregulation, and for many participants, 
a reduction in dysregulation over time. This insight primarily stems from the 
choice of employing a SCED which involves frequent and repeated assess-
ments. This highlights the importance of utilizing various methodologies for 
a greater understanding of how emotional reactivity and regulation change 
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over time, specifically longitudinal studies utilizing frequent and repeated as-
sessments that are temporally sensitive.  

Methodological issues related to the assessment procedures were also iden-
tified. The planned daily data collection of individual target behaviours failed, 
as data validity could not be ensured due to inaccurate reporting, difficulties 
recalling how to record behaviours, and interpretation difficulties which 
emerged due to misleading or missing baseline data, as well as limited varia-
bility in target behaviours. Therefore, the daily ratings were excluded from the 
analyses. This highlights two important aspects, namely challenges associated 
with repeated data collection over extended periods in this population, and the 
importance of identifying sufficiently frequent target behaviours. For the for-
mer, repeated reminders (as utilized in Study IV) did not fully counteract for-
getfulness or inaccuracies in behaviour reporting, suggesting a need for more 
automated data collection methods, possibly involving shorter assessment pe-
riods and the use of digital solutions (instead of physical ratings). Alterna-
tively, target behaviours may be assessed through clinical observations to re-
duce participatory burden. This would also help to reduce rater or therapist 
bias by being able to involve independent and external observers. The absence 
of several target behaviours during baseline suggests that the behaviours were 
less frequent than initially reported, or that the baseline period (5–7 days for 
target behaviours) was too short to fully capture their occurrence. Thus, the 
identification of more frequently occurring behaviours is necessary, and an 
extended baseline period may prove helpful in elucidating more stable behav-
ioural patterns. At the same time, there are risks of compromising internal va-
lidity when implementing prolonged SCEDs, as it increases the likelihood that 
the passage of time will influence outcomes (i.e., maturation effects; Ledford 
& Gast, 2024, p. 35). 

In summary, initial findings support the potential of targeting emotion reg-
ulation skills in adolescents with ADHD, where individual-level data suggest 
that emotion regulation capacity is malleable, and emotional clarity as a po-
tentially effective target. However, improvements in data assessment methods 
for frequent and repeated measures are vital to ensure data validity. 

Theoretical and clinical implications 
Overall, the findings from Studies I–III suggest that there are condition-spe-
cific patterns of emotional challenges relevant to ADHD, both phenotypically 
and aetiologically. This supports the notion of including an emotional domain 
within the theoretical conceptualization of ADHD, as suggested by some re-
searchers (e.g., Barkley & Fischer, 2010; Beheshti et al., 2020). The high prev-
alence of emotional challenges in ADHD (Faraone et al., 2019; Shaw et al., 
2014), and the identification of stable and clinically relevant subgroups based 
on emotional characteristics in ADHD, further support this stance (Goh et al., 
2020; Karalunas et al., 2019; Nigg, 2022). The integration of an emotional 
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domain in the diagnostic criteria for ADHD aligns well with emphasizing 
ADHD as a condition characterized by difficulties with self-regulation in gen-
eral. Including emotional challenges into the diagnostic criteria for ADHD 
may also help highlight the importance of emotional challenges in ADHD and 
reduce the likelihood of overlooking individuals at elevated risk of adverse 
outcomes (Shaw et al., 2014) and/or in need of tailored interventions that ad-
dress both emotional and cognitive challenges. Thus, considering emotional 
challenges as a core feature of ADHD holds both theoretical and clinical rel-
evance. However, there is also a risk of making premature assertations, as the 
current literature is dominated by cross-sectional studies. This limits our abil-
ity to identify shared mechanisms or developmental trajectories needed to un-
derstand whether ADHD and specific emotional challenges are intertwined 
rather than merely co-occurring. Utilizing longitudinal designs to investigate 
how ADHD co-develops alongside various aspects of emotional challenges 
may shed more light on their relation. Here, it seems necessary to consider 
psychiatric co-occurrence in order to avoid specificity issues. The current the-
sis contributes with insights into which aspects of emotional processing may 
serve as promising starting points for such endeavours in future research, 
namely reactivity and dysregulation of anger and exuberance, as well as spe-
cific use of acceptance as a regulation strategy. 

Based on what we know about the detrimental effects that elevated emo-
tional reactivity and dysregulation have on mental health and clinical out-
comes, it is imperative to acknowledge the emotional challenges in ADHD as 
early as possible. While more research is crucial to increase our understanding 
of the relation between ADHD and emotional challenges, clinical practice re-
quires immediate tools. Therefore, translational research needs to proceed in 
parallel with basic science. Findings from treatment studies could also provide 
important insights into the characteristics of emotional processing in ADHD. 
For example, Study IV suggests that challenges with emotion regulation is 
modifiable in ADHD, although the specific factors driving these changes (e.g., 
an intervention or maturation) may vary between individuals. Further, specif-
ically enhancing emotional clarity may be of relevance for children and ado-
lescents with ADHD and emotion regulation challenges.  

Other important clinical considerations include the delivery format of in-
terventions. The individual-based treatment of Study IV limited possible fa-
cilitators of change that are associated with group therapy. Previous research 
has suggested that adolescents with ADHD report several benefits of group 
skills training, including meeting other participants, sharing experiences, mak-
ing new friends, as well as it being more fun, easier and comfortable compared 
to individual therapy (Meyer et al., 2020). Another study found high satisfac-
tion with CBT group therapy in adolescents with ADHD, mainly on items 
attributed to the group format of the intervention (Andersen et al., 2022). Sim-
ilar results have been found in other adolescent psychiatric populations, indi-
cating that group-based emotion regulation skills training may reduce feelings 
of loneliness, provide support from peers, and enhance learning (Holmqvist 
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Larsson et al., 2023). Thus, further development of ER-SKILLS should in-
clude group-based alternatives.  

Given the fact that caregivers may influence their children’s capacity to 
regulate emotions (Morris et al., 2017; Zimmer-Gembeck et al., 2022), involv-
ing caregivers in treatments targeting emotion regulation skills may be partic-
ularly important. Corroborating this, a qualitative study found that adolescents 
perceived joint participation in emotion regulation skills training as beneficial, 
partly due to improved communication with their parents and an increased 
mutual understanding of emotions and emotional challenges (Holmqvist Lars-
son et al., 2023). Findings from Study IV further suggest that caregiver in-
volvement in treatments involving adolescents with ADHD is feasible.  

Limitations 
To interpret the findings of the studies in a nuanced manner, it is necessary to 
acknowledge their limitations. Both general limitations of the included studies 
within this thesis, and limitations associated with a specific study, are de-
scribed below. 

General limitations 
Due to the cross-sectional nature of the studies included in this thesis, it is not 
possible to make any remarks regarding causality. Even though Study IV in-
cluded repeated assessments over an extended time period and manipulation 
of the intervention onset, methodological concerns limited the ability to detect 
causal processes. More longitudinal and experimental designs, alongside 
moving beyond the reliance of ratings on emotional reactivity and regulation, 
are needed to deepen our understanding of how ADHD and emotional pro-
cessing are temporally linked. In all studies, various methodological measures 
of emotional reactivity and regulation were utilized. This can be considered a 
limitation, as generalizability across the studies is affected. At the same time, 
many findings aligned with each other. For instance, despite the use of differ-
ent rating scales for emotion dysregulation in Studies I–II, the findings con-
verged in showing that ADHD is robustly associated with emotional chal-
lenges, indicating replicated effects across populations and measurement in-
struments. In addition, apart from the emotional task in Study III, outcome 
measures relied solely on informant reporting. Ratings are inherently tied to 
the perception and abilities (e.g., awareness, expressiveness, and verbal abil-
ity) of the participants, as well as by social norms (e.g., willingness to report 
socially desirable responses), which introduces various forms of bias. This 
limitation was partly addressed by using multiple informants (i.e., self-reports 
and caregiver reports), but was not fully accounted for. Other methodological 
constraints include that the ability to describe emotions may vary depending 
on age (Nook et al., 2018), which could have resulted in age-dependent 
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variations in how children and adolescents report emotional experiences and 
challenges. However, as we adjusted for age in Studies I–III, the impact of 
this limitation may be reduced. 

Examining sex-specific effects in a dichotomous manner, namely using sex 
assigned at birth with female and male as the sole categories rather than a 
broader conceptualization of sex and gender (Bölte et al., 2023), is also a lim-
itation for Studies I–III. For instance, one study found that adolescents who 
identified as non-binary had the highest levels of emotion regulation chal-
lenges in a community sample (Holmqvist Larsson et al., 2025). This high-
lights a potentially vulnerable group regarding emotion regulation challenges 
that needs to considered. Further, age-related patterns may serve as a proxy 
for developmental factors but cannot fully account for other aspects of devel-
opment that may influence emotional processing, such as puberty (Alloy et 
al., 2016; Natsuaki et al., 2009; Silk et al., 2009). Additionally, as stated 
above, although adjusting for common psychiatric co-occurrence is important 
for increased specificity of emotional challenges in ADHD, the adjustments 
were not all-encompassing. Other co-occurring conditions or traits, such as 
BPD, trauma, or sleep disturbances may be of relevance to investigate further. 
Specificity could also be improved by assessing how the different domains of 
ADHD, namely inattention and hyperactivity/impulsivity, relate to various 
emotional constructs. While Studies I–III included both a diagnostic and di-
mensional measure of ADHD, they did not distinguish between different 
ADHD symptom domains. This is an important limitation, as the underlying 
mechanisms of elevated emotional reactivity and dysregulation may vary 
across phenotypes and constitute different pathways to emotional challenges. 
For instance, it has been suggested that attentional processes may influence 
emotion perception in ADHD, whereas impulsivity may be associated with 
atypical reward processing (e.g., preference for immediate rewards), poten-
tially reflecting difficulties in other mechanisms, such as maintaining long-
term goals (Shaw et al., 2014). How such systems interact and independently 
contribute to emotional challenges in ADHD needs to be examined further.  

The studies included in this thesis mostly relies on the medical model of 
psychiatry, wherein psychiatric symptoms are attributed to the individual 
level, often hypothesized as stemming from inherent core deficits (Pellicano 
& den Houting, 2022). As briefly mentioned in the Introduction (see the sec-
tion “Reframing of ADHD”), the neurodiversity paradigm raises concerns 
regarding the medical model (Pellicano & den Houting, 2022). Where the 
medical model focus on the overarching aim of reducing symptoms and im-
pairment for an individual, the neurodiversity framework prioritize contex-
tual factors, such as removing stigma, enhancing acceptance of various types 
of thinking, feeling, and acting, as well as establishing societal opportunities 
and environments that accommodate the broader spectrum of neurodiversity 
(Sonuga-Barke, 2023). Further, research within the medical model frame-
work tend to overlook specific strengths of neurodiversity (Dwyer, 2022; 
Pellicano & den Houting, 2022). Qualitative data suggest that many 
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individuals with ADHD associate the condition with positive aspects, in-
cluding openness to experiences (Mahdi et al., 2017; Nordby et al., 2023; 
Sedgwick et al., 2019). That such factors were not considered constitutes a 
limitation for the current thesis.  

Theoretical concerns of specificity 
One might question the broader endeavour of identifying condition-specific 
patterns of emotional challenges within established DSM constructs, such as 
ADHD. Psychiatric nosology is characterized by substantial symptom over-
lap, with co-occurrence being the rule rather than the exception. If specificity 
is difficult to achieve even within DSM diagnoses (Faravelli et al., 2012), it is 
likely even more challenging to establish specificity between DSM classifica-
tions and related constructs. Additional criticisms of the DSM framework con-
cern its validity (Faravelli et al., 2012) and historical foundations. Regarding 
the latter, psychiatric nosology has largely been shaped by expert opinion, 
with classification relying in part on subjective judgements about which char-
acteristics are considered important and which traits are deemed essential for 
distinguishing between constructs (Kendler, 2009). As these judgements can 
vary between classifiers (Kendler, 2009), it can be argued that improved spec-
ificity would still be reliant on temporal and cultural contexts tied to the clas-
sifier, which does not necessarily strengthen the foundational validity of psy-
chiatric classifications. Rather, efforts to identify “condition-specific” emo-
tional patterns may risk reifying diagnostic classifications, as discrete, static 
conditions and build upon the existing psychiatric framework without fully 
addressing its underlying assumptions – namely, the societal and cultural in-
fluences that have contributed to shaping it. Dimensional models of psycho-
pathology may help improve specificity without being tied to diagnostic cate-
gories (Faravelli et al., 2012). Within the context of this thesis, combining 
symptom-level analyses with DSM-based analyses in Studies II–III offers an 
opportunity to partially address the limitations of relying solely on diagnostic 
constructs. However, while dimensional models utilizing symptom-level anal-
yses alleviate the rigidity of categorical frameworks, individual symptoms 
may still be linked to the medical model through the psychiatric constructs 
they aim to describe (Borsboom, 2017). Therefore, focusing on symptoms still 
risk overlooking the societal and cultural influences on how certain traits or 
behaviours are initially pathologized. Perspectives that emphasize contextual 
factors, such as the neurodiversity paradigm which goes beyond the mere 
pathologizing of behaviour (Fletcher‐Watson, 2022), may be of particular im-
portance to consider in future research.  

The World Health Organization’s International Classification of Function-
ing, Disability and Health (ICF) also offers a framework in which health and 
functioning are understood in relation to contextual factors (World Health Or-
ganization, 2001). Within this framework, health, functioning, and disability 
are conceptualized as universal constructs rather than as attributes tied to spe-
cific diagnoses or social groups (World Health Organization, 2001). The ICF 
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incorporates both strengths and challenges and emphasizes the interplay be-
tween individual functioning and societal and environmental influences 
(World Health Organization, 2001). Building on this approach, recent research 
has developed ICF Core Sets for ADHD as a standardized functional assess-
ment, embracing the heterogeneity of functioning in ADHD and capturing 
both strengths and challenges across various health domains (Bölte et al., 
2018, 2024). Together, these various frameworks highlight the importance of 
moving beyond an individual deficit-based medical model and towards a more 
holistic approach for understanding psychopathology overall, including 
ADHD, and should be considered more directly in future research.  

Study I 
Limitations of Study I include relying on caregiver ratings of dysregulation, of-
ten by a single informant, which may increase the risk of bias among monozy-
gotic twins due to similarity expectations (Vitaro et al., 2009). Further, being 
dependent on caregiver ratings overlooks the individual experience of the par-
ticipants, which is particularly vital when investigating inner emotional states. 
At the same time, the dysregulation profile mainly consists of items targeting 
overt behaviours related to emotions, which are often visible to caregivers. 
However, this may not apply as readily to rating an adult child’s behaviour. 
Further, although the dysregulation profile has been extensively used in research 
and been shown to measure a general dysregulation factor (e.g., Deutz et al., 
2016; Haltigan et al., 2018), it may not capture enough specificity for the emo-
tional domain relevant to ADHD. Additionally, twin designs rely on specific 
assumptions including: 1) the equal environments assumption (Røysamb & 
Tambs, 2016), meaning that shared environmental factors are evenly distributed 
among DZ and MZ twins, and 2) the presence of random mating, meaning that 
partners do not actively seek mates who are phenotypically similar to them-
selves (Willfors, 2017, p. 20–21). In the discordant twin design, a violation of 
these assumptions could result in misinterpretations of how implicit adjustments 
for aetiological influences operate within the distinct DZ and MZ sub cohorts. 
However, studies investigating the equal environments assumption in twins 
across various phenotypes suggest that the assumption is valid (e.g., Cronk et 
al., 2002; Kendler et al., 1993; LoParo & Waldman, 2014). If the assumption of 
random mating is violated, it is possible that DZ twins share more than 50% of 
genetic factors due to parental similarity (Røysamb & Tambs, 2016). While one 
study suggest that non-random mating may occur in relation to psychiatric con-
ditions (Nordsletten et al., 2016), violation of this assumption is likely to have 
greater implications for heritability estimates, since genetic confounding within 
the discordant twin design would still be discernible. Another limitation is that 
findings based on twin samples may not be generalizable to the general popula-
tion, prompting caution when interpreting results. Some studies suggest that 
twins and singletons do not differ on various factors (Christensen et al., 2006; 
Curran et al., 2011), while others have found that twins score lower on 
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psychopathology measures compared to singletons (Moilanen et al., 1999; 
Munn-Chernoff et al., 2013), suggesting a possible underestimation of observed 
effects when generalizing findings based on twin samples. Last, a larger sample 
would allow for the examination of associations across other relevant sub co-
horts, such as different age groups, possibly elucidating how the influence of 
genetic factors vary across developmental periods.  

Study II 
Limitations of Study II include that each emotional construct (i.e., reactiv-
ity/regulation of sadness, fear, anger, and exuberance) was assessed with only 
two items, influencing validity (e.g., content validity) and internal consistency. 
At the same time, the outcome measure (i.e., the EQ) has shown acceptable psy-
chometric properties. Due to limited statistical power, no adjustments for other 
psychiatric symptoms were made for the diagnostic cohort. Post-hoc analyses 
in the diagnostic cohort adjusted for caregiver-reported psychiatric conditions, 
where findings suggested that the initial findings could not be attributed to psy-
chiatric co-occurrence. However, the few participants that were reported as hav-
ing depression or anxiety may have limited statistical power. For instance, sig-
nificant associations were detected between anxiety and sadness dysregulation, 
as well as between depression and elevated anger reactivity and dysregulation, 
but the associations did not remain after adjusting for multiple testing (see Sup-
plementary Information for Study II). Further, diagnoses were not validated 
through medical records, which may affect validity. Consequently, findings 
from the post-hoc analyses should be interpreted with caution. Generalizability 
may also have been affected, as the sex-ratio was skewed towards girls in both 
cohorts, which does not align with the typical sex distribution observed in 
ADHD (American Psychiatric Association, 2013).  

Study III 
Limitations of Study III comprise the low frequency of task-specific use of 
regulation strategies, which restricted the scope of our post-hoc analyses and 
reduced the statistical power of the findings. Additionally, no group differ-
ences in reactivity during the emotional task was found and it is possible that 
the stimuli failed to elicit a sufficiently strong response to prompt the use of 
regulation strategies. Therefore, task-specific use of cognitive emotion regu-
lation needs to be explored further with more robust methodology. As in Study 
II, the sex-ratio was skewed towards girls in the ADHD group in Study III, 
which may affect generalizability. Self-selection bias, where females are more 
inclined to participate in research compared to males (Meyer, Alaie, et al., 
2022), can therefore not be entirely excluded. Post-hoc analyses investigating 
distinct regulation strategies were based on sub-scales containing only two 
items and therefore share the same limitations of validity and reliability as 
described above for Study II. 
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Study IV 
Limitations of Study IV comprise improvement during the baseline phase for 
several participants, complicating interpretations of whether the intervention, 
or other factors, lead to a decrease in emotion dysregulation over time. When 
calculating effect sizes, power issues may have been present, affecting the  
detection of baseline trends. Therefore, in addition to adjusting for trends that 
were statistically significant, a criterion for accounting for baseline trend in 
accordance with previous guidelines (Vannest & Ninci, 2015) were also in-
cluded. One of the planned main outcomes were excluded (i.e., individual tar-
get behaviours) due to low validity and interpretation difficulties. This is a 
notable omission, as these measures would provide more personalized data in 
contrast to the ratings, which were not tailored to the individual. Further, there 
is a mismatch between the theoretical framework underlying the intervention 
(i.e., the EPM) and the outcome measure used to assess emotion dysregulation 
(i.e., the DERS), where the DERS was developed based on the theoretical 
framework of emotion regulation proposed by Gratz & Roemer (2004). This 
raise concerns regarding validity, as it is possible that the components or 
mechanisms of the intervention may not be fully captured by the DERS. How-
ever, the frameworks by Gross and Gratz & Roemer (2004) also share several 
similarities in their conceptualization of emotion regulation. These similarities 
encompass foundational aspects targeted in the intervention, including limited 
emotional awareness and difficulties in employing effective and adaptive 
emotion regulation strategies. Indeed, the DERS subscales seems to map fairly 
well onto the intervention content of ER-SKILLS. Moreover, utilizing the 
DERS as the outcome measure facilitates comparisons across the literature, as 
it is one of the most commonly used instruments for assessing emotion dysreg-
ulation in children and adolescents (Freitag et al., 2023).  

When researchers develop their own intervention, there is a risk that their 
belief that their treatment is superior may influence the findings in various 
ways (Leykin & DeRubeis, 2009). This may be particularly important to ad-
dress in comparative studies, where researchers might favour one treatment 
over another (Leykin & DeRubeis, 2009). However, even in the absence of 
comparisons with other treatments, this type of bias could influence study 
findings, for instance through how the intervention is presented to the partici-
pants or therapists. This highlights the need for further testing of ER-SKILLS 
across various populations and research groups, as well as incorporating blind-
ing procedures when possible. On balance, several steps were taken to reduce 
bias, including pre-registration of the study’s hypotheses, outcome measures, 
and analysis plan before participant recruitment or data collection began. 

Apart from the possible rater effects described above (see “General limita-
tions”), other influences may stem from the participants’ prior understanding 
of emotions and perception of their emotional functioning. For instance, it is 
possible that those with limited emotional insight might overestimate their un-
derstanding of emotional processes and functioning, potentially leading to 
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initially better scores on items where this ability is evaluated (e.g., “I have 
difficulty understanding my emotions”). As treatment progresses and self-
awareness increases, participants may develop a more accurate understanding 
of their emotional functioning and possible lack of emotional awareness, 
which could be reflected in lower scores despite representing an actual im-
provement. Using caregiver reports to validate findings might counteract such 
effects, at least partly, as caregivers provide a more external perspective and 
assess characteristics that can be directly observed (rather than subjectively 
experienced). However, fully accounting for such effects require additional 
objective measures, such as blinded observations by researchers. 

Last, only girls with ADHD participated in Study III, and it is necessary to 
test the intervention further in a more diverse sample.  

Conclusions and future directions  
The current thesis contributes with new knowledge and information about 
how emotional reactivity and regulation is characterized in ADHD, particu-
larly during childhood and adolescence. Overall, the findings revealed pos-
sible ADHD-specific patterns of elevated emotional reactivity and dysregu-
lation of negative emotions (specifically anger) and dysregulation of posi-
tive emotions. Further, children and adolescents with ADHD showed lower 
use of acceptance as a cognitive emotion regulation strategy. A potential 
genetic link between ADHD and broader negative emotion dysregulation 
was also suggested. In addition, a newly developed psychological interven-
tion targeting emotion regulation challenges in ADHD (ER-SKILLS) was 
evaluated, where findings indicate good feasibility and effectiveness for 
some participants, although distinguishing intervention effects proved diffi-
cult due to improvement during baseline for several participants. Possible 
mechanisms underlying ER-SKILLS include increased emotional clarity, 
and future refinements should place more emphasis on this aspect, alongside 
addressing other barriers to treatment, such as motivational problems. De-
veloping a group-based version of ER-SKILLS may also benefit from the 
unique strengths of the format, such as opportunities to meet and share ex-
periences with other people, as well as peer support. 

These findings extend previous research by increasing specificity to the 
emotional constructs under investigation and by considering multiple poten-
tial confounders, including sex, age, and co-occurring psychiatric conditions 
and symptoms. Studies I–III elucidate the importance of accounting for co-
occurrence in psychiatric research, as focusing solely on a single condition 
may mask condition-specific associations. The debate over whether an emo-
tional domain should be considered as a core component of the current diag-
nostic definition of ADHD still remains unresolved. There are both theoretical 
and clinical implications that support a closer integration of emotional pro-
cesses into the ADHD construct. However, due to the current overreliance on 
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more subjective data (such as rating scales) and cross-sectional designs, lon-
gitudinal and experimental studies utilizing more objective and time-sensitive 
data of emotional processing are needed. The latter has previously been de-
scribed as vital in order to move beyond the dependency on questionnaire data 
(Compas et al., 2017). There is an opportunity for ADHD research to address 
this recommendation, since emotional processing in ADHD has been linked 
to atypical patterns of autonomic reactivity (Bellato et al., 2020). Examining 
the temporal dynamics of emotional processing in ADHD may also help to 
clarify directionality of the associations. Generalizability of results may be 
increased by utilizing more ecological valid data of emotional reactivity and 
regulation, such as incorporating dynamic emotional stimuli (Sonkusare et al., 
2019). Such advancements may be necessary to clarify the mechanisms un-
derlying the association between ADHD and emotional reactivity and regula-
tion, and help to reduce the risk of making premature conclusions from data 
with methodological limitations. Future research may also benefit from con-
sidering contextual factors in ADHD, such as how situational and environ-
mental demands influence symptomatology or impairment (Banaschewski et 
al., 2024; World Health Organization, 2001), as well as contextual perspec-
tives on emotional functioning, including interpersonal, motivational and sit-
uation-specific factors (Aldao, 2013). Regarding the latter, it is important to 
acknowledge that there are situations in which intense emotional expression 
reflects an adaptive and appropriate response, even when such behaviour oth-
erwise might be labelled maladaptive. Further, utilizing emotional self-control 
is often viewed as positive and embedded in measures of emotion regulation, 
but overcontrol of emotions can also become maladaptive. Societal norms and 
expectations on how emotions should be (or not be) expressed will also influ-
ence findings and our conceptualization of what constitutes problematic emo-
tional reactivity and regulation. Thus, considering context seems vital for fu-
ture research and may lead to a more holistic understanding of both ADHD 
and emotional processing, as well as their association.  
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Summary in Swedish – Sammanfattning på 
svenska  

Attention-deficit/hyperactivity disorder, eller adhd, är ett neuropsykiatriskt 
tillstånd som kännetecknas av en symtombild bestående av ouppmärksamhet 
och/eller hyperaktivitet/impulsivitet. Dessa symtom leder till en påverkad 
funktion i vardagen, exempelvis i skolan eller i hemmet. Adhd samexisterar 
ofta med andra psykiatriska tillstånd, såsom ångestsyndrom och depression, 
och kan leda till framtida negativa konsekvenser, bland annat inom arbetslivet 
eller sociala relationer. Utöver dessa svårigheter så rapporterar en stor andel 
av barn och ungdomar med adhd att de ofta har starka och intensiva känslor 
(hög känslomässig reaktivitet) som är svåra att reglera (dysreglering). Vid 
adhd är dessa svårigheter förknippade med en försämrad klinisk prognos samt 
ökad funktionsnedsättning. Även om tidigare studier har visat på en koppling 
mellan adhd och känslomässiga svårigheter är litteraturen begränsad gällande 
specificitet. Hög känslomässig reaktivitet och svårigheter att reglera känslor 
förekommer vid flera andra psykiatriska tillstånd och därför krävs ökad pre-
cision för att identifiera hur känslomässiga svårigheter hör ihop med adhd mer 
specifikt. Det är också viktigt att kartlägga hur adhd och känslomässiga svå-
righeter hänger samman utifrån gemensamma bakomliggande orsaker för att 
bättre förstå deras koppling. Vidare finns ett behov av att kartlägga köns- och 
åldersrelaterade effekter som kan påverka hur barn och ungdomar med adhd 
upplever känslomässiga svårigheter. En sådan fördjupad förståelse är avgö-
rande för att teoretiskt kunna beskriva relationen mellan adhd och känslomäss-
iga svårigheter, och för att utveckla behandlingar som kan hjälpa de som har 
både adhd och hög känslomässig reaktivitet och dysreglering. Idag råder brist 
på effektiva behandlingar, framförallt när det kommer till psykologiska inter-
ventioner och för ungdomar med adhd.  

Denna avhandling syftade därmed till att mer specifikt undersöka hur adhd 
förhåller sig till känslomässig reaktivitet och reglering, samt att utveckla och 
utvärdera en ny psykologisk intervention med målet att öka förmågan till 
bättre känsloreglering hos ungdomar med adhd.  

Studie I var en tvillingstudie (N=382, 8–36 år) som inkluderade deltagare 
från the Roots of Autism and ADHD Twin Study in Sweden (RATSS). 
RATSS inkluderar många tvillingpar som är diskordanta för neuropsykia-
triska tillstånd, vilket innebär att en av tvillingarna i paret har ett neuropsyki-
atriskt tillstånd (såsom adhd) medan den andra tvillingen inte har det. Resul-
taten visade en koppling mellan adhd och svårigheter att reglera känslor, som 
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kvarstod även vid kontroll av kön, ålder och andra psykiatriska tillstånd (aut-
ism, andra neuropsykiatriska tillstånd, affektiva tillstånd och intellektuell 
funktionsnedsättning), och att adhd och svårigheter att reglera känslor verkar 
dela en genetisk bakgrund. 

Studie II var en tvärsnittsstudie som inkluderade två distinkta grupper: 1) 
den diagnostiska kohorten (N=104, 10–17 år) bestående av barn och ungdo-
mar med adhd och en jämförelsegrupp utan psykiatriska diagnoser, och 2) den 
remitterade kohorten (N=85, 13–18 år), som utgjordes av barn och ungdomar 
med ett första inbokat besök inom barn- och ungdomspsykiatrin i Uppsala. 
Resultaten visade att en adhd-diagnos och adhd-symtom var kopplade till 
högre självskattad känslomässig reaktivitet och dysreglering av ilska, samt 
dysreglering av glädje/upprymdhet. Sambanden kvarstod även vid kontroll av 
kön, ålder och andra psykiatriska symtom (ångest, depressivitet och beteende-
problem). Vidare var adhd-symtom, men inte en adhd-diagnos, kopplade till 
högre nivåer av glädje/upprymdhet. Att ha en adhd-diagnos var även kopplat 
till högre känslomässig reaktivitet av ledsenhet och rädsla, samt dysreglering 
av rädsla. Resultaten var i stort sett detsamma när föräldraskattningar använ-
des i stället för självskattningar för huvudmåtten. 

Studie III var en tvärsnittsstudie som inkluderade den diagnostiska kohorten 
från Studie II med en förlängd rekryteringsperiod. Barn och ungdomar deltog i 
en emotionell uppgift (N=176, 10–17 år) som innebar att de fick titta på negativt 
laddade bilder (t.ex. naturkatastrofer och otäcka djur), skatta deras upplevda 
obehag av att titta på bilderna och beskriva vad de tänkte om bilderna. Beskriv-
ningarna användes för att bestämma om deltagarna spontant använde någon 
kognitiv regleringsstrategi under tiden som de tittade på bilderna. Ett mindre 
urval fyllde även i självskattningar (N=94, 13–17 år) kring deras användning av 
hjälpsamma (maladaptiva) och icke-hjälpsamma (maladaptiva) kognitiva käns-
loregleringsstrategier. Studien visade att en adhd-diagnos var kopplad till lägre 
självskattad och uppgiftsrelaterad användning av adaptiva kognitiva känslore-
gleringsstrategier, samt ökad självskattad användning av maladaptiva känslore-
gleringsstrategier. Dessa kopplingar kvarstod dock inte efter kontroll av andra 
psykiatriska symtom och korrigering för multipel testning. Post-hoc analyser 
visade dock att en adhd-diagnos var tydligt kopplad till lägre självskattad an-
vändning av regleringsstrategin acceptans.  

Studie IV var en behandlingsstudie som använde en single-case experi-
mental design med multipla baslinjer och som inkluderade flickor med adhd 
(N=9). Huvudresultaten visade att den nyutvecklade psykologiska behand-
lingen (Emotion Regulation Skills; ER-SKILLS) var genomförbar och att den 
effektivt hjälpte vissa deltagare att öka sin känsloregleringsförmåga. Dock 
skattade flera deltagare förbättring redan innan behandlingen påbörjades vil-
ket gjorde det svårt att säkerställa att de positiva effekterna specifikt kom från 
behandlingen. Post-hoc analyser visade dock att behandlingen hade en poten-
tiell effekt gällande att öka känslomässig klarhet. 

Sammantaget bidrar denna avhandling till att förtydliga hur kopplingen 
mellan adhd och känslomässig reaktivitet och reglering ser ut. Studierna som 
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inkluderades i avhandlingen visade att det verkar finnas adhd-specifika möns-
ter inom den känslomässiga domänen, framförallt i form av starkare känslor 
av ilska, och svårigheter att reglera både ilska och glädje/upprymdhet. Vidare 
framkom en minskad användning av acceptans som kognitiv regleringsstra-
tegi hos barn och ungdomar med adhd. Dessa fynd kvarstod även vid kontroll 
för andra möjliga förklarande faktorer, såsom kön, ålder och samexisterande 
psykiatriska tillstånd och symtom. Tvillinganalyser visade även på att gene-
tiska faktorer verkar förklara kopplingen mellan adhd och svårigheter att re-
glera känslor. Slutligen verkade den nya psykologiska behandlingen, ER-
SKILLS, vara genomförbar och hjälpsam för att stärka känsloregleringsför-
mågan hos vissa ungdomar med adhd. Behandlingen bör dock utvärderas vi-
dare genom andra metodologiska tillvägagångssätt och i gruppformat. 

För att fördjupa förståelsen för hur adhd är kopplat till olika mått av känslo-
mässig reaktivitet och reglering på ett mer dynamiskt plan så rekommenderas 
framtida forskning att genomföra longitudinella och experimentella studier som 
inkluderar mer objektiva och tidskänsliga mått på reaktivitet och reglering. Nya 
teoretiska ramverk som i högre grad tar hänsyn till miljömässiga, sociala och 
andra kontextuella faktorer, i kontrast till den klassiska medicinska modellen 
som främst härleder svårigheter till individnivå, kan också användas för att stu-
dera både adhd och känslomässiga processer ur flera olika perspektiv. 
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