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Abstract

To investigate developmental changes in emation dysregulation (ED) and associated symptoms
of emotional lability, irritability, anxiety, and depression, among girls and boys with and without
ADHD from childhood through adolescence. Data were collected from a sample of 8-18-year-old
children with (n = 264; 76 girls) and without (n= 153; 56 girls) ADHD, with multiple time-points
from a subsample of participants (n=121). Parents and youth completed rating scales assessing
child ED, emotional lability, irritability, anxiety, and depression. Mixed effects models were
employed to examine effects and interactions of diagnosis, sex [biological sex assigned at birth],
age among boys and girls with and without ADHD. Mixed effects analyses showed sexually
dimorphic developmental patterns between boys and girls, such that boys with ADHD showed a
greater reduction in ED, irritability, and anxiety with age compared to girls with ADHD, whose
symptom levels remained elevated relative to TD girls. Depressive symptoms were persistently
elevated among girls with ADHD compared to boys with ADHD, whose symptoms decreased with
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age, relative to same-sex TD peers. While both boys and girls with ADHD showed higher levels of
ED during childhood (compared to their sex-matched TD peers), mixed effects analyses revealed
substantial sexually dimorphic patterns of emotional symptom change during adolescence: Boys
with ADHD showed robust improvements in emotional symptoms from childhood to adolescence
while girls with ADHD continued to show high and/or increased levels of ED, emotional lability,
irritability, anxiety and depression.
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Introduction

Emotion dysregulation (ED), demonstrated through emotional lability and negative
emotional symptoms such as irritability, depression, and anxiety, is the cause of significant
impairment in children with attention-deficit/hyperactivity disorder (ADHD). While ADHD
is characterized by developmentally inappropriate levels of inattention, hyperactivity, and
impulsivity, ED is also common among children with ADHD with prevalence rates up

to 60% in clinical samples [1, 2]. Emotion regulation (ER) refers to, “an individual’s

ability to modify an emotional state so as to promote adaptive, goal-oriented behaviors” [3],
and is critical for adaptive functioning throughout development. In contrast, ED refers to
“(1) emotional expressions and experiences that are excessive in relation to social norms
and are context inappropriate; (2) rapid, poorly controlled shifts in emotion (lability);

and (3) the anomalous allocation of attention to emotional stimuli” [1]. Examples of ED
include emotional lability, poor frustration tolerance, and the presence of negative emotional
symptoms such as irritability, anxiety, and depression. In children with ADHD, persistent
ED in childhood predicts the development of mood disorders in adolescence and adulthood,
and results in higher rates of psychiatric comorbidities, greater social impairment, and
greater ADHD symptom persistence [4—7], making it critical to comprehensively understand
the developmental patterns of emotional lability, irritability, anxiety, and depression in
children with ADHD.

There have been some cross-sectional studies of ED and associated impairments in children
with ADHD (see [1, 8, 9] for reviews). Though ED is also present in typically developing
(TD) children, children with ADHD are ten ten times more likely to demonstrate symptoms
of ED [1, 10]. Emotional lability, a form of ED, is also increased in children with ADHD
compared to their TD siblings; children with ADHD are at a six-fold increased risk for
displaying significantly elevated levels of emotional lability [11]. Difficulties with ER likely
contribute to high levels of negative emotional symptoms such as irritability, depression,
and anxiety in children with ADHD [6, 12-15]. Cross-sectional research has shown that
among children with ADHD, greater ED is associated with increased rates of psychiatric
comorbidities, negative peer and family relationships, poor academic performance, and low
self-esteem [9, 16-18]. Specifically, emotional lability was found to be associated with
greater severity of core ADHD symptoms, elevated rates of comorbid conditions (e.g.,
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oppositional defiant disorder [ODD], depression, anxiety, and substance abuse), and social
impairments [4, 19-21]. Therefore, examination of ED within ADHD is critical as studies
have shown that negative emotional symptoms have a greater impact on children’s wellbeing
and self-esteem than core symptoms of ADHD (e.g., hyperactivity and inattention) [22];
moreover, the presence of ED may differentiate treatment response in individuals with
ADHD, demonstrating the clinical necessity of understanding the developmental course of
ED in children with ADHD.

Cross-sectional studies suggest there may be important sex differences in the presentation
and impact of ED in ADHD. Sobanski et al. [4] showed that girls, compared to boys,

with ADHD were more likely to have severe emotional lability. Moreover, the aggravating
effects of emotional lability on inattention and anxiety symptoms were stronger in girls with
ADHD compared to boys with ADHD [4]. In a cross-sectional study of 12—16-year-old
adolescents, results showed that girls with ADHD rated themselves higher in ED compared
to boys with ADHD, but showed similar levels to TD girls; however, interestingly, boys
with ADHD had higher self-reported ED than TD boys [9]. Findings in the adult ADHD
literature mimic results found in children such that in a sample of adults with ADHD,

sex predicted emotional lability development in childhood and persistence into adulthood,
whereby women were more likely to develop and continue to exhibit emotional lability
compared to men [23]. Taken together, these findings highlight the importance of not only
diagnostic, but sex comparisons when examining ED in individuals with ADHD.

Despite its importance, few studies have examined age-related changes or sex differences

in ED in children with ADHD across childhood and into adolescence. Instead, longitudinal
studies have largely focused on DSM diagnoses or symptoms of anxiety, depression or
irritability as proxy measures of ED. However, one study using a prospective longitudinal
design in a clinical sample of children with ADHD and Deficient Emotional Self-Regulation
(DESR; measured using the CBCL DESR profile), results showed that 57% of children
with ADHD and DESR at baseline continued to show DESR, were diagnosed with more
comorbidities, and exhibited poorer global functioning four years later compared to children
with ADHD only and TD children [5]. Similarly, in a 3-year longitudinal study of 137
children with ADHD and 59 TD controls ages 6—17 years-old, results at follow-up showed
that the ADHD group demonstrated greater levels of ED, anxiety, and depression than
controls [24]. Furthermore, for TD controls the slope of change between baseline and
follow-up demonstrated increased symptoms over time whereas the slope of change for

the ADHD group showed decreased symptom levels over time. Differences between sexes
were not examined. In a retrospective longitudinal study of sleep problems and emotion
dysregulation across early childhood (ages birth-7 years-old) in children with and without
ADHD, results from when children were 8-9 years old showed that compared to the control
group, children with ADHD consistently had elevated emotion dysregulation beginning
around ages 2-3 years old which persisted across development [25]. Lastly, in a community
sample of 2,232 5-year-old children assessed every 2 years until they were 12, results
showed that ADHD and emotional problems were concurrently associated over time,

while longitudinal analyses revealed that an early diagnosis of ADHD was associated with
emotional problems in preadolescence (after controlling for prior emotional problems and
concurrent ADHD symptoms), suggesting that children with early symptoms of ADHD are
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at a greater risk of developing difficulties with emotion dysregulation [26]. Taken together,
this literature demonstrates that compared to TD children, children with ADHD have higher
levels of emotion dysregulation across development, and that ADHD early in development
can serve as a precursor for increased ED across time. However, there are notable gaps
within this literature including a focus on intraindividual change in ED across time as well
as a focus on potential sex differences.

There is also some longitudinal research examining negative emotion related diagnoses

or symptoms (e.g., anxiety, depression, irritability) in children with ADHD. In a 16-year
follow-up of boys ages 6-17, Biederman and colleagues [5] showed that at follow-up boys
with ADHD had increased rates of both mood and anxiety disorders compared to TD
controls. The authors conducted a similar longitudinal study in ADHD girls and found
similar results of increased levels of mood and anxiety disorders in ADHD girls relative

to controls at follow-up [27]. In a study which included both boys and girls, Lahey and
colleagues [28], followed children with and without ADHD from ages 4-6 years old
through 18 years old and assessed the trajectories of negative emotional symptoms including
anxiety and depression. Results showed that children with ADHD exhibited higher levels
of anxiety and depression, and lower levels of global functioning than TD children over
time. Moreover, in comparison to boys with ADHD, girls with ADHD had poorer outcomes
including increased levels of anxiety and depression and decreased adaptive functioning
during adolescence compared to boys with ADHD.

Regarding irritability, a prospective longitudinal study of irritability in 696 children ages 6—
18 years-old with ADHD found at follow-up (on average 5.4 years later), 64% of the sample
reported at least 1 irritability symptom and 23% met diagnostic criteria for Disruptive Mood
Dysregulation Disorder (DMDD), a disorder characterized by persistent impairing irritability
[6]. Moreover, irritability at baseline was persistent at follow-up and baseline irritability
was predictive of depression symptoms at follow-up. Using community detection analysis
of temperament profiles in children with ADHD, Karalunas and colleagues [29] showed
persistence of ADHD with irritable mood across 3 years, and that prospectively, having
ADHD + irritable mood predicted a greater chance of having a new comorbid disorder and
anxiety disorders at 2-year follow-up relative to those in the mild or surgent temperament
ADHD groups. Finally, a longitudinal examination of irritability trajectories from ages 7-15
in relation to ADHD and genetic risk scores showed that ADHD polygenic risk scores

were associated with an increased likelihood of being in the both the high-persistent and
increasing irritability trajectory classes [30]. Moreover, childhood ADHD was associated
with the greatest likelihood of being in the high-persistent class of irritability.

In sum, the extant literature shows that children with ADHD are at increased risk for the
development of anxiety, depression and irritability across time and development. However,
much like the longitudinal literature on ED in children with ADHD, there is a paucity of
research examining age-related change in symptoms of anxiety, depression or irritability
across the critical developmental period of adolescence. Moreover, to date, no studies have
examined sex differences in these patterns of negative emotional symptoms across time in
the context of ADHD.
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Therefore, the objective of the current study was to address these critical gaps in the extant
literature using a large dataset including cross-sectional and longitudinal data spanning
childhood and adolesence, to examine age-related changes in ED, depression, anxiety and
irritability in children with ADHD and the impact of biological sex assigned at birth. It

was hypothesized that children with ADHD would demonstrate persistent or increased ED
from childhood to adolescence relative to TD controls. Further, based on the cross-sectional
literature suggesting increased negative emotional symptoms in girls with ADHD relative
to boys, we hypothesized that girls with ADHD would show greater increases in ED and
negative emotional symptoms relative to ADHD boys.

Participants included 417 children ages 8-18 years old, 264 children with ADHD (76 girls)
and 153 TD controls (56 girls). Recruitment for this study changed over time as additional
funding became available such that participants were initially recruited in childhood (ages
8-12) and then a subset of participants were invited for a follow-up visit between the

ages 12-17 (at least 1 year after their initial 8—12-year-old visit) in addition to recruitment
of new adolescent participants (ages 12-17) with and without childhood ADHD. Most
participants (n = 322) had their initial baseline visit between ages 8-12 years. As this was
not initially designed as a longitudinal study, there is variability across participants in the
time between the follow-up visits, with 25% (n = 103) of the sample completing a single
follow-up visit and 4% (n = 18) completing two follow-up visits (see Fig. 1 showing the
age distribution for single and multiple visits among diagnosis and sex subgroups). Time
between visits ranged from 1.05-6.37 years (mean = 3.0, mode = 2.33). This approach

is similar to an accelerated longitudinal design in which participants vary in their age at
the initial assessment and the time between assessments. Participants parents reported their
child’s biological sex at birth and we refer to girls and boys (rather than females and
males) to emphasize the developmental nature of our sample as recommended in published
guidelines [31]. Participants were recruited from local schools and community centers.
Sample demographics and characteristics stratified by participants in the cross-sectional
(i.e., single visit) and longitudinal (i.e., multiple visits at least 1 year apart) subgroups are
included in Supplementary Table 2.

Prior to engaging in study procedures, parents of all participants provided written consent.
All parents completed an initial telephone screen to determine eligibility. Children with

a history of intellectual disability, seizures, traumatic brain injury or other neurological
illnesses were excluded from participation.

If participants were eligible after the telephone screen, parents completed the Diagnostic
Interview for Children and Adolescents (DICA-IV; n = 59) or the Kiddie Schedule for
Affective Disorders and Schizophrenia (K-SADS; n = 324). Additionally, the ADHD Rating
Scale (ADHD-RS) and the Conners Rating Scale were used to confirm diagnosis and to
provide dimensional measures of ADHD symptom severity.
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Participants were included in the ADHD group if they: (1) met DSM-5 criteria for an
ADHD diagnosis on either the DICA-IV or K-SADS and (2) received a T-score of 60 or
higher on Conners Rating Scale or a score of 2 or 3 (i.e., symptoms rated as occurring
often or very often) on at least 6/9 items on the Inattentive or Hyperactivity/Impulsivity
scales of the ADHD-RS. Master’s level clinicians conducted all diagnostic interviews and
integrated information from rating scales to inform diagnoses under the supervision of
licensed doctoral level clinical psychologists. Children with ADHD were allowed to meet
criteria for comorbid psychiatric diagnoses on the diagnostic interview at baseline and
follow-up visits (Table 1). Children taking stimulant medication were asked to withhold
medication on the day prior to and day of testing. Children taking psychotropic medications
other than stimulant medication (n = 23 ADHD boys, n =9 ADHD girls,n =1 TD boy, n
=1 TD girl) did not discontinue their medication during testing. Parents were instructed to
make ratings based on their children’s symptoms off medication.

Participants were included in the TD control group if they: (1) did not meet criteria for
any psychiatric disorders at the initial visit on the diagnostic interview, (2) remained below
clinically significant scores on the ADHD rating scales (resulting in significantly lower
symptoms of ADHD compared to participants in the ADHD group, see Table 1), and (3)
did not have an immediate family member with ADHD. TD participants were able to meet
criteria for anxiety or depressive disorders at the follow-up visits.

Emotion symptom rating scales

ED was assessed using parent- and youth-rated symptom scales. The total number of
responses varied across scales, so sample sizes are reported for each measure separately
(see Supplemental Table 3 for the sample size for each diagnosis by sex subgroup for each
rating scale for participants with single versus multiple visits). When available, T-scores
are examined (adjusted for age and sex) to provide an indication of symptom severity with
greater clinical utility than raw scores may provide.

Conner’s Rating Scales (-Revised, 3rd Edition) [32]—The Conners was completed
by a parent at baseline (n = 332), and follow-up visits (n = 88). The Emotional Lability
subscale was examined which assesses rapid and/or extreme changes in emotion often
expressed as irritability or anger, with higher age- and sex-adjusted total t-scores indicating
greater difficulties with emotional lability.

Affective Reactivity Index (ARI) [33]—The ARI parent- and child-report were
completed by parents and participants at baseline (parent n = 331, child n = 316), and
follow-up visits (parent n = 90, child n = 87). The ARI parent- and child-report is a

brief, 7-item rating scale that assesses symptoms and impairment associated with childhood
irritability over the past six months. The measure contains six symptom items that examine
the child’s threshold for irritability, and the frequency and duration of irritable/angry
feelings and behaviors. Items are rated on a three-point scale (Not True, Somewhat True,

or Certainly True) with higher scores indicating higher rates of irritability. Prior research
using the ARI in both clinical and community samples has demonstrated good internal
consistency, strong validity, and a single-factor structure [33-36].
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Children’s Depression Inventory, 2nd Edition (CDI-2) [37]—The CDI-2 was
completed by participants at baseline (n = 281), and follow-up visits (n = 90). This is a
widely used 28-item self-report inventory designed for children ages 7-17. The CDI-2 asks
about depressive symptoms within the last 2 weeks and is scored on a 3-point scale ranging
from 0 (absence of the symptom) to 3 (presence of symptom at a severe level). Age- and
sex-adjusted total t-scores were used; higher scores indicate more severe symptoms. Several
studies have shown strong psychometric properties of the CDI including good internal
consistency (a = 0.71-0.89) and well-established content validity [37].

Multidimensional Anxiety Scale for Children, 2nd Edition (MASC-2) [38]—The
MASC-2 was completed by parents and participants at baseline (parent n = 267, child n =
280), and follow-up visits (parent n = 79, child n = 86). The MASC-2 assess the presence

of symptoms related to anxiety disorders in children ages 8 to 19 years old. For this study,
MASC-2 Total t-score was used to assess anxiety symptoms with higher scores indicating
greater difficulties with anxiety. The MASC-2 has shown good convergent validity [39,

40] as well as strong internal consistency (a self-report = 0.73-0.89; a parent-report =0.70-
0.90; [41].

Data analytic plan

Effects of diagnosis, sex, and age on emotional symptoms—To investigate how
negative emotional symptoms differ between girls and boys with and without ADHD,

and to account for variability across participant timepoints while levering all available

data for this mixed cross-sectional/longitudinal sample, linear mixed effect models were
implemented across age, correcting for age effects (sex and diagnosis effects across age;
Eqg. 1) and as a function of age (age-related sex and diagnosis effects; Eq. 2). However, we
also present results restricted to participants with longitudinal data in the Supplementary
Materials (including Tables 4-6 and Figs. 10-17). Model parameters were estimated for
each emotional symptom rating scale separately as they assess different aspects of emotional
functioning. Subsequently, separate post-hoc tests were conducted for each significant two-
way interaction among the subgroups to clarify the directionality of the observed effects,
and Tukey’s method was employed to correct for multiple comparisons. A random effect
was included in the models to account for the within-subject variation for participants with
multiple visits.

The use of linear mixed effect models allows for the inclusion of multiple time points per
participant while accounting for the unbalanced data structure of irregular time intervals
between the study visits [42], allowing us to include all available data for our developmental
sample. While both quadratic and linear models were examined for age, linear models
provided a better fit and are reported. Modeling and visualization were performed in R
using the linear mixed effects package /me4 [43]. Generalized Ability Index (GAI) and
socio-economic status (SES) both were included as nuisance covariates in all models.
Results collapsed across age (Diagnosis x Sex interaction) are reported first, followed by
results as a function of age (Diagnosis x Sex x Age, Diagnosis x Age, Sex x Age). Results
are reported in terms of beta estimates (), p-values (p), and effect sizes (g). Effect sizes
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were calculated according to Eq. 3 [44]. Descriptive statistics (Table 1) were compared
across diagnosis by sex subgroups using two-sided t tests with independent variance.

Response Measure ~ Sex x Diagnosis + Sex + Diagnosis + Age + SES + GAI + Random Ef fect of
Participant

Equation 1 :

Response Measure ~ Sex % Diagnosis * Age + Sex * Diagnosis + Sex * Age + Age * Sex + Sex
+ Diagnosis + Age + SES + GAI + Random Ef fect of Participant

Equation 2 :

d= dif ference between the means
\/cariance intercept ,ayicipan + VArianCe, sigual

Equation 3 :

Outlier detection and normality test—Scores greater than three standard deviations
above the sample Diagnosis x Sex mean (i.e., TD boys, ADHD girls) were defined as
outliers and removed from the data [ARI-P (n = 4), ARI-S (n = 1), Conners Emotional
Lability subscale (n = 3), CDI-2 (n = 6), MASC-2 P (n = 2), and MASC-2 S (h =1)].
Shapiro-Wilk tests of normality were significant for all measures (except for ADHD girls
MASC-2 Self Total T-score) and visual inspection of histograms within the diagnosis by
sex subgroups revealed non-normal distributions. Therefore, the bestNormalize function in
R was used to identify the best transformations for the data and apply these transformations
prior to analysis.

Diagnostic groups did not differ in age (p= 0.352) or race (% White, p=0.674) at
baseline (Table 1). However, TD participants had higher SES (p = 0.002) and higher GAI
scores (p < 0.001) at baseline; therefore, these variables were included as covariates in

all analyses. At baseline, girls with ADHD showed higher symptoms of inattention (p =
0.035) but similar levels of hyperactivity/impulsivity (p = 0.327) as measured by Conners
age- and sex-adjusted T-scores. At baseline, girls and boys with ADHD did not differ in
comorbid diagnoses of oppositional defiant disorder (p = 0.187) or depressive disorders (p
= 0.327), whereas anxiety disorders were more prevalent in girls with ADHD (o = 0.020)
and more boys with ADHD were treated with stimulant medication (p = 0.009; Table

1), but did not differ in treatment with other psychotropic medications. Diagnostic groups
did not differ in the amount of time between visits (p = 0.320). Additional information
regarding demographic and clinical characteristics of participants with single versus multiple
timepoints are provided in the Supplementary Table S1.
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Conners emotional lability subscale: parent ratings—Collapsed across age, there
were significant main effects of sex (Boys > Girls; = -0.315, p=0.034, &= 0.366) and
diagnosis (ADHD > TD; 5= 0.820, p< 0.001, d= 0.952), with no evidence of a diagnosis x
sex interaction. Age-related analyses revealed a Diagnosis x Age interaction (8= -0.138, p
<0.001, d=0.163). Subgroup comparisons (Fig. 2) revealed that boys with ADHD showed
greater improvement in emotional lability with age compared to TD boys (8= -0.144, p<
0.001, d=0.173) and compared to girls with ADHD (8= -0.106, p=0.011, ¢=0.115),
whereas age-related change in emotional lability did not differ among girls with ADHD and
TD girls, or TD boys and girls.

Affective reactivity index: parent ratings—Collapsed across age, there was a main
effect of diagnosis (ADHD > TD; = 0.930, p< 0.001, ¢=1.03), with no evidence

of a main effect of sex or a diagnosis x sex interaction. Age-related analyses revealed a
Diagnosis x Age interaction (8= -0.098, p=0.014, ¢= 0.109), but no significant Diagnosis
x Sex x Age interaction. Subgroup comparisons (Fig. 3) revealed that boys with ADHD
showed greater improvement in Affective Reactivity Index parent ratings with age compared
to TD boys (8= - 0.106, p=0.005, d= 0.114) and compared to girls with ADHD (8=

- 0.114, p=0.008, d= 0.110), whereas age-related change was similar among girls with
ADHD and TD girls, as well as TD boys and girls.

Affective reactivity index: child ratings—Collapsed across age, there was a significant
main effect of diagnosis (ADHD>TD; $=0.545, p<0.001, ¢=0.578), but no main effect

of sex or Diagnosis x Sex interaction. Age-related analyses revealed a Diagnosis x Age
interaction (8= - 0.133, p=0.004, ¢=0.144) but no significant Diagnosis x Sex x Age
interaction. Subgroup comparisons (Fig. 4) revealed that boys with ADHD showed greater
improvement in Affective Reactivity Index child ratings with age compared to TD boys (5=
-0.132, p=0.004, d=0.141) and compared to girls with ADHD (B = - 0.153, p = 0.002,
a=0.150), whereas age-related change was similar among girls with ADHD and TD girls, as
well as TD boys and girls.

Children’s depression inventory—2: parent ratings—Collapsed across age, there
was a significant main effect of diagnosis (ADHD>TD; $=0.421, p=0.003, ¢=0.442) and

a Diagnosis x Sex interaction (8= 0.539, p=0.020, ¢=0.567), whereby girls with ADHD
had higher depression scores than boys with ADHD (8=0.440, p=0.002, ¢=0.472), but there
was no difference between TD girls and boys. Additionally, both girls (5=0.999, p<0.001,
0~1.06) and boys =0.398, p=0.006, ¢=0.415) with ADHD had higher depression scores
than their TD peers. Age-related analyses revealed a significant Diagnosis x Age interaction
(B= - 1.125, p=0.011, ¢=0.133), but no evidence of a Diagnosis x Sex x Age interaction.
Subgroup comparisons (Fig. 5) revealed that boys with ADHD showed greater improvement
in depression self-ratings with age compared to TD boys (8= - 0.124, p=0.012, ¢=0.131) but
not compared to girls with ADHD. Similarly, girls with ADHD showed greater improvement
with age compared to TD girls (5= — 0.123, p=0.046, 0=0.133). Age-related changes were
similar among TD boys and girls, and there was a significant main effect of age within this
group (5=0.080, p=0.043, ¢=0.086), whereby depressive symptoms increased across age.
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Multidimensional anxiety scale for children—2: parent ratings—Collapsed across
age, there was a significant main effect of diagnosis (ADHD >TD; p= 0.349, p=0.012,
a=0.368), although there was no main effect of sex or Diagnosis % Sex interaction. Age-
related analyses revealed significant Diagnosis x Age (8= - 0.124, p=0.012, ¢=0.132), Sex
x Diagnosis (f= - 2.12, p=0.033, ¢=2.26), and Diagnosis x Sex x Age interactions (8=
0.191, p=0.017, ¢=0.204). Subgroup comparisons (Fig. 6) revealed that boys with ADHD
showed greater improvement in anxiety ratings with age compared to TD boys (8= — 0.125,
p=0.011, ¢=0.132) and compared to girls with ADHD (8= — 0.145, p=0.008, ¢=0.146),
whereas age-related change was similar among girls with ADHD and TD girls, and TD boys
and girls.

Multidimensional anxiety scale for children—2: child ratings

Collapsed across age, there was a significant main effect of diagnosis (ADHD>TD;
£=0.357, p=0.012, ¢=0.364) but no main effect of sex or Diagnosis x Sex interaction. Age-
related analyses revealed a Diagnosis x Age interaction (8= - 0.101, p= 0.048, ¢=0.104),
but no Diagnosis x Sex x Age interaction. Subgroup comparisons (Fig. 7) revealed that boys
with ADHD showed greater improvement in anxiety ratings compared to girls with ADHD
(8= - 0.130, p=0.015, ¢=0.129) and trended toward greater improvement with age compared
to TD boys (5= —0.097, p=0.060, ¢=0.099), whereas age-related change was similar among
girls with ADHD and TD girls, and TD boys and girls.

Discussion

This study expands on the ADHD literature by examining age-related changes in and the
impact of sex on ED and negative emotional symptoms such as irritability, depression, and
anxiety in children with and without ADHD from childhood through adolescence. Results
showed children with ADHD had higher scores of ED compared to their sex-matched TD
peers. More specifically, children with ADHD had higher levels of parent-reported ED and
emotional lability, parent- and self-reported irritability, parent- and self-reported anxiety, and
parent-reported depression compared to their sex-matched TD peers. Age-related analyses
revealed that boys with ADHD showed significant improvements in ED such that by
adolescence, boys with and without ADHD had similar levels of ED, irritability, and

anxiety, and lower levels of depression. High levels of irritability persisted from childhood to
adolescence for girls with ADHD, while TD girls showed increasing levels of irritability
over time. Girls with ADHD and TD girls both showed increasing levels of anxiety,

while boys with ADHD saw improvement compared to girls with ADHD and TD peers.
Interestingly, girls with ADHD showed decreasing levels of depression across development,
while TD girls showed increasing levels. However, the depressive symptoms endorsed by
girls with and without ADHD remained clinically significant, suggesting adolescent girls are
at the greatest risk of developing depressive disorders.

Boys and girls with ADHD show sexually dimorphic patterns of ED across development.
Specifically, our results show that symptoms of ED tend to decrease in boys with ADHD,
while girls with ADHD continue to experience persistently high levels of negative emotional
symptoms. Our results mirror the longitudinal findings of Hinshaw and colleagues, who
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have conducted extensive work in girls with ADHD. For example, using prospective
longitudinal data, Owen et al. found that into adolescence fewer than half of the girls
with ADHD were below the study threshold for externalizing (42.1%) and internalizing
problems (49.2%) compared to 91.3% and 85.2% in TD girls. Moreover, only 16%

of girls with ADHD, compared to 86% of the TD girls, were considered “positively
adjusted” during adolescence [45]. Follow-up studies with this sample have shown that
into young adulthood, girls with ADHD are more likely to experience higher levels

of anxiety, depression, suicidality, and self-harm than TD girls [46], 2012). While the
work of Hinshaw and colleagues only examined developmental patterns in girls with and
without ADHD, our study had the advantage of examining sex difference in girls and
boys with and without ADHD. Taken together with our results, this literature suggests
that girls with ADHD are at increased risk for a host of deleterious outcomes compared
to their TD peers and to boys with ADHD. Our results suggest that girls with ADHD
may require additional prevention and intervention efforts to prevent the worsening of
negative emotional symptoms in adolescence. Although our findings contribute to the
burgeoning literature on this topic, more longitudinal studies of sex differences in ADHD
are necessary to determine the differential associations between ED on ADHD symptoms,
global functioning, and functional outcomes, and to examine how childhood levels ED
predict functional impairment later in life.

An important next step is to better understand the factors contributing to differential change
in emotional symptoms across development among girls and boys with and without ADHD.
First, there may be biologically based explanations related to the sexually dimorphic
patterns of brain development between boys and girls with ADHD which may underlie

the observed sex differences in ED when considered in the context of development. In

a cross-sectional study examining frontal lobe cortical morphology, Dirlikov et al. found
widespread surface area (SA) reductions in the functional subsections of the prefrontal
cortex in girls with ADHD compared to TD girls, while boys with and without ADHD
showed similar prefrontal cortical SA [47]. Similarly, prefrontal white matter abnormalities
in the orbitofrontal cortex (associated with emotion regulation) were observed in girls, but
not boys, with ADHD when compared to their TD peers [48, 49]. Taken together with our
findings, the protracted neuroanatomical development observed in girls with ADHD may
underlie the development and persistence of ED. However, longitudinal studies that combine
neuroimaging and behavioral data are necessary to investigate this complex dynamic.

Alternatively, girls with ADHD may be showing greater persistence or increased emotional
symptoms into adolescence as a function of societal factors, including gender socialization
and gendered treatment of children by their parents, teachers, and peers, or referral and
diagnostic biases. Specifically, it has been suggested that ADHD diagnostic criteria are
biased toward a “male presentation” of the disorder, with females thereby less likely to
meet full diagnostic criteria [50]. Consistent with this view, it has been shown that parents
perceive ADHD symptom criteria as being descriptive of boys [51]. The observed sex
differences in referral and diagnosis has often been attributed to females with ADHD being
more likely to present with inattentive symptoms, which may be easy to miss and less
disruptive, rather than more disruptive hyperactive/impulsive symptoms, which occur more
in males [52]. Consequently, clinicians may have a higher threshold for diagnosing ADHD
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in girls [53] and may be more likely to do so when girls present with greater ADHD
symptom severity and disruptive behavior. Furthermore, if symptoms of ADHD are more
characteristic of “typical boy” behavior, females who display ADHD symptoms, particularly
hyperactivity and impulsivity, may experience greater peer rejection as these behaviors are
less socially acceptable for their gender.

The extent to which these different emotional trajectories for girls and boys with ADHD

are due to biological (sex) or societal (gender) factors is an understudied area of growing
interest, as discussed in a recent review on this topic [54]. Recent findings from the large,
national cohort in the Adolescent Brain Cognitive Development [55] study suggest that
differences in emotional, behavioral, and cognitive profiles in 9-10 year-old children may
be due to gender rather than sex. They came to this conclusion based on the finding

that sex differences in these domains were only observed in children with a history of

an ADHD diagnosis at the time of study enrollment and not observed in children who
screened positive for ADHD during the study. However, they failed to consider the age

of diagnosis (i.e., greater severity when diagnosed at a younger age) and variability in
diagnostic procedures (i.e., licensed clinical professional rather than parent self-administered
computerized interview), which likely impact these results. In addition, their findings
suggest greater internalizing problems in boys than girls at the age of 9-10, which is
inconsistent with our results and does not speak to the emergence of affective problems into
adolescence, as shown in our results. Thus, in future research it will be important to examine
the independent and interactive influences of biological sex and socially-constructed gender
to improve our understanding of sex differences in ADHD and in risk for adverse outcomes
in youth with ADHD.

Our results have several important clinical implications. Children with ADHD exhibited
elevated symptoms of irritability, anxiety, and depression relative to their TD peers,
indicating that additional prevention and intervention efforts beyond those focused on
ADHD symptoms are necessary to address the development of ED and prevent deleterious
outcomes [56-58]. Additionally, the current findings contribute to our understanding of

how ED develops over time. Despite overall emotional improvements in boys with ADHD
compared to their sex-matched TD peers, girls with ADHD continued to experience elevated
negative emotional symptoms through adolescence. Thus, clinicians should consider using
mood-related screening tools in childhood to help identify youth most at risk for developing
psychopathology. It is also recommended that evidence-based interventions, such as
cognitive behavioral strategies, be provided in childhood to children with ADHD who
exhibit elevated levels of ED to help at-risk youth identify and overcome negative emotion;
thereby, lessening the ED gap in adolescence between girls with ADHD and their peers.
Given the association between ED, psychiatric comorbidities, and social and functional
impairments [9, 16-18], early intervention focused on both ADHD-related cognitive deficits
and ED could yield greater functional improvements than interventions solely focused on
ADHD symptom behavior.

A few important limitations should be considered. First, our data were largely cross-
sectional, and of the longitudinal data, participants often only had two timepoints, preventing
us from modeling within-person symptom trajectories. This, coupled with a lower number
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of female participants, may have contributed to the stronger effects found in boys compared
to girls. As additional longitudinal data are collected, it will be important to re-evaluate
these developmental patterns. Second, we did not gather information from all participants
regarding gender identity and our analyses are solely based on parent-report of biological
sex assigned at birth. Among our adolescent sample, we did begin to collect gender data
over the past few years of the study, but this was only available for 73 participants of
whom, the majority are cisgender with only four adolescent participants identifying as
non-binary or transgender. Therefore, it will be important for future research aiming to
understand the impact of sex and gender on emotional functioning gather information on
gender-based variables (i.e., identify, expression, etc.) to be considered in their analyses.
Finally, our study was limited to parent- and self-report measures of ED, whereas multi-
method assessments involving performance-based measures of different aspects of emotion
regulation and examination of neuroimaging data revealing the role of brain structure and
function may be important to improving our understanding of ADHD-related sex differences
in emotional symptom trajectories.

In conclusion, our results revealed that boys and girls with ADHD have higher levels of ED
compared to their sex-matched TD peers, consistent with prior research. Novel, age-related
results revealed sexually dimorphic developmental patterns of ED, showing that boys with
ADHD demonstrate improvement from childhood through adolescence, while levels of ED
remained elevated for girls with ADHD. Our findings suggest that girls with ADHD may
be at greater risk for developing psychiatric, social, and functional problems later in life
due to the developmental pattern of ED and signify a developmental window to deploy
interventions and treatment to mitigate negative outcomes.
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Children’s Depression Inventory-2: Total Parent Ratings as a Function of Age

Depression T-Scores
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Fig. 5.

Age Interactions:
ADHD vs TD Boys

p=.012, d=.131

ADHD vs TD Girls
p=.046, d=.133

TD Main effect of age
p=.043, d=.086

Children’s Depression Inventory T-Scores across Age, Sex, and Diagnosis. Estimated

marginal means from linear mixed effects models
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Multidimensional Anxiety Scale for Children-2: Parent Ratings

Anxiety T-Scores
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Fig. 6.
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Across Age:
ADHD>TD

P=.012, d=.368

Age Interactions:
ADHD vs TD Boys
P=.011, d=.132

ADHD Boys vs Girls
p=.008, d=.146

Multidimensional Anxiety Scale for Children—2 Parent Ratings T-Scores. Estimated

marginal means from linear mixed effects models
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Multidimensional Anxiety Scale for Children-2: Child Ratings

Anxiety T-Scores
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Fig. 7.
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Across Age:
ADHD>TD

P=.012, d=.364

Age Interactions:
ADHD vs TD Boys
P=.060, d=.097

ADHD Boys vs Girls
p=.015, d=.129

Multidimensional Anxiety Scale for Children-2 Child Ratings T-Scores. Estimated marginal

means from linear mixed effects models
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