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Abstract

Objective: A growing literature suggests attention-deficit/hyperactivity disorder (ADHD) is a
heritable disorder. We evaluated children at risk for ADHD by virtue of having parents with
ADHD and compared them with children of parents without ADHD to assess the degree of
heritability of ADHD.

Method: The sample for this study was derived from three longitudinal studies that tracked
families with various disorders, including ADHD. Children were stratified based on presence of
parental ADHD, and clinical assessments were taken to evaluate presence of ADHD and related
psychiatric and functional outcomes in children.

Results: Children with parental ADHD had significantly more full or subthreshold psychiatric
disorders (including ADHD) as well as functional impairments compared to children without
parental ADHD.

Conclusion: Our findings suggest that offspring of parents with ADHD are at significant risk for
ADHD and its associated psychiatric, cognitive, and educational impairments. These findings aid
in identifying early manifestations of ADHD in young children at risk.
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a prevalent and morbid neurobiological
disorder estimated to affect at least 5% of children (Sayal et al., 2018). It has been associated
with negative and costly outcomes that adversely impact all aspects of life including
educational attainment (Loe & Feldman, 2007; May et al., 2021), self-esteem (Harpin et al.,
2016), relationship difficulties (VanderDrift et al., 2019) as well as high rates of psychiatric
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comorbid disorders and addictions (Faraone et al., 2015), among many others. Considering
the morbidity and dsyfunction associated with ADHD, there is a critical need for improved
efforts in the identification of early manifestions of ADHD and related disorders.

Because of the well-documented genetic underpinnings of ADHD (Faraone et al., 2005),
children of parents with ADHD are a potentially informative group that may provide insights
on early manifestations of ADHD and its associated conditions. In addition to the genetic
underpinning, the inattentive and impulsive nature of ADHD parents may also impact their
children’s well-being. Although previous family and twin studies suggest that ADHD is
overrepresented in parents and siblings of children with ADHD (Tistarelli et al., 2020), there
is very limited information on the psychiatric presentation of children with parents who have
ADHD.

A recent literature review on the subject documented an elevated risk for ADHD in children
of parents with ADHD (Uchida et al., 2021), but the extant literaure on the subject
comprises only four small studies with limited scopes of assessement. This state of affairs
underscores the need for better powered studies on children at risk for ADHD to better
understand the magnitude of risk for ADHD and related disorders. Further insight into

the magnitude of the risk for ADHD and related conditions has important implications. It
could aid in the early identification of children at high risk for ADHD and facilitate the
development of early intervention strategies.

The main aim of this study is to assess the risk for ADHD and related disorders in

children of parents with ADHD. To this end, we assessed the risk for ADHD and related
disorders in opportunistic large samples of well-characterized children of parents with and
without ADHD in multiple non-overlapping domains of functioning. We hypothesized that
the risk for ADHD and associated disorders would be higher in children of parents with
ADHD relative to controls (children with parents without ADHD). We also hypothesized
that ADHD would be associated with psychopathological, cognitive, educational, and
interpersonal deficits, which are well-documented correlates of ADHD. To our knowledge,
this study is the largest and most comprehensive evaluation of children at risk for ADHD.

The sample for this study was derived from three previous independent studies. The first two
studies were identically designed longitudinal case-control family studies of psychiatrically
and pediatrically referred youth of both sexes with and without ADHD (Biederman et al.,
1992, 1999). These studies recruited male and female probands aged 6 to 17 years with

and without ADHD and their first-degree biological relatives (Boys Study: /=140 ADHD
probands with /=174 siblings and N = 280 parents, and /=120 Control probands with
N=129 siblings and N/ =239 parents; Girls Study: /=140 ADHD probands with M= 143
siblings and /=174 parents, and /= 122 Control probands with //= 131 siblings and N/

= 138 parents). Potential subjects were excluded from these two studies if they had major
sensorimotor handicaps, psychosis, autism, inadequate command of the English language, or
a Full-Scale 1Q of less than 80.
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The third study was a longitudinal case-control family study of parents with and without
panic disorder and major depressive disorder who had at least one child in the age range of
2 to 6 years. The original recruitment of parents in this study (Rosenbaum et al., 2000) had
been done in three groups: (1) 131 parents treated for panic disorder, their 227 children and
130 spouses, (2) 39 parents treated for major depression who had no history of either panic
disorder or agoraphobia, their 67 children and 38 spouses, and (3) 61 comparison parents
with neither major anxiety nor mood disorders, their 119 children and 61 spouses. Parents
and adult offspring provided written informed consent to participate, and parents provided
consent for offspring under the age of 18. Children and adolescents provided written assent
to participate. All three studies had been approved by the Institutional Review Board at
Massachusetts General Hospital.

For the purpose of this analysis, we re-stratified the offspring from the three studies by the
presence or absence of parental ADHD. Because the ADHD and control probands were
recruited based on their diagnosis of ADHD, or lack thereof, these offspring were excluded
from this analysis. Offspring that had parents with major depressive disorder (MDD) or
anxiety disorders without ADHD were excluded due to the known high rates of comorbid
psychopathology and dysfunction associated with these disorders. Additionally, the sample
was restricted to offspring who were 4 to 17 years of age. After these exclusions (detailed
description below in Results section), our final pool for analysis consisted of a total of 310
offspring (Figure 1); 205 offspring from 74 families with parental with ADHD and 105
offspring from 55 families without parental ADHD, MDD, and anxiety disorders.

Assessment Procedures

In all three studies, adults =18 years of age were interviewed with the Structured Clinical
Interview for DSM-I11-R (SCID) (Spitzer et al., 1990) supplemented with modules from

the Kiddie Schedule for Affective Disorders and Schizophrenia for School-Age Children-
Epidemiologic Version (K-SADS-E) (Orvaschel & Puig-Antich, 1987) to assess childhood
disorders. We made every effort to interview both parents from each family, regardless of
marital status. Psychiatric assessments of children and adolescents ages 5 to 18 years of
age were made using the K-SADS-E. Diagnoses of children had been based on independent
interviews with mothers and direct interviews with children older than 12 years of age
(Biederman et al., 2006; Hirshfeld-Becker et al., 2012). Data were combined such that
endorsement of a diagnosis by either reporter resulted in a positive diagnosis.

All diagnostic assessments were conducted by highly selected, highly trained, and closely
supervised raters. For all three studies, raters were blind to the ascertainment source of
the families. To assess the reliability of our overall diagnostic procedures, we computed
kappa coefficients of agreement by having experienced, blinded, board-certified child and
adult psychiatrists and licensed experienced clinical psychologists diagnose subjects from
audiotaped interviews made by the assessment staff. For the ADHD studies, based on 500
assessments from interviews of children and adults, the median kappa coefficient was .98,
and the kappa coefficients of agreement for individual diagnoses were .88 for ADHD, 1.0
for major depression, 0.95 for mania, 1.0 for separation anxiety, 1.0 for agoraphobia, and
0.95 for panic disorder. For the parental panic and major depressive disorder study, based
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on 173 interviews, the kappa coefficients of agreement for individual diagnoses were .86 for
major depression, .96 for panic disorder, .90 for agoraphobia, .83 for social phobia, .84 for
simple phobia, and .83 for generalized anxiety disorder.

We assessed socioeconomic status (SES) with the Hollingshead Four-Factor Index
(Hollingshead, 1975), which included information about both parents’ educational levels
and occupations. A higher score indicates being of lower socioeconomic status.

Child Behavior Checklist (CBCL)

The parent of each child completed the 1991 version of the CBCL for children ages 4 to

18 years. (Achenbach, 1991) The CBCL is a 113-item parent-rated assessment of a child’s
behavior problems and social competence in the past 6 months. Raw scores are calculated
and used to generate T-scores for eight clinical subscales, two composite scales, one total
scale, and four competence scales. T-scores =70 are in the clinical range for the clinical
subscales and T-scores =64 are in the clinical range for the composite scales and total scale.

Social Functioning

Social functioning was assessed in three ways: Global Assessment of Functioning (GAF)
(Piersma & Boes, 1997), Social Adjustment Inventory for Children and Adolescents
(SAICA) (John et al., 1987), and Family Environment Scale (FES) (Moos, 1990; Moos &
Moos, 1994). The GAF is a clinician’s rating of an individual’s overall level of functioning
based on psychological, social, and occupational functioning, where higher ratings indicate
a higher level of functioning. The SAICA is a semi-structured, parent-rated interview to
assess social functioning in the domains of activities, peer relations, family relations, and
academic performance, where higher scores indicate worse social functioning. The FES is a
parent-rated scale measuring the social-environmental characteristics of a family including
the relationship dimensions of cohesion, expressiveness, and conflict, where higher scores
indicate cohesion and expressiveness and lower scores indicate conflict.

Neurocognitive Assessments

Cogpnitive ability was measured using the Wechsler Intelligence Scale for Children Revised
Version (WISC-R) (Wechsler, 1974). The WISC-R is an individually administered test

of intelligence that generates a Full-Scale 1Q score and scores in the domains of verbal
comprehension, visual spatial abilities, fluid reasoning, working memory, and processing
speed. Higher scores reflect better cognitive abilities.

Statistical Analysis

Children were stratified based on the presence or absence of parental ADHD. We compared
baseline demographics and clinical characteristics using linear regression models for
continuous data, logistic or exact logistic regression models for binary data, ordered logistic
regression models for ordinal data, and truncated Poisson regression models for count data.
For the truncated Poisson regression models, we used a lower limit of 0 and an upper limit
of 7 for the number of psychiatric disorders, a lower limit of 32 and an upper limit of 81 for
FES Conflict, a lower limit of 15 and an upper limit of 73 for FES Expression, and a lower
limit of 1 and an upper limit of 69 for FES Cohesion. We also examined the moderating
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effects of age, sex, and study source individually by adding interaction terms (parental
ADHD group-by-age, parental ADHD group-by-sex, and parental ADHD group-by-study
source) to our models. All analyses controlled for socioeconomic status and were performed
using regression models with robust standard errors to account for the non-independence of
siblings. All tests were two-tailed and performed at the .05 alpha-level using Stata (\ersion
16) (StataCorp, 2019).

Of the 1,512 offspring available (Figure 1), 230 were excluded because they were outside
the 4 to 17 year age range, 515 were excluded because they were ADHD or control probands
from the ADHD studies, 48 were excluded because they were missing information about
parental ADHD, MDD, or anxiety disorders, 250 were excluded because neither parent

had ADHD but at least one parent had MDD or anxiety disorders, and 159 were excluded
because they did not have CBCL data. Thus, our final sample consisted of 105 children from
74 families with at least one parent with ADHD and 205 children from 155 families with
neither parent having ADHD, MDD, and anxiety disorders. As shown in Figure 2, of the 105
children with at least one parent with ADHD, 51 (48%) had maternal ADHD only, 49 (47%)
had paternal ADHD only, and 5 (5%) had both maternal and paternal ADHD.

Sociodemographic Characteristics

As shown in Table 1, there was a significant difference in socioeconomic status (SES)
between children with and without parental ADHD. Children with parental ADHD were of
significantly lower SES compared to children without parental ADHD. Thus, all subsequent
analyses controlled for SES. There were no significant differences in age, sex, race, or
family intactness between the groups.

Parental Diagnoses

Among children with parental ADHD, 13% (/7= 14) also had parental bipolar disorder,

72% (n=76) had parental MDD, and 66% (7= 69) had parental anxiety disorders.

By design, none of the children without parental ADHD had parental MDD or anxiety
disorders. However, a significantly greater proportion of children with parental ADHD also
had parental CD/ASPD compared to children without parental ADHD (35% vs. 11%, p=
.003). There was no difference between the two groups in the proportion with parental SUDs
which were high in both groups (67% vs. 53%, p=.24).

Child Diagnoses

Children with parental ADHD had significantly more full or subthreshold psychiatric
disorders (including ADHD) compared to children without parental ADHD (1.5 £ 1.3 vs.
0.8 £ 0.9, p<.001). A significantly greater percentage of children with parental ADHD
had full or subthreshold ADHD compared to children without parental ADHD (Figure 3a)
and significantly higher rates of full or subthreshold MDD, anxiety disorders, and conduct
disorder (Figure 3b). There was no significant difference between the two groups in rate of
BP disorder, elimination disorders, or tic disorder.
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Child Behavior Checklist Clinical and Composite Scales Findings

Compared to children without parental ADHD, children with parental ADHD had
significantly higher proportions of impairment on all CBCL composite scales ( 7-scores

> 64) (Figure 3c) as well as a significantly more impairment on the individual CBCL clinical
scales (Figure 3d).

Social Functioning

Compared to children without parental ADHD, children with parental ADHD had
significantly worse overall functioning, as assessed by the clinician-rated GAF (Figure 4a),
significantly more family conflict and less expressiveness and cohesion, as assessed through
the FES (Figure 4b), and significantly more impaired scores on five of the ten SAICA scales,
all of which related to problems with school, peers, or family (Figure 4c).

School and Neurocognitive Functioning

A significantly greater proportion of children with parental ADHD repeated a grade in
school compared to children without parental ADHD (Figure 5a). As shown in Figure 5b,
children with parental ADHD had significantly lower Freedom from Distractibility 1Q scores
compared to children without parental ADHD. They also had significantly lower Digit
Symbol and Arithmetic scores as measured by the WISC-R (Figure 5c).

Analyses Controlling for the Number of Parental Comorbidities

The following measures lost significance when we controlled for the number of parental
comorbidities: the CBCL Internalizing Problems and Externalizing Problems scales; the
FES Expressiveness and Cohesion scales; the SAICA Problems with Peers and Problems
with Siblings domains; =1 anxiety disorder based on the K-SADS-E; repeating a grade in
school; and the WISC-R Freedom from Distractibility 1Q, Digit Symbol, and Arithmetic
measures. The WISC-R Block Design measure was the only outcome to gain significance
after controlling for the number of parental comorbidities (p=.03).

Examining the Moderating Effects of Age, Sex, and Study Source

Results remained the same when we examined the moderating effects of age, sex, and study
source.

Discussion

The main aim of this study was to assess the risk for ADHD in children of parents with
ADHD. Findings reveal that a significantly higher number of offspring of parents with
ADHD had full and subthreshold ADHD than children of parents without ADHD. Offspring
of parents with ADHD also had significantly higher levels of disruptive behavior disorders
(ODD and CD), mood disorders (unipolar and bipolar), and anxiety disorders. Furthermore,
children of parents with ADHD also had more educational and social problems than children
of parents without ADHD. These findings suggest that offspring of parents with ADHD

are at significant risk for ADHD and the presence of parental ADHD heralded associated
psychiatric, cognitive and educational impairments, well-known correlates of ADHD. These
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findings extend the very limited literature on the subject providing further evidence that
offspring of parents with ADHD are at high risk to develop ADHD and ADHD-associated
correlates. To the best of our knowledge, this is the largest high-risk study of offspring of
parents with ADHD.

Our results show that children with parental ADHD were at higher risk for disruptive, mood
and anxiety disorders, as well as social and academic deficits, than children without parental
ADHD. Considering that these are well documented correlates of ADHD (Faraone et al.,
2015), these findings suggest that these children were in fact affected with ADHD vera.

The finding that 36% of children of parents with ADHD had full or subsyndromal ADHD
themselves is consistent with the small literature on high-risk offspring of parents with
ADHD (Uchida et al., 2020), that documented that on average 40% of high-risk children

of parents with ADHD develop ADHD. However, it is noteworthy that more than 60% of
children at risk for ADHD do not develop ADHD, suggesting that the gentic risk for ADHD
affects only a minority of children at risk.

While further work is needed to gain insights on the moderators of the risk for ADHD

in high-risk offspring of parents with ADHD, this research can aid in identifying early
manifestations of ADHD in young children at risk and in the development of preventive and
early intervention strategies for children at risk for ADHD.

Our findings need to be viewed in light of some methodological limitations. While our study
included a large sample of children at risk for ADHD, the original sample was asceratined
from a case control family study of probands with and without ADHD and a study of
children at risk for panic/agoraphobia and depression. Because the sample was largely
Caucasian, our findings may not generalize to other ethnic groups.

Despite these limitations, our study shows that offspring of parents with ADHD are at

a significant risk of manifesting full or subsyndromal forms of ADHD and associated
psychiatric, cognitive, social, and educational impairments worthy of further clinical and
scientific efforts.

The author(s) received no financial support for the research, authorship, and/or publication of this article.
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Key Points and Relevance
. Previous research suggests ADHD is a heritable disorder.

. We found that offspring of ADHD parents had significantly more ADHD
and associated psychiatric disorders, as well as functional impairments, than
offspring of healthy parents.

. Children of parents with ADHD could benefit from close observations for
signs of ADHD and associated symptoms.
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Girls ADHD Study ‘ | Boys ADHD Study | | Parental Panic/Depression Study

N=536 probands & siblings

N=563 probands & siblings

N=413 offspring

N=1,202 Offspring Excluded
N=230 age <4 or 218 years
N=515 ADHD or control probands from
Boys and Girls studies
N=48 no parental diagnosis info
N=250 no parental ADHD but at least
one parent with MDD or anxiety
disorders
N=159 no CBCL data

Starting Pool of Offspring from 3 Studies
N=1,512

Offspring without Parental ADHD

N=205 children N=105 children

‘ Offspring with Parental ADHD

Figure 1.

Diagram of analysis sample selection.
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Figure 2.
Parent of origin for parental ADHD.
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Figure 3.

Psychopathology: (a) rates of ADHD, (b) rates of other K-SADS-E diagnoses, (¢) impaired
7-scores (=64) on the child behavior checklist composite scales, and (d) number of impaired
CBCL clinical 7-scores.
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Figure 4.

Social functioning: (a) global assessment of functioning (GAF), (b) family environment
scale (FES), and (c) social adjustment inventory for children and adolescents (SAICA).
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Figure 5.
School and neurocognitive functioning: (a) school functioning, (b) Wechsler intelligence

scale for children-revised (WISC-R) 1Q scores, and (c) WISC-R subscales.
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