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Deficient Emotional Self-Regulation in 
Adults With Attention-Deficit/Hyperactivity 
Disorder (ADHD): The Relative 
Contributions of Emotional Impulsiveness 
and ADHD Symptoms to Adaptive 
Impairments in Major Life Activities

ABSTRACT 
Background: Recent reviews have argued that emotional impulsiveness (EI) and deficient emotional self-

regulation are central components in attention-deficit/hyperactivity disorder (ADHD), not merely associ-
ated features or the consequence of comorbidity.  

Objectives: Our study has 2 aims: (1) to determine the frequency/severity of EI in adults with ADHD 
relative to these control groups; and (2) to evaluate the degree to which EI contributed to impairment in 
various domains of major life activities beyond that made by severity of the traditional 2 dimensions of 
ADHD (inattention, hyperactivity-impulsivity). 

Methods: We examined the frequency and severity of problems with EI in 3 groups: adults with ADHD 
(n = 146), clinical-control adults not diagnosed with ADHD (n = 97), and a community-control group  
(n = 109). Self- and other ratings of EI were utilized.  

Results: Results indicated that adults with ADHD had significantly more EI than either clinical or com-
munity controls, whether by self- or other reports, and whether symptoms were studied individually or in 
total. We also evaluated the extent to which EI contributed to the prediction of global ratings of self- and 
other rated impairments in 10 different domains beyond the contribution made by the traditional 2 dimen-
sions of ADHD symptoms. EI uniquely contributed to 6 of 10 domains and overall impairment. We then 
evaluated this issue using more detailed measures of occupational impairment, educational history, criminal 
history, adverse driving outcomes, marital satisfaction, parenting stress, and offspring severity of ADHD, 
oppositional defiant disorder, and conduct disorder. Severity of EI independently contributed to most mea-
sures of impairment beyond severity of the 2 ADHD symptom dimensions and, in many cases, was the only 
predictor of some impairments.  

Conclusions: Our results indicate that EI is as central a component of ADHD as are its 2 traditional 
symptom dimensions. EI severity is not merely redundant with the other ADHD symptom dimensions, but 
adds additional explanatory and predictive power to understanding various forms of adult impairment.  
(J ADHD Relat Disord. 2010;1[4]:5–28) © 2010 Excerpta Medica.

Key words: emotional impulsiveness, attention-deficit/hyperactivity disorder, ADHD, adults, adaptive 
impairment.
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INTRODUCTION
Attention-deficit/hyperactivity disorder (ADHD) is 
traditionally characterized as representing develop-
mentally inappropriate levels of symptoms in 2 di-
mensions of neuropsychological functioning: inat-
tention and hyperactivity-impulsivity.1 Recent 
reviews of the scientific literature, however, have 
challenged this conceptualization of ADHD on the 
basis that it excludes an equally central feature that 
involves emotional impulsivity and deficient emo-
tional self-regulation.2-4 Emotional self-control is 
believed to comprise a 2-stage process that includes: 
(1) the inhibition of strong emotional reactions to 
events, and (2) the subsequent engagement of self-
regulatory actions that include self-soothing, refo-
cusing attention away from the provocative event, 
reducing and moderating the initial emotion, and 
organizing the eventual emotional expression so 
that it is more consistent with and supportive of 
individual goals and long-term welfare.2,3,5-7 It is 
argued that deficits in both of these components 
of emotional self-control lead to impulsive emo-
tional expression and the subsequent deficient self-
regulation of those emotions. Both problems can be 
mapped directly onto the 2-dimensional structure 
of ADHD and explain the existence of emotional 
impulsiveness (EI) and its subsequent poor self-
regulation as additional core features of the disorder. 
Deficits in behavioral inhibition (hyperactivity- 
impulsivity) in ADHD result in the expression of 
raw, unmoderated, and strong initial emotional re-
actions (both positive and negative). Deficits in ex-
ecutive functioning (inattention) interfere with the 
subsequent effortful actions needed to downregulate 
and moderate the subsequent emotional state of the 
individual to make it more age-appropriate, socially 
acceptable, and consistent with the individual’s 
longer-term welfare.3,8,9

The specific impulsive emotions evident in  
ADHD are impatience, low frustration tolerance, 
hot-temperedness, quickness to anger or volatility, 
irritability, and a general propensity for being easily 
emotionally excitable.2,4 The lines of argument sup-
porting the central placement of EI in the concep-
tualization of ADHD have been reviewed recently2 
and include the long history of inclusion of EI in 
conceptualizations of ADHD and its precursor dis-

orders, dating back to the first medical descriptions 
in 1798 by Crichton and later by Still (1902) up to 
1976 (see Barkley 20102 for a review); current neu-
ropsychological models of ADHD (combined type) 
that include poor emotional self-regulation as a key 
component8-12; current evidence from neuroimag-
ing studies that the prefrontal brain networks likely 
involved in ADHD13-17 also include those that 
serve to self-regulate emotions in the service of 
larger, longer-term goals (especially the linkage of 
the lateral prefrontal cortex to the anterior cingulate 
cortex and subsequently the amygdala/limbic sys-
tem)18-21; and the small but growing body of evi-
dence that symptoms of EI are frequently observed 
in association with ADHD, whether on rating 
scales or direct behavioral observations.2-4  

Barkley2 has argued that there is great value in 
the explicit inclusion of EI and subsequent deficits 
in emotional self-regulation in the conceptualiza-
tion of ADHD beyond the arguments made previ-
ously. That is because it better explains the high 
comorbidity of ADHD with oppositional defiant 
disorder (ODD) and possibly other related disor-
ders. It also may better account for certain impair-
ments evident in ADHD not as readily apparent or 
easily explained by the traditional 2-symptom di-
mensions now included in ADHD (inattention and 
hyperactivity-impulsivity). Such impairments may 
include problems with peer relationships and social 
rejection, parent-child interaction conflicts and as-
sociated parenting stress, driving anger and aggres-
sion, a greater risk of employment problems, mari-
tal conflict and dissatisfaction, and offspring 
behavioral problems, among others. All of these 
problems occur with greater frequency in ADHD 
than in control groups. Some evidence implies that 
they may be related to the degree of poor emotional 
regulation evident in the disorder and not just the 
inattention and hyperactivity-impulsivity.2,22 Yet 
the body of evidence that bears on this issue is 
small, limited primarily to children with ADHD, 
largely studied in research on peer relationships, 
and nearly absent in research on adults with the 
disorder. Also, prior research typically did not in-
tentionally examine the relative contribution of EI 
symptoms beyond the severity of ADHD symptoms 
alone to explaining variance in the domain of adap-
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tive functioning under study. It is quite possible 
that EI symptoms do not explain any further vari-
ance in impairments in major life activities than 
those already accounted for by ADHD severity. Af-
ter all, if the 2 components of EI and emotional 
self-control map onto the 2-dimensional structure 
of ADHD, then the contributions of the former may 
already be included in measures of ADHD symptom 
severity. The former EI would therefore add little or 
no additional utility to explaining or predicting 
variance in adaptive impairments beyond the tradi-
tional 2 dimensions now included in ADHD.

We do not believe this is the case, however, and 
we hypothesize that, given the limited available 
evidence, symptoms of EI make separate, additional 
contributions to impairment in various major life 
activities beyond just the 2 recognized dimensions 
of ADHD symptoms. The present study therefore 
sought to examine this issue more thoroughly, us-
ing not only large samples of both adults with 
ADHD and a general community of adults tradi-
tionally included in typical research, but also a 
clinical-control group of adults not diagnosed with 
ADHD but having other psychiatric disorders. The 
latter group was self-referred to the same adult 
ADHD clinic as that used to recruit the ADHD 
sample and believed they may have had ADHD, but 
this group did not receive a subsequent clinical di-
agnosis of such. Thus, they comprise a better con-
trol group than just a general community sample in 
helping to control for referral biases that may have 
affected the nature of the adult ADHD sample. 
Such a clinical group also permits a better determi-
nation of the degree of specificity of EI symptoms  
associated with ADHD beyond that seen in other 
clinical outpatient disorders. Our study, therefore, 
had 2 aims: (1) to determine the frequency/severity 
of EI in adults with ADHD relative to these control 
groups; and (2) to evaluate the degree to which EI 
contributed to impairment in various domains of 
major life activities beyond that made by severity of 
the traditional 2 dimensions of ADHD (inatten-
tion, hyperactivity-impulsivity). Having previously 
conducted an extensive evaluation of the impair-
ments associated with ADHD across many major 
life activities such as education, occupation, driv-
ing, money management, crime, marriage and dat-

ing, and parenting, among others,22 we have a 
unique opportunity in the present study to evaluate 
the contribution of EI symptoms to impairment in 
these domains.  We did not have measures of the 
deficient emotional self-regulation component and 
so this must be left to future research to 
investigate.

METHODS
Participants

Three groups of participants were used: (1) ADHD: 
146 adults clinically diagnosed with ADHD; (2) 
clinical controls: 97 adults evaluated at the same 
clinic but not diagnosed with ADHD; and (3) com-
munity controls: 109 adult volunteers from the local 
community. Both the ADHD and clinical-control 
groups were obtained from consecutive referrals to 
the Adult ADHD Clinic in the Department of Psy-
chiatry at the University of Massachusetts Medical 
School, Worcester, Massachusetts. The community-
control group was recruited from advertisements 
posted throughout the medical school lobbies and 
from periodic advertisement in the regional newspa-
per. The project was reviewed and approved by the 
University of Massachusetts Institutional Review 
Board for Research on Human Participants, and all 
participants signed statements of informed consent.

To be eligible, all subjects were required to have 
an IQ of 80 or higher. They also had to have no evi-
dence of deafness, blindness, or other significant 
sensory impair ment; significant and obvious brain 
damage or neurological injury, or epilepsy; signifi-
cant language disorders that would interfere with 
comprehension of verbal instructions in the proto-
col; a chronic and serious medical condition such as 
diabetes, thyroid disease, cancer, heart disease, etc; 
or a childhood history of mental retardation, au-
tism, or psychosis. To be placed in the ADHD 
group, clinic-referred participants had to meet the 
Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition (DSM-IV) criteria for ADHD,1 ex-
cepting the age of onset criterion, as judged by an 
experienced clinical psychologist using a structured 
interview for ADHD created by the authors. For 
more information on the process used in making 
these clinical judgments, see Barkley et al.22 Par-
ticipants in the clinical-control group were evalu-
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ated at this same clinic but did not receive a clinical 
diagnosis of ADHD.    

No precise age of symptom onset producing im-
pairment was required for placement within the 
ADHD group, as one purpose of this study, report-
ed elsewhere,22 was to examine the value of specify-
ing various age ranges of onset for the diagnosis of 
ADHD in adults. Also, the results of prior studies 
do not support the validity of the age of onset of  
7 years currently included in the DSM-IV diagnos-
tic criteria for ADHD.22,23 All had the onset of 
their symptoms prior to age 21 years; mean age of 
onset was 7 years. Of the 146 adults assigned to the  
ADHD group, 30 were inattentive types (21%),  
6 were residual (4%), and 110 were combined types 
(75%) according to clinician diagnosis.  

The clinical-control group comprised patients not 
clinically diagnosed as having ADHD. The primary 
diagnoses given by the clinician to members of this 
group were varied, but comprised the following: an-
xiety disorders (43%), drug use disorders (15%), 
mood disorders (12%), learning disorders (4%), part-
ner relationship problems (4%), adjustment disorders 
(4%), personality disorders (1%), and ODD (1%); 
17% of these subjects received no diagnosis.

The community-control group consisted of rela-
tively normal adults drawn from the local central 
Massachusetts region via advertisements. To be eli-
gible for this group, subjects must have met the 
criteria noted earlier for all participants. In addi-
tion, they had to have a score on the Adult ADHD 
Rating Scale (see Measures—Interviews and Rating 
Scales) based on current symptoms (by self-report) 
below the 84th percentile (within +1 SD of mean) 
for their age (using norms reported in Barkley and 
Murphy24). Community controls also had to be free 
of any ongoing medication for treatment of a medi-
cal condition or psychiatric disorder that could be 
judged to interfere with the measures to be col-
lected here.

The demographic characteristics of our 3 groups 
have been previously reported.22 Participants in the 
ADHD group were significantly younger (mean 
age, 32 years) than that of the other 2 groups (clini-
cal = 37 years; community = 36 years). Therefore, 
in all of the analyses of continuous measures con-
ducted on these groups, we correlated age with the 

measure and, if significant, used it as a covariate. 
The ADHD group had significantly less education 
(14 years) than the 2 control groups (clinical = 16 
years; community = 15 years), a finding consistent 
with prior research on the impact of ADHD on the 
educational outcomes of children followed to adult-
hood.22 The groups did not differ in their IQ scores, 
but the clinical group had a significantly higher oc-
cupational index than the other 2 groups on the 
Hollingshead Index of Social Position (unpublished 
data, A.B. Hollingshead, 1975). The groups did not 
differ significantly in the percentage who were cur-
rently employed (ADHD, 73%; clinical, 71%; 
community, 77%). The groups differed significant-
ly in gender composition (c2 = 11.60; P = 0.003), 
with the ADHD group having a significantly high-
er composition of males than the 2 control groups 
(ADHD, 68% male and 32% female; clinical, 56% 
male and 44% female; community, 47% male and 
53% female). This finding is similar to many stud-
ies of adults with ADHD,24,25 where the ratio of 
males:females is 2:1. As a result, in any group com-
parisons conducted here, sex is used as a second fac-
tor after that of the group in the statistical analyses. 
As for the ethnic composition of the groups, 94% of 
each group identified themselves as European-
American (Caucasian) descent.  

Upon enrollment, 17% of the ADHD group, 
30% of the clinical group, and none of the commu-
nity group were treated with psychiatric medica-
tion. To evaluate the potential effect that medica-
tion status may have had on our results, we 
compared those ADHD cases that were on medica-
tion with those not on medication in the following 
measures: frequency of their ADHD symptoms 
from the interview, age of onset, number of domains 
of impairment from the interview, number of child-
hood ADHD symptoms (interview), total score for 
ADHD symptoms from self-ratings in adulthood 
and in childhood, self-rated impairment total scores 
on these same scales, total score for ADHD symp-
toms from ratings provided by others for both cur-
rent and childhood behavior, and total impairment 
scores provided by others for both current and 
childhood functioning. None of these comparisons 
were significant. We conducted the same analyses 
for the subjects in the clinical-control group who 
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were and were not currently on medication. Again, 
no differences were significant. Thus, we felt rea-
sonably confident that the small proportion of pa-
tients in these 2 groups currently taking medication 
would not bias our results by significantly reducing 
the severity of their ADHD-related symptoms. If 
bias were to occur, however, it would likely make 
the study a more conservative one by reducing the 
differences between the 2 clinical groups and the 
community-control group. We therefore combined 
the medicated and nonmedicated patients in each 
group for all subsequent analyses.  

Procedures
After contacting a project staff member, all par-

ticipants were scheduled for their initial diagnostic 
interview with the second author and an IQ screen-
ing test to be administered by a Master’s-level psy-
chology assistant. The initial interview was a struc-
tured interview to evaluate ADHD diagnostic 
criteria, including symptoms, onset, and impair-
ment, that was designed for our research projects on 
adult ADHD. These steps were taken to determine 
eligibility for participation in any of the 3 groups. 
Participants also completed a structured interview 
to determine impairments in multiple domains of 
major life activities, including demographic infor-
mation, educational and work history, current and 
prior psychiatric treatment, driving history, and 
money management. Official driving records were 
obtained from the state Department of Motor Ve-
hicles (DMV), with the subjects’ permission. Sev-
eral behavior rating scales, as well as academic 
achievement and neuropsychological testing, were 
also completed by the subjects. The vast majority of 
the results concerning the comparisons of these 
groups on the various measures collected have been 
previously reported in the textbook by Barkley et 
al.22 The present paper focuses on the symptoms of 
EI and their relationship to various measures of im-
pairment collected in the project—this information 
has not been previously published. The complete 
details of this entire evaluation can be found in the 
text by Barkley et al. Following the evaluation, all 
participants were paid US $100 for their participa-
tion. Significant others were paid $20 each for the 
forms we requested that they complete.  

Measures—Interviews and Rating Scales
Structured Clinical Interview for ADHD 

A paper-and-pencil interview was created that 
consisted of the criteria from the DSM-IV for 
ADHD. An experienced clinician used this inter-
view during the initial visit as part of the selection 
criteria for identifying those with ADHD. Symp-
toms were reviewed twice; once for current func-
tioning (within the past 6 months), and a second 
time for the childhood ages of 5 to 12 years. A 
symptom was endorsed only if it occurred often or 
more frequently. The onset of symptoms was also 
reviewed, along with 6 domains of impairment: oc-
cupational, home, social, participation in commu-
nity activities, education, and dating/marriage. In 
addition, subjects indicated approximately at what 
age each domain became impaired. This interview 
was used to create the groups. Interjudge reliability 
(agreement) was established by audiotaping this in-
terview. Approximately 11% (41) of these tapes were 
randomly sampled and received a blinded indepen-
dent review by another expert to determine if the 
responses met DSM-IV criteria for ADHD (as 
amended for onset, see previous). Agreement be-
tween the 2 judges on whether or not the DSM-IV 
criteria for ADHD were met was 85.3% (k = 0.712; 
approx. Tb = 4.76; P < 0.001). If the tapes involving 
the potential subjects of the community-control 
group were excluded, agreement would have been 
91.2%. 

Adult ADHD Symptoms Scale 
Apart from reporting on their symptoms in the 

clinical interview, subjects completed a rating scale 
containing the ADHD items from the DSM-IV.24 

Each item was answered on a 4-point scale (0–3), 
using the responses “not at all,” “sometimes,” “of-
ten,” and “very often.” Subjects completed the scale 
twice; once with reference to current symptoms and 
a second time to retrospectively recalled childhood 
(ages 5-12 years) symptoms of ADHD. Respon-
dents also rated the degree to which their ADHD 
symptoms produced impairment in 10 different 
major life activities: home life, work, social interac-
tions, community activities, educational activities, 
dating or marriage, money management, driving, 
leisure activities, and handling daily responsibilities. 
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Each domain was rated on the same 0 to 3 Likert 
scale as the ADHD symptoms mentioned previ-
ously. These specific impairment ratings were sum-
marized to create an overall adaptive impairment 
index. In the present study, we used both the im-
pairment ratings for each specific domain and the 
overall adaptive impairment index in our analyses. 
We also obtained the same ADHD rating scale from 
someone who knew the participant well, such as a 
parent (or sibling, should parents be deceased or 
unavailable) or current spouse or cohabiting part-
ner. The validity of the scale has been demonstrated 
through past findings of significant group differ-
ences between ADHD and adult controls.26,27 An 
earlier DSM-III-R version (Third Edition, Revised) 
of the current symptoms scale also correlated sig-
nificantly with the same scale completed by a par-
ent (r = 0.75) and by a spouse or intimate partner of 
the adult with ADHD (r = 0.64).28 Agreement in 
this project between participants and others who 
knew them well on this scale was 0.70 (P < 0.001) 
for the total ADHD symptoms score, comparing 
favorably with other research (r = 0.69).29  

Structured Clinical Interview of Impairments 
For this project, we created an interview consist-

ing of highly specific questions on various domains 
of major life activities, including educational his-
tory, occupational history, antisocial activities, drug 
use, driving, money management, and dating and 
marital history. This interview was administered by 
a psychological technician holding a Master’s degree 
in psychology and trained in the evaluation of 
clinic-referred adults. The questions dealing with 
driving and occupational history are the focus of 
this paper.

Emotional Impulsiveness Scale 
An aim of the larger, grant-funded project was 

the examination of poor executive functioning 
symptoms in adults with ADHD. With this in 
mind, we created a large rating scale consisting of 
99 items, with each item being answered on a 0 to 
3 Likert scale (0 = rarely or not at all; 1 = some-
times; 2 = often; and 3 = very often). Two versions 
of this scale were created; one to be completed by 
the subjects, and the second by someone who knew 

them well (“other” ratings), typically a parent or 
cohabiting partner, as previously mentioned. We 
had other ratings on 129 (88%) of the ADHD 
group, 88 (91%) of the clinical group, and 92 
(84%) of the community group. These differences 
were not significant. Examination of the pattern of 
relationships of these other people to the partici-
pants across the groups also revealed no significant 
differences.

The item pool was initially created by the first 
author, based largely on his theory of executive  
function and ADHD,8,9 but also on other conceptu-
alizations of the construct.30-32 Items were devel-
oped that assessed the 5 major constructs in this 
theory: inhibition, nonverbal working memory (self- 
directed sensing, especially visual imagery), verbal 
working memory (self-directed private speech), 
emotional–motivational self-regulation, and recon-
stitution (generativity, problem-solving, and goal-
directed inventiveness). Additional items concern-
ing problems with executive function in daily life 
were generated from an examination of the charts  
of at least 200 previous patients diagnosed with  
ADHD seen at this same clinic. For purposes of the 
present paper, we chose the 7 items that represented 
the symptoms of EI thought to be involved in  
ADHD as described previously and in recent re-
views.2–4 These 7 items were: (1) find it difficult to 
tolerate waiting–impatient; (2) quick to get angry or 
become upset; (3) easily frustrated; (4) overreact emo-
tionally; (5) easily excited by activities going on 
around me; (6) lose my temper; and (7) am touchy or 
easily annoyed by others. We used these items to cre-
ate the Emotional Impulsiveness Scale (EIS), which 
assessed the construct of EI for this project. The score 
consisted of the total created by summing the indi-
vidual item scores. Both self- and other ratings of 
these items were used in our subsequent analyses.  

Employer ADHD Rating Scale
We also obtained the ADHD rating scale men-

tioned in the previous section from the employers of 
our subjects, with their permission.24 Employers 
were blinded to the diagnosis of the subjects. Ques-
tions on impairment in 10 domains of work activi-
ties were included: relations with coworkers, rela-
tions with supervisors, relations with clients or 
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customers, completing assigned work, educational 
activities, punctuality, meeting deadlines, operating 
equipment, operating vehicles, and managing daily 
responsibilities. ADHD symptom scores and these 
impairment ratings were devised using a Likert 
scale of 0 to 3 (rare to very often). The employer also 
provided an overall work performance rating using 
a 1 to 5 Likert scale (1 = excellent; 5 = poor). Four 
scores were obtained: inattention symptom score, 
hyperactive-impulsive symptom score, a rating of 
impairment (the sum across all the impairment 
items), and an overall work performance rating.

Social and Occupational Functioning 
Assessment Scale (SOFAS) 

The SOFAS33 provides the clinician a means to 
rate functioning on a scale from 1 (grossly impaired) 
to 100 (superior or excellent functioning), based on 
the individual’s social, occupational, and educa-
tional functioning. Impairment must be a direct 
consequence of the mental and physical health 
problems of the individual and not a result of lack 
of opportunity or other environmental limitations. 
Descriptors are provided at each 10-point marker 
on the scale to guide clinicians in their ratings. For 
example, a score of 10 is indicated if the patient has 
a “persistent inability to maintain minimal personal 
hygiene, or unable to function without harming self 
or others or without considerable external support 
(eg, nursing care and supervision).” In contrast, a 
score of 70 would be given if there is “some diffi-
culty in social, occupational, or school functioning 
but generally functioning well, has some meaning-
ful interpersonal relations.”  

Department of Motor Vehicle Records 
With permission from the subjects, we applied 

for each of their official driving records from the cur-
rent state DMV. From these records, we coded the 
frequency of license suspensions or revocations, 
speeding citations, vehicular crashes, and the total 
number of citations. Official driving records are not 
necessarily more accurate than self-reports and 
should not be viewed as a gold standard in driving 
research. The 2 sources are certainly correlated sig-
nificantly, but share <36% of their variance. For in-
stance, in a prior study of adults with ADHD and 

driving,34 the correlation between self-reported ac-
cidents and those on the DMV record was r = 0.41 
(P < 0.001), with self-reports yielding higher acci-
dent frequencies than the DMV record. The same 
was true for self-reported traffic citations; correlation 
in that study was r = 0.39 (P < 0.001), and self-
reports once again gave higher citation frequencies 
than did DMV records. Arthur et al35 also found 
only moderate correlation between self-reported in-
formation and DMV records (r = 0.48 for crashes 
and r = 0.59 for citations). Numerous limitations 
plague state DMV record keeping that often result 
in higher frequencies of events being self-reported 
than are found in archival data, with the higher self-
reported events likely reflecting adverse events never 
reported to or recorded by DMV officials. There is 
also a stronger relationship of self-report information 
to other predictors known to be related to driving 
risks.35 Thus, both sources of information need to be 
included in driving studies, even though archival 
data are not necessarily superior to or more accurate 
than self-reported data in reflecting participant his-
tories of adverse driving outcomes.

The Locke-Wallace Marital Adjustment Test 
This widely used rating scale36 evaluates marital 

satisfaction using 15 multiple-choice items. These 
items include an initial overall happiness in the 
marriage, followed by 14 items that examine the 
degree of agreement on specific issues such as fi-
nances, recreation, affection, friends, sexual rela-
tions, conduct, life philosophy, dealing with in-
laws, and mutual problem-solving, among others. 
The Locke-Wallace Marital Adjustment Test (LW-
MAT) was used here to evaluate the quality of the 
relationship between the currently cohabiting adult 
partners, whether married or not. Numerous studies 
attest to its validity and utility in distinguishing 
distressed from nondistressed couples.37 A single 
raw score was employed here to assess relationship 
satisfaction among the subjects and their cohabiting 
partners. The developers recommend that scores 
<100 signify maladjustment.

Parenting Stress Index (PSI) 
The PSI38 is a multiple-choice parent self-report 

form. We utilized the PSI-Short Form (PSI-SF), 
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which consists of 36 items from the PSI that com-
prise 3 scales: Parental Distress, Difficult Child 
Characteristics, and Dysfunctional Parent-Child 
Interaction. Reitman et al39 examined the psycho-
metric characteristics of the PSI-SF in a low-income, 
predominantly minority population. Internal con-
sistencies for the PSI-SF were very good to excel-
lent. Parents completed this scale based on their 
relationship to just one of their children (ages 3 
years and older).  

Disruptive Behavior Disorders Rating Scale 
(DBDRS) 

Participants who were also biological parents of 
children currently in their custody were asked to 
complete a rating scale of their child’s disruptive 
behavior disorder symptoms using the DBDRS. 
This scale24 contains the symptoms for ADHD, 
ODD, and conduct disorder (CD) as they appear in 
the DSM-IV.1 The ADHD and ODD items are 
rated on a 4-point Likert scale (0–3; 0 = not at all 
or rarely, 1 = sometimes, 2 = often, and 3 = very 
often). The ADHD and ODD scores were obtained 
by summing all of the item scores for those item 
lists. The score for CD is simply a count of the num-
ber of items answered “yes.” Parents completed this 
scale for all of their children aged ≥3 years.

RESULTS
The initial group comparisons on the measures of 
impairment noted above, as well as many others, 
have been previously reported.22 Here we focus spe-
cifically on the group differences in EI and their 
utility in predicting impairment beyond just the 
traditional symptom dimensions of ADHD. We 
initially submitted the 7 self-rated items on emo-
tion comprising the EIS to a factor analysis with 
varimax rotation using the entire sample to deter-
mine if they comprised a unitary dimension. A 
single factor emerged accounting for 72% of the 
variance in the ratings, with individual item load-
ings ranging from 0.746 to 0.908. We did the same 
for the same 7 items from the other ratings with 
similar results (74% of variance; item loadings 
ranged from 0.730–0.934). EI as measured here can 

be considered a single, unitary construct. The self- 
and other ratings on this scale correlated highly with 
each other (r = 0.71; P < 0.001), providing evidence 
of good external validity (interjudge agreement). 
The EIS self-ratings correlated highly with the  
ADHD symptom ratings (r = 0.81 for inattention, 
r = 0.81 for hyperactivity-impulsivity; P < 0.001 
for both), approaching colinearity with them and  
supporting our point that those emotional symp-
toms are as central to ADHD as the traditional 
symptoms.  

Because the groups differed in age, we examined 
the relationship of age to the EIS scores. We found 
it did not correlate significantly with self-ratings, 
but did so for other ratings, albeit to a low degree  
(r = -0.12; P = 0.036). We therefore used age as a 
covariate in the group comparison below for the 
other ratings on the EIS.  

Group Differences in EI
We first examined the frequency with which the  

7 EIS symptoms were endorsed by participants as 
occurring at least “often” or more frequently, given 
that this is the descriptor used in the DSM-IV cri-
teria for ADHD to identify a clinically significant 
symptom of the disorder. The results for the self-
ratings are shown in Figure 1. We subjected these 
results to c2 analyses and found that the EIS symp-
toms each occurred significantly more often in the 
ADHD group than in the clinical or community 
groups.* The clinical group displayed these symp-
toms more often than the community group as well. 
Within the ADHD group, the EIS symptoms oc-
curred in 53% to 86% of the participants, which 
was nearly as frequent as the symptoms of ADHD 
inattention (73%-97%) and more frequent than 
the symptoms of ADHD hyperactivity-impulsivity 
(30%-79%). This supports our position that symp-
toms of EI are as much a problem for adults with 
ADHD as are the traditional symptoms of the 
disorder. 

We conducted the same analyses for the EIS 
symptoms based on other ratings (Figure 2). c2 
Analyses indicated that more members of the  
ADHD group displayed each of these symptoms 

*Specific detailed analyses are available upon request from the first author.
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Figure 1.  Percentage of each group manifesting each self-reported symptom of emotional impulsiveness that occurred at 
least “often” or more frequently. ADHD = attention-deficit/hyperactivity disorder; clinical = clinical-control group; 
community = community-control group. For all symptoms, the ADHD group > clinical group > community group with 
all pairwise statistical comparisons being significant (P < 0.05).

Figure 2.  Percentage of each group manifesting each self-reported symptom of emotional impulsiveness that occurred at 
least “often” or more frequently. ADHD = attention-deficit/hyperactivity disorder; clinical = clinical-control group; 
community = community-control group. For all symptoms, the ADHD group > clinical group > community group with 
all pairwise statistical comparisons being significant (P < 0.05).
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than those in the community group for all 7 symp-
toms.* The ADHD group differed from the clinical 
group in 6 of the 7 symptoms, the exception being 
the item “easily excited” (P = 0.057). The frequency 
of the items in the ADHD group ranged from 51% 
to 76%. These symptoms occurred as commonly as 
those for inattention (45%-76%) and more so than 
those for hyperactive-impulsive symptoms (28%-
56%) as rated by others. While lower than the self-
reported frequencies, the majority of adults with 
ADHD displayed these symptoms as reported by 
others and did so as often as or more than the tradi-
tional ADHD symptoms.

We then compared the groups on their self-rated 
EIS total scores and found that the analysis of  
variance was significant (F = 215.20; df = 2/328; 
P < 0.001). Pairwise comparisons showed that the 
ADHD group had a higher mean (SD) score (13.7 
[5.1]) than both the clinical (11.6 [4.7]) and com-
munity groups (2.4 [2.7]). The clinical group also 
had a higher score than the community group. The 
same was the case for the other ratings on the EIS 
total scores where age served as a covariate (F = 
123.93; df = 2/290; P < 0.001). Pairwise compari-
sons again showed that the ADHD group had a 
higher mean score (13.4 [5.8]) than both the clini-
cal (9.9 [5.7]) and community groups (2.4 [SD] = 
2.9). The clinical group also had a higher score than 
the community group.  

Predicting Global Impairment Ratings
Based on the entire sample of participants, mul-

tiple linear regression analyses with stepwise entry 
were used to determine the relative contributions of 
ADHD symptom ratings and EIS symptom ratings 
to self-rated impairment in the 10 domains of major 
life activities from the Adult ADHD Rating Scale. 
We were particularly interested here, as noted ear-
lier, in whether EIS symptoms make any additional 
contributions to predicting impairment beyond 
that contributed by ADHD symptoms (Table I). 
The largest contributor by far to self-rated impair-
ments was the inattention dimension of ADHD 
symptoms, contributing significantly to 9 of the 10 
specific domains and, in particular, the overall adap-

tive impairment rating. EIS ratings, however, con-
tributed significant additional variance to impair-
ment in 6 of the 10 specific domains: occupational 
functioning, social interactions with others, educa-
tional settings, money management, driving, and 
leisure/recreational activities. In the driving do-
main, EIS ratings made the largest contribution 
(30% of variance) to self-rated impairment. In the 
remaining 5 domains to which EIS ratings contrib-
uted, the additional explained variance ranged  
from <1% to nearly 5%. In 5 of these 6 domains, 
EIS ratings contributed more explained variance 
than did the hyperactive-impulsive dimension of  
ADHD. For the prediction of overall adaptive im-
pairment, the greatest contribution was made by 
symptoms of inattention (78%), followed by emo-
tionally impulsive (4%) and hyperactive-impulsive 
symptoms (<1%).

We conducted this same set of analyses for the 
other ratings of impairment using the other ratings 
of ADHD and EIS symptoms. Once again, symp-
toms of inattention contributed the largest share of 
variance to most of these domains, and contributed 
significantly to 9 of 10 specific domains. EIS symp-
toms again contributed to 6 of the 10 specific do-
mains; however, these were not identical to those 
domains to which they contributed for the self- 
ratings mentioned earlier. These specific domains 
included home life, occupational functioning, social 
interactions with others, community activities, 
managing money, and leisure/recreational activities. 
EIS ratings did not contribute to other rated driv-
ing impairment or impairment in educational set-
tings as in the self-rated impairments mentioned 
previously. EIS ratings did, however, contribute to 
impairment in home life and community activities 
in these other rated domains, whereas they did not 
for the self-ratings. In general, the pattern was rela-
tively similar to what was found for self-ratings 
when we examined the overall adaptive impairment 
scores, where once again symptoms of inattention 
contributed most of the variance (77%), followed  
by emotional (3.8%) and hyperactive-impulsive 
symptoms (<1%). In summary, symptoms of EI do 
appear to make additional contributions to impair-

*Specific detailed analyses are available upon request from the first author.
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TABLE I.  PREDICTION OF THE GLOBAL SELF-RATINGS OF IMPAIRMENT IN 10 LIFE ACTIVITY 
DOMAINS USING SELF-RATED ADHD SYMPTOMS AND SYMPTOMS OF EMOTIONAL 
IMPULSIVENESS.

Domain of Impairment/Predictors b R R2 R2Δ F P

Home life with immediate family      
   Inattention 0.531 0.724 0.525 0.525 314.53 <0.001
   Hyperactive-impulsive 0.239 0.738 0.545 0.020 12.51 <0.001
Occupational functioning      
   Inattention 0.682 0.774 0.598 0.598 426.01 <0.001
   Emotionally impulsive 0.120 0.777 0.604 0.006 4.43 0.036
Social interactions with others      
   Inattention 0.431 0.721 0.519 0.519 311.14 <0.001
   Emotionally impulsive 0.191 0.742 0.551 0.031 20.08 <0.001
   Hyperactive-impulsive 0.180 0.748 0.559 0.009 5.60 0.019
Activities or dealings in the community      
   Inattention 0.486 0.669 0.448 0.448 226.96 <0.001
   Hyperactive-impulsive 0.226 0.682 0.465 0.018 9.18 0.003
Educational settings      
   Inattention 0.608 0.739 0.546 0.546 339.96 <0.001
   Emotionally impulsive 0.354 0.761 0.579 0.033 22.28 <0.001
   Hyperactive-impulsive -0.171 0.766 0.587 0.008 5.12 0.024
Dating or marital relationship      
   Inattentions 0.463 0.679 0.460 0.460 239.81 <0.001
   Hyperactive-impulsive 0.267 0.697 0.485 0.025 13.44 <0.001
Managing money      
   Inattention 0.470 0.679 0.461 0.461 245.00 <0.001
   Emotionally impulsive 0.276 0.702 0.493 0.033 18.45 <0.001
Driving a motor vehicle      
   Emotionally impulsive 0.308 0.544 0.296 0.296 120.11 <0.001
   Hyperactive-impulsive 0.295 0.572 0.327 0.032 13.40 <0.001
Leisure/recreational activities      
   Hyperactive-impulsive 0.286 0.677 0.459 0.459 242.16 <0.001
   Emotionally impulsive 0.308 0.711 0.506 0.048 27.54 <0.001
   Inattention symptoms 0.180 0.719 0.516 0.010 5.99 0.015
Managing daily responsibilities      
   Inattention 0.839 0.839 0.703 0.703 678.19 <0.001
Total overall adaptive impairment      
   Inattention 0.583 0.880 0.775 0.775 905.63 <0.001
   Emotionally impulsive 0.262 0.903 0.815 0.040 56.11 <0.001
   Hyperactive-impulsive 0.117 0.905 0.818 0.003 5.01 0.026

ADHD = attention-deficit/hyperactivity disorder; b = standardized b coefficient from the final model; R = regression coef-
ficient; R2 = percent of explained variance accounted for by all variables at this step; R2Δ (change) = percent of explained 
variance accounted for by this variable added at this step; F = F to change results. 

Analyses are for linear multiple regression with stepwise entry. Domains of impairment are from the Adult ADHD Rating 
Scale (rated 0–3). Predictors were inattention symptoms and hyperactive-impulsive symptoms from the Adult ADHD Rat-
ing Scale and emotionally impulsive symptoms from the Emotional Impulsiveness Scale.
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TABLE II.  PREDICTION OF THE GLOBAL OTHER RATINGS OF IMPAIRMENT IN 10 LIFE ACTIVITY 
DOMAINS USING OTHER-RATED ADHD SYMPTOMS AND SYMPTOMS OF EMOTIONAL 
IMPULSIVENESS.

Domain of Impairment/Predictors b R R2 R2Δ F P

Home life with immediate family      
   Inattention  0.669 0.766 0.586 0.586 321.42 <0.001
   Emotionally impulsive  0.148 0.774 0.599 0.013 7.06 0.008
Occupational functioning      
   Inattention  0.642 0.752 0.586 0.586 285.57 <0.001
   Emotionally impulsive  0.170 0.763 0.583 0.017 8.78 0.003
Social interactions with others      
   Hyperactive-impulsive  0.263 0.677 0.459 0.459 191.66 <0.001
   Inattention 0.316 0.733 0.537 0.079 38.18 <0.001
   Emotionally impulsive  0.264 0.752 0.566 0.028 14.52 <0.001
Activities or dealings in the community      
   Inattention  0.312 0.599 0.358 0.358 119.57 <0.001
   Emotionally impulsive  0.219 0.648 0.420 0.062 22.63 <0.001
   Hyperactive-impulsive  0.208 0.660 0.436 0.016 5.93 0.016
Educational settings      
   Inattention  0.793 0.793 0.629 0.629 365.77 <0.001
Dating or marital relationship      
   Inattention  0.517 0.689 0.474 0.474 193.81 <0.001
   Hyperactive-impulsive  0.239 0.708 0.502 0.028 11.82 0.001
Managing money      
   Inattention  0.615 0.646 0.417 0.417 160.97 <0.001
   Emotionally impulsive  0.277 0.658 0.432 0.015 6.08 0.014
   Hyperactive-impulsive  -0.219 0.671 0.450 0.018 7.30 0.007
Driving a motor vehicle      
   Hyperactive-impulsive  0.432 0.609 0.371 0.371 133.61 <0.001
   Inattention  0.259 0.637 0.406 0.036 13.62 <0.001
Leisure/recreational activities      
   Hyperactive-impulsive  0.479 0.660 0.436 0.436 174.59 <0.001
   Emotionally impulsive  0.241 0.679 0.462 0.026 10.73 0.001
Managing daily responsibilities      
   Inattention  0.831 0.831 0.691 0.691 509.12 <0.001
Total overall adaptive impairment      
   Inattention  0.647 0.878 0.772 0.772 641.53 <0.001
   Emotionally impulsive  0.207 0.900 0.809 0.038 37.61 <0.001
   Hyperactive-impulsive  0.124 0.903 0.815 0.006 5.81 0.017

ADHD = attention-deficit/hyperactivity disorder; b = standardized b coefficient from the final model; R = regression coef-
ficient; R2 = percent of explained variance accounted for by all variables at this step; R2Δ (change) = percent of explained 
variance accounted for by this variable added at this step; F = F to change results. 

Analyses are for linear multiple regression with stepwise entry. Domains of impairment are from the Adult ADHD Rating 
Scale (rated 0–3). Predictors were inattention symptoms and hyperactive-impulsive symptoms from the Adult ADHD Rat-
ing Scale and emotionally impulsive symptoms from the Emotional Impulsiveness Scale.
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ment beyond those made by traditional ADHD 
symptom dimensions, and likely do so to a greater 
degree than symptoms of hyperactivity-impulsivity. 

Predicting Specific Measures of  
Occupational Functioning and Impairment

Employer ratings of work performance and self-
reports of work history and performance were ob-
tained, in addition to self-reported information on 
the number of jobs in which the subjects had vari-
ous workplace problems. Using multiple linear re-
gression and the entire sample of participants, we 
examined the extent to which ADHD symptoms 
and those of EI contributed to these various mea-
sures (Table III). Problems with EI contributed 
significantly to more occupational measures than 
did either of the traditional ADHD symptom di-
mensions. Symptoms of EI contributed to 6 of the 
11 employment measures beyond any contribution 
made by ADHD symptoms, including the number 
of jobs in which subjects had problems with their 
own behavior and work performance, had problems 
getting along with others, had quit over hostility 
with their employers, and had quit out of boredom, 
as well as the number of times they had been unem-
ployed for 1 month or longer and clinician ratings 
of social and occupational functioning. For 4 of the 
outcomes, symptoms of EI were the only significant 
predictors. Symptoms of inattention contributed to 
5 of the 11 measures, while hyperactive-impulsive 
symptoms contributed to just 2. Thus, symptoms of 
EI seem to contribute to various problems in the 
workplace and with employment history beyond 
any contribution made by ADHD symptoms.

Predicting Educational History and 
Impairments

In the impairment interview, subjects were asked 
specific questions about their education and various 
problems they may have had, as well as types of 
special educational services they may have received. 
We once more evaluated the extent to which current 
symptoms of EI may have contributed to these edu-
cational measures apart from any contribution made 
by current ADHD symptom dimensions. Techni-
cally, this is a form of postdiction rather than con-
current prediction, because the symptom scores are 

for current functioning, while the educational mea-
sures are historical, dating back to childhood and 
adolescence. Nevertheless, such analyses can still be 
informative of the relative contributions of ADHD 
and emotion to these historical measures. We used 
multiple linear regression to evaluate the number of 
years of education participants had received. Only 
symptoms of EI contributed significantly to this 
outcome, with higher EIS scores predicting less 
education (R = 0.122; R2 = 0.015; F = 4.66; P < 
0.032). Only hyperactivity-impulsivity symptoms 
predicted the number of times subjects reported 
having been suspended from school (R = 0.164; 
R2 = 0.0275; F = 8.43; P = 0.004). Rates of truancy 
from school were predicted only by symptoms of  
EI (R = 0.166; R2 = 0.027; F = 8.71; P = 0.003). 
The remaining educational measures were binary in 
nature (typically yes/no questions), and these were 
evaluated using logistic regression (Table IV). 
Graduation from high school was not related to ei-
ther current ADHD or symptoms of EI in adult-
hood. However, graduation from college was sig-
nificantly related only to the level of EI, as was risk 
for grade retention, risk for having had formal spe-
cial education, and risk for having received any ex-
tra assistance at school. Hyperactive-impulsive 
symptoms were related to the risk for receiving 
learning disability services in school, having had 
behavior problems in school, and whether or not 
they believed they had been punished more than 
others at school. Current inattention was also relat-
ed to the latter risk and for having had problems 
getting along with others. Current symptoms of EI 
also predicted the latter risk, but to a greater extent 
than inattention.

Predicting Driving Problems and  
Criminal History

Our self-reported and DMV measures of adverse 
driving outcomes were evaluated using multiple 
linear regression analyses with stepwise entry and, 
again, ADHD symptoms and symptoms of EI served 
as predictors (Table V). Only hyperactive-impulsive 
symptoms contributed significantly to self-reported 
frequencies of license suspensions, driving before 
having received a valid license, vehicular crashes, 
and speeding citations. However, only emotionally 
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TABLE III.  PREDICTION OF OCCUPATIONAL IMPAIRMENTS USING SELF-RATED ADHD  
SYMPTOMS AND SYMPTOMS OF EMOTIONAL IMPULSIVENESS.

Domain of Impairment/Predictors b R R2 R2Δ F P

Employer-rated work performance
   Inattention 0.361 0.361 0.130 0.130 14.80 <0.001
Employer-rated overall impairment
   Inattention 0.521 0.223 0.050 0.050 4.48 0.037
   Emotionally impulsive -0.377 0.320 0.102 0.053 5.02 0.028
Self-rated work quality
   Inattention 0.342 0.342 0.117 0.117 30.28 <0.001
# Jobs held since completing school      
   Hyperactive-impulsive 0.188 0.188 0.035 0.035 10.61 0.001
# Jobs: problems with own behavior and  
work performance
   Inattention 0.220 0.392 0.154 0.154 54.60 <0.001
   Emotionally impulsive 0.219 0.415 0.172 0.019 6.79 0.010
# Jobs: problems getting along with others
   Emotionally impulsive 0.321 0.321 0.103 0.103 34.80 <0.001
# Jobs: fired
   Hyperactive-impulsive 0.197 0.197 0.039 0.039 12.24 0.001
# Jobs: quit over hostility with employer
   Emotionally impulsive 0.214 0.214 0.046 0.046 14.56 <0.001
# Jobs: quit due to boredom
   Emotionally impulsive 0.317 0.317 0.100 0.100 33.73 <0.001
# Jobs: were formally disciplined for  
substandard work
   Inattention 0.119 0.119 0.014 0.014 4.37 0.037
# Times unemployed for 1+ months
   Emotionally impulsive 0.187 0.187 0.035 0.035 10.33 0.001
Clinician rating of social and occupational  
functioning
   Inattention -0.523 0.751 0.564 0.564 382.99 <0.001
   Emotionally impulsive -0.291 0.773 0.597 0.033 24.28 <0.001

ADHD = attention-deficit/hyperactivity disorder; b = standardized b coefficient from the final model; R = regression coef-
ficient; R2 = percent of explained variance accounted for by all variables at this step; R2Δ (change) = percent of explained 
variance accounted for by this variable added at this step; F = F to change results. 

Analyses are for linear multiple regression with stepwise entry. Domains of impairment are from the Adult ADHD Rating 
Scale (rated 0–3). Predictors were inattention symptoms and hyperactive-impulsive symptoms from the Adult ADHD Rat-
ing Scale and emotionally impulsive symptoms from the Emotional Impulsiveness Scale.
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impulsive symptoms contributed significantly to 
self-reported frequencies of crashes in which the par-
ticipant was held to be at fault and citations were 
received for driving under the influence of alcohol 
(DUI). Current level of inattention was unrelated to 
these adverse self-reported driving outcomes. When 
we examined some of these same measures from of-
ficial DMV records, we found that only current 
symptoms of EI were related to frequency of speed-
ing citations, DUI citations, vehicular crashes, and 
total citations recorded. None of the symptom scores 
predicted frequency of license suspensions. Current 
severity of inattention symptoms was again not re-
lated to outcomes reflected on the DMV record.  

The impairment interview also included several 
questions concerning whether or not the subjects had 

ever been arrested or jailed. The number of self-re-
ported CD symptoms for the subjects’ childhood and 
adolescent years on the Adult ADHD Rating Scale–
Childhood Recall form was also utilized. We exam-
ined the extent to which ADHD symptoms and 
symptoms of EI predicted these outcomes (Table V). 
Only current symptoms of EI were significantly as-
sociated with these measures of antisocial conduct 
and criminal outcomes.

Predicting Marital Satisfaction, Parenting 
Stress, and Offspring Disruptive Behavior 
Problems

If our subjects were cohabiting with a spouse or 
partner, we had them both complete the LW-MAT 
(Table VI). Again, only the current symptoms of EI 

TABLE IV.  PREDICTING EDUCATIONAL HISTORY AND IMPAIRMENT USING CURRENT ADHD 
SYMPTOM DIMENSIONS AND SYMPTOMS OF EMOTIONAL IMPULSIVENESS.

Outcome/Predictors (block entered) b SE Wald P Odds Ratio 95% CI

Graduated high school
   No significant predictors
Graduated college
   Emotionally impulsive -0.040 0.017 5.72 0.016 0.96 0.93–0.99
Retained in grade
   Emotionally impulsive 0.086 0.025 12.20 <0.001 1.09 1.04–1.14
Received special education
   Emotionally impulsive 0.065 0.021 9.62 0.002 1.07 1.02–1.11
Received extra assistance at school
   Emotionally impulsive 0.090 0.019 23.27 <0.001 1.09 1.05–1.13
Received learning disability services
   Hyperactive-impulsive 0.069 0.022 10.19 0.001 1.07 1.03–1.12
Had behavior problems at school
   Hyperactive-impulsive 0.144 0.022 42.59 <0.001 1.15 1.11–1.21
Punished more than others
   Inattention 0.068 0.034 4.04 0.044 1.07 1.00–1.14
   Hyperactive-impulsive 0.108 0.034 10.04 0.002 1.11 1.04–1.19
Problems getting along with others
   Inattention 0.056 0.028 3.86 0.049 1.06 1.00–1.12
   Emotionally impulsive 0.149 0.032 21.47 <0.001 1.16 1.09–1.24

ADHD = attention-deficit/hyperactivity disorder; b = standardized b coefficient from the final model.

Analyses were binary logistic regression using stepwise forward conditional entry and entire sample.  
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TABLE V.  PREDICTION OF DRIVING AND CRIME MEASURES FROM DMV RECORDS AND  
SELF-RATED CURRENT ADHD SYMPTOMS AND SYMPTOMS OF EMOTIONAL 
IMPULSIVENESS. 

Domain of Impairment/Predictors b R R2 R2Δ F P

Self: # license suspensions/revocations
   Hyperactive-impulse 0.250 0.250 0.063 0.063 20.28 <0.001
Self: # times drove before licensed to do so
   Hyperactive-impulsive 0.222 0.222 0.049 0.049 15.71 <0.001
Self: # vehicular crashes
   Hyperactive-impulsive 0.197 0.197 0.039 0.039 12.30 0.001
Self: # crashes held to be at fault
   Emotionally impulsive 0.292 0.292 0.085 0.085 28.45 <0.001
Self: # speeding citations
   Hyperactive-impulsive 0.227 0.227 0.052 0.052 16.59 <0.001
Self: # citations for reckless driving
   Emotionally impulsive 0.256 0.256 0.066 0.066 21.48 <0.001
Self: # DUI citations
   Emotionally impulsive 0.201 0.201 0.040 0.040 12.85 <0.001
DMV record: # speeding citations
   Emotionally impulsive 0.154 0.154 0.024 0.024 6.44 0.012
DMV record: # DUI citations
   Emotionally impulsive 0.129 0.129 0.017 0.017 4.51 0.035
DMV record: # license suspensions
   No significant predictors      
DMV record: # vehicular crashes
   Emotionally impulsive 0.130 0.130 0.017 0.017 4.57 0.033
DMV record: total citations on record
   Emotionally impulsive 0.191 0.191 0.037 0.037 10.10 0.002
Self: # times arrested
   Emotionally impulsive 0.229 0.229 0.053 0.053 17.06 <0.001
Self: # times jailed
   Emotionally impulsive 0.258 0.258 0.066 0.066 21.80 <0.001
Self: # childhood CD symptoms
   Emotionally impulsive 0.332 0.332 0.104 0.104 34.90 <0.001

ADHD = attention-deficit/hyperactivity disorder; b = standardized b coefficient from the final model; R = regression coef-
ficient; R2 = percent of explained variance accounted for by all variables at this step; R2Δ (change) = percent of explained 
variance accounted for by this variable added at this step; F = F to change results; DUI = driving under the influence of al-
cohol; DMV = Department of Motor Vehicles; CD = conduct disorder. 

Analyses are for linear multiple regression with stepwise entry. 
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score were a predictor of the current level of marital 
quality and self-rated marital satisfaction on the 
LW-MAT. For the other ratings, we entered not only 
self-ratings of ADHD symptoms and symptoms of 
EI, but also other ratings of EI symptoms. Once 
more, only symptoms of EI (other rated) were asso-
ciated with the spouse-partner level of marital sat-
isfaction on the LW-MAT.  

Enough of our subjects had biological children to 
permit us to collect measures of parenting stress and 
child behavioral problems on all children aged ≥3 

years. The average number of children the subjects 
had per group was 0.8 (SD = 1.2) for the ADHD 
group, 1.0 (1.3) for the clinical-control group, and 
1.0 (1.2) for community controls. This difference was 
not significant, nor was there a main effect for sex or 
an interaction of group with sex. The sample sizes 
for the offspring on which we collected data were 
ADHD = 56, clinical = 34, and community = 26. 
There were no group differences in gender represen-
tation of the offspring (percent males by group: 
ADHD = 52%, clinical = 51%; community = 49%). 

TABLE VI.  PREDICTION OF MARITAL SATISFACTION, PARENTING STRESS, AND OFFSPRING  
DISRUPTIVE BEHAVIOR SYMPTOMS FROM SELF-RATED CURRENT ADHD SYMPTOMS 
AND SYMPTOMS OF EMOTIONAL IMPULSIVENESS. 

Domain of Impairment/Predictors b R R2 R2Δ F P

Self: current quality of marriage (interview)
   Emotionally impulsive 0.283 0.283 0.080 0.080 10.31 0.002
Self: LW-MAT marital satisfaction
   Emotionally impulsive 0.344 0.344 0.118 0.118 15.28 <0.001
Partner: LW-MAT marital satisfaction
   Emotionally impulsive (other rated) –0.405 0.405 0.164 0.164 21.13 <0.001
PSI: parent domain
   Parent emotionally impulsive 0.630 0.630 0.397 0.397 30.98 <0.001
PSI: parent–child interaction domain
   Parent inattention 0.474 0.474 0.225 0.225 13.62 0.001
PSI: child domain
   Parent emotionally impulsive 0.483 0.483 0.233 0.233 14.29 <0.001
Child ADHD inattention symptoms
   Parent inattention 0.560 0.560 0.313 0.313 27.81 <0.001
Child ADHD hyperactive-impulsive symptoms
   Parent emotionally impulsive 0.457 0.457 0.209 0.209 16.10 <0.001
Child ODD symptoms
   Parent emotionally impulsive 0.487 0.487 0.237 0.237 18.98 <0.001
Child CD symptoms
   Parent emotionally impulsive 0.715 0.412 0.170 0.170 12.47 0.001
   Parent inattention -0.380 0.222 0.196 0.053 4.05 0.049

ADHD = attention-deficit/hyperactivity disorder; b = standardized b coefficient from the final model; R = regression coef-
ficient; R2 = percent of explained variance accounted for by all variables at this step; R2Δ (change) = percent of explained 
variance accounted for by this variable added at this step; F = F to change results; LW-MAT = Locke-Wallace Marital Adjust-
ment Test; PSI = Parenting Stress Index; ODD = oppositional defiant disorder; CD = conduct disorder.

Analyses are for linear multiple regression with stepwise entry.  
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The mean ages of the parents and offspring did not 
differ among the groups.

We used multiple linear regression with stepwise 
entry again to evaluate the contributions of ADHD 
symptoms and symptoms of EI to these measures 
(Table VI). Concerning parenting stress ratings on 
the PSI, only current symptoms of EI predicted cur-
rent stress in the parent and child domains, while 
only current ADHD inattention predicted stress in 
the domain of parent–child interactions. ADHD is 
known to be a hereditary disorder. It is therefore not 
surprising that we found that the current severity of 
ADHD inattention in subjects’ offspring was pre-
dicted only by the current severity of parent ADHD 
inattention, sharing a remarkable 31% of their vari-
ance. In contrast, the severity of child ADHD  
hyperactivity-impulsivity was predicted only by par-
ent symptoms of EI, sharing nearly 21% of their 
variance. This was not surprising in view of our  
earlier discussion that symptoms of EI are likely to 
be part of the larger dimension of inhibitory prob-
lems associated with ADHD and its hyperactive- 
impulsive symptoms. Both symptoms of EI and 
ADHD hyperactive-impulsive symptoms reflect this 
larger domain of inhibitory problems and, therefore, 
such problems in parents would be predictive of 
similar problems in their children. Finally, the num-
ber of CD symptoms reported in the children was 
predicted significantly by both parent symptoms of 
EI and parental inattention. That higher levels of 
parental expressed emotion would be related to more 
child CD symptoms was also not surprising. Once 
parental symptoms of EI were entered, however, the 
contribution of parental inattention was opposite of 
that which one might initially have expected, with 
higher levels of parental inattention predicting lower 
levels of child CD symptoms. 

DISCUSSION
One major purpose of this trial was to examine the 
frequency of symptoms of EI in adults with ADHD 
relative to a control group and the relationship of 
such symptoms to severity of the disorder. We hy-
pothesized that EI is an inherent component of 
ADHD. Thus, it would be present in a substantial 
proportion of adults with the disorder and would 
otherwise correlate highly with ADHD severity in 

all of our adults. Our results were quite consistent 
with this hypothesis. We found that the 7 symp-
toms of EI, including impatience, low frustration 
tolerance, quickness to anger, hot-temperedness, 
and being more irritable and generally emotionally 
excitable, were present in a majority of the adults 
with ADHD, with a significantly greater frequency 
than that evident in both of our control groups 
(Figures 1 and 2). This was true whether these 
symptoms were rated on the EIS by the subjects or 
by others who knew them well. We found that these 
symptoms constituted a single construct which was 
as highly correlated with the 2 traditional ADHD  
symptom dimensions (inattention, hyperactivity-
impulsivity; r = 0.81 for each) as they were with 
each other. The total severity of symptoms of EI was 
found to be significantly greater in the adult ADHD  
group than in the clinical- and community-control 
groups, whether on self- or other ratings. This cur-
rent trial provides further evidence that EI is a sig-
nificant area of symptom expression in ADHD and 
extends the initial findings of such linkage in chil-
dren to that of adults. It also corroborates the con-
clusion of recent reviews that these symptoms are a 
major part of the nature of ADHD.2-4,8,23  

The second but larger aim of this trial was to 
evaluate the extent to which symptoms of EI make 
additional contributions to impairment in various 
major life activities beyond those explained merely 
by the traditional 2-dimensional structure of  
ADHD. That EI may be associated with an even 
map directly onto the 2-dimensional structure does 
not necessarily mean it provides any additional pre-
dictive utility concerning impairment beyond that 
already contributed by the traditional ADHD 
symptom dimensions. We hypothesized otherwise, 
given the limited evidence available, arguing that 
the emotional symptoms would provide additional 
utility in contributing to impairment. We found 
substantial evidence supporting this hypothesis 
across numerous, though by no means all, domains 
of major life activities studied here. For instance, we 
found that ratings on the EIS contributed addi-
tional variance to self-ratings of impairment in 6 of 
10 different major life domains (occupational func-
tioning, social interactions with others, educational 
settings, money management, driving, and leisure/
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recreational activities). These ratings also contrib-
uted to an omnibus adaptive impairment score. 
Typically, symptoms of inattention contributed the 
most variance to self-rated global impairment, fol-
lowed by symptoms of EI and those of hyperactivity-
impulsivity. A similar pattern was found for EI and 
impairment ratings obtained from others who knew 
the participants well. Such findings indicated that EI 
symptoms are not merely redundant with the tradi-
tional 2 dimensions of ADHD symptoms, but pro-
vide additional explanatory power.

We further examined the predictive utility of EI 
symptoms beyond just those of ADHD symptoms 
in more detail using more specific measures of  
impairment. For occupational functioning, we 
found that symptoms of EI contributed to 6 of the 
11 employment measures beyond any contribution 
made by ADHD symptoms: the number of jobs in 
which they had (1) problems with their own behav-
ior or work performance; (2) problems getting along 
with others; (3) quit over hostility with their em-
ployer; (4) quit out of boredom; (5) the number  
of times participants had been unemployed for  
1 month or longer; and (6) the clinician ratings on 
the SOFAS. For 3 of these outcomes, symptoms of 
EI were the only significant predictor. This suggests 
that symptoms of EI provide important additional 
information on the risk of impairment in the work-
place for adults with ADHD than just those risks 
resulting from inattention and hyperactive-impulsive 
behavior.

In the analysis of educational impairment, we 
found that the current severity of symptoms of EI 
contributed significantly to the amount of education 
participants had received, whereas current ADHD 
severity showed no additional explanatory power. 
This does not mean that ADHD is unrelated to level 
of education. We have previously shown in these 
samples that degree of childhood ADHD symptoms 
is a predictor of educational attainment.22 In the cur-
rent trial, we could only examine current ADHD  
severity in adulthood given that we only had EI rat-
ings for current functioning. Nevertheless, our results 
showed that current EI severity is associated with a 
history of more limited educational attainment. 
While the current hyperactive-impulsive symptoms 
were associated with the frequency of school suspen-

sions in the educational histories of our participants, 
only the severity of EI symptoms was related to the 
history of truancy from school. We also found that EI 
ratings were significantly associated with whether or 
not subjects had graduated from college, the risk for 
grade retention, the risk for having had formal special 
education, the risk for having received any extra as-
sistance at school, and the risk of problems in getting 
along with others in school. As in occupational func-
tioning, EI symptoms provided unique additional 
explanatory power in accounting for the impairments 
in educational history of these participants beyond 
simply those explained by ADHD symptom severity 
alone. To our knowledge, this is the first trial to show 
such a unique contribution for problems in EI to both 
workplace and educational maladjustment in adults 
with ADHD beyond any contribution made by  
ADHD symptoms alone.

Our project had access to specific information from 
both the subjects’ self-reports and their official DMV 
records on vehicular crashes and frequency of citations 
for various driving infractions. Driving is one of the 
best-studied impairments associated with ADHD  
in adults.22,40 There is substantial evidence that 
ADHD is associated with a variety of adverse driving  
outcomes, including crash risk, severity of crashes, 
frequency of speeding citations, etc. Our analyses 
demonstrated that symptoms of EI contributed sig-
nificantly to self-reported frequencies of such adversi-
ties, including crashes in which the subject was held 
to be at fault and DUI citations. The severity of  
hyperactive-impulsive symptoms also contributed to 
additional self-reported driving problems such as 
frequency of speeding citations and license suspen-
sions. When we examined the official DMV records, 
however, we noted that only current symptoms of  
EI were related to frequency of speeding citations, 
DUI citations, vehicular crashes, and total citations 
recorded. ADHD inattention symptoms were not as-
sociated with any of these adverse driving outcomes 
by either self-report or DMV records. Thus, in the 
domain of driving, both the severity of hyperactive-
impulsive behavior and of EI made significant and 
separate contributions to various driving risks. Prior 
research had shown that adults with high levels of 
ADHD symptoms have higher levels of driving- 
related anger and aggression (road rage).41 While 
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we did not include measures of road rage in this proj-
ect, our findings on EI would be consistent with these 
results and provide a likely explanation for them.  

We selected several measures from our project 
concerning criminal history for further examination 
of the relative roles of EI and ADHD symptoms in 
contributing to such a history. We found that only 
severity of EI contributed to the frequency of  
our subjects having been arrested and jailed, with  
ADHD symptoms making no additional contribu-
tions to variance in these outcomes. We also found 
that only symptoms of EI were related to the sever-
ity of symptoms of CD in the childhood and adoles-
cent histories of our subjects, with no additional 
variance explained by ADHD severity. To our 
knowledge, this is the first trial to show such a sig-
nificant role for EI symptoms in explaining variance 
in the criminal histories of adults with ADHD. 
Once more, as in the other domains discussed in the 
previous section, EI severity is not just redundant 
with ADHD symptom severity in explaining or 
predicting the risk of impairment, but has its own 
unique role in such impairments.

Another novel feature of this trial was its ability 
to examine the relative roles of EI and ADHD 
symptom dimensions in the maladjustment of fam-
ily functioning; we believe this may be the first trial 
to do so. We found that only self-rated EI severity 
contributed to the degree of self-rated marital 
quality and marital dissatisfaction. We found this to 
be true for the ratings of marital dissatisfaction 
from the spouses/partners of our subjects, where the 
severity of EI ratings (rated by others) was the only 
predictor of marital dissatisfaction. This appears to 
be the first trial to show that the EI element of adult 
ADHD is more predictive of marital disharmony 
than are inattention or hyperactivity-impulsivity.

Subjects provided us with ratings of their parent-
ing stress, which we could in turn break down into 
separate domains of parent stress, child-related 
stress, and stress specifically arising from parent–
child interactions. Our results showed that only 
current symptoms of EI predicted current stress in 
the parent and child domains, while only current 
ADHD inattention predicted stress in the domain of 
parent–child interactions. Thus, different compo-
nents of parental ADHD are related to different as-

pects of parenting stress. Our findings of high EI in 
conjunction with both adult ADHD and parenting 
stress are certainly consistent with research showing 
that parental ADHD is associated with more parental 
negative expressed emotion in parent–child interac-
tions.42 It is likely that the EI aspect of adult ADHD 
accounts for such negative expressed emotion.

Substantial evidence exists showing that ADHD 
is among the most genetically influenced psychiat-
ric disorders, having heritability estimates that 
average 0.78 and range as high as 0.94.43 Research 
suggests that 43% to 57% of the offspring of 
adults with ADHD will have ADHD as well.44,45 
While the same genes appear to contribute to the 
severity of expression on both dimensions of  
ADHD symptoms, evidence suggests some small 
yet significant unique genetic contributions to 
each dimension as well.46 This may help to explain 
some of our findings regarding the relationship  
of parental ADHD dimensions and EI symptoms 
to child ADHD symptoms. We found that only 
severity of parental ADHD inattention predicted 
parent-rated severity of that same dimension in 
their offspring, accounting for 31% of the variance 
in offspring inattention. Interestingly, we found 
that severity of parental EI was the only predictor 
of offspring hyperactivity-impulsivity, while par-
ent hyperactivity-impulsivity did not contribute 
to that dimension in their offspring. This makes 
sense, however, if one considers that EI symptoms 
are part of the same larger, more global impair-
ment in behavioral inhibition that likely accounts 
for the specific problems with hyperactivity- 
impulsivity in ADHD. This may illustrate that 
symptoms of poor inhibition in parents, as indexed 
by EI, are predictive of severity of inhibition prob-
lems in offspring, as indexed here by hyperactivity-
impulsivity. Thus, while both dimensions of  
ADHD have shared genetics, there may be specific 
contributions of each parental dimension to those 
same dimensions in their offspring.  

While we did not have precisely the same ratings 
of EI in the offspring as we did in the parents, we 
had a very good proxy for them in our offspring  
ratings of ODD symptoms. Given that 4 of the 8 
symptoms of ODD consist of the same 4 symptoms 
of EI seen in our adult participants, one should not 
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be surprised to learn that only parental EI severity 
predicted the severity of ODD symptoms in their 
offspring, explaining nearly 25% of the variance in 
offspring ODD. Moreover, given the strong linkage 
of ODD to CD demonstrated in prior research,47 it 
is understandable why we also found a significant 
contribution of parental EI severity to offspring CD 
symptoms. However, it could also be that parental 
EI contributes significantly to the level of expressed 
emotion in families. High negative expressed emo-
tion in parent–child interactions has been shown to 
be a correlate of childhood CD symptoms. Our re-
sults may have unearthed a significant contributor 
to such expressed emotion: parental ADHD severity 
and, in particular, severity of the associated EI 
symptoms. It is possible that the influence of paren-
tal attributes on offspring risk for CD symptoms 
may well be one of family environment (high ex-
pressed emotion), although this linkage may simply 
reflect the shared genetic overlap of ADHD with 
ODD/CD.48,49 Thus, parents with more severe 
ADHD and EI not only have offspring with higher 
levels of these same symptoms (ADHD, ODD), but 
the latter symptoms account for the later risk of CD 
in these offspring. Family environment may be 
largely serving as a marker for shared genetic effects 
among the 3 disorders.48,49

Our trial is subject to several limitations worth 
considering in interpreting our results. Our ratings of 
EI were obtained by the same method and source as 
some of the measures of impairment (rating scales, 
self-reports) that may have inflated the relationships 
found here. Even so, we also collected information on 
these constructs from others who knew the partici-
pants well and found the same pattern of relation-
ships as in the self-reports, suggesting some validity 
to our findings beyond shared source and measure-
ment. We also found significant relationships be-
tween self-ratings of EI and those domains of impair-
ment in which we had obtained information from 
independent sources, such as employer ratings, offi-
cial DMV records, and spousal/partner ratings. Even 
here, we found a significant association of self-rated 
EI with various measures from these independent 
sources, again supporting the validity of our findings 
and the pervasive impact of EI on impairment. Nev-
ertheless, it will be important in future studies to 

examine the role of EI in impairment associated with 
ADHD using independent sources and measures of 
impairment from those utilized to establish the sever-
ity of EI and ADHD. 

Another limitation may have been in the recruit-
ing of ADHD and clinical-control adults from the 
same adult ADHD clinic. Despite not meeting all 
diagnostic criteria for ADHD according to the 
DSM-IV and clinician judgment, it is quite possible 
that some members of the clinical-control group 
had some degree of ADHD and indeed might have 
been diagnosed as such by others. This could ex-
plain the high level of EI symptoms we found in 
that group. Even so, such cross-contamination of 
these 2 groups provided a more conservative test for 
our group comparisons. However, we still found the 
ADHD group to have more severe EI symptoms 
than the clinical group, whether by self- or other 
reports. A further limitation may have been in the 
potential for bias to enter the evaluations of off-
spring behavioral problems, especially ADHD, as a 
consequence of parental ADHD. Two previous 
studies, however, have not found this to be a prob-
lem.45,50 In view of no evidence of such bias, we 
believe we can place some integrity within the re-
ports of parents with ADHD concerning their 
child’s ADHD and psychological adjustment.

CONCLUSIONS
The present trial found that the symptoms of EI are 
highly associated with the severity of ADHD in 
adults and occur in the majority of those having a 
clinical diagnosis of the disorder. Such findings pro-
vide further evidence that EI is a component of 
ADHD, occurring as frequently as inattention and 
hyperactivity-impulsivity, the 2-symptom dimen-
sions traditionally associated with ADHD. This 
trial also found substantial evidence that the symp-
toms of EI are not merely redundant with those 
traditional symptom dimensions of ADHD in  
predicting impairment in major life activities. EI 
makes significant and unique contributions to im-
pairment in most of the domains of major life ac-
tivities examined here, including social function-
ing, occupational functioning, educational history, 
driving risks, criminal history, marital satisfaction, 
parenting stress, and severity of offspring disruptive 

Copyri
ght ©

 Exc
erp

ta 
Med

ica
, 2

01
0

Not fo
r C

ommerc
ial

 

Dist
rib

utio
n



Journal of ADHD & Related Disorders      Vol. 1, No. 4

26

behavior disorders. Our findings indicate that the 
long-overlooked EI component of ADHD deserves 
more respect and consideration in future research on 
ADHD and its comorbid disorders and impair-
ments than has generally been the case.
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The Use of Emotional Dysregulation as 
an Endophenotype for Genetic Studies 
in Adults With Attention-Deficit/
Hyperactivity Disorder

ABSTRACT
Background: Attention-deficit/hyperactivity disorder (ADHD) is a common multigenetic disorder that 

is phenotypically heterogeneous. Genetic studies have provided inconsistent results. Individuals with  
ADHD often have symptoms of emotional dysregulation. Since more homogeneous patient samples may 
improve the results, this study used emotional dysregulation in ADHD as an additional endophenotype to 
create a more homogeneous sample.

Methods: Eighty adults were recruited from 2 ADHD clinical trials. The Wender-Reimherr Adult Atten-
tion Deficit Disorder Scale (WRAADDS) was used to assess ADHD, including emotional dysregulation 
(based on the symptoms temper, emotional overreactivity, and affective lability). Genotyping was conducted 
using TaqMan®, with predesigned single nucleotide polymorphism (SNP) assays from Applied Biosystems 
for the SNPs in the following genes: DAT1 (SLC6A3), 5-HT1B (HTR1B), BDNF, TPH2, HTR2A, 
SNAP25, COMT, and MAOA. Data analysis was conducted using PLINK to compare allele frequencies be-
tween adults with ADHD (non-ED) and adults with ADHD and emotional dysregulation (ADHD + ED).

Results: Eight SNPs were genotyped using TaqMan assays (rs40184, rs6296, rs6265, rs1843809, 
rs6314, rs362987, rs4680, and rs909525). Before correcting for multiple testing, 1 SNP (rs6296 in the 
5-HT1B gene) was significantly associated with emotional dysregulation (χ2 = 4.68; df = 1, P = 0.03). This 
SNP was not associated with higher scores on the total WRAADDS.

Conclusions: While none of the SNPs tested remained significant after Bonferroni correction, rs6296 
(5-HT1B) showed a trend toward significance when using ED as an ADHD subtype. This suggests that the 
different symptoms of ADHD might be selectively associated with specific genetic variants. The use of 
endophenotypes, such as emotional symptoms in ADHD, may be effective in clarifying the genetics under-
lying the disorder. (J ADHD Relat Disord. 2010;1[4]:29–38) © 2010 Excerpta Medica Inc.

Key words: adult ADHD, genetics, emotional dysregulation, endophenotype.

INTRODUCTION
Attention-deficit/hyperactivity disorder (ADHD) 
is a common neurobehavioral disorder affecting 
up to 1 in 20 children in the United States, with 
as much as 50% of the affected population re-
maining symptomatic into adulthood.1 Twin and 
family-based studies have shown that genetic fac-

tors likely play a substantial role in the etiology of 
ADHD, with heritability estimates of 60% to 
90%.2,3 As a result, a variety of genetic linkage, 
candidate gene, and genome-wide association 
studies have been conducted. These studies have 
not led to conclusive findings. Further, the results 
of these studies have shown that “…there are no 
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genes of large effect contributing to the ADHD 
phenotype.”4

Individuals with ADHD are likely genetically 
heterogeneous, which complicates the search for 
genes involved in the etiology of the disorder. One 
potential solution is to study individuals who have 
higher symptom loads, hoping that these subjects 
will also have higher genetic loads. A higher genetic 
load in the sample might make identification of 
these genes more likely. In addition, ADHD is phe-
notypically heterogeneous.5 This additional source 
of heterogeneity in sample populations may contrib-
ute to inconsistent results in genetic studies.6 Con-
sequently, another solution is to use subjects with 
homogeneous signs and symptoms, hoping that 
these subjects will have more homogeneous genet-
ics, making identification of these genes more likely. 
This approach has been done with several distinct 
groups within the ADHD population, including 
those with conduct disorder,7 impulsivity,8 cogni-
tive dysfunction,9 disruptive behavior disorder,10 
and depression.11 

We have reported that adult ADHD samples can 
be subdivided on the basis of emotional symptoms 
(temper, emotional overreactivity, and affective  
lability), which we have labeled ADHD-related 
emotional dysregulation.12 These symptoms are 
distinct from the symptoms of mood disorders.13 
Temper symptoms are usually short-lived and reac-
tive to environmental stimuli. ADHD-type affec-
tive lability often dates back to childhood. The 
mood shifts are usually short (minutes to hours, 
not days) and occur both in response to and sepa-
rate from environmental stimuli. In contrast with  
depressed patients, the ADHD patient remains 
responsive to environmental stimuli. Further, the 
“ups” of the adult ADHD patient resemble the 
excitement of an overstimulated child rather than 
the elation of the hypomanic, while the “lows” 
present more like boredom, and the vegetative 
symptoms of depression are seldom present. Emo-
tional overreactivity in ADHD patients is com-
monly described as an inability to handle stress 
effectively. This can result in cycles in which  
the patient reacts inappropriately to stress, which 
leads to more stress. However, when the situation 
is resolved, the patient rebounds emotionally.  

Others have noted this distinction.14 Also, in the 
Multimodal Treatment Study of Children With 
ADHD (MTA), sponsored by the National Insti-
tute of Mental Health (NIMH) and one of the most 
complete descriptions of childhood ADHD, 39% 
of the subjects had significant anxiety and/or 
mood-related symptoms.15 This frequency is simi-
lar to what we noted in our initial publication,12 
but lower than we noted in later reports.5,16 It is 
unknown how similar the patients in these studies 
are in terms of emotional symptoms because they 
were assessed with different measures. 

We also explored the importance of emotional 
dysregulation in a methylphenidate clinical trial.5 
In this study, adults with ADHD were categorized 
based on emotional and oppositional symptoms. 
Personality disorder and problems in social adjust-
ment were found to be more frequent in ADHD 
patients who had additional emotional or opposi-
tional symptoms.17 Our adult studies5,12,18,19 con-
firm that these symptoms are associated with a 
more complex and impaired ADHD presentation, 
and symptoms of emotional dysregulation respond 
to treatment in a manner supportive of their pres-
ence as a dimension of symptoms in ADHD pa-
tients. Further, emotional dysregulation occurs in 
the absence of major anxiety or mood disorders.

We recently completed 2 clinical trials assessing 
the use of methylphenidate in long-acting prepa-
rations (B.K.M., unpublished data, 2009).5,16 
Both trials used similar measures and, in both, 
samples of DNA were collected. We planned to 
analyze the genetic material in these studies based 
on specific symptom dimensions to generate dis-
tinct patient groups with more homogeneous 
symptoms and potentially less genetic heterogene-
ity. Therefore, as part of a genetic analysis of adult 
ADHD, we used emotional dysregulation to cate-
gorize subjects and compared the resulting groups 
for each candidate gene. 

As a preliminary exploration of this sample, we 
decided to examine a small number of candidate 
genes. The following genes were selected on the 
basis of a recent meta-analysis of genes implicated 
in ADHD6: dopamine transporter gene (DAT1), 
5-HT1B, brain-derived neurotrophic factor gene 
(BDNF), TPH2, serotonin 2A receptor (HTR2A), 
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synaptosomal-associated protein 25 gene (SNAP25), 
Catechol-O-methyl transferase (COMT), and MAOA. 

DAT1 (also known as SLC6A3), was one of the 
first candidate genes studied in ADHD.20 Using a 
sample of 57 children with ADHD, the investiga-
tors found that a 10-repeat allele in the DAT1 3’ 
untranslated region (UTR) was overrepresented in 
ADHD subjects. Subsequent studies have yielded 
mixed results.21–25 A recent meta-analysis of more 
than 100 studies examining DAT1 and ADHD 
concluded that multiple variants within DAT1 may 
confer risk for ADHD.6 A recent study also looked 
at the connection between emotionality and treat-
ment response and polymorphisms in the DAT1 
gene in children with ADHD. Gruber et al26 
reported that children with the homozygous 9/9- 
repeat allele of DAT1 had higher emotionality scores 
compared with those who had the 9/10-repeat allele 
when taking a placebo. When treated with methyl-
phenidate, their emotionality scores improved.

The serotonergic system is thought to play a 
role in ADHD due to the interaction between the 
dopaminergic and serotonergic neurotransmitter 
systems. In a study by Zouk et al,27 the 5-HT1B 
gene was found to be correlated with impulsive 
and aggressive behavior. Several independent stud-
ies have suggested that there is a significant asso-
ciation between 5-HT1B and ADHD.28,29 Another 
study conducted in the Chinese Han population 
found no association between ADHD and the 
5-HT1B gene, but found a preferential transmis-
sion of the 861G allele in offspring with the inat-
tentive subtype of ADHD.30

BDNF is involved in neurogenesis and synaptic 
plasticity31 and has been shown to enhance the ef-
fects of stimulant medications on dopaminergic 
pathways in the brain.32 One polymorphism of in-
terest, a valine-to-methionine substitution at codon 
66 (Val66Met; rs6265), has been shown to influ-
ence BDNF secretion in the brain.33 Initial studies 
found an association between this polymorphism 
and ADHD, but only when paternally inherited.34 
Subsequent studies,34–36 including a recent meta-
analysis,6 failed to replicate this association.

Tryptophan hydroxylase is considered the rate-
limiting enzyme in the synthesis of serotonin.  
Single nucleotide polymorphism (SNP) rs1843809  

of gene TPH2 was significantly associated with 
ADHD in 179 Irish families.37 However, a second 
study by the same group in a sample of 108 English 
families found no association.38

Another serotonergic gene implicated in ADHD is 
HTR2A. HTR2A inhibition dampens amphetamine-
induced increases in dopamine activity and hyperlo-
comotion.39 Additionally, antipsychotic medications 
such as clozapine show similar results.40 Multiple 
polymorphisms in HTR2A have been linked to a 
number of neuropsychiatric conditions.41 

The SNAP25 codes for a protein involved in axon 
growth, neurotransmitter release, and synaptic plas-
ticity.42 An animal model bred with only 1 copy of 
the gene displays hyperactive behavior.43 The first 
study showing a significant association between a 
variant in the SNAP25 gene and ADHD was pub-
lished in 2005.44 A subsequent meta-analysis that 
included this and 4 other studies did not support an 
association between this SNP and ADHD.6 

COMT is one of several enzymes that degrade 
catecholamines such as dopamine, epinephrine, and 
norepinephrine. The most well-studied SNP 
(rs4680) in the COMT gene is the Val158Met poly-
morphism. A polymorphism at this site alters va-
line 158 to methionine, and reduces enzyme activi-
ty threefold.45 One study found that Val/Val is more 
common in ADHD patients and predicts response 
to treatment.46 Another recent study found that the 
Val allele was more common in children with  
ADHD and is associated with methylphenidate re-
sponse.47 A third study of 188 children with 
ADHD concluded that the COMT Val158Met 
polymorphism modulates task-oriented behavior, 
but had no effect on methylphenidate treatment 
response.48

Evidence for genetic linkage near the MAOA 
gene with impulsive and aggressive behaviors has 
been reported in a large Dutch family.49 This find-
ing is supported by an MAOA knockout mouse that 
displays increased aggression.50 Further evidence 
supporting MAOA in ADHD stems from treatment 
studies showing that MAOA inhibitors can reduce 
ADHD symptoms.51 A number of studies have 
evaluated MAOA polymorphisms in ADHD, with 
evidence supporting the 30-bp VNTR 1.2kb up-
stream of the MAOA gene.52–54
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METHODS
Subjects

Eighty adults who met the criteria for ADHD in 
the Diagnostic and Statistical Manual of Mental Disor-
ders, Fourth Edition, Text Revision (DSM-IV-TR) 
and/or the Wender Utah Rating Scale (Utah crite-
ria) participated in 1 of 2 clinical trials (osmotic- 
release oral system [OROS] methylphenidate 
[MPH] and MTS [methylphenidate transdermal 
system]) of methylphenidate-based products. The 
University of Utah Institutional Review Board re-
viewed and approved both studies, including the 
genetic component discussed here.

Inclusion and exclusion criteria were very similar 
for the 2 trials. Subjects were required to have a cur-
rent diagnosis of adult ADHD using DSM-IV-TR 
criteria based on the Conners’ Adult ADHD  
Diagnostic Interview for DSM-IV-TR and/or the 
Utah criteria. All subjects from the OROS-MPH 
trial met both Utah and DSM-IV-TR ADHD 
criteria. Most subjects in the MTS trial met both 
criteria. Two failed to meet the Utah criteria, but 
met DSM-IV-TR criteria for ADHD inattentive 
type. Another 3 subjects failed to meet DSM-IV-TR 
criteria, but met the Utah criteria. Although these 
3 subjects were experiencing significant impair-
ment due to inattention and/or hyperactivity- 
impulsivity, these symptoms were poorly covered 
using the DSM-IV-TR terminology. Moderate im-
pairment was defined as a score of 4 or greater on the 
Clinical Global Impression-Severity (CGI-S) scale 
for ADHD at both screening and baseline visits. 
Subjects were between 18 and 65 years of age. Fe-
male subjects were eligible if they were of nonchild-
bearing potential or agreed to use an approved form 
of contraception. A psychiatric review of systems 
was performed on each patient and the following 
DSM-IV-TR Axis I current diagnoses were exclu-
sionary: major depressive disorder, panic disorder, 
obsessive-compulsive disorder, posttraumatic stress 
disorder, bipolar disorder, schizophrenia, and other 
psychotic disorders. Subjects with a seizure disor-
der, hyperthyroidism, or hypothyroidism were ex-
cluded. While some patients met criteria for gener-
alized anxiety disorder (GAD), the primary 
condition contributing to the patients’ symptoms 
and impairment was ADHD. Subjects with signifi-

cant medical conditions who were likely to become 
unstable during the trial or likely to be destabilized 
by treatment with methylphenidate (eg, those with 
cardiovascular disease) were excluded. The current 
sample is a subset of the subjects in these 2 primary 
trials who agreed to participate in the genetic add-
on segment reported here. Consent for participation 
in this genetic analysis was obtained separately from 
the primary trials and was not a requirement of 
participation in the primary trials.

The Wender-Reimherr Adult Attention Deficit 
Disorder Scale (WRAADDS) was used to assess  
7 core symptoms of ADHD: hyperactivity, inatten-
tion, disorganization, overreactivity, impulsivity, 
affective lability, and temper (each scored from 0–4, 
with 4 being most severe) at baseline and through-
out the study. The emotional dysregulation score 
was based on the emotional overreactivity, temper, 
and affective lability scores, as described in a previ-
ous publication.12 Subjects with a total score of 7 or 
higher (at least moderate impairment) on these  
3 subscales were categorized as having emotional 
dysregulation. We are testing an additional section 
of the WRAADDS that assesses oppositional defi-
ant disorder (ODD) symptoms in adults based on 
the DSM-IV-TR ODD symptoms.

Blood samples were collected, and DNA was ex-
tracted by a core laboratory. Genotyping was con-
ducted using TaqMan® (PREMIER Biosoft Interna-
tional, Palo Alto, California),55 with predesigned 
SNP assays from Applied Biosystems (Table I).

Data Analysis and Statistical Procedures
Data analysis was conducted using PLINK56 to 

compare allele frequencies and generate a χ2 statis-
tic, odds ratio (OR), and corresponding P value for 
each SNP. Baseline characteristics of the ADHD 
patients with and without emotional dysregulation 
were compared using χ2 for categorical variables, 
t test for continuous variables, and Mann-Whitney 
U test for the individual WRAADDS items. A 
Bonferroni correction was applied to P = 0.05 (a) to 
account for the 8 multiple tests (k) that were per-
formed. This resulted in a new threshold for signifi-
cance of P = 0.00625, though this adjustment may 
be somewhat conservative because the genes being 
analyzed are in associated pathways, and, therefore, 
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the tests may be correlated. While our sample has 
reasonable power to detect a moderate effect size 
with a single test,57 it is underpowered for multiple 
testing; a sample size close to 170 would be re-
quired to detect a moderate effect with this adjusted 
significance threshold. However, as a pilot study, 
our sample provides information that might direct 
future studies. Furthermore, the effect size of sero-
tonergic genes with regard to emotional dysregula-
tion in ADHD is not yet known.

RESULTS
Ninety adults with ADHD gave written informed 
consent and furnished blood samples for genetic 
analysis. Ten samples were not genotyped due to 
poor DNA quality, leaving 80 subjects for the 
analysis. As indicated in Table II, 58 (73%) of the 
subjects met criteria for emotional dysregulation 
(ADHD + ED). Compared with subjects who did 
not meet criteria for emotional dysregulation 
(non-ED), ADHD + ED subjects were more likely 
to have combined type ADHD (χ2 = 36.45, 
df = 2, P < 0.001) and were more likely to meet 
criteria for ODD (χ2 = 3.87, df = 1, P = 0.05). 
ADHD + ED subjects also had more symptoms 
on the WRAADDS hyperactivity/impulsivity 
subscale (t = 3.58, df = 78, P = 0.001).

PLINK association studies were performed using 
a χ2 test to compare minor allele frequencies for the 
emotional dysregulation phenotype. As seen in Ta-
ble III, rs6296 in the 5-HT1B gene was signifi-
cantly associated with emotional dysregulation 
(χ2= 4.68, df = 1, P = 0.03) before correcting for 
multiple testing. This SNP was not associated with 
higher scores on the total WRAADDS (t = 1.65, 
df = 1, P = 0.29), nor were the other 7 SNPs associ-
ated with emotional dysregulation. In addition, this 
SNP was not associated with higher scores on the 
ODD section of the WRAADDS (χ2 = 1.327, df = 
1, P = 0.2441), nor were the other 7 SNPs associ-
ated with ODD symptoms.

DISCUSSION
Genetic analyses were performed for 8 candidate 
loci using subjects recruited from clinical trials of  
2 different forms of methylphenidate. The sub-
jects were experiencing ADHD of at least moder-
ate severity, and both clinical trials produced very 
positive results. Methylphenidate produced sig-
nificant improvement in the DSM-IV-TR symp-
toms of inattention and hyperactivity/impulsivity 
and the Utah criteria symptoms of emotional 
dysregulation.

In their meta-analysis, Gizer et al6 suggested 
that future genetic studies should explore potential 
moderators. The genetic results reported here sug-
gest the potential utility of using emotional dys-
regulation as an additional phenotype to increase 
the sensitivity of genetic studies in ADHD. Though 
none of the 8 candidate genes analyzed were associ-
ated with the emotional dysregulation phenotype at 
a significant level (P = 0.00625), these results sup-
port further evaluation of rs6296 in 5-HT1B. Be-
fore correcting for multiple testing, rs6296 in the 
5-HT1B gene showed significance for association 
with emotional dysregulation (P = 0.0305), but not 
with total WRAADDS score. The 5-HT1B gene is 
part of the serotonergic system. Zouk et al27 found 
that this gene was correlated with impulsive and 
aggressive behavior, which is at least modestly simi-
lar to the symptoms of ADHD + ED patients. 
(ADHD + ED subjects had relatively higher levels  
of impulsivity and temper at baseline.) Further, 
knockout mice show increased aggression and im-

TABLE I.  SNPS SELECTED AND  
CORRESPONDING ABI ASSAY ID. 

  TaqMan® 
rs# Genes Assay ID*

rs40184 DAT1 (SLC6A3) C___2960969_10
rs6296 5-HT1B (HTR1B) C___2523534_20
rs6265 BDNF C__11592758_10
rs1843809 TPH2 C__11479729_10
rs6314 HTR2A C__11696920_20
rs362987 SNAP25 C_____15041_20
rs4680 COMT C__25746809_50
rs909525 MAOA C___8817688_10 

OR = odds ratio; SNPs = single nucleotide polymorphisms; 
ABI = Applied Biosystems Inc.; ID = identification; rs = 
refSNP.

*Manufactured by PREMIER Biosoft International, Palo 
Alto, California.
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pulsivity58,59 and increased response to novel stim-
uli.60 In contrast, the meta-analysis of rs6296 by 
Gizer et al6 involved 9 studies and concluded that 
rs6296 was associated with childhood ADHD 
(mixed effects: OR = 1.11; 95% CI, 1.02–1.20;  
(χ2 = 5.45; df = 1, P = 0.010).

LIMITATIONS
This study has several limitations worth address-
ing. First, this analysis was an add-on study to 2 
clinical trials, rather than a genetic study designed 

a priori to detect genetic markers associated with 
emotional symptoms in adult ADHD. As such, 
this study was potentially underpowered to detect 
genetic associations. Similarly, the small sample 
size of this study is a significant limitation. Ad-
ditionally, this was not a genome-wide scan and, 
therefore, the analysis was biased toward the can-
didate genes we selected based on our review of 
the literature.

Potential confounding variables in this analysis 
include ethnicity and demographics. While all sub-

TABLE II.  BASELINE DEMOGRAPHICS AND ATTENTION-DEFICIT/HYPERACTIVITY DISORDER 
(ADHD) SYMPTOM ASSESSMENTS.

 Non-ED  ADHD + ED 
 (n = 22)   (n = 58) P

Distribution, % (n)* 28 (22) 73 (58) 
Male, % (n) 33 (18) 67 (37) 0.12
Female, % (n) 16 (4) 84 (21) 
Age, mean (SD) 33.9 (11.8) 33.9 (11.1) 0.99
ADHD diagnostic group, % (n)    
 Combined type 32 (7) 91 (53) <0.001 
 Attentional type 68 (15) 5 (3)  
 Hyperactive/impulsive 0 (0) 3 (2)  
 Emotional dysregulation 0 (0) 0 (0)   NA
    Oppositional defiant disorder 23 (5) 47 (27) 0.05 

Total WRAADDS, mean (SD) 17.2 (2.6)  23.7 (2.6) <0.001 
 Attention + disorganization 7.0 (0.8) 7.3 (1.2) 0.36 
 Attention 3.5 (0.5) 3.7 (0.9) 0.033 
 Disorganization 3.5 (0.5) 3.6 (0.8) 0.35 

Hyperactivity + impulsivity, mean (SD) 5.3 (1.5) 6.5 (1.2) 0.001 
 Hyperactivity 2.5 (1.0) 3.1 (0.9) 0.011 
 Impulsivity 2.9 (3.3) 3.3 (0.7) 0.05 

Emotional dysregulation, mean (SD) 4.8 (1.1) 9.8 (1.7) <0.001 
 Temper 0.9 (0.8) 2.7 (1.1) <0.001 
 Affective lability 2.0 (0.7) 3.5 (0.6) <0.001 
 Emotional overreactivity, mean (SD) 1.9 (0.9) 3.6 (0.7) <0.001

Childhood measures 
 WURS 44.3 (18.9) 56.2 (15.6) 0.007 
 PRS 18.6 (5.6) 18.3 (7.0) 0.86 

Non-ED = subjects not meeting criteria for emotional dysregulation; ADHD + ED = subjects meeting criteria for emotional 
dysregulation; NA = not applicable; WRAADDS = Wender-Reimherr Adult Attention Deficit Disorder Scale; WURS = 
Wender Utah Rating Scale; PRS = Parent Rating Scale. 

*Totals do not equal 100% due to rounding of numbers.
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jects in this analysis were white, we were not able to 
further refine the sample using ethnic markers due 
to the lack of genome-wide SNP data. Age and gen-
der did not significantly differ at baseline; however, 
we did not collect data regarding socioeconomic 
status, life stressors, or other potential confounding 
demographic features.

While the sample size in this study was small 
and the P value modest, these results support the 
idea of selecting subjects with more homogeneous 
symptoms/signs in genetic analyses, such as in the 
case of emotional dysregulation. While the subjects 
in this analysis were highly impaired and probably 
carry a high genetic load, our results with rs6296 
(5-HT1B) approached significance only when a 
more homogeneous subgroup was created using 
emotional dysregulation as a potential endopheno-
type of ADHD.

ACKNOWLEDGMENTS
Dr. Reimherr receives research support from the 
following sources: Apollo Health, AstraZeneca, 
Bristol-Myers Squibb, Cephalon, Inc., Cyberonics, 
Inc., GlaxoSmithKline, Eli Lilly and Company, 
Teva Pharmaceutical Industries Ltd., Pfizer Inc., 
PGxHealth, and Shire. He is a consultant for John-
son & Johnson, Eli Lilly, PGxHealth, Schering-
Plough Corporation, and Shire, and owns stock in 

Celgene Corporation. Drs. Marchant, Christopher-
son, Pommerville, and Robison have had research 
contracts with Shire and McNeil Consumer & Spe-
cialty Pharmaceuticals. Drs. Kondo, Tuya, Lyon, 
Johnson, Coon, and Olsen report no potential con-
flicts of interest.

REFERENCES
 1. Kessler RC, Adler L, Barkley R, et al. The preva-

lence and correlates of adult ADHD in the United 
States: Results from the National Comorbidity 
Survey Replication. Am J Psychiatry. 2006;163: 
716–723.

 2. Faraone SV, Perlis RH, Doyle AE, et al. Molecular 
genetics of attention-deficit/hyperactivity disor-
der. Biol Psychiatry. 2005;57:1313–1323.

 3. Waldman ID, Rhee SH. Behavioral and molecular 
genetic studies. In: Sandberg S, ed. Hyperactivity 
and Attention Disorders of Childhood. 2nd ed. New 
York, NY: Cambridge University Press; 2002: 
290–335.

 4. Faraone SV, Doyle AE, Lasky-Su J, et al. Linkage 
analysis of attention deficit hyperactivity disorder. 
Am J Med Genet B Neuropsychiatr Genet. 2008;147B: 
1387–1391.

 5. Reimherr FW, Williams ED, Strong RE, et al. A 
double-blind, placebo-controlled, crossover study 
of osmotic release oral system methylphenidate in 

TABLE III.  CANDIDATE GENE ANALYSIS OF EMOTIONAL DYSREGULATION IN  
ATTENTION-DEFICIT/HYPERACTIVITY DISORDER.

Gene CHR SNP BP A1 MAF A2 c2 P*

SLC6A3 5 rs40184 1395077 A 0.431, 0.500 G 0.61 0.43
5-HT1B 6 rs6296 78172260 C 0.181, 0.341 G 4.68 0.03
BDNF 11 rs6265 27679916 A 0.181, 0.119 G 0.86 0.35
TPH2 12 rs1843809 72348698 G 0.181, 0.136 T 0.45 0.50
HTR2A 13 rs6314 47409034 T 0.138, 0.114 C 0.17 0.68
SNAP25 20 rs362987 10277452 C 0.395, 0.523 A 2.12 0.15
COMT 22 rs4680 19951271 G 0.434, 0.524 A 0.88 0.35
MAOA 23 rs909525 43553202 G 0.311, 0.320 A 0.01 0.93

CHR = chromosome; SNP = single nucleotide polymorphism; BP = base position; A1 = allele 1; MAF = minor allele fre-
quencies; A2 = allele 2.

*P values listed are uncorrected. Significance threshold after Bonferroni correction is 0.00625. 

Copyri
ght ©

 Exc
erp

ta 
Med

ica
, 2

01
0

Not fo
r C

ommerc
ial

 

Dist
rib

utio
n



Journal of ADHD & Related Disorders      Vol. 1, No. 4

36

adults with ADHD with assessment of opposi-
tional and emotional dimensions of the disorder. 
 J Clin Psychiatry. 2007;68:93–101.

 6. Gizer IR, Ficks C, Waldman ID. Candidate gene 
studies of ADHD: A meta-analytic review. Hum 
Genet. 2009;126:51–90.

 7. Anney RJ, Lasky-Su J, O’Dúshláine C, et al. Con-
duct disorder and ADHD: Evaluation of conduct 
problems as a categorical and quantitative trait in 
the international multicentre ADHD genetics 
study. Am J Med Genet B Neuropsychiatr Genet. 
2008;147B:1369–1378.

 8. Hess C, Reif A, Strobel A, et al. A functional  
dopamine-beta-hydroxylase gene promoter poly-
morphism is associated with impulsive personality 
styles, but not with affective disorders. J Neural 
Transm. 2009;116:121–130.

 9. Kebir O, Tabbane K, Sengupta S, Joober R. Can-
didate genes and neuropsychological phenotypes 
in children with ADHD: Review of association 
studies. J Psychiatry Neurosci. 2009;34:88–101.

10. Li J, Wang YF, Zhou RL, et al. Association  
between serotonin 1D gene polymorphisms and 
attention deficit hyperactivity disorder comorbid 
or not comorbid disruptive behavior disorder  
[in Chinese]. Beijing Da Xue Xue Bao. 2006;38: 
492–495.

11. Biederman J, Petty CR, Smoller JW, et al. The 
5-HTTLPR-S/S genotype increases the risk for 
depression in youth with attention-deficit/ 
hyperactivity disorder when exposed to parental 
depression: A gene-environment interaction study. 
J ADHD Relat Disord. 2009;1:25–33.

12. Reimherr FW, Marchant BK, Strong RE, et al. 
Emotional dysregulation in adult ADHD and re-
sponse to atomoxetine. Biol Psychiatry. 2005;58: 
125–131.

13. Williams E, Marchant BK, Reimherr FW. The 
challenges in diagnosing ADHD in Adults. CME 
LLC/Psychiatric Times. 2007;24(Suppl 3):15-18.

14. Harty SC, Miller CJ, Newcorn JH, Halperin JM. 
Adolescents with childhood ADHD and comorbid 
disruptive behavior disorders: Aggression, anger, 
and hostility. Child Psychiatry Hum Dev. 2009; 
40:85–97.

15. Jensen PS, Hinshaw SP, Kraemer HC, et al. ADHD 
comorbidity findings from the MTA study: Com-

paring comorbid subgroups. J Am Acad Child Ado-
lesc Psychiatry. 2001;40:147–158.

16. Marchant B, Reimherr F, Robison R, et al. Methyl-
phenidate transdermal system in adult ADHD and 
impact on emotional and oppositional syndromes 
[published online ahead of print April 21, 2010]. 
J Atten Disord.

17. Reimherr FW, Marchant BK, Williams ED, et al. 
Personality disorders in ADHD Part 3: Personal-
ity disorder, social adjustment and their relation 
to dimensions of adult ADHD. Ann Clin Psychia-
try. In press.

18. Robison RJ, Reimherr FW, Marchant BK, et al. 
Gender differences in 2 clinical trials of adults 
with attention-deficit/hyperactivity disorder: A 
retrospective data analysis. J Clin Psychiatry. 
2008;69:213–221.

19. Wender PH, Reimherr FW, Marchant BK, et al. A 
one year trial of methylphenidate in the treatment 
of ADHD [published online ahead of print Janu-
ary 13, 2010]. J Affect Disord.

20. Cook EH Jr, Stein MA, Krasowski MD, et al. As-
sociation of attention-deficit disorder and the do-
pamine transporter gene. Am J Hum Genet. 
1995;56:993–998.

21. Swanson J, Oosterlaan J, Murias M, et al. Atten-
tion deficit/hyperactivity disorder children with a 
7-repeat allele of the dopamine receptor D4 gene 
have extreme behavior but normal performance on 
critical neuropsychological tests of attention. Proc 
Natl Acad Sci U S A. 2000;97:4754–4759.

22. Curran S, Mill J, Tahir E, et al. Association study 
of a dopamine transporter polymorphism and at-
tention deficit hyperactivity disorder in UK and 
Turkish samples. Mol Psychiatry. 2001;6:425–428.

23. Todd RD, Neuman RJ, Lobos EA, et al. Lack of as-
sociation of dopamine D4 receptor gene polymor-
phisms with ADHD subtypes in a population sam-
ple of twins. Am J Med Genet. 2001;105:432–438.

24. Bellgrove MA, Hawi Z, Lowe N, et al. DRD4 gene 
variants and sustained attention in attention deficit 
hyperactivity disorder (ADHD): Effects of associ-
ated alleles at the VNTR and -521 SNP. Am J Med 
Genet B Neuropsychiatr Genet. 2005;136B:81–86.

25. Zeni CP, Guimarães AP, Polanczyk GV, et al. No 
significant association between response to meth-
ylphenidate and genes of the dopaminergic and 

Copyri
ght ©

 Exc
erp

ta 
Med

ica
, 2

01
0

Not fo
r C

ommerc
ial

 

Dist
rib

utio
n



Journal of ADHD & Related Disorders      Vol. 1, No. 4

37

serotonergic systems in a sample of Brazilian chil-
dren with attention-deficit/hyperactivity disorder. 
Am J Med Genet B Neuropsychiatr Genet. 2007;144B: 
391–394.

26. Gruber R, Joober R, Grizenko N, et al. Dopamine 
transporter genotype and stimulant side effect fac-
tors in youth diagnosed with attention-deficit/
hyperactivity disorder. J Child Adolesc Psychophar-
macol. 2009;19:233–239.

27. Zouk H, McGirr A, Lebel V, et al. The effect of 
genetic variation of the serotonin 1B receptor gene 
on impulsive aggressive behavior and suicide. Am 
J Med Genet B Neuropsychiatr Genet. 2007;144B: 
996–1002.

28. Hawi Z, Segurado R, Conroy J, et al. Preferential 
transmission of paternal alleles at risk genes in 
attention-deficit/hyperactivity disorder. Am J Hum 
Genet. 2005;77:958–965.

29. Mill J, Xu X, Ronald A, et al. Quantitative trait 
locus analysis of candidate gene alleles associated 
with attention deficit hyperactivity disorder  
(ADHD) in five genes: DRD4, DAT1, DRD5, 
SNAP-25, and 5HT1B. Am J Med Genet B Neuro-
psychiatr Genet. 2005;133B:68–73.

30. Li J, Wang Y, Zhou R, et al. Serotonin 5-HT1B 
receptor gene and attention deficit hyperactivity 
disorder in Chinese Han subjects. Am J Med Genet 
B Neuropsychiatr Genet. 2005;132B:59–63.

31. Mattson MP. Glutamate and neurotrophic factors 
in neuronal plasticity and disease. Ann N Y Acad 
Sci. 2008;1144:97–112.

32. Hall FS, Drgonova J, Goeb M, Uhl GR. Reduced 
behavioral effects of cocaine in heterozygous brain-
derived neurotrophic factor (BDNF) knockout mice. 
Neuropsychopharmacology. 2003;28:1485–1490.

33. Chen ZY, Patel PD, Sant G, et al. Variant brain-
derived neurotrophic factor (BDNF) (Met66) al-
ters the intracellular trafficking and activity- 
dependent secretion of wild-type BDNF in 
neurosecretory cells and cortical neurons. J Neuro-
sci. 2004;24:4401–4411.

34. Kent L, Green E, Hawi Z, et al. Association of the 
paternally transmitted copy of common Valine al-
lele of the Val66Met polymorphism of the brain-
derived neurotrophic factor (BDNF) gene with 
susceptibility to ADHD. Mol Psychiatry. 2005;10: 
939–943.

35. Lee J, Laurin N, Crosbie J, et al. Association study 
of the brain-derived neurotropic factor (BDNF) 
gene in attention deficit hyperactivity disorder. 
Am J Med Genet B Neuropsychiatr Genet. 2007;144B: 
976–981.

36. Schimmelmann BG, Friedel S, Dempfle A, et al. 
No evidence for preferential transmission of com-
mon valine allele of the Val66Met polymorphism 
of the brain-derived neurotrophic factor gene 
(BDNF) in ADHD. J Neural Transm. 2007;114: 
523–526.

37. Sheehan K, Lowe N, Kirley A, et al. Tryptophan 
hydroxylase 2 (TPH2) gene variants associated 
with ADHD. Mol Psychiatry. 2005;10:944–949.

38. Sheehan K, Hawi Z, Gill M, Kent L. No associa-
tion between TPH2 gene polymorphisms and 
ADHD in a UK sample. Neurosci Lett. 2007;412: 
105–107.

39. O’Neill MF, Heron-Maxwell CL, Shaw G. 5-HT2 
receptor antagonism reduces hyperactivity in-
duced by amphetamine, cocaine, and MK-801 but 
not D1 agonist C-APB. Pharmacol Biochem Behav. 
1999;63:237–243.

40. Martin P, Waters N, Schmidt CJ, et al. Rodent 
data and general hypothesis: Antipsychotic action 
exerted through 5-Ht2A receptor antagonism is 
dependent on increased serotonergic tone. J Neural 
Transm. 1998;105:365–396.

41. Norton N, Owen MJ. HTR2A: Association and 
expression studies in neuropsychiatric genetics. 
Ann Med. 2005;37:121–129.

42. Söllner T, Whiteheart SW, Brunner M, et al. 
SNAP receptors implicated in vesicle targeting 
and fusion. Nature. 1993;362:318–324.

43. Hess EJ, Jinnah HA, Kozak CA, Wilson MC. 
Spontaneous locomotor hyperactivity in a mouse 
mutant with a deletion including the Snap  
gene on chromosome 2. J Neurosci. 1992;12:2865– 
2874.

44. Feng Y, Crosbie J, Wigg K, et al. The SNAP25 
gene as a susceptibility gene contributing to at-
tention-deficit hyperactivity disorder. Mol Psychia-
try. 2005;10:998–1005.

45. Tunbridge EM, Harrison PJ, Weinberger DR. 
Catechol-o-methyltransferase, cognition, and psy-
chosis: Val158Met and beyond. Biol Psychiatry. 
2006;60:141–151.

Copyri
ght ©

 Exc
erp

ta 
Med

ica
, 2

01
0

Not fo
r C

ommerc
ial

 

Dist
rib

utio
n



Journal of ADHD & Related Disorders      Vol. 1, No. 4

38

46. Elia J, Devoto M. ADHD genetics: 2007 Update. 
Curr Psychiatry Rep. 2007;9:434–439.

47. Kereszturi E, Tarnok Z, Bognar E, et al. Catechol-
O-methyltransferase Val158Met polymorphism is 
associated with methylphenidate response in  
ADHD children. Am J Med Genet B Neuropsychiatr 
Genet. 2008;147B:1431–1435.

48. Sengupta S, Grizenko N, Schmitz N, et al. COMT 
Val108/158Met polymorphism and the modulation 
of task-oriented behavior in children with ADHD. 
Neuropsychopharmacology. 2008;33:3069–3077.

49. Brunner HG, Nelen M, Breakefield XO, et al. 
Abnormal behavior associated with a point muta-
tion in the structural gene for monoamine oxidase 
A. Science. 1993;262:578–580.

50. Cases O, Lebrand C, Giros B, et al. Plasma mem-
brane transporters of serotonin, dopamine, and 
norepinephrine mediate serotonin accumulation 
in atypical locations in the developing brain of 
monoamine oxidase A knock-outs. J Neurosci. 
1998;18:6914–6927.

51. Zametkin A, Rapoport JL, Murphy DL, et al. 
Treatment of hyperactive children with mono-
amine oxidase inhibitors. I. Clinical efficacy. Arch 
Gen Psychiatry. 1985;42:962–966.

52. Manor I, Tyano S, Mel E, et al. Family-based and 
association studies of monoamine oxidase A and 
attention deficit hyperactivity disorder (ADHD): 
Preferential transmission of the long promoter- 
region repeat and its association with impaired 
performance on a continuous performance test 
(TOVA). Mol Psychiatry. 2002;7:626–632.

53. Das M, Bhowmik AD, Sinha S, et al. MAOA 
promoter polymorphism and attention deficit hy-
peractivity disorder (ADHD) in indian children. 
Am J Med Genet B Neuropsychiatr Genet. 2006;
141B:637–642.

54. Lung FW, Yang P, Cheng TS, Kao WT. No allele 
variation of the MAOA gene promoter in male Chi-
nese subjects with attention deficit hyperactivity 
disorder. Neuropsychobiology. 2006;54:147–151.

55. Shen GQ, Abdullah KG, Wang QK. The TaqMan 
method for SNP genotyping. Methods Mol Biol. 
2009;578:293–306.

56. Purcell S, Neale B, Todd-Brown K, et al. PLINK: 
A tool set for whole-genome association and pop-
ulation-based linkage analyses. Am J Hum Genet. 
2007;81:559–575.

57. Cohen J. Statistical Power Analyses for the Behavioral 
Sciences. 2nd ed. Hillsdale, NJ: Lawrence Erlbaum 
Associates; 1988.

58. Brunner D, Hen R. Insights into the neurobiology of 
impulsive behavior from serotonin receptor knockout 
mice. Ann N Y Acad Sci. 1997;836:81–105.

59. Saudou F, Amara DA, Dierich A, et al. Enhanced 
aggressive behavior in mice lacking 5-HT1B re-
ceptor. Science. 1994;265:1875–1878.

60. Malleret G, Hen R, Guillou JL, et al. 5-HT1B 
receptor knock-out mice exhibit increased explor-
atory activity and enhanced spatial memory per-
formance in the Morris water maze. J Neurosci. 
1999;19:6157–6168.

Address correspondence to: Reid J. Robison, MD, University of Utah Department of Psychiatry, 30 
North 1900 East, Salt Lake City, UT 84132. E-mail: reid.robison@hsc.edu

Copyri
ght ©

 Exc
erp

ta 
Med

ica
, 2

01
0

Not fo
r C

ommerc
ial

 

Dist
rib

utio
n



Journal of ADHD & Related Disorders      Vol. 1, No. 4

39

Accepted for publication March 8, 2010. 1877-5365

Paul J. Rosen, PhD; anD JeffeRy n. ePstein, PhD

Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio

A Pilot Study of Ecological Momentary 
Assessment of Emotion Dysregulation 
in Children

ABSTRACT 
Background: Emotion dysregulation (EDr) in children is linked to a wide variety of maladaptive out-

comes, including externalizing and internalizing behaviors, irritability and aggression, emotional outbursts, 
and social dysfunction.

Objective: This pilot study examined the feasibility and utility of ecological momentary assessment 
(EMA) to differentiate patterns of EDr in children with attention-deficit/hyperactivity disorder (ADHD) 
versus pediatric-onset bipolar disorder (PBD). 

Methods: Two elementary school–aged children were assessed to allow for a comparison between a child 
with ADHD with significant EDr (ADHD-EDr) and a child with PBD. The children’s mothers completed 
ratings of their children’s mood, irritability, and affect 3 times per day for 28 days (82 ratings total) using 
a personal digital assistant. Recurrence Quantification Analysis was used to assess the variability, predict-
ability, stability, and episodic versus chronic nature of the children’s mood, irritability, and affect over the 
study period. 

Results: The child with PBD demonstrated more variability and stability and less predictability across 
all ratings than the child with ADHD-EDr. Further, the child with ADHD-EDr demonstrated a chronic 
pattern of dysregulation across all ratings, while the child with PBD demonstrated episodic variation in 
dysregulation. 

Conclusions: The study provides encouraging evidence for the feasibility and utility of using EMA to 
assist in further defining and differentiating patterns of EDr across PBD and ADHD. (J ADHD Relat 
Disord. 2010;1[4]:39–52) © 2010 Excerpta Medica Inc.

Key words: ADHD, bipolar disorder, emotion dysregulation, ecological momentary assessment.

INTRODUCTION
Emotion regulation is the fundamental process by 
which individuals modulate their internal emo-
tional states to meet internal and external de-
mands.1 Emotion regulation requires the continual 
and simultaneous activation of physiological, neu-
rological, cognitive, and behavioral systems to 
maintain adaptive emotional states and ameliorate 
maladaptive emotional states.2 Emotion dysregula-
tion (EDr) occurs when individuals are unable to 
successfully modulate their emotional states to fit 
their internal or environmental needs. Children 

who are unable to effectively regulate emotions are 
at risk for a broad range of emotional, behavioral, 
social, and adaptive impairments.3 Dickstein and 
Leibenluft4 describe EDr as a “primary contributor” 
towards emotional and behavioral impairment in 
children.

EDr in children is linked to a wide variety of 
maladaptive outcomes, including externalizing and 
internalizing behaviors, irritability and aggression,5 
emotional outbursts,6 and social dysfunction.7 Chil-
dren with EDr are more emotionally labile than 
well-regulated children, as they demonstrate more 
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emotional distress, lower thresholds for distress, 
more intense and longer-lasting reactions to dis-
tress, and greater difficulty reducing distress.3 EDr 
has increasingly been recognized as either a core 
feature or associated contributor to several disor-
ders, including internalizing disorders (eg, mood 
disorders, certain anxiety disorders) and externaliz-
ing disorders (eg, attention-deficit/hyperactivity 
disorder [ADHD], disruptive behavior disorders). 

EDr and ADHD
EDr has been identified as a “core component” of 

ADHD.8 Barkley8 and Skirrow et al9 reviewed stud-
ies demonstrating evidence of physiological, neuro-
logical, cognitive, and behavioral markers of EDr in 
children with ADHD. Geller et al10 reported that 
irritable mood was present in 71.6% of a sample of 
children diagnosed with ADHD, while Skirrow et 
al9 indicated that children with ADHD experienced 
more emotional instability, were less able to regu-
late emotions, and demonstrated greater irritability 
and emotional explosiveness than typically func-
tioning children. Barkley8 and Carlson11 both noted 
that EDr-based symptoms such as irritability, explo-
sive behavior, and emotional lability were actually 
listed as criteria in early formulations of ADHD.

While Barkley8 and others have identified EDr 
as a core component of ADHD, studies have also 
noted substantial variability in EDr among children 
with ADHD.12 Notably, studies have identified a 
subset of children with ADHD who experience  
significantly severe EDr.5 Children with ADHD 
who are more severely emotionally dysregulated 
demonstrate greater emotional, behavioral, and so-
cial difficulties than their more well-regulated 
counterparts,6,12 including irritability, aggression, 
emotional distress, and more severe ADHD symp-
tomatology (particularly hyperactive/impulsive 
symptoms).6,9,12,13 EDr in children with ADHD 
has been linked with significantly increased rates of 
comorbid internalizing and externalizing diagnoses, 
including disruptive behavior disorders and depres-
sion,13 and some have posited EDr as a common 
factor underlying ADHD and comorbid internaliz-
ing/externalizing pathology.14 However, EDr re-
mains inconsistently defined and classified among 
children with ADHD,4,11 in part because current 

diagnostic classification systems do not comprehen-
sively account for the difficulties seen in children 
with severe EDr (ie, chronic irritability, mood insta-
bility, and emotional intensity). As a result, the 
ADHD-EDr subgroup has been inconsistently 
identified and labeled in both research literature 
and clinical practice15 (ie, “Severe Mood Dysregula-
tion,” “Broadband pediatric-onset bipolar disorder 
[PBD],” “comorbid ADHD”).

EDr in ADHD Versus Pediatric Bipolar Disorder
There has been an increasing tendency in recent 

years among both clinicians and researchers to clas-
sify children with severe and chronic EDr according 
to the PBD criteria (particularly as bipolar not oth-
erwise specified [NOS]15,16). PBD is by definition a 
disorder of EDr,5 and studies have noted that chil-
dren with PBD demonstrate impaired physiological, 
neuropsychological, affective, and behavioral regula-
tion of positive and negative emotions.15 Accord-
ingly, rates of PBD diagnoses have skyrocketed in 
recent years, with increases of 200% to 400% over 
the past decade across outpatient and inpatient set-
tings.15 There has been considerable controversy re-
garding this extension of PBD to account for chil-
dren with the chronic patterns of EDr seen among 
children with ADHD.4,11 Much of this debate con-
cerns whether children with ADHD-EDr are being 
misclassified as PBD. Carlson and Meyer17 noted 
that “EDr is central to the debate regarding PBD.” 
Many investigators believe that the EDr observed in 
children with ADHD-EDr is structurally different 
from the EDr observed in PBD,5 and studies have 
demonstrated etiological, neurological, and symp-
tomological distinctions between children who meet 
Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition (DSM-IV) criteria for PBD and chil-
dren who demonstrate severe EDr in the context of 
ADHD.15 Accordingly, it has been proposed that a 
distinct diagnostic category (“Temper Dysregulation 
Disorder”18) be created to account for children with 
severe but nonepisodic EDr.

Patterns of EDr
EDr encompasses several temporal facets of emo-

tional experience, including variability, instability, 
predictability, and episodicity (ie, episodic versus 
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chronic) of emotional arousal.1,4,19 The facets de-
scribe interrelated yet distinct dynamic features of 
the temporal structure of emotional variability.19,20 
Eaton and Funder21 demonstrated that different 
facets of EDr were associated with distinct forms of 
psychological dysfunction. The following facets 
have been identified.19,20 

(1) Variability: the degree to which children’s 
emotional states vary around a set point (Figure 
1a). The set point reflects the child’s typical (trait 
level) emotional state, whether positively or nega-
tively valenced.22 Children with PBD have been 
described as more emotionally variable than chil-
dren with ADHD-EDr.10

(2) Stability/Instability: the extent that children 
maintain consistent emotional states over time, 
whether aroused or at set point (ie, a depressed child 
may demonstrate stable but intensely negative emo-
tional states22; Figure 1b). Emotional instability 
over time is a hallmark feature of PBD,10 and is also 
common to a lesser extent in ADHD-EDr.8

(3) Chronicity/Episodicity: the patterned rate of 
change of a child’s emotional state.22 Children with 
chronic patterns of arousal demonstrate arousal 
around a fixed emotional set point, while children 
with episodic patterns of arousal demonstrate 
changes in the set point itself4 (Figure 1c). Episod-
icity has been described as a “cardinal symptom” of 
PBD10 and the primary differential feature of PBD 
versus ADHD-EDr.5 Episodicity is rarely seen in 
ADHD-EDr regardless of the severity of other fac-
ets of EDr.10

(4) Predictability/Unpredictability: the degree 
of patterned structure within the child’s emotional 
arousals over time (ie, in fairly predictable sequenc-
es or as unpredictable “affective storms”; Figure 
1d).16,19 Unpredictability of emotions has not been 
thoroughly studied in children.

Assessment of EDr
Limitations of Current Measures of EDr

To date, most studies of EDr have used retrospec-
tive report instruments (eg, Kiddie Schedule for 
Affective Disorders and Schizophrenia for School-
Age Children [KSADS], Emotion Regulation 
Checklist) or laboratory-based physiological evalua-
tion to assess EDr in children. Retrospective report 

interviews and rating scales provide useful informa-
tion regarding overall EDr, but typically collapse 
across time points (and facets) to provide a single 
rating of EDr.3,23 These measures also rely on retro-
spective reports, which are susceptible to cognitive 
biases, such as recency effects, emotional salience, 
summing across events, and recall deficiencies,24 
and often do not accurately or fully capture the tem-
poral structure of emotional fluctuations. Of note, 
while some measures (eg, KSADS) provide informa-
tion regarding diagnosis of disorders with EDr 
components, no measure to date has provided clini-
cal norms or cutoffs regarding severity of EDr. Con-
versely, physiological assessment of EDr tradition-
ally measures physiological markers of emotional 
arousal in response to single time-point laboratory-
based experimental stimuli,2 which does not pro-
vide information regarding long-term fluctuation. 
Although rating scales and physiological assessment 
both provide considerable information regarding 
EDr, neither method is able to capture the dynamic 
temporal structure of EDr. 

Ecological Momentary Assessment of EDr

Ecological momentary assessment (EMA) pro-
vides an ideal methodology to assess the temporal 
patterns of EDr in children. EMA describes meth-
odologies developed to collect real-time data from 
participants within the context of their typical daily 
lives.24 Rating scales are completed by participants 
(or their parents) directly on personal digital assis-
tants (PDAs) several times during the day.24 EMA 
provides substantially more accurate response data 
than retrospective or summary reports, even when 
compared with end-of-day recall.24 EMA-based da-
ta collection allows for control of the times at which 
rating scales may be completed and is substantially 
less susceptible to cognitive biases, increasing the 
reliability of time-linked reporting.24 EMA holds 
substantial promise for the assessment of patterns of 
EDr over time. Two studies in particular have dem-
onstrated the potential utility of EMA in examining 
the temporal structure of EDr. Axelson et al25 re-
ported that more than 80% of study participants 
(affectively disordered adolescents) were able to 
complete an 8-week EMA protocol, and case studies 
demonstrated clear differentiation in the patterns of 
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Figure 1.  Examples of the facets of EDr. Each graph represents 2 extremes of the dimensions of interest. The dimensions of 
interest have been exaggerated. The same comparison line is used for all 4 graphs. EDr = emotion dysregulation.
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emotional fluctuation exhibited by children across 
differing mood disorder conditions. Chow et al19 
were able to determine the temporal structure of the 
emotional fluctuations of college students who 
completed ratings once per day for a 52-day period. 
EMA represents a substantial advance on retrospec-
tive reports and laboratory-based physiological ob-
servation of EDr.

Current Pilot Study
The purpose of the present study was to examine 

the feasibility and utility of using EMA technology 
using case studies to assess differential patterns of 
emotion regulation among clinic-referred children 
with ADHD-EDr versus PBD. It was hypothesized 
that parents would be able to complete at least 80% 
of all assessment points across the study period. It 
was hypothesized that ratings of the mood, irrita-
bility, and affect of a child with ADHD-EDr would 
demonstrate a pattern of lower variability, higher 
predictability, and higher stability compared with 
that of a child with PBD. It was further hypothe-
sized that the ratings of a child with ADHD-EDr 
would be characterized by a pattern of chronic but 
consistent dysregulation, while those of a child with 
PBD would reflect a pattern of EDr.

METHODS
Screening/Participants

Parents of children referred to an ADHD clinic 
and a pediatric mood disorders clinic were contact-
ed to determine interest in participating in the 
present study. To ensure that their children met 
criteria either for ADHD-EDr or PBD, parents 
completed (1) the Vanderbilt ADHD Parent Rating 
Scales26 (VADPRS), a DSM-based symptom inven-
tory of ADHD; (2) the Child Behavior Checklist27 
(CBCL), a broadband measure of internalizing and 
externalizing behaviors; and (3) the General Behavior 
Inventory – Parent Version, Short Form28 (PGBI), a 
10-item screener of mania symptoms. Parents also 
completed the Diagnostic Interview Schedule for 
Children-Parent Version 4.0 (DISC-P). The following 
criteria were specified for participation in this 
study:
- ADHD-EDr: ≥6 symptoms on VADPRS Inat-

tention and Hyperactive/Impulsive scales; AND 

T ≥65 on CBCL-Internalizing and CBCL-Externaliz-
ing; AND PGBI <14.
- PBD: T ≥65 on CBCL-Internalizing and 

CBCL-Externalizing; AND PGBI ≥14.
Thresholds on the CBCL were determined accord-

ing to Youngstrom et al’s28 recommendations. 
Thresholds on the PGBI were determined according 
to the cutoff identified by Youngstrom et al.28 The 
first children to meet criteria for 1 of the 2 categories 
were enrolled in the study. The following 2 children 
were enrolled in the study.

ADHD-EDr

Dylan was a 9-year-old white male entering fourth 
grade. At the time of assessment, Dylan lived in a 
single-parent household. All ratings were completed 
by his mother. Dylan had received a primary diagno-
sis of ADHD-combined type prior to his participa-
tion in the study, and was on a consistent dose of 
stimulant medication (27 mg methylphenidate) 
throughout the study. Dylan’s mother’s rating scale 
results indicated significant symptoms of inattention 
(VADPRS = 9 of 9 symptoms) and hyperactivity/
impulsivity (VADPRS = 6 of 9 symptoms), as well as 
broad-spectrum internalizing (CBCL-Internalizing = 
65T, 93rd percentile) and externalizing (CBCL- 
Externalizing = 71T, 98th percentile) behavior. His 
mother did not indicate significant symptoms of ma-
nia (PGBI Total = 4). On the DISC-P, Dylan met 
criteria for ADHD-combined type and oppositional 
defiant disorder (ODD).

PBD

David was an 8-year-old white male entering 
third grade. At the time of assessment, David lived 
in a single-parent household. All ratings were com-
pleted by his mother. David had been diagnosed 
with ADHD-combined type and ODD prior to his 
participation in the study, but was concurrently  
being evaluated for a primary diagnosis of bipolar 
disorder I. David was on a consistent dose of stimu-
lant medication (20 mg mixed amphetamine  
salts) throughout the study. David’s mother’s rating 
scale results indicated significant symptoms of  
inattention (VADPRS = 8 of 9 symptoms) and  
hyperactivity/impulsivity (VADPRS = 9 of 9 symp-
toms), as well as broad-spectrum internalizing 
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(CBCL-Internalizing = 71T, 98th percentile) and 
externalizing (CBCL-Externalizing = 72T, 99th 
percentile) behavior. Her results did indicate signif-
icant symptoms of mania (PGBI Total = 22). On 
the DISC-P, David met criteria for ADHD- 
combined type, ODD, and mania (mother endorsed 
9 of 13 symptoms, but denied impairment from his 
mania symptoms).

EMA Procedures
Parents were provided with a preprogrammed 

Palm® Z22 PDA (Palm, Inc., Sunnyvale, Califor-
nia), which had been programmed using Purdue 
Momentary Assessment Tool software (PMAT) 
(Purdue University, West Lafayette, Indiana).29 The 
PDA was programmed to set off alerts at 3 specific 
predetermined intervals (before school, after school, 
and evening) requested by parents to be compatible 
with the family’s schedule. Prior to initiating EMA, 
parents completed a 15-minute training and prac-
tice session regarding use of the PDA. Parents were 
prompted to complete ratings at each time point in 
the presence of their child. At each time point, par-
ents were asked to report on their child’s current 
mood, irritability, and affect. Parents completed 
ratings with the PDA 3 times daily for a period of 
28 days to ensure that assessments captured a full 
range of temporal emotional variation, as well as to 
ensure an adequate number of rating points to com-
plete analyses. Children were not asked to complete 
ratings for this study given the concerns regarding 
their ability to accurately complete ratings (particu-
larly while dysregulated), as well as their capacity to 
safely and responsibly operate the PDA.

To enhance compliance with EMA procedures, 
parents were asked to return to the laboratory each 
week to allow data to be uploaded from the PDA. 
At each visit the parent was provided with a “score 
card” regarding their adherence to the procedures 
over the previous week. Parents received monetary 
compensation for their participation, with compen-
sation prorated to reflect the percentage of com-
pleted intervals and weekly “adherence bonuses” 
available to parents who completed >80% of inter-
vals over the previous week. To further enhance 
compliance, parents were also provided opportuni-
ties to modify the schedule of PDA alerts and re-

ceive technical support regarding the PDA perfor-
mance at each of these visits. Parents were also 
allowed to contact investigators during the week 
regarding technical support. 

EMA Ratings
Mood Rating

Parents were asked to rate their child’s mood at 
the time of the assessment using a visual analog scale 
(VAS) at each assessment interval. Parents com-
pleted a VAS stating, “What is your child’s mood 
right now?” directly on the PDA. As mood is widely 
considered to be homeostatic,22 parents rated their 
child’s mood on an 11-point scale ranging from –5 
to +5, whereby –5 = “much worse mood than usu-
al,” 0 = “typical mood for my child,” and +5 = 
“much better mood than usual.”

Irritability Rating

Parents were also asked to rate their child’s irri-
tability level at the time of the assessment using a VAS 
at each assessment interval. Parents completed a 
VAS stating, “How irritable is your child right 
now?” directly on the PDA. Parents rated their 
child’s irritability on a scale of 1 to 10, with greater 
numbers reflecting greater irritability.

The Positive and Negative Affective Scale – 
Parent Report30 (PANAS-PR)

Parents were asked to complete a parent-report 
form of the PANAS directly on the PDA at each as-
sessment interval. The PANAS-PR is a 27-item mea-
sure that was developed as a parent-report analogue 
of the child-report PANAS. Parents were presented 
with adjectives describing positive (eg, excited, proud) 
or negative (eg, upset, irritable) mood states, and asked 
to rate the presence or absence of that mood state in 
their child on a 5-point Likert scale (“not at all” to 
“extremely”). The measure yields 2 subscales, Posi-
tive Affect (PA) and Negative Affect (NA). Parents 
were explicitly instructed to report on their child’s 
current emotions at each assessment time point.

Recurrence Quantification Analysis
EDr is by definition a nonlinear and temporal phe-

nomenon that presents variably across individuals. 
Studies of EDr have typically relied on aggregate data 
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and linear measures of variance (eg, standard devia-
tions) to assess intraindividual emotional variability. 
However, aggregate measures of emotional variability 
“fail to acknowledge sequential dependence”31 and 
do not provide any information about the patterns 
of variability.20 Studies using conventional linear 
analysis may thus account for one facet of EDr (eg, 
variability or intensity), but do not accurately capture 
the full dynamic pattern of emotional fluctuation 
over time. Conventional linear methods of time series 
analyses (eg, ARMA [Auto Regressive Moving Aver-
age] models, autocorrelation) are similarly limited in 
their ability to examine fluctuations in emotional 
state,31 as the basic assumptions of these methods 
are violated by time or data series where the mean is 
nonstationary (as would be seen in episodic patterns 
of emotional fluctuation). 

By contrast, nonlinear methodologies such as Re-
currence Quantification Analysis (RQA) have been 
developed to capture the dynamic structure of an 
individual temporally dependent data series.32 RQA 
derives recurrence plots by computing the distances 
between all possible data points in the multidimen-
sional “phase space.” RQA uses “pattern recognition 
algorithms” to assess the manner in which values 
repeat within this “phase space” to detect subtle and 
intrinsic structural dynamics of the time series.32 
RQA is conducted on an individual temporal data 
series, and yields several statistics of specific facets of 
the fluctuation patterns of a temporal data series that 
cannot be obtained through linear analysis. Specifi-
cally, RQA yields the following statistics: (1) per-
centage recurrence (%REC): the extent to which 
values repeat in a temporal data series. Lower %REC 
is indicative of more variability, as it reflects mood 
differing from a “set point”; (2) percentage deter-
minism (%DET): the extent to which specific se-
quences of data reappear within a data series. Lower 
%DET is indicative of unpredictability; (3) mean line 
(MnL): the average length of repeating sequences 
within the temporal series. Lower MnL indicates 
more instability, as it indicates that the average re-
peating sequence (ie, period of stable mood) is of 
shorter duration; and (4) trend (TND): measure of 
how stationary is the mean of the data series. Higher 
absolute TND indicates nonstationary mean, as in 
random, stochastic, or episodic data series. RQA is 

already used widely in the physical and biological 
sciences but has only recently been applied to the 
behavioral sciences.32 RQA is a powerful and inno-
vative methodology for identifying disparate pat-
terns of EDr among children with ADHD-EDr 
versus PBD. The data were analyzed using custom-
ized programming31 within MatLab (The Math-
Works, Inc., Natick, Massachusetts).

RESULTS
Feasibility 

Participants completed 79/82 (96.3%; ADHD-
EDr child) and 71/82 (86.6%; PBD child) of the 
assessment intervals, respectively. Neither partici-
pant missed 2 or more consecutive assessment 
intervals.

EMA Analyses
Mood

The mood variability ratings of the child with 
PBD suggest a pattern of episodic mood variability, 
with notably more variable and elevated mood over 
the initial portion of the assessment period and 
more consistent mood over the latter portion of the 
period. By contrast, the mood ratings of the child 
with ADHD-EDr appear to be consistent with a 
pattern of typically consistent mood interspersed 
with chronically appearing discrete single instances 
of negative mood (Figure 2). 

Quantitative analyses of the EMA mood ratings 
indicated several differences in the pattern of vari-
ability demonstrated by children with ADHD-EDr 
versus PBD. Notably, while the child with PBD 
demonstrated a more positive overall mood than the 
child with EDr (Table), RQA suggested that his 
mood was also markedly more dysregulated. Specif-
ically, analyses indicated that the child with PBD 
demonstrated more variability (%REC = 15.01% 
vs 27.45%), less predictability (%DET = 33.70% 
vs 50.33%), and more episodic (TND = 265.28 vs 
54.22) mood than did the child with ADHD-EDr 
(Table). No noticeable differences were noted in 
mood stability. 

Irritability

The irritability ratings suggest a pattern of dis-
crete episodes of varying irritability in the child 
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with PBD, with more variable and greater irritabil-
ity at the start of the assessment period and more 
consistent low-level irritability over the latter por-
tion of the assessment period. By contrast, ratings 
of the child with ADHD-EDr appear consistent 
with a pattern of chronic low-level irritable arous-
als (Figure 3). Qualitative analyses of the EMA 

irritability ratings indicated several differences in 
the pattern of variability demonstrated by the chil-
dren with ADHD-EDr versus PBD. The child with 
PBD demonstrated much more overall irritability 
than the child with EDr, although RQA also sug-
gested notable differences in the pattern of irrita-
bility. Specifically, analyses indicated that the  
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child with PBD demonstrated more variable 
(%REC = 23.89% vs 79.96%), more unpredictable 
(%DET = 40.38% vs 97.65%), more unstable 
(MnL = 2.33 vs 5.45), and more episodic (TND = 
141.45 vs 82.12) irritability than did the child 
with ADHD-EDr (Table). 

PANAS-PA

The PANAS-PA ratings are consistent with the 
proposed pattern of chronic versus episodic EDr, 
with the child with ADHD-EDr demonstrating 
chronically low positive affect and the child with 
PBD demonstrating evidence of episodic variation 
in positive affect (Figure 4). Qualitative analyses of 
the EMA PANAS-PA ratings indicated several dif-
ferences in the pattern of variability demonstrated 
by the child with ADHD-EDr versus the child with 
PBD. Notably, while the child with PBD demon-
strated a markedly greater overall positive affect 
than the child with EDr (Table), RQA suggested 
that his mood was also markedly more dysregulat-
ed. Specifically, analyses indicated that the child 
with PBD demonstrated positive affect that was 
noticeably more unstable (MnL = 2.00 vs 2.95) and 
episodic (TND = 1103.01 vs 312.07) than the child 

with ADHD-EDr. No differences were noted in 
variability or predictability. 

PANAS 

Irritability ratings suggest a pattern of discrete 
episodes of negative affect among the child with 
PBD, with lower negative affect at the start of the 
assessment period and higher negative affect over the 
latter portion of the assessment period. By contrast, 
ratings of the child with ADHD-EDr appear to be 
consistent with a pattern of chronic low-level arousals 
of negative affect (Figure 5). Qualitative analyses of 
the EMA PANAS-NA ratings indicated several dif-
ferences in the pattern of variability demonstrated by 
the child with ADHD-EDr versus the child with 
PBD. The child with PBD demonstrated much more 
overall negative affect than the child with EDr  
(Table). RQA suggested notable differences in the 
pattern of variation of negative affect as well. Specif-
ically, analyses indicated that the child with PBD 
demonstrated more variable (%REC = 42.48% vs 
67.39%), more unpredictable (%DET = 77.39% vs 
91.59%), more unstable (MnL = 3.08 vs 4.22), and 
more episodic (TND = 826.12 vs 52.07) negative 
affect than did the child with ADHD-EDr (Table). 

TABLE. EMA RATING AND RQA RESULTS.

Mood Irritability PANAS-PA PANAS-NA

ADHD-EDr PBD ADHD-EDr PBD ADHD-EDr PBD ADHD-EDr PBD

Mean 0.77 1.68 1.34 2.37 1.43 4.13 1.06 2.48

%REC 27.45 15.01 79.96 23.89 35.75 35.24 67.39 42.48

%DET 50.33 33.70 97.65 40.38 73.75 76.62 91.59 77.39

MnL 2.33 2.21 5.45 2.33 2.95 2.00 4.22 3.08

Trend 54.22 265.28 82.12 141.45 312.07 1103.01 52.07 826.12

EMA = ecological momentary assessment; RQA = Recurrence Quantification Analysis; PANAS-PA = Positive and Nega-
tive Affective Scale-Positive Affect; PANAS-NA = Positive and Negative Affective Scale-Negative Affect; ADHD =  
attention-deficit/hyperactivity disorder; EDr = emotion dysregulation; PBD = pediatric-onset bipolar disorder; %REC = 
percentage recurrence; %DET = percentage determinism; MnL = mean line.

Notes regarding RQA statistics:

1. %REC used as an indicator of variability. Lower %REC indicates greater variability. 

2. %DET used as an indicator of unpredictability. Lower %DET indicates greater unpredictability.

3. MeanLine used as an indicator of instability. Lower MeanLine indicates greater instability.

4. Trend used as an indicator of episodicity. Higher trend indicates greater instability.
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DISCUSSION
The present case studies demonstrated the feasi-
bility and utility of using EMA-based methodolo-
gies to assess differential patterns of EDr in chil-
dren with ADHD-EDr versus PBD. Parents of 
each of the children in the study were able to rate 
their child’s mood, irritability, and affect during 
at least 85% of the 82 rating points over the 28-
day study assessment period (3 ratings per day/28 
days). Notably, differential patterns of dysregula-
tion of mood, affect, and irritability emerged 
among the 2 children. Consistent with the study’s 
hypothesis, the child with ADHD-EDr demon-
strated a pattern of chronic but consistent dys-
regulation, while the child with PBD demon-
strated a considerably more episodic pattern of 
dysregulation.

The child with ADHD-EDr demonstrated a pat-
tern of consistently low positive affect and generally 
stable mood, with chronic “outbursts” throughout 
the 28-day period of negative affect, poorer mood, 
and greater irritability. Notably, RQA results sug-
gested low episodicity, as the child’s mean level of 
mood, irritability, and positive and negative affect 
remained generally consistent across the study pe-
riod, despite variability in the actual ratings. This 
pattern of dysregulation is consistent with Dick-
stein and Leibenluft’s4 hypothesized description of a 
“Severe Mood Dysregulation” subset of children 
with ADHD. Specifically, Dickstein and Leiben-
luft4 noted that children within this group demon-
strate “chronic, nonepisodic irritability that is op-
erationalized by having a baseline negative mood…
and markedly increased reactivity to negative emo-
tional stimuli manifesting verbally or behaviorally.” 
In essence, the ADHD-EDr pattern is characterized 
by “baseline” and “irritated” states. During the 
baseline state, the child demonstrates low positive 
affect with or without accompanying negative af-
fect. The child remains in the baseline state unless 
aroused by a stimulus that provokes a negative emo-
tion, at which point the child becomes irritable and 
distressed. Following resolution of the incident, the 
child’s mood returns to the baseline state. This pat-
tern is consistent with the pattern of dysregulation 
demonstrated by the ADHD-EDr child in the pres-
ent study, as he demonstrated generally low positive 

affect along with 10 single time-point ratings of 
mild to moderate irritability over the 4 weeks. 

By contrast, the pattern of dysregulation demon-
strated by the child with PBD was considerably 
more variable over the course of the study. Specifi-
cally, ratings for the child with PBD can best be 
characterized as episodic, with 2 discrete phases evi-
dent in the ratings. An initial phase lasting for the 
first 23 to 26 rating points (8-9 days) was evident 
in the ratings whereby the child demonstrated sub-
stantially elevated mood and irritability along with 
generally lower positive and negative affect. Of 
note, the child’s mood and irritability were also 
notably variable during this initial phase around 
this elevated mean. By contrast, the child’s ratings 
shifted dramatically over the following 50 to 60 rat-
ing points (17-20 days), with a pattern of more 
euthymic (ie, centered around the “typical” rating) 
mood, decreased irritability, and increased positive 
and negative affect emerging. Notably, the variabil-
ity of the child’s mood and irritability appeared to 
decrease noticeably during this phase as well. RQA 
results were consistent with this interpretation of 
the child’s results, as the higher TND statistics in-
dicated that the mean of the child’s ratings shifted 
over the course of the assessment period, suggesting 
episodic rather than chronic variability.

This study represents an initial attempt to ad-
dress substantial gaps in the assessment and clas-
sification of EDr in childhood. EDr has emerged as 
a construct of substantial clinical and theoretical 
importance in recent years, yet there continues to 
be debate regarding both its definition and most 
valid means of assessment.1 Nowhere has this been 
more apparent than in the efforts to delineate and 
differentiate patterns of EDr among children with 
ADHD-EDr versus PBD.4 EDr is a core compo-
nent of both areas of difficulty; however, evidence 
increasingly supports the conceptualization of 
children within these groups as experiencing dis-
tinct patterns of EDr rather than as subgroups of a 
single disorder (eg, PBD). The present pilot study 
provides very encouraging initial evidence of the 
feasibility and usefulness of the EMA-based meth-
odology in demonstrating critical differences in 
EDr patterns of children with ADHD-EDr and 
PBD. 
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Clinically speaking, children within both sub-
groups demonstrate considerable irritability, nega-
tive mood, and emotional and behavioral distress; 
however, the patterns of disruption distinguish the 
2 disorders.5 It can be very difficult for parents to 
accurately observe and report the temporal sequenc-
es of EDr experienced by their children. EMA offers 
considerable utility above and beyond conventional 
methods of assessing EDr by allowing the real-time 
sequences of EDr to be mapped and compared. 
EMA allows for assessment not just of the variabil-
ity of the construct of interest, but of changes in the 
variability at different time points. A larger-scale 
study using the described methodology has the po-
tential to provide information regarding the differ-
ent types of mood patterns across disorders. Such 
understanding may eventually aid in defining diag-
nostic mood symptoms, which should help in the 
differential diagnosis of a variety of pediatric condi-
tions (eg, ADHD-EDr, ODD, PBD). 

Limitations
The present study has several limitations that 

need to be acknowledged. First and foremost, this 
was an N = 2 case study. The present study demon-
strated differences in the patterns of EDr among the 
2 subjects that were prescreened to ensure that they 
met “prototypic” criteria for the 2 subgroups of in-
terest. Thus, the generalizability of the results is 
limited. Further, the N = 2 design did not allow for 
significance testing of any of the differences between 
the 2 subjects. This is particularly limiting when 
examining the EMA ratings and RQA results, as 
there are no clinical norms or comparison groups by 
which the meaningfulness of the differences can be 
assessed. Additionally, both children met criteria for 
ODD on the DISC-P, which has often been associ-
ated with EDr.4 However, behavior difficulties in 
general and ODD specifically are more commonly 
conceptualized as an outcome of EDr rather than a 
cause.14 Moreover, the 2 children demonstrated sub-
stantially divergent patterns of EDr despite the 
shared diagnosis. Another limitation concerns the 
assessment methodology. The PDA-based ratings 
allow for multiple assessments of mood, behavior, 
and irritability, but do not provide information 
about the context of the ratings. There are multiple 

internal and environmental factors that can impact 
mood, behavior, and irritability, and it was not pos-
sible to determine why a child’s ratings were elevat-
ed or decreased at any time point. The 28-day assess-
ment period also provided a limitation to this study, 
particularly given the episodic nature of the child 
with PBD ratings. Finally, it must be acknowledged 
that the PDA-based assessment methodology has 
several costs, including both the material cost of the 
PDAs and the time cost to the participants. How-
ever, both parents were able to complete greater than 
85% of assessments, and both indicated in informal 
feedback that completing ratings did not represent a 
major inconvenience in their daily routines.

CONCLUSIONS
With the recent sharp increase in new diagnoses of 
PBD,15 it has become increasingly important to 
improve the ability of clinicians and researchers to 
differentiate between “true” PBD and other pat-
terns of EDr. EDr in children can take many 
forms, and differentiating patterns of EDr can be 
very challenging. The present study provided en-
couraging evidence for the feasibility and utility 
of EMA as a tool to assist in further defining and 
differentiating patterns of EDr across PBD and 
ADHD, which may substantially improve our 
ability to understand, conceptualize, and provide 
services to these vulnerable groups of children.
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Emotional Dysregulation as a Core Feature 
of Adult ADHD: Its Relationship With 
Clinical Variables and Treatment 
Response in Two Methylphenidate Trials

ABSTRACT
Background: Previous studies have suggested that many patients with attention-deficit/hyperactivity 

disorder (ADHD) have significant emotional symptoms. This observation raises the question whether there 
are core emotional features of more severe ADHD in adults.

Objective: We combined data from 2 adult ADHD trials to compare the clinical presentation and treat-
ment response of patients with and without emotional dysregulation.

Methods: Data from 2 placebo-controlled, crossover studies examining methylphenidate were combined 
(N = 136). Using previously published criteria, scores showing an average of moderate impairment or worse 
on the Wender-Reimherr Adult Attention Deficit Disorder Scale items assessing temper, mood lability, and 
emotional overreactivity were used to categorize patients with emotional dysregulation. Both studies were 
highly positive and used many of the same measures assessing ADHD symptoms, childhood symptoms, 
social adjustment, substance abuse, and personality.

Results: Patients were 71% male and a mean of 33.7 years old. Those with emotional dysregulation 
(72%) more frequently had combined-type ADHD, more oppositional defiant symptoms, higher ADHD 
ratings, worse social adjustment, higher personality disorder ratings, and a trend toward more substance 
abuse. Both groups responded to methylphenidate. Emotional symptoms in subjects with emotional dys-
regulation also showed a very significant response (effect size = 0.83).

Conclusion: A large portion (72%) of adults with ADHD showed symptoms of emotional dysregulation. 
These patients have more severe, complex symptoms and their emotional symptoms were highly responsive 
to methylphenidate. These results support including emotional dysregulation as a core feature of more se-
vere adult ADHD. Adults with ADHD and emotional dysregulation should be viewed as a distinct sub-
group. (J ADHD Relat Disord. 2010;1[4]:53–64) © 2010 Excerpta Medica Inc.

Key words: adult, ADHD, treatment response, emotional dysregulation, impairment, personality 
disorder.

INTRODUCTION
Historical descriptions of illnesses connected with 
attention-deficit/hyperactivity disorder (ADHD) by 
Still,1 Hohman,2 and Bradley,3 and descriptions of 
minimal brain dysfunction by Wender4 and Ander-
son,5 have presented a complex, multifaceted illness 
producing significant personal distress and poten-
tially contributing to a variety of far-reaching social 

problems. In 1980, the Diagnostic and Statistical 
Manual of Mental Disorders, Third Edition (DSM-III) 
defined the disease as ADD with a narrow set of 
childhood criteria. Two conditions frequently oc-
curring with ADHD, oppositional defiant disorder 
(ODD) and conduct disorder (CD), were also pre-
sented in the DSM-III. Since then, many ADHD 
studies, both clinical and descriptive, have de-
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scribed their populations as meeting DSM-III or 
DSM-IV criteria without providing sufficient atten-
tion to the tremendous heterogeneity concealed 
within their patient populations.

In 1985, we published one of the first adult 
ADHD trials6 using a set of criteria that we later 
labeled as the “Utah criteria.” Since our initial stud-
ies preceded the publication of DSM-III, we devel-
oped our own diagnostic criteria for ADHD by ex-
amining adults who had both a history of ADHD as 
children as reported by their parents and current 
symptoms of ADHD as reported by both the pa-
tients and their significant others. We attempted to 
define a more severely impacted group of ADHD 
patients and present a description of the more com-
plex symptoms found in adults with severe ADHD. 
Besides the DSM-IV symptoms of inattentiveness, 
hyperactivity, and impulsivity, our patients com-
monly experienced 4 additional sets of symptoms 
which responded to treatment: disorganization, 
temper, affective lability, and emotional overreac-
tivity. Our description of adult ADHD symptoms 
evolved into a set of research criteria. The Wender-
Reimherr Adult Attention Deficit Disorder Scale 
(WRAADDS) was developed to assess these symp-
toms and treatment response.

The emotional symptoms associated with adult 
ADHD are distinct from mood disorder symptoms. 
Two publications by Wender7 and Williams et al8 
give a qualitative view of the symptoms. In a more 
quantitative analysis, Rosler et al9 documented that 
the emotional symptoms defined by the WRAADDS 
show a treatment response to methylphenidate in 
adults with ADHD, while the depression and anxi-
ety measured by the Symptom Checklist-90 does 
not. The ADHD patient’s temper is usually shorter 
lived and reactive to something in the environment. 
When adults with ADHD report current affective 
lability, they often report that it dates back to child-
hood. The mood shifts are usually temporally short 
(minutes to hours, not days) and are both in response 
to and separate from environmental stimuli. In  
contrast with depressed patients, the patient with  
ADHD remains responsive to environmental stim-
uli. The highs of the adult resemble the excitement 
of an overstimulated child rather than the elation of 
the hypomanic. The lows present as boredom or a 

lack of contentment, and the vegetative symptoms 
of depression are seldom present. When emotional 
overreactivity is present, it is commonly expressed 
through an inability to handle stress effectively.  
Patients may respond inappropriately to ordinary 
demands, possibly leading to a cycle where they are 
under stress and act inappropriately, leading to more 
stress. However, when the situation is resolved, the 
patient rebounds emotionally.

Since development of the Utah criteria, one of 
the most complete descriptions of childhood ADHD 
was presented in the National Institute of Mental 
Health–sponsored Multimodal Treatment Study of 
Children With ADHD (MTA). Most patients had 
significant anxiety, ODD, and/or CD symptoms 
and could be subtyped based on the presence of 
these dimensions. Only 30% had ADHD alone.10  

In 2005, we published a reanalysis on the 2 key 
studies that produced the Food and Drug Adminis-
tration (FDA) approval of atomoxetine for adult 
ADHD.11 In this paper, the WRAADDS symptoms 
of temper, affective lability, and emotional overreac-
tivity were combined into a factor that we called 
“emotional dysregulation.” Using the WRAADDS 
to assess symptoms in these trials, 35% of the pa-
tients had significant symptoms in this dimension. 
These trials excluded patients with affective disor-
ders, and used the Hamilton Rating Scale for De-
pression (HAM-D) and Hamilton Anxiety Rating 
Scale (HAM-A) to further control for affective dis-
orders. The patients in this trial had very low 
HAM-D and HAM-A scores at baseline, which did 
not improve with treatment. In 2007, we assessed 
the females in this set of studies.12 We found wom-
en had the largest treatment effect and a higher 
level of emotional dysregulation. While only limit-
ed formal factor analysis has been published verify-
ing these items as a separate ADHD dimension, 
there is substantial face validity differing these from 
the traditional DSM-IV factors of inattention and 
hyperactivity/impulsivity.

Subsequently, in 2007,13 we presented the results 
of a methylphenidate clinical trial. Similar to the 
childhood MTA study, adults with ADHD could be 
separated based on the presence of emotional and 
oppositional symptoms. Only 20% had ADHD 
alone. Both social adjustment and personality disor-
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der were assessed in this study and we found that 
problems in these areas were concentrated in these 
more complex patients.14 

Based on these data, we believe that this cluster 
of emotional symptoms frequently occurs as part  
of adult ADHD and contributes to the patient’s 
psychosocial impairment. The symptoms of emo-
tional dysregulation respond to standard ADHD 
medications in parallel with the DSM symptoms. 
To explore these hypotheses, we combined data 
from 2 trials of methylphenidate. One trial, noted 
above, used osmotic-release oral system methyl-
phenidate (OROS-MPH)13 and the other used 
methylphenidate transdermal system (MTS).15 This 
paper addresses the following questions:

1.  What percentage of ADHD patients have emo-
tional dysregulation?

2.  Are there differences between ADHD patients 
who experience emotional dysregulation and 
other adults with ADHD?

3.  Do the symptoms of emotional dysregulation 
respond to treatment?

4.  If emotional dysregulation responds to treat-
ment, does it do so parallel with traditional 
ADHD symptoms?

METHODS
The impact of emotional dysregulation was evalu-
ated using data from 2 similar studies conducted 
at the University of Utah. The University of Utah 
Institutional Review Board reviewed and ap-
proved both studies, which were similar in design 
and used sustained-release formulations of meth-
ylphenidate. One trial assessed OROS-MPH13 
and the other assessed MTS.15 Data from the 
2 studies have been combined and will be pre-
sented as one data set in this reexamination. Both 
trials were double-blind, placebo-controlled, 
crossover designs containing a screening/baseline 
phase followed by a double-blind crossover phase 
with two 4-week arms. During the double-blind 
crossover phase, patients were randomly assigned 
to 1 of 2 groups in a double-blind manner: placebo 
or active treatment. Patients were seen weekly, and 
at the end of 4 weeks, patients were crossed to the 
other treatment arm for an additional 4 weeks. 

Study Population
In both trials, patients were required to have a 

current diagnosis of adult ADHD using DSM-IV, 
Text Revision (DSM-IV-TR) criteria for ADHD and/
or the Utah criteria for ADHD in adults. This in-
cluded the requirement for clear evidence of clini-
cally significant impairment caused by ADHD. 
Patients were between 18 and 65 years of age.  
Female patients were eligible if they were of non-
childbearing potential or agreed to use an approved 
form of contraception. The following DSM-IV Axis 
I diagnoses were exclusionary: current diagnosis of 
major depressive disorder, panic disorder, obsessive- 
compulsive disorder, posttraumatic stress disorder, 
bipolar disorder, schizophrenia, or other psychotic 
disorder. Patients with a seizure disorder, untreated 
hyperthyroidism or hypothyroidism, or significant 
medical conditions likely to become unstable dur-
ing the trial or likely to be destabilized by treat-
ment with methylphenidate (eg, cardiovascular 
disease) were also excluded.

Measures
The WRAADDS and the Clinical Global  

Impressions–Severity (CGI-S) scale were used to  
assess the severity of ADHD symptoms in both  
trials at baseline and to define treatment responders. 
The CGI-S scale ranges from no symptoms (1) to 
very severely impaired (7). Responders were defined as 
having a score of 3 (mildly ill) or better. ADHD 
symptoms were also assessed by the ADHD Rating 
Scale (ADHD-RS) in the OROS-MPH trial and by 
the Conners Adult ADHD Rating Scale (CAARS)  
in the MTS trial. Emotional dysregulation is used  
as a dimensional measure using the sum of the  
3 WRAADDS scales. It is also used to categorize 
patients based on the severity of emotional dysregu-
lation at baseline using previously published crite-
ria11 of scores ≥7 on the 3 WRAADDS scales. 
Scores ≥7 indicate at least moderate impairment. 
Not only is there face validity in distinguishing these 
symptoms from the DSM factors of inattention and 
hyperactivity/impulsivity, but prior analysis found 
that: (1) the 3 items made a factor separate from the 
DSM items; (2) the 7 items of the WRAADDS had 
high internal consistency with a Cronbach’s α >0.80; 
and (3) a strong treatment effect was evident for the 
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WRAADDS using the 7 individual items or com-
bining them into 3 factors.16

The self-report ADHD (SR-WRAADDS) scale 
mirrors items from both the WRAADDS and the 
Wender Utah Rating Scale (WURS). It is being 
developed as an adult-oriented questionnaire that 
assesses the 7 symptom areas of the WRAADDS as 
well as symptoms in 4 other areas: oppositional de-
fiant symptoms, academic impairment, symptoms 
not otherwise specified (NOS), and social function-
ing. It uses a 5-point scale ranging from 0 = none 
to 4 = very much. Copies of this scale are available 
from the corresponding author. The determination 
of having significant ODD symptoms was based on 
having a moderate impairment on the ODD items 
in this scale.

The Parent Rating Scale (PRS) and the WURS 
were used to help verify childhood symptoms of 
ADHD in the patients before randomization. Both 
scales have published cutoff scores which indicate 
that childhood ADHD was present.7 Not all pa-
tients completed both scales; 124 patients com-
pleted the WURS and 104 patients had parents 
who completed the PRS.

In both studies, the Wisconsin Personality Disor-
ders Inventory (WISPI-IV)17,18 and the Structured 
Clinical Interview for DSM-IV-TR Personality Dis-
order (SCID-II)19,20 were used to measure personal-
ity. In a previous study,21 we showed that both 
scales produced an acceptable estimate of personal-
ity disorder in adult patients with ADHD. In this 
study, we showed that the average number of items 
endorsed on the SCID-II screening questionnaire 
and the average z score on the WISPI-IV both pro-
vided an estimate of the severity of personality 
disorder.  

Finally, the presence of substance abuse was as-
sessed during the study intake process in each study.

Data Analysis and Statistical Procedures
Baseline differences between patients who did or 

did not exhibit emotional dysregulation were as-
sessed using the Student t test for continuous vari-
ables, the χ2 test for dichotomous variables, and the 
Mann-Whitney U test for ordinal variables.

Treatment effects were assessed using repeated-
measures ANOVA including sex, study (OROS-MPH 

vs MTS), and emotional dysregulation status  
(ADHD + ED [patients with emotional dysregula-
tion scores of 7 or greater] or non-ED [patients with 
emotional dysregulation scores below 7]) as vari-
ables. Improvement for the CGI-S was assessed us-
ing both the McNemar test and the Fisher exact test.

Pearson correlation coefficients were used to as-
sess the relationships between the 3 WRAADDS 
factors at baseline and to document whether they 
improved in parallel. 

All analyses were done using the SPSS 13.0 sta-
tistical package (SPSS Inc., Chicago, Illinois). All 
statistics were 2-tailed with P < 0.05.

RESULTS
Baseline

At baseline, 136 patients signed consent forms to 
start the screening process, and completed sufficient 
intake evaluations to be assessed for ADHD and 
emotional dysregulation in these 2 trials.  As seen 
in Table I, 72% of the sample were categorized 
ADHD + ED. Of the females, 83% were catego-
rized ADHD + ED compared with 68% of males. 
This difference did not meet statistical significance 
(χ2 = 2.8, df = 1, P = 0.09).

There were significant differences in the ADHD 
subtypes. As seen in Table I, non-ED patients were 
more likely to be attentional type only while  
ADHD + ED patients were more likely to be com-
bined type. Additionally, ADHD + ED patients 
had higher ODD symptom levels.

Emotional dysregulation was associated with 
higher symptom levels on most clinical scales.  On 
the investigator-rated WRAADDS, ADHD + ED 
patients had significantly higher scores in the 
symptom area of hyperactivity + impulsivity (t = 
8.9, df = 133, P < 0.001). The investigators also 
rated these patients as more impaired in the CGI-S 
scale (z = 5.0, P < 0.001). On the SR-WRAADDS, 
ADHD + ED patients had higher symptom loads in 
attention + disorganization (t = 2.7, df = 130, P = 
0.007), hyperactivity + impulsivity (t = 2.2, df = 
130, P = 0.03), and oppositional defiant symptoms 
(t = 5.1, df = 129, P < 0.001), and poorer social 
adjustment (t = 4.3, df = 110, P < 0.001).  

There was a significant positive relationship be-
tween the 3 primary WRAADDS factors at base-
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line. Emotional dysregulation correlated with at-
tention + disorganization (r = 0.379, n = 136, P < 
0.001) and hyperactivity + impulsivity (r = 0.459, 
n = 136, P < 0.001). In comparison, attention + 
disorganization correlated with hyperactivity + im-
pulsivity (r = 0.276, n = 136, P = 0.001). Similarly, 
in the SR-WRAAADDS, the symptoms of emo-
tional dysregulation correlated with attention + 
disorganization (r = 0.465, n = 133, P < 0.001) and 
hyperactivity + impulsivity (r = 0.573, n = 133, 
P < 0.001), while attention + disorganization cor-
related with hyperactivity + impulsivity (r = 0.485, 
n = 133, P < 0.001). Consequently, emotional dys-
regulation correlated at least as closely with each of 
the other 2 ADHD symptom dimensions as they 
did with each other.

Patients with emotional dysregulation had high-
er ADHD pathology in both assessments of child-
hood ADHD. On the patient-rated WURS, the 
mean (SD) of patients with emotional dysregulation 
was 57.7 (14.9) while the mean of patients without 
emotional dysregulation was 42.5 (16.5). This dif-
ference was significant (t = 4.9, df = 123, P = 
0.001). On the PRS, the mean of patients with 
emotional dysregulation was 18.9 (6.6) while the 
mean of patients without emotional dysregulation 
was 16.4 (6.7). This difference approached signifi-
cance (t = 1.8, df = 103, P = 0.07).

All 3 measures of personality disorder showed an 
increased level of personality disorder in ADHD 
patients with emotional dysregulation. This dis-
tinction was greater on the dimensional measures 
than on the categorical measure. Finally, there was a 
trend for emotional dysregulation patients to have 
higher levels of substance abuse.

EFFICACY
A total of 99 patients furnished outcome data 
from these 2 trials.

Patients with and without emotional dysregula-
tion experienced significant treatment effects  
(Table II). For the total WRAADDS, treatment was 
significant (F1,84 = 17.6, P < 0.001) with a Cohen’s 
effect size of d = 0.90. However, the interaction 
between treatment and emotional dysregulation sta-
tus was not significant (ADHD + ED vs non-ED)  
(F1,84 = 0.032, P = 0.857); the study (OROS-MPH 

vs MTS) did not interact with treatment (F1,84 = 
3.0, P = 0.09); and sex (male vs female) was not 
significant (F1,84 = 0.2, P = 0.66). The similar treat-
ment effects experienced by the 2 groups were evi-
denced by comparing their individual Cohen’s  
d scores. For ADHD + ED patients, it was d = 0.88 
and for non-ED patients, it was d = 1.25. While all 
3 dimensions of the WRAADDS had significant 
treatment effects, emotional dysregulation status 
was not associated with a higher or lower treatment 
response for the total WRAADDS. The factor at-
tention + disorganization had a significant treat-
ment effect (F1,67 = 21.5, d = 0.94, P < 0.001) but 
the interaction of treatment and emotional dysregu-
lation status was not significant (F1,67 = 0.52, P = 
0.47). Similarly, hyperactivity + impulsivity had a 
significant treatment effect (F1,67 = 22.7, d = 0.84, 
P < 0.001) but the interaction between treatment 
and emotional dysregulation status was not signifi-
cant (F1,67 = 0.70, P = 0.407). Finally, the symp-
toms of emotional dysregulation had a significant 
treatment effect (F1,67 = 10.9, d = 0.74, P < 0.001) 
but the interaction between emotional dysregula-
tion status and improvement in these symptoms 
was not significant (F1,67 = 0.27, P < 0.605).  

When assessed separately, ADHD + ED patients 
improved in the total WRAADDS (F1,67 = 22.1, 
P < 0.001) and in all 3 subscales: attention + disor-
ganization (F1,67 = 23.5, P < 0.001), hyperactivity + 
impulsivity (F1,67 = 21.6, P < 0.001), and emo-
tional dysregulation (F1,67 = 19.2, P < 0.001). More 
patients met CGI-S criteria for improvement in the 
active treatment arm (χ2 = 10.3, P = 0.001). In 
comparison, the small sample of non-ED patients 
improved in the total WRAADDS (F1,17 = 7.3, 
P = 0.015) and 2 of the 3 subscales: attention + 
disorganization (F1,17 = 7.1, P = 0.017) and hyper-
activity + impulsivity (F1,17 = 11.0, P = 0.004), 
but only approached significance for emotional dys-
regulation (F1,17 = 3.8, P = 0.067). This lack of 
significance reflects the limited room for improve-
ment on this measure in the non-ED group. Treat-
ment effects using the SR-WRAADDS were signif-
icant for all but the social adjustment scale for the 
ADHD + ED patients: attention + disorganization 
(F1,58 = 15.2, P < 0.001); hyperactivity + impulsivity 
(F1,58 = 18.9, P < 0.001); emotional dysregulation 

Copyri
ght ©

 Exc
erp

ta 
Med

ica
, 2

01
0

Not fo
r C

ommerc
ial

 

Dist
rib

utio
n



Journal of ADHD & Related Disorders      Vol. 1, No. 4

60

TA
B

LE
 I

I.
  O

U
TC

O
M

E 
FO

R
 A

D
H

D
 C

LI
N

IC
A

L 
S

C
A

LE
S

 A
S

 A
 F

U
N

C
TI

O
N

 O
F 

TR
EA

TM
EN

T 
(A

C
TI

V
E 

TR
EA

TM
EN

T 
O

R
 P

LA
C

EB
O

).
  

N
on

-E
D

(N
 =

 2
8)

A
D

H
D

 +
 E

D
(N

 =
 7

1)

P
la

ce
bo

A
ct

iv
e 

T
x

P
*

C
oh

en
’s 

d
P

la
ce

bo
A

ct
iv

e 
T

x
P

*
C

oh
en

’s 
d

W
R

A
A

D
D

S 
to

ta
l, 

m
ea

n
 (

SD
)

15
.5

 (
6.

2)
8.

1 
(5

.6
)

 0
.0

15
1.

25
19

.9
 (

7.
0)

13
.2

 (
8.

2)
 0

.0
00

0.
88

 
A

tt
en

ti
on

 +
 d

is
or

ga
ni

za
ti

on
 6

.2
 (

2.
5)

3.
0 

(2
.2

)
 0

.0
17

1.
36

6.
4 

(2
.2

)
 4

.3
 (

2.
7)

 0
.0

00
0.

86

 
H

yp
er

ac
ti

vi
ty

 +
 i

m
pu

ls
iv

it
y

 4
.8

 (
2.

3)
2.

7 
(1

.8
)

 0
.0

04
1.

02
5.

5 
(2

.0
)

 3
.8

 (
2.

2)
 0

.0
00

0.
81

 
E

m
ot

io
na

l 
dy

sr
eg

ul
at

io
n

 4
.6

 (
2.

6)
2.

5 
(2

.5
)

-0
.0

67
-0

.8
2

8.
0 

(3
.3

)
 5

.1
 (

3.
7)

 0
.0

00
0.

83

C
G

I-
S,

 n
 (

%
) 

im
p

ro
ve

d
 

4 
(1

7)
18

 (
75

)
 0

.0
04

N
A

 1
6 

(2
3)

 4
1 

(5
6)

 0
.0

01
N

A

Se
lf

-R
ep

or
t 

W
R

A
A

D
D

S,
 m

ea
n

 (
SD

)

 
A

tt
en

ti
on

 +
 d

is
or

ga
ni

za
ti

on
 2

.3
 (

0.
9)

1.
3 

(0
.8

)
 0

.0
03

1.
18

2.
5 

(1
.1

)
 1

.7
 (

1.
1)

 0
.0

00
0.

73

 
H

yp
er

ac
ti

ve
 +

 i
m

pu
ls

iv
e

 1
.7

 (
1.

1)
1.

2 
(0

.8
)

 0
.0

14
0.

57
2.

1 
(1

.1
)

 1
.4

 (
1.

0)
 0

.0
00

0.
67

 
E

m
ot

io
na

l 
dy

sr
eg

ul
at

io
n

 1
.1

 (
0.

8)
0.

7 
(0

.6
)

0.
09

0.
41

2.
0 

(1
.0

)
 1

.5
 (

1.
0)

 0
.0

04
0.

50

 
O

pp
os

it
io

na
l 

de
fi

an
t

 0
.7

 (
0.

7)
0.

6 
(0

.4
)

0.
75

0.
18

1.
4 

(0
.9

)
 1

.1
 (

0.
9)

 0
.0

18
0.

33

 
A

ca
de

m
ic

 i
m

pa
ir

m
en

t
 1

.9
 (

1.
1)

1.
3 

(1
.1

)
0.

25
0.

54
2.

1 
(1

.2
)

 1
.6

 (
1.

0)
 0

.0
05

0.
45

 
N

O
S

 1
.0

 (
0.

7)
0.

7 
(0

.6
)

0.
12

0.
46

1.
4 

(0
.8

)
 1

.1
 (

0.
8)

 0
.0

23
0.

38

 
So

ci
al

 a
dj

us
tm

en
t

 0
.8

 (
0.

5)
0.

5 
(0

.5
)

0.
12

0.
60

1.
7 

(1
.0

)
 1

.6
 (

1.
0)

0.
26

0.
10

A
D

H
D

 =
 a

tt
en

ti
on

-d
ef

ic
it

/h
yp

er
ac

ti
vi

ty
 d

is
or

de
r;

 N
on

-E
D

 =
 p

at
ie

nt
s 

w
it

h 
em

ot
io

na
l d

ys
re

gu
la

ti
on

 s
co

re
s 

be
lo

w
 7

; A
D

H
D

 +
 E

D
 =

 p
at

ie
nt

s 
w

it
h 

em
ot

io
na

l d
ys

re
gu

la
-

ti
on

 s
co

re
s 

of
 7

 o
r 

gr
ea

te
r;

 A
ct

iv
e 

T
x 

=
 m

ed
ic

at
io

n 
ar

m
 (o

sm
ot

ic
-r

el
ea

se
 o

ra
l s

ys
te

m
 m

et
hy

lp
he

ni
da

te
 o

r 
m

et
hy

lp
he

ni
da

te
 t

ra
ns

de
rm

al
 s

ys
te

m
); 

W
R

A
A

D
D

S 
=

 W
en

de
r-

R
ei

m
he

rr
 A

du
lt

 A
tt

en
ti

on
 D

ef
ic

it
 D

is
or

de
r 

Sc
al

e;
 C

G
I-

S 
=

 C
li

ni
ca

l 
G

lo
ba

l 
Im

pr
es

si
on

s–
Se

ve
ri

ty
 s

ca
le

; N
O

S 
=

 n
ot

 o
th

er
w

is
e 

sp
ec

if
ie

d.

*P
 r

es
ul

ts
 f

ro
m

 r
ep

ea
te

d-
m

ea
su

re
s 

A
N

O
V

A
 (

co
nt

ro
ll

in
g 

fo
r 

se
x 

an
d 

st
ud

y)
 e

xc
ep

t 
C

G
I-

S 
w

hi
ch

 r
es

ul
te

d 
fr

om
 χ

2 .

Copyri
ght ©

 Exc
erp

ta 
Med

ica
, 2

01
0

Not fo
r C

ommerc
ial

 

Dist
rib

utio
n



Journal of ADHD & Related Disorders      Vol. 1, No. 4

61

(F1,58 = 9.1, P = 0.004); oppositional defiant symp-
toms (F1,58 = 5.9, P = 0.018); academic impairment 
(F1,51 = 8.8, P= 0.005); NOS (F1,58 = 5.5, P = 
0.023); and social adjustment (F1,51 = 1.3, P = 
0.26). Treatment effects for the smaller sample of 
non-ED patients were significant for only 2 of the 
SR-WRAADDS scales: attention + disorganization 
(F1,15 = 8.3, P = 0.015); hyperactivity + impulsiv-
ity (F1,15 = 5.2, P = 0.037); emotional dysregula-
tion (F1,15 = 2.0, P = 0.71); oppositional defiant 
symptoms (F1,15 = 0.1, P = 0.75); academic impair-
ment (F1,10 = 1.5, P = 0.25); NOS (F1,15 = 2.8, P = 
0.12); and social adjustment (F1,10 = 3.0, P = 0.12).  

There was a significant positive correlation  
between change scores, defined as the difference be-
tween active treatment and placebo conditions, for 
the 3 primary WRAADDS factors. Change scores 
for emotional dysregulation correlated with atten-
tion + disorganization (r = 0.896, n = 92, P < 
0.001) and hyperactivity + impulsivity (r = 0.886, 
n = 92, P < 0.001). In comparison, attention + 
disorganization correlated with hyperactivity + im-
pulsivity (r = 0.874, n = 92, P < 0.001). Similarly, 
in the SR-WRAAADDS, change scores for the 
symptoms of emotional dysregulation were corre-
lated with attention + disorganization (r = 0.875,
n = 81, P < 0.001) and hyperactivity + impulsivity 
(r = 0.898, n = 81, P < 0.001), while attention + 
disorganization correlated with hyperactivity +  
impulsivity (r = 0.866, n = 81, P < 0.001).

DISCUSSION
The earliest reports on ADHD-like conditions 
noted that many patients showed a combination 
of attentional, emotional, and conduct symp-
toms.1–3 Since the initial adult trials in 1976, we 
have examined the symptoms of adults with  
ADHD using interviews with their parents, sig-
nificant others, and themselves. These reports 
have consistently included 3 emotional symp-
toms, temper, affective lability, and emotional 
overreactivity, that Wender included in the Utah 
criteria.7 While these symptoms were developed 
pragmatically, theories underlying ADHD give 
increasing support for their inclusion as basic 
components of ADHD. Barkley and Murphy22 
suggested that ADHD represents a developmental 

delay in response inhibition processes including 
self-regulation of affect/motivation/arousal. Symp-
toms of emotional dysregulation appear to fit 
within this concept as a part of ADHD, not a co-
morbid condition.

Our first question was: “What percent of ADHD 
patients have emotional dysregulation?” We found 
that 70% had at least moderate levels of emotional 
dysregulation symptoms at baseline. Emotional 
dysregulation constituted 79% of the sample in the 
OROS-MPH trial and 67% in the MTS trial. Since 
other Axis I disorders were exclusionary, there is 
little reason to believe that these symptoms resulted 
from comorbid mood or anxiety disorders.

The second question was: “Are there differences 
between ADHD patients who experience emotional 
dysregulation and other adults with ADHD?” We 
found multiple differences. In general, ADHD + 
ED patients were more impaired in several areas 
compared with non-ED patients. They were more 
likely to have combined-type ADHD, and had 
higher childhood and adult ADHD symptom loads. 
In a previous trial of atomoxetine,13 we found that 
women had a higher symptom load, primarily ex-
plained by a higher frequency of emotional dysregu-
lation and hyperactivity + impulsivity symptoms. 
They were more likely to be diagnosed with  
combined-type ADHD. That observation was repli-
cated in this trial; compared with the non-ED 
group, a greater percentage of the ADHD + ED 
group were women and had combined-type 
ADHD.

In a previous analysis of the OROS-MPH trial,14 
we reported that the WRAADDS scores for hyper-
activity + impulsivity (P = 0.024) and emotional 
dysregulation (P < 0.001) were significantly higher 
for patients who had one or more personality disor-
ders. We also found that a personality disorder was 
associated with the presence of emotional dysregu-
lation. In this analysis, ADHD + ED patients had 
higher baseline values on the personality disorder 
measures. 

Our third question was: “Do the symptoms of 
emotional dysregulation respond to treatment?” 
ADHD + ED patients demonstrated a treatment re-
sponse that was at least as good as the non-ED pa-
tients. Attention + disorganization, hyperactivity + 
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impulsivity, and emotional dysregulation improved 
for these patients. In the ADHD + ED patients, the 
effect size for the symptoms of emotional dysregula-
tion was large. Surprisingly, non-ED patients expe-
rienced benefits for these symptoms that approached 
significance, suggesting that treatment may be ben-
eficial even if the level of emotional dysregulation is 
mild.  

The OROS-MPH trial used the ADHD Rating 
Scale (ADHD-RS) and the MTS trial used the Con-
ners Adult ADHD Rating Scale (CAARS). While 
the psychometric properties of the 2 scales preclude 
combining them for analysis in this trial, they are 
worth reporting. Within the OROS-MPH trial, 
ADHD + ED patients demonstrated a significant 
treatment response using the Adult ADHD Inves-
tigator Symptom Report Scale (AISRS) as the out-
come measure (F1,31 = 11.7, P < 0.002). Within the 
MTS trial, ADHD + ED patients demonstrated a 
significant treatment response using the CAARS as 
the outcome measure (F1,34 =  13.2, P = 0.001). 

Finally, our fourth question was: “If emotional 
dysregulation responds to treatment, does it do so 
parallel with traditional ADHD symptoms?” The 
symptoms of emotional dysregulation responded to 
treatment in parallel with the DSM symptoms of 
attention + disorganization and hyperactivity + 
impulsivity. When we correlated the change scores 
in either the active treatment group or the placebo 
group for these 3 symptom groups, we found that 
when patients improved in one area, they almost 
always experienced improvement in the other symp-
toms at the same time. Change scores between the 
3 factors were highly correlated and all 3 correla-
tions were above r = 0.8.

Very few other studies of ADHD have assessed 
emotional symptoms in ADHD in this manner. 
Oddly, symptoms described as emotional dysregula-
tion have been addressed perhaps more frequently 
in disorders other than ADHD, including anxiety 
disorder,23 major depression,24 and bipolar disor-
der.25,26 Two sets of studies have addressed emo-
tional dysregulation in patients with conditions 
that might be considered ADHD-spectrum condi-
tions or closely related conditions. First, in 2006, 
Brotman et al27 reported on children with severe 
mood dysregulation that he defined as similar to 

child bipolar disorder, but lacking the key defini-
tional criteria of mania. Many of these children had 
ADHD, ODD, and/or CD. Second, in adult person-
ality disorder in general28-30 and in borderline per-
sonality in particular,31,32 emotional dysregulation 
has been considered a critical dimension. The rela-
tionship between emotional dysregulation as de-
scribed in these disorders and the version of emo-
tional dysregulation used in these trials remains 
unexplored.

At this time, we still believe that the diagnosis of 
ADHD should be based on presence of sufficient 
attentional and/or hyperactivity/impulsivity symp-
toms. We view this set of emotional symptoms as 
being descriptive of more severely impaired adults 
with ADHD. Consequently, we would then advo-
cate that patients with high levels of emotions be 
viewed as a distinct subgroup of adults with  
ADHD. In our studies, approximately 70% of the 
adults with ADHD have this set of symptoms. We 
suspect that the presence of emotional symptoms 
leads many clinicians to miss the diagnoses of  
ADHD. We also believe that such patients fre-
quently end up on other psychotropic medications 
instead of those indicated for the treatment of 
ADHD.

This study had several limitations. First, the data 
were taken from 2 clinical trials as opposed to being 
an epidemiologic sample or using a random sample 
of psychiatric patients. Next, although both studies 
were positive, the MTS trial had a higher level of 
efficacy. The trials included different DSM-based 
ADHD scales. One study used the ADHD-RS and 
the other study used the CAARS, which differ 
enough that they could not be combined for this 
analysis. We are preparing to publish standardiza-
tion data for the WRAADDS, but it has yet to go 
through the process of peer review. Finally, this 
study contains data from a self-report version of the 
WRAADDS and standardization data for this scale 
are being collected.

CONCLUSION
Data from 2 clinical trials of methylphenidate 
were combined for this report. Together they sup-
port including the 3 symptoms in emotional dys-
regulation as core symptoms of adult ADHD. In 
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the absence of other Axis I disorders, many of the 
patients were experiencing at least moderate im-
pairment in emotional dysregulation. These symp-
toms help to define more complex and impaired 
patients with ADHD. The symptoms of emotional 
dysregulation responded to treatment in parallel 
with the 2 traditional DSM symptoms.  
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Every person 
with ADHD has a 
unique portrait.
Now you can see it 
objectively.
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Find us on Facebook 
“Objective ADHD Test”

Good Medicine is Good Practice
The Quotient™ ADHD System can help 
you make the best decisions possible 
for the health of your patients and the 
development of your clinical practice. 

Learn More Links:
http://biobdx.com/Products.aspx Test administration and report interpretation
http://biobdx.com/Products/PatientReports.aspx Download case studies 
http://biobdx.com/AboutUs/News.aspx Video clips from local and national news

Objective Measures of the DSM-IV Criteria 

The Quotient™ ADHD System measures motion and analyzes shifts in 
attention state to give an objective picture of the core symptom areas of ADHD.
• Use the Quotient™ ADHD Test at the initial visit to assess severity of 

hyperactivity, inattention and impulsivity, especially with complex 
patients.

• Use the objective report to streamline the discussion with 
parents. Maximize work flow and efficiency.  

• Re-assess the patient periodically at follow-up visits to 
guide treatment plans. 

Call 877-246-2397 or e-mail 
Quotient-ADHD@BioBDx.com to 
schedule a personal webinar.
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