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Abstract

Attention-deficit/hyperactivity disorder (ADHD) diagnoses require symptoms to be present in two settings. Low levels of
concordance between symptoms rated at home and school raise questions regarding this approach. The aim was to examine
whether there are sub-groups with context-specific expressions of ADHD symptoms (i.e., at home or school only) with
clinically significant problems sufficient to support a new diagnostic formulation. We applied latent class transition analysis
to parent and teacher data (N=10,476) from the Avon Longitudinal Study of Parents and Children (ALSPAC), collected at
ages 8, 10, and 20 years. We examined the short-term stability of emergent classes and their childhood and adult-associated
risk profiles. In addition to an Unaffected class (~45%), there was a Pervasive Combined class with elevated inattentive and
hyperactive/impulsive symptoms at both home and school (~11%) and three classes with situational expressions; School
Combined (~9%), Home Combined (~18%), and School Inattentive (~16%). Stability ranged from 0.27 to 0.78. The Pervasive
Combined class was most symptomatic and impaired. School inattentive also displayed clinical symptom levels, whereas
the School and Home Combined classes displayed subclinical levels. Different profiles regarding sex, cognition, conduct
problems, and substance use emerged for the three situational classes. Distinct groupings of pervasive and situational ADHD
expressions are identifiable in the general population. The isolation of a stable and burdensome Pervasive Combined class
lends support to the current diagnostic approach. However, there are indications of situational expressions of ADHD with
clinical symptom levels and associated difficulties.
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Attention-deficit/hyperactivity disorder (ADHD) is a com-
mon and impairing neurodevelopmental condition of exces-
sive levels of persistent inattention and/or hyperactivity/
impulsivity, with associated concurrent and future difficul-
ties such as comorbid psychopathology, poor socio-eco-
nomic status, impaired cognition, and substance abuse [1].
For a diagnosis to be made, symptoms need to be manifest
in at least two contexts—most often interpreted as school
and home [2]. When symptoms are expressed in only one
setting no diagnosis can be made. This ensures that the
condition is not just an adverse reaction to difficulties in
a particular setting. However, the low correlation between
parent and teacher ratings of ADHD symptoms (~r=0.40)
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such discrepancies have been found to indicate real cross-
contextual incongruence regarding symptoms of ADHD and
disruptive behavior, in addition to rater differences and bias
[4,5].

Based on this, new formulations of psychopathology
have been proposed, that wish to move away from psycho-
pathology as generalized traits and consider situationally-
based symptoms (such as ADHD) as discrete phenomena
[5]. Despite this, the question of whether distinct groups
of individuals with clinically significant situational expres-
sions of ADHD can be identified empirically in the gen-
eral population has rarely been addressed. Most focus has
been on whether a school-situational clinical variant exists.
Murray and colleagues used growth mixture modeling in
a longitudinal cohort study and found evidence of school-
situational displays of ADHD symptoms, but not for a home-
situational subtype [6]. Their results indicated that low self-
control predicted consistently high symptoms across time
and that changing symptom levels across time was associ-
ated with time-varying factors such as poor relationships
with teachers. Other work found that the school-situational
form shared some characteristics with pervasive ADHD in
terms of elevated levels of conduct problems compared to
home-situational ADHD [7]. Preliminary evidence suggests
that females may be over-represented in home-situational
presentations [8], which may contribute to their low rates of
diagnosis. Although this prior work suggests some support
for considering setting-specific ADHD presentations, it has
been limited in a number of ways—especially its neglect
of the inattentive symptom domain, its focus on males, its
lack of power due to small samples, and its failure to thor-
oughly examine clinical correlates including a broad range
of comorbid issues and cognition such as IQ and various
aspects of attention [6, 7, 9].

Aims and hypotheses

To inform a potential new clinical formulation that consid-
ers situational displays of ADHD symptoms, we set out to
examine expressions and stability of pervasive and situ-
ational ADHD ‘types’ and their concurrent and future clini-
cal correlates. We aimed to address the following research
questions (RQs):

RQ 1. Can latent classes of individuals with pervasive
and situational expressions of ADHD symptoms be iden-
tified on the basis of parent (home) and teacher (school)
symptom ratings at 8 (T1) and 10 years (T2)? We hypoth-
esized the existence of distinct pervasive and school- and
home-situational classes.

RQ 2. How do these classes differ in terms of symptom
profile and severity, impairment, and co-occurring symp-
toms of psychopathology? Based on previous findings
[7], we hypothesized that pervasive classes would be the
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most symptomatic and impaired and that school-situational
classes would be more symptomatic and impaired than
home-situational classes.

RQ 3. Is class membership stable between T1 and T2? We
expected latent class membership to be relatively stable (i.e.,
that it would be more common to remain in the same class
compared to change class) over a 2-year period.

RQ 4. Can classes at T1 and/or T2 be distinguished in
terms of risk factors and long-term outcomes? Based on
previous findings [7], we hypothesized that pervasive and
school-situational classes would have weaker cognitive func-
tioning and display worse long-term outcomes than home-
situational classes.

Method
Participants

All data were collected as part of the Avon Longitudinal Study
of Parents and Children (ALSPAC) [10, 11]. Pregnant women
resident in Avon, UK with expected delivery dates between
April 1991 and December 1992 were invited to take part in
the study. Of the 20,248 eligible pregnancies, 14,541 were
enrolled, with 13,988 children still alive at 1 year of age. After
an attempt to bolster the initial sample with eligible cases who
did not join the study originally, the total sample size for anal-
yses was 14,901 children who were alive at 1 year of age. We
used data collected at~ 8 years (T1; n=6306-8361),~ 10 years
(T2; n=7576-8018), and ~ 20 years (T3; n=3273-4233).
Individuals with IQ> 70 (assessed at T1) and data from at
least one time point were included in the main analyses, ren-
dering a final sample of N=10,476 (50.9% males).

Data were transferred to the authors after data access
agreements between the University of Bristol and the authors
and their respective institutions. Ethical approval was
obtained from the ALSPAC Law and Ethics Committee, the
Local Research Ethics Committees, and the Swedish Ethical
Review Authority (Dnr. 2020-04782), in line with the Hel-
sinki Declaration of 1975. Informed consent was implied for
completed tasks and returned questionnaires, following the
recommendations of the ALSPAC Ethics and Law Committee
at the time. Further details about the design of the study, the
data dictionary, data access, and ethical approval are available
from: http://www.bristol.ac.uk/alspac/researchers/our-data/.

Measures

Symptoms of ADHD, impairment, and co-occurring
psychopathology at T1 and T2

Parents and teachers rated the 18 ADHD symptoms (9 inat-
tentive and 9 hyperactive/impulsive) from the Diagnostical
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and Statistical Manual (DSM) on a scale from 1 to 3 (1="no
more than others”, 2 =“a little more than others”, and 3 “a
lot more than others”). Cronbach’s alpha for the different
ADHD symptom domains ranged from a=0.91 to 0.94.
They rated four items regarding the degree to which symp-
toms interfered with daily functioning on a scale from 1
to 4 (1="not at all”, 2="only a little”, 3 =“quite a lot”,
and 4 ="a great deal”). Cronbach’s alpha for impairment
ranged from a=0.82 to 0.84. They rated 15 items of emo-
tional symptoms, conduct problems, and peer problems on
the Strength and Difficulties Questionnaire (SDQ) [12] on
a scale from 1 to 3 (1 ="“not true”, 2 =“somewhat true”,
and 3 ="“certainly true”). Cronbach’s alpha for the SDQ sub-
scales ranged from ¢ =0.51 to 0.80. Higher values indicated
more symptoms.

Socio-economic status atT1

Mothers rated their highest education level (0 =“no qualifi-
cation”, 1 ="Certificate of secondary education”, 2="Voca-
tional”, 3 =0 level”, 4="A level”, 5="“Degree”) and
reported family take-home income per week from 1 (“less
than £100) to 5 (“more than £400”).

Child cognition at T1

The subtest Attention Sky Search from the Test of Everyday
Attention for Children (TEA-Ch) was used to assess selec-
tive attention [13]. The task was to circle pairs of identical
spaceships as fast as possible. The final score was the aver-
age time to correct the identification of each pair (controlling
for motor speed in a second control trial). Higher values
indicated poorer selective attention. The TEA-Ch has shown
good construct validity [13] and has been used to assess
attention abilities in ADHD [14].

The subtest Attention Dual Task from the TEA-Ch was
used to asses dual attention [13]. An auditory stimulus was
presented simultaneously as the Attention Sky Search task,
and the task was to correctly identify pairs of spaceships and
count the auditory tones. The final score was the average
time taken to identify the pairs, divided by the proportion
of correctly counted auditory signals (i.e., poor counting
inflated the scores). Higher values indicated poorer dual
attention.

The subtest Opposite Worlds from the TEA-Ch was used
to assess attentional control [13]. An array of the digits 1
and 2 were presented, and the task was to say the opposite
for each digit as fast as possible, inhibiting the pre-potent
response (i.e., say “two” when 1 was presented). The final
score was the total time spent on the task (which was not
completed until correct responses had been made). Higher
values indicated poorer attentional control.

Participants completed a short-form alternate item
Wechsler Intelligence Test for Children, 3rd edition to esti-
mate IQ [15].

Maternal mental health at T1

Mothers completed the 10 depression items on the Edin-
burgh Postnatal Depression Scale (EPDS) on a scale from
1 (“most of the time”) to 4 (“never”) [16]. Scores were
reversed, so that higher mean values indicated more depres-
sion. Cronbach’s alpha was @ =0.88. Mothers also rated the
20 items of the trait scale of the State-Trait Anxiety Inven-
tory (STAI) from 1 (“does not apply”) to 4 (“certainly
applies”) [17]. Higher mean values indicated more anxiety.
Cronbach’s alpha was a=0.92.

Long-term outcomes at T3

Participants rated 12 items derived from the Edinburgh
Study of Youth Transitions and Crime, on a scale from 1
(“not at all”) to 4 (“6 or more times”) [18]. Higher mean
values indicated more conduct problems. Cronbach’s alpha
was a=0.58.

Participants rated 13 items of the short Mood and Feel-
ings Questionnaire on a scale from 1 (“true”) to 3 (“not
true”) [19]. Reversed mean scores indicated more depres-
sion. Cronbach’s alpha was a=0.92. They also rated 7 items
from the Generalized Anxiety Disorder (GAD-7) Scale on
a scale from 1 (“not at all”) to 4 (“nearly every day”) [20].
Higher mean values indicated more anxiety. Cronbach’s
alpha was a=0.91.

Participants rated one item regarding being currently
employed, in education, or in training (1 ="no”, 2="yes”),
which was used as the measure for education/employment.

Participants reported (yes/no) ever using a list of seven
drugs: cannabis, cocaine, amphetamine, inhalants, sedatives,
hallucinogens, and opioids. The sum (0-7) was used as the
measure for drug use. Cronbach’s alpha was a=0.74. They
also rated 10 items of the Alcohol Use Disorders Identifi-
cation Test (AUDIT) on a scale from 0 to 4 [21]. The sum
score value indicated the level of alcohol use. Cronbach’s
alpha was a=0.79.

Statistical analyses

The study was pre-registered on the Open Science Frame-
work (link: https://osf.io/qvr7h/?view_only=494ca2baal
6b4£f019a00bca885¢c76704). All models were estimated
with Mplus (version 8.6). To handle missing data, we used
a modified joint likelihood approach, which allowed us to
include participants with data from at least one data point in
the analyses under the missing at random assumption [22].
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See Fig. 1 for a graphical representation of the overall ana-
lytical model.

To answer RQ 1, we used latent class analysis (LCA) at
T1 and T2 to evaluate subgroups within the population [23].
One to 10 classes were estimated with the expectation—maxi-
mization algorithm (500 random sets of starting values and
100 final stage optimizations). The individual ADHD symp-
toms as rated by parents and teachers (in total 36 items)
served as categorical indicators. Each item was dichoto-
mized, in that a rating of 1 =non-endorsement and a rating
of 2 or 3 =symptom endorsed. We compared models using
commonly employed fit statistics: Bayesian Information
Criteria (BIC), Akaike Information Criteria (AIC), sample-
adjusted BIC, and p value for Vuong—-Lo—Mendell-Rubin
likelihood ratio test (VLMR-LRT). BIC is commonly con-
sidered the most reliable indices and the VLMR-LRT has
been criticized for relying on incorrect assumptions [24].
Thus, BIC was the primary fit index used to assess the rela-
tive fits of the models. If ICs do not reach minimum val-
ues, BICs can be plotted to allow for visual inspection to
find an “elbow” that is the last relatively large decrease in
BIC [23, 25]. We computed entropy as a measure of the
quality of class separation, where values > 0.80 indicate
good classification [26].

After deciding on the best-fit LCAs for each time point,
we visually inspected the item probability plots and cal-
culated impairment scores for each class to interpret and
label the classes in accordance with RQ 2. DSM criteria for

number of endorsed symptoms per symptom domain guided
our interpretation: > 6 endorsed items =clinical symptom
levels and 4-5 endorsed items = subclinical symptom levels.
We verbally labeled the average impairment level for each
class, in accordance with the possible answers. For ease of
interpretation, we visually present the number of endorsed
symptoms for the obtained classes. The full-item probabil-
ity plots are displayed in Figs. 3 to 6 in the Supplementary
material. See also Table 2 in the Supplementary material for
the depiction of the percentage in each class that displayed
clinical levels of ADHD symptoms.

To explore the short-term stability of the classes (RQ
3), we conducted a latent transition analysis (LTA) using
an autoregressive path between latent classes at T1 and T2
[23]. Finally, we examined associations between the latent
classes at each time point and auxiliary information (RQ 2
and 4) [26]. That is, predictors and covariates were included
in separate models to examine potential associations with
the latent classes, whereas the effect of class membership on
distal outcomes was assessed through pairwise comparisons
across classes. We used the three-step specification to assure
that the class solutions were not impacted by the auxiliary
variables [25]. As the output for the auxiliary analyses is
extensive, we present statistically significant effect sizes in
abbreviated tables. To adjust for multiple testing, we used
Bonferroni correction based on the 21 included auxiliary
variables, which yielded a p value of 0.0024.

Latent class variable based on
parent and teacher ratings of ADHD

ADHD Y\

Latent class variable based on
parent and teacher ratings of ADHD

'/ ADHD

—
[y

Background
charcteristics:
Sex and SES

Child cognition

Maternal mental
health

Parent-and teacher-
rated child
psychopathology T1

T2

Mental health

Education/
employment

Substance use

Parent-and teacher-
rated child
psychopathology T2

Fig. 1 Depiction of the full model. SES socio-economic status, ADHD attention-deficit/hyperactivity disorder
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Results
Latent class structure

The summary of fit statistics at T1 and T2 is reported in
Supplementary material Table 1. As is commonly the case,
the IC fit indices did not reach minimum values. The VLMR-
LRT proposed four or seven classes at T1 and one or seven
classes at T2. According to the plotted BICs (see Fig. 1 in
Supplementary material), the first elbow occurred at three
classes at both time points, but these classes were deemed
too broad, depicting low symptom levels (51.6%), medium
symptom levels (32.6%) and high symptom levels (15.8%)
across settings. Thus, interpretability was limited as we
wished to examine situational displays of symptoms. The
second elbow occurred at five classes at both time points.
Examination of the item probability plots for the five-class
solutions revealed that class solutions were very simi-
lar at both time points and explained the heterogeneity of
symptom dispersion in a coherent way. Taken together, we
decided on the five-class solution for both time points, which
both had excellent entropy (0.855 and 0.865, respectively).

Latent class characteristics, impairment,
and co-occurring psychopathology

See Table 1 (T1) and 2 (T2) for descriptive statistics for each
obtained class. See Fig. 2 for the depiction of the sum of
endorsed ADHD symptoms and impairment for all classes
and each setting (home versus school) at T1 and T2. The
following latent classes emerged for each time point: Class
1 Pervasive Combined (11.9% at T1 and 10.5% at T2); Class
2 School Combined (9.5% at T1 and 9.2% at T2); Class 3
School Inattentive (17.1% at T1 and 15.3% at T2); Class 4
Home Combined (17.7% at T1 and 18.2% at T2); Class 5
Unaffected (43.8% at T1 and 46.4% at T2). Pervasive Com-
bined had on average clinical levels of ADHD symptoms
at home and school and the highest impairment scores (on
average corresponding to between “only a little” and “quite
a lot”). School Inattentive had on average clinical levels of
inattentive symptoms in the school setting but relatively low
impairment scores (on average corresponding to between
“not at all” and “only a little”). School Combined and Home
Combined had on average subclinical symptom levels in
their respective setting and relatively low impairment scores
(on average corresponding to between “not at all” and “only
a little” for School combined and close to “not at all” for
Home combined). Unaffected had very low symptom levels
and low impairment scores. Most often comorbid symptoms
were elevated in the setting in which the ADHD symptoms
were present. Generally, Pervasive Combined had more
conduct problems (as rated by parents and teachers) and

peer problems as rated by parents than most other classes
(Table 3). The Unaffected class had lower levels of conduct
problems than all other classes. In general, the Home Com-
bined had elevated comorbid symptoms as rated by parents
and lower comorbid symptoms as rated by teachers than the
School Inattentive class, a pattern particularly marked at T2.

Temporal stability of class membership

See Table 4 for transition probabilities across time, obtained
from the LTA. As can be seen, the results indicate both sta-
bility and change. The most common pattern was for chil-
dren to remain in the same class at both time points (shown
in the diagonal) and the most stable class was the Unaffected,
in which 78% of unaffected individuals at T1 were still clas-
sified as unaffected at T2. For the symptomatic classes, sta-
bility ranged from 0.27 to 0.50, with the highest stability
for Pervasive Combined. When participants changed class,
it was usually to a less severe class, such as moving from
Pervasive Combined to Home Combined; or from School
Combined, School Inattentive, or Home Combined to Unaf-
fected. It was uncommon to move from Pervasive Combined
to Unaffected.

Distinguishing classes
Risk factors

Tables 1 (T1) and 2 (T2) present effect sizes (Cohen’s d)
with confidence intervals for factors that were statistically
significantly associated with the classes at the two time
points. In general, the Unaffected class had more females
than the other classes, while Pervasive Combined had more
males than the other classes and Home Combined had more
females than the school-situational classes. Of the sympto-
matic classes, Pervasive Combined was the most cognitively
impaired and School Combined was the least impaired. Per-
vasive Combined and School Inattentive had lower 1Qs than
Home Combined. Most symptomatic classes differed from
the Unaffected class regarding attentional control and 1Q.
Maternal mental health was slightly better in the Unaffected
class than in the symptomatic classes, which in turn did not
differ from one another.

Long-term outcomes

Table 3 presents effect sizes (Cohen’s d) for statistically sig-
nificant pairwise comparisons between classes on long-term
outcomes. Pervasive Combined displayed elevated levels of
adult conduct problems and substance use compared to all
other classes. School Combined displayed elevated levels

@ Springer
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of depression and anxiety compared to the Unaffected and
Home Combined classes.

Discussion

To inform a new diagnostic formulation of ADHD that
embraces contextual variability of symptoms, the current
study explored classes of individuals with pervasive and
situational expressions of ADHD symptoms and mapped
their prior risk factors, associated levels of impairment and
comorbid symptoms, and future outcomes in a large com-
munity sample. Latent class analysis revealed one pervasive
and three situational (two school-situational and one home-
situational) classes. A similar class solution was obtained
across a two-year period, with moderate stability in individ-
ual class membership. Four constructs emerged as distinctly
differentiating factors between the symptomatic classes: sex,
1Q, conduct problems, and future substance use.

In line with our hypothesis, Pervasive Combined was
the most burdensome class and corresponds well to symp-
tom criteria of ADHD according to the DSM-5. Pervasive
Combined was also the most stable symptomatic class (50%
remained in the class 2 years later). Very few in this class
transferred to the Unaffected class between T1 to T2 (which
was the most stable class overall, in that 78% remained
unaffected). Pervasive Combined contained only 25% girls
(significantly less than the other classes), displayed lower
1Q than all other classes with the exception of the School
Inattentive, and displayed elevated levels of substance use in
adulthood. In line with previous findings [7], the Pervasive
Combined class had the highest levels of conduct problems
as rated by both parents and teachers and self-rated in early
adulthood, followed by the School Combined class. The
prevalence of 11% is higher than the standard estimate of
5-7%, which probably reflects that our estimate is based
on symptom ratings of ADHD and that our definition of
endorsed symptom is rather liberal as we included ratings
of 2 (“a little more than others”) and 3 (“a lot more than
others”). In addition, our estimate does not include the func-
tional impairment criterion and is not assessed by clinicians.

Our results indicate preliminary evidence of situational
displays of ADHD symptoms with potential clinical signifi-
cance. This seemed to be the case, especially for the School
Inattentive class, which displayed clinical symptom levels
in the inattention domain and was characterized by poor
attentional control, lower IQ, and elevated emotional symp-
toms in school. The School Combined and Home Combined
classes displayed elevated yet subclinical symptom levels.
Home Combined had significantly more girls than School
Combined (48% versus 39%), which corroborates prior
scarce findings [8]. School Combined was characterized
by conduct problems across childhood to early adulthood,

@ Springer

rather than by cognitive deficits. Home Combined was char-
acterized by comorbid symptoms as rated by the parents,
which was especially marked at T2. Taken together, we can-
not confirm our hypothesis that school-situational classes are
more symptomatic and impaired than the home-situational
class. Instead, differential patterns of both symptoms and
associated difficulties emerge.

Impairment scores for the situational classes were gen-
erally low, on average corresponding to less than “only a
little”. The stability of the situational classes was also lower
than for Pervasive Combined, and although a majority
remained in the same situational class (27-42%) or trans-
ferred to another symptomatic class (36-39%), a substantial
minority (25-36%) had shifted to the Unaffected class two
years later. Interestingly, stability for the established presen-
tations (i.e., combined, primarily inattentive, and primarily
hyperactive/impulsive) is similar [27] to what we found for
the situational presentations. In all, our interpretation, based
on previous findings of stability, is that we found evidence
for relative stability of class membership, although change
across time is also clearly present. As such, we deem our
hypothesis as partly confirmed.

Exploratory analyses showed that 34-44% of the indi-
viduals within the diverse, large situational groups dis-
played clinical symptom levels (i.e., fulfilled 6 or more
symptoms within the specific context), whereas 99.3% in
the Pervasive Combined class displayed clinical levels and
none in Unaffected. Taken together, our findings indicate
that the situational classes are more heterogeneous and
slightly less stable than the Unaffected and the Pervasive
Combined classes. We conclude that further studies that
examine clinical displays of situational symptoms, includ-
ing impairment, are needed before new diagnostic formula-
tions can be proposed.

The sex distribution across classes confirms that males
are more prone to display ADHD symptoms, but also sug-
gests that girls may be equally, or almost equally prone
to situational presentations, which may go undetected
due to low displays of behavior problems as noted by the
teachers. The inverse association between ADHD symp-
toms/behavior problems and IQ has been established in
both clinical and typically developing samples [28, 29].
Interestingly, of the two classes marked by elevated con-
duct problems at school (Pervasive Combined and School
Combined), only Pervasive Combined displayed lower 1Q.
This indicates that pervasive, clinical levels of ADHD,
rather than situation-specific behavioral problems, drive
the association between ADHD and IQ. Regarding the
other comorbid symptom domains, a relatively clear pat-
tern was that the child displayed comorbid symptoms in
the setting in which s/he displayed symptoms of ADHD.
Furthermore, of the assessed aspects of attention and in
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Fig.2 Mean values of number T1

of endorsed ADHD symptoms

and impairment for the obtained 9.00
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line with prior findings, attentional control was generally
the only impaired function [14].

Interestingly, we did not find a class that clearly cor-
responds to the predominantly inattentive presentation of
ADHD (that theoretically would display inattentive symp-
toms in both settings). However, in line with studies on this
presentation, the School Inattentive class had a larger pro-
portion of females and less externalizing symptoms than
the combined presentation [30], indicating overlap between
these classes/subtypes.

Strengths and limitations
Strengths of the current study include a large, longitudi-

nal community sample with a wide array of predictors,
covariates, and distal outcomes. However, our method of

choice provides only broad strokes of classes, including both
clinical and non-clinical cases. As such, more evidence is
needed before a new clinical formulation can be suggested.
For instance, the results need to be replicated with other
methods in clinical samples, especially given the explora-
tory nature of latent class analysis. Of note, to avoid inflating
type-1 errors with multiple testing we used Bonferroni cor-
rection, which is a conservative method. However, despite a
large sample size, we acknowledge that important effects of
smaller magnitude may have gone undetected. Finally, par-
ents and teachers were not explicitly asked to rate symptoms
present in their specific context. Thus, we infer that parent
ratings were mostly affected by symptoms present in the
home and teacher ratings were mostly affected by symptoms
present in the school.

@ Springer
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