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Abstract

Objectives: Recent studies report a
fluctuating course of attention-deficit/
hyperactivity disorder (ADHD) across
development characterized by
intermittent periods of remission and
recurrence. In the multimodal treatment
of ADHD (MTA) study, we investigated
fluctuating ADHD including clinical
expression over time, childhood predictors,
and between- and within-person
associations with factors hypothesized as
relevant to remission and recurrence.

Methods: Children with DSM-5 ADHD,
combined type (N =483), participating in
the MTA adult follow-up were assessed
9 times from baseline (mean age = 8.46)
to 16-year follow-up (mean age =25.12).
The fluctuating subgroup (63.8% of
sample) was compared to other MTA

subgroups on variables of interest
over time.

Results: The fluctuating subgroup
experienced multiple fluctuations over
16 years (mean =3.58, SD =1.36) with a 6-
to 7-symptom within-person difference
between peaks and troughs. Remission
periods typically first occurred in
adolescence and were associated with
higher environmental demands (both
between- and within-person), particularly
at younger ages. Compared to other
groups, the fluctuating subgroup
demonstrated moderate clinical severity.
In contrast, the stable persistent group
(10.8%) was specifically associated with
early and lasting risk for mood disorders,
substance use problemsin adolescence/
young adulthood, low medication
utilization, and poorer response to
childhood treatment. Protective factors

were detected in the recovery group
(9.1%; very low parental psychopathology)
and the partial remission group (15.6%;
higher rates of comorbid anxiety).

Conclusions: In the absence of specific
risk or protective factors, individuals
with ADHD demonstrated meaningful
within-individual fluctuations across
development. Clinicians should
communicate this expectation and
monitor fluctuations to trigger as-needed
return to care. During remission periods,
individuals with ADHD successfully
manage increased demands and
responsibilities.
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ttention-deficit/hyperactivity disorder (ADHD) is

historically characterized as a chronic childhood

neurodevelopmental disorder with approximately
50% persistence in adulthood.! Several recent studies
detected a fluctuating course of ADHD, challenging
the notion that childhood ADHD either permanently
remits or persists in adulthood.?-® These studies raise a
possibility that ADHD is trait-like and waxing and waning
(like hypertension or obesity)’; still, the nature of
fluctuating ADHD remains poorly understood.
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In the Multimodal Treatment of ADHD (MTA) long-
term follow-up,® fluctuating ADHD occurred in 63.8%
of the sample, characterized by alternating periods of
remission and recurrence. Yet, the detailed experiences
of fluctuating cases remain uncharacterized, including
determinants of stable vs fluctuating ADHD. Childhood
factors distinguishing endpoint-defined persistent vs
remitted ADHD are numerous and include demographic,
clinical (eg, childhood symptoms, comorbidities), and
contextual factors (eg, parenting, negative events,

« See supplementary material for this article at Psychiatrist.com

J Clin Psychiatry 85:4, December 2024 | Psychiatrist.com


https://www.psychiatrist.com/jcp
https://www.psychiatrist.com/jcp
https://www.psychiatrist.com
https://www.psychiatrist.com/jcp
https://www.psychiatrist.com
mailto:permissions@psychiatrist.com

Clinical Points

« Recent studies suggest that attention-deficit/hyperactivity
disorder (ADHD) may commonly fluctuate, but predictors
of people who fluctuate and periods of fluctuation remain
unclear.

« Long-term monitoring of patient ADHD symptoms and
impairments is indicated to adjust treatment according
to exacerbations and abatements.

- Strategically selecting life environments that promote
ADHD management may benefit patients.

psychosocial risks).®-1° However, these variables may
not be predictive of varying courses of ADHD (stable
persistent ADHD, stable partial remission, recovery,
fluctuating; see Figure 1).°

Since ADHD often fluctuates, the field also must
begin investigating variables that trigger symptom
exacerbation and abatement (ie, do changes to one’s

Figure 1.
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environment coincide with the onset of a fluctuation?).
Some research suggests that ADHD severity intensifies
under increased executive function burden.!''2 Other
work suggests that adults with ADHD perceive that
their symptoms are best managed in demanding,
fast-paced, and stimulating environments.!*!* Such
mixed findings indicate a need for complex analyses
that model individual differences in remission (eg,
disaggregating between- vs within-person trends), model
bidirectionality, and moderators of effects and consider
nonlinear relations in the data. Clarifying factors that
predict ADHD course and fluctuations may signal novel
person-specific intervention targets.

This study provides detailed comparison of the MTA’s
fluctuating ADHD subgroup to the stable ADHD and
remission subgroups. We examine correspondence
between previously reported binary (endpoint) symptom
persistence’® and longitudinal persistence classifications.’
We compare how longitudinal subgroups (1) express
clinically and utilize treatment over time and (2) differ

Case Examples and Definitions of Longitudinal Remission Subgroups®

Case A: Fluctuating Pattern of Remission

Case B: Recovery Pattern
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aFor a full description of full remission, partial remission, and persistence criteria, see Supplementary Appendix 3. In Sibley et al,® we defined a fluctuating pattern (Case A) as
demonstrating at least 2 changes to cross-sectional classification since baseline diagnosis of ADHD, in the absence of the recovery pattern. Recovery (Case B) was untreated
full remission of ADHD that persisted for at least 2 consecutive assessments without being followed by an episode of recurrence (ie, full remission continued until study
endpoint). Individuals were classified as displaying stable persistence (Case C) if they demonstrated persistent ADHD for all assessments to date in the follow-up period.
Stable partial remission (Case D) was defined as displaying 1 classification change from persistent ADHD to partial remission that maintained until study endpoint. Despite

smoothed lines, symptom levels between assessment points are unknown.

Abbreviations: ADHD = attention-deficit/hyperactivity disorder, HI = hyperactivity/impulsivity, IN = inattention.
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on childhood risk factors. Among fluctuators, we
evaluate whether periods of remission/recurrence
coincide with level of environmental demands and
whether these relations are moderated by age. We
expect new distal childhood predictors to emerge
using longitudinal subgroups'® and hypothesize that
fluctuators experiencing higher demands (across
assessments) will be more likely to demonstrate
remission periods (between-person effect) due to
increased capacity for demanding environments;
however, when demands are higher than usual for an
individual (within-person effect), occurrence of
ADHD will be more likely due to increased cognitive
load.!!

METHODS

The MTA!® originally compared 14-month
pharmacological and behavioral treatments for
579 children (7.0-9.9 years old) with DSM-IV
ADHD, combined type. Baseline characteristics are in
Supplementary Table 1. The MTA continued for
14 additional years with prospective follow-ups
approximately biennially (8 assessments) until
16 years after baseline.!”-2°

Participants

The current subsample (N =483; 83.4% of original
sample) includes participants with ADHD who had at
least 1 follow-up assessment in adulthood (age 18 or
older).

Procedures

Assessments were administered to participants and
parents at baseline and 2-, 3-, 6-, 8-, 10-, 12-, 14-, and 16-
years postbaseline by closely supervised bachelor’s-level
staff. Teacher ratings were obtained in childhood and
adolescence. For 2.3% of adult assessments, a parent
was unavailable and ratings were collected from a
nonparental informant (eg, partner and sibling).

Measures

ADHD symptoms. Child and adolescent symptoms were
measured using the parent, teacher, and self-reported
SNAP.21?2 Adult symptoms were measured using the
parent- and self-report Conners Adult ADHD Rating Scale
(CAARS).? Both instruments measure DSM-IV-TR ADHD
symptoms rated O (not at all) to 3 (very much). Scores of
2-3 on individual DSM-IV-TR symptoms indicated
symptom presence.?*

Impairment. In childhood and adolescence, impairment
was measured using the parent-report Columbia
Impairment Scale (CIS), which assesses 13 impairment
domains on a 0—4 scale.?>? In adulthood, the parent- and
self-report Impairment Rating Scale (IRS) measured
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impairment globally and in eleven domains from 0 =no
problem to 6 = extreme problem.?” Supplementary
Appendix 1 describes impairment thresholding.

Mental health and substance use disorders. The
Diagnostic Interview Schedule for Children (DISC)? was
administered via parent- and self-reports. Self-report began
at the 6-year follow-up; the DISC was not administered at
the 10-year follow-up. The DISC is a structured interview
querying the presence of DSM criteria using screening
questions and supplemental probes. Supplementary
Appendix 1 lists included disorders. At each assessment,
a comorbidity index was calculated by summing the total
number of current diagnoses across reporters.t’

Service utilization. The Services for Children and
Adolescents Parent Interview?® was administered through
the 10-year assessment. It assesses between-assessment
estimates of daily dose and number of days treated
for ADHD medications, as well as psychosocial and
educational interventions, including frequency, duration,
and type of services. Similar information was collected at
12 through 16 years using the Health Questionnaire, which
queried therapy and medication, including doses, duration,
and type of services.*

Distal childhood predictors. We used a set of childhood
predictors similar to those previously examined in several
longitudinal MTA analyses.!** These included baseline
age, sex, race/ethnicity, parent- and teacher-rated ADHD
symptom severity, a biological risk score reflecting pre
and perinatal risks,* a psychosocial risk index,* parental
psychopathology, alcohol use disorder, maternal
depression, childhood physical health, childhood mental
health, ODD/CD, anxiety and mood disorder diagnoses,
dimensionally measured anxiety and depression, negative
life events, full scale IQ, continuous performance test scores,>
initial randomized treatment group, response to initial
randomized treatment (regardless of treatment group) at
36 months,*! prestudy medication, psychosocial treatment,
and educational interventions, extracurricular activities,
negative/ineffective parental discipline and positive
parenting,® and number of close friends. See Supplementary
Appendix 2 for details about measurement of predictors.

Environmental demands. Based on available information
at each assessment, environmental demands were coded at
6 adolescent/adult time points to reflect demands level
across responsibilities domains. Points were aggregated for
living situation (1 =independent and 0 = with adult
caregivers), financial responsibility (1 = full, 0.5 = partial,
and 0 = dependent), employment (1 = full work week,

0.5 = partial work week, and none = 0), and educational
enrollment (1 =full time student, 0.5 = part time student,
and 0 =none) and has child(ren) (1 =yes and 0 = no).

Analytic Plan

Per Sibley et al,’ at each time point, participants were
classified as fully remitted, partially remitted, or
persistent ADHD considering symptom level,
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impairment, treatment utilization, and other disorders
that better explain symptoms/impairments (see
Supplementary Appendix 3 for more details). Full
remission required symptoms to fall below the full
remission threshold (3 symptoms of inattention [IN]
and hyperactivity/impulsivity [HI]) according to all
informants, absence of clinically significant impairment,
and discontinuation of all ADHD intervention for at least
a month prior to assessment. For persistent, we utilized
a previously validated definition of persistence, which
applied the DSM-5 symptom threshold (5 or 6 symptoms
of either inattention or hyperactivity/impulsivity,
depending on age) using the CAARS (or SNAP) and
impairment threshold of “3 or higher” on the IRS (or CIS).
Partially remitted cases met criteria for neither
persistence nor full remission, typically because they had
low symptoms but continued impairment, high symptoms
but insufficient impairment, or met symptom and
impairment criteria for full remission, but were currently
treated. After classifying each participant’s cross-sectional
remission status at each assessment, participants were
classified into 4 longitudinal subgroups (fluctuating,
stable persistence, stable partial remission, recovery;
Figure 1).

Aim 1: characterize MTA longitudinal patterns of
remission. Within each longitudinal subgroup, we
examined rates of study endpoint-defined DSM-5 ADHD
symptom persistence vs remission.'> We then calculated the
average number of fluctuations, IN and HI symptom peak
and trough count, age of first remission (partial or full),
proportion of assessments with impairment, proportion
of assessments receiving medication, and proportion of
assessments receiving psychosocial treatment. General
linear models were used to compare longitudinal remission
status on each index. Cohen d and relative risk were
calculated for continuous and categorical variables,
respectively.

Aim 2: relations between childhood variables and

longitudinal patterns of remission. For continuous childhood

variables, general linear models examined associations
between longitudinal remission pattern and each childhood
variable. Six planned comparisons (comparing each group
to all others) were conducted for each analysis with a
significant between-group main effect. For categorical
childhood variables, ¥? analyses and planned comparisons
were conducted. The Benjamini-Hochberg false discovery
rate correction was applied at the omnibus test level within-
domain (eg, comorbidity) and separately across planned
paired comparisons.? Cohen d and relative risk were
calculated as described for Aim 1.

Aim 3: relations between environmental demands and
ADHD fluctuations. Within the fluctuating group (n =335),
using data from the 6 through 16-year follow-ups, we
conducted a multilevel multinomial logistic regression with
random intercepts and time-varying ADHD remission
status (0 = full remission, 1 = partial remission,
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2 =persistent) as the outcome variable. A time-varying
grand mean-centered age variable was included in the
model as a covariate. We tested the effect of environmental
demands on ADHD remission status and disaggregated
within-person and between-person effects®”*® by modeling
both a between-person environmental demands predictor
(centered at the sample mean) and a within-person, time-
varying environmental demands predictor (centered at
each subject’s individual mean across time).*>* We also
included an age x time-varying environmental demands
interaction term to examine whether the effect of
environmental demands on ADHD remission status varies
by the person’s age. For this model, we used all available
data from participants, with each participant on average
contributing 5.04/6 possible data points (83.5% complete
data). In a model with fewer datapoints, we also explored
robustness of results to covarying comorbidity (see
Supplementary Appendix 4). Analyses were conducted in
SPSS 29.0 using the GENLINMIXED procedure and a logit
link function.

RESULTS

Characterize MTA Longitudinal Patterns of
Remission

The endpoint symptom persistent subgroup
previously reported in Hechtman et al'® consisted of
the following longitudinal patterns: 0.0% recovery, 4.4%
sustained partial remission, 15.5% stable persistence,
and 80.1% fluctuating. The endpoint symptom remission
subgroup!® consisted of the following longitudinal
patterns: 22.0% recovery, 15.7% sustained partial
remission, 0.0% stable persistence, and 62.3% fluctuating.
Similar proportions of longitudinal fluctuators met
criteria for ADHD symptom persistence (56.6%) and
remission (43.4%) at MTA endpoint.

With few exceptions (see Table 1), longitudinal
subgroups significantly differed from one another on
all clinical variables. Because there were significant
differences between groups in terms of number of
assessments completed, we conducted sensitivity analyses
restricting the sample to only those participants with
6 or more assessment points, which resulted in very
minimal changes in the results reported below (see
Supplementary Table 4).

The fluctuating group (N =335; see Table 1) was
characterized by the most ADHD classification changes
over time (mean =3.58, SD =1.36), high ADHD
symptom peaks paired with low troughs (~6—7 symptom
difference), average first remission in early adolescence
(mean =12.52, SD = 3.63), relatively stable impairment,
and relatively moderate rates of comorbidity/substance
use and treatment utilization over time.

The stable persistent group (N =37) was
characterized by no ADHD classification changes, high
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bBiological risk score: low maternal age at birth + smoking during pregnancy + hypertensive during pregnancy + cesarean section + preterm + postnatal smoke exposure.
Beck Depression Inventory, CPT
oppositional defiant disorder, SCID

Psychosocial risk score: 3 or more children in family + both parents without college degree +single parent.

dStatistically significant after applying false discovery rate correction within outcome domain.

eSee Supplementary Table 2 for effect sizes for multinomial categorical outcomes.

aAll variables measured at baseline unless otherwise noted. Effect sizes are Cohen d standardized mean difference scores for continuous variables; categorical effects are quantified by relative risk statistics, which are denoted in italics.
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ADHD symptom peaks and troughs (~2—4 symptom
difference), relatively high and stable impairment,
comorbidity, and substance use rates over time,
relatively low medication use, and relatively high
rates of psychosocial treatment utilization over time.

The stable partial remission group (N = 60)
demonstrated one classification change (from ADHD
to partially remitted), which occurred in adulthood on
average (mean = 18.87, SD =5.81). They exhibited a
relatively high ADHD symptom peak paired with a low
trough (~6—7 symptom difference), relatively high
levels of impairment, anxiety disorders, psychosocial
treatment, and medication use, and relatively moderate
incidence of mood and substance use disorders
over time.

The recovery group (N =51) typically demonstrated
several classification changes (mean=3.11, SD =1.19) prior
to onset of sustained full remission, relatively moderate
ADHD symptom peaks and very low symptom troughs
(~5-7 symptom difference), average first period of remission
occurring in childhood (mean =11.72, SD =2.69), and
relatively low levels of impairment, comorbidity/substance
use, and treatment utilization over time.

Childhood Predictors of Longitudinal
Remission Patterns

See Table 2 for results. After applying the false
discovery rate correction, parent SCID diagnoses,
childhood mood disorder, childhood depression severity,
and 36-month MTA treatment response predicted
longitudinal subgroups. The fluctuating and stable
persistence subgroups had more parent SCID diagnoses
at baseline than the recovery subgroup. The fluctuating,
stable remission, and recovery subgroups had lower rates
of childhood mood diagnoses than the stable persistence
subgroup. The recovery subgroup had lower severity
childhood depression scores than the stable partial
remission subgroup. For 36-month treatment response
classes previously reported by Swanson et al,*! the
fluctuating subgroup (and recovery subgroup) had a
response pattern that was significantly more favorable
than the stable persistent subgroup (see Supplementary
Table 2 for details). Sensitivity analyses indicated no
changes in significant results using the restricted sample
of participants with 6 or more datapoints.

Relation Between Environmental Demands
and ADHD Remission Status Within the
Fluctuating Group

After statistically adjusting for age (see Table 3),
significant between-person effects of environmental
demands indicated that each added point in an
individual’s average environmental demands score
across time was associated with a 1.58 higher odds of
experiencing a full remission period than a persistent
period at any given time point—and a 1.36 higher odds
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Table 3.

Sibley et al

Relation Between Demands and ADHD Fluctuations in Multilevel
Multinomial Models Within Fluctuating Group

Persistence vs full remission

Persistence vs partial remission

b SE P? OR b SE p? OR
Age® 008 002 <001 109 -0.03 0.02 m 0.97
Demands: between-person 0.46 018  .011° 1.58 0.31 013  .016c 136
Demands: within-person 025 012 .044 1.28 010 0.08 .198 110
Demands: within-personxage -0.08  0.04  .041° 0928 -0.03 0.02 72097

aStatistically significant P values noted in boldface.

bGrand mean-centered age was included as a covariate.
Result was no longer significant in sensitivity analysis that included comorbidity in the model.
Abbreviations: ADHD = attention-deficit/hyperactivity disorder, b =unstandardized beta, OR = odds ratio,

SE =standard error.

of experiencing a partial remission period than a
persistent period. For the full remission vs persistent
comparison, there was also a significant within-person
effect of environmental demands, indicating that for
each point higher an individual scored at any given

time point, compared to their own average level of
environmental demands, they were 1.28 times more likely
to be experiencing an episode of full remission vs an
episode of persistence at that time point. A significant
interaction between age and within-person environmental
demands indicated that the increased odds of full
remission that was associated with higher environmental
demands was stronger at younger ages than at older ages
(see Figure 2). Specifically, as individuals progressed
through adulthood, the within-person associations
between environmental demands and remission status
were less closely related. There was not a significant
within-person effect of environmental demands or a
significant interaction between within-person
environmental demands and age on the likelihood of
experiencing a partial remission vs persistent period.
Sensitivity analyses (see Supplementary Table 3)
indicated that the between-person associations between
environmental demands and remission status were not
significant in a model including comorbidity as a
covariate.

DISCUSSION

This research validates fluctuating ADHD and
details its typical clinical characteristics including:
3 to 4 fluctuations over 16 years, 6- to 7-symptom
differences between IN and H/I peaks and troughs,
first remission periods in early adolescence, and
greater stability in impairment level than symptoms.
The fluctuating subgroup (63.8% of sample) tended to
display moderate clinical severity and childhood risk
(compared to other groups); thus, fluctuating ADHD
may be the standard and common course of ADHD, in

J Clin Psychiatry 85:4, December 2024 | Psychiatrist.com

the absence of specific risk or protective factors (at
least for those diagnosed as ADHD, combined type, in
childhood). Among fluctuators, periods of remission
(particularly full remission) were associated with
higher environmental demands, particularly at
younger ages.

This research confirms prominent instability within
the fluctuating group, rebuffs criticisms that fluctuating
ADHD is simply an artifact of categorizing a
dimensional trait,” and reveals an artifact within
endpoint classification of ADHD persistence (ie, similar
proportions of fluctuators were temporarily persisters
vs remitters at MTA endpoint). ADHD’s fluctuating
nature does not redesignate it as a state-like disorder
with transitory episodes (eg, mood disorders). Other
polygenic, chronic, trait-like disorders (eg, autism,
personality, and schizophrenia) are also known to
fluctuate.”

The high prevalence and moderate severity of
fluctuating ADHD indicates that it may be the standard
clinical course of ADHD—not a rare variant. Stable
persistence appears to be a less common variant of
ADHD (10.8% of sample) characterized by early and
lasting risk for comorbid mood problems, elevated
substance use, stable impairments, and low
medication utilization relative to severity. The
recovery (9.1%) and stable partial remission
subgroups (15.6%) may be rare variants marked by
milder ADHD and protective factors such as low
parental psychopathology or elevated comorbid
anxiety (see Tables 1 and 2). Future work should
compare common and rarer ADHD courses on both
genetic and time-varying environmental factors.
Stable partial remission is particularly intriguing
given its positive association with anxiety comorbidity
and psychosocial treatment utilization relative to
other groups. Although longitudinal course was
associated with response to childhood treatment and
treatment persistence over time, these associations
do not confirm a treatment effect on remission given
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Figure 2.

Probability of Remission as a Function of Within-Person Environmental Demands

and Age®

A. Full remission
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B. Partial remission
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aWithin-person environmental demands variable is centered at 0 such that a score of 3 on the x-axis represents 3 points above one’s
person-centered mean level of average demands across included time points.

well-known bidirectional influences between
treatment and ADHD severity in observational
designs.?® Future work must disentangle complex
relations between past and ongoing treatment and
ADHD fluctuations.

Similar to other MTA investigations, we found
protective and deleterious roles of internalizing
symptoms as well as relations between ADHD
persistence and parental psychopathology.!®42 These
variables warrant continued study and may be important to
screen for clinically. Contrary to MTA research on endpoint
persistence, we did not find relations with baseline ADHD
severity and longitudinal ADHD course.'” Thus, ADHD
prognosis may need to reflect a holistic view of the child’s
life beyond just symptom level during a single assessment.

Periods of remission were associated with higher
between- and within-person environmental demands.
Though fluctuations in demands and remission appear
to coincide (particularly at younger ages), it remains
unclear whether remission promotes entry into more
demanding environments or greater demands
facilitate symptom/impairment management. Perhaps
there is a U-shaped demands-remission curve,
bidirectional demands-remission relations, or
individual differences in the directionality between
these variables. The MTA data may be among the best
available to investigate fluctuating ADHD; however,
our environmental demands variable is an imperfect
index measured at 2-year intervals. Data limitations
prevented modeling of finer-grained, more complex
statistical relations; nonetheless, establishing
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concurrent fluctuation of ADHD and environmental
context is a critical green light for further exploration.
Interestingly, higher within-person demands no
longer temporally coincided with remission by the mid-
20s (see Figure 2), suggesting a more complex influence
of environment on ADHD severity as individuals age. It
should be noted that some individuals experiencing high
levels of ADHD symptoms paired with low levels of
environmental demands may have displayed low
impairment levels due to their undemanding context. In this
scenario, an individual may have been classified as being
partially remitted (rather than persistent) as a function of
their low level of demands.

Although the MTA was representative of US
demographics at study initiation, it includes fewer girls
relative to boys and fewer participants with minoritized
ethnic or racial identities relative to white identities, which
may limit generalizability. Our multilevel models focused on
concurrent fluctuation of remission and demands; future
work might investigate timing of remission/recurrence (see
Supplementary Appendix 5). Future work might also
disentangle the relative contributions of demands levels to
ADHD symptom vs impairment levels. Despite the clinical
relevance of ADHD fluctuations to late-identified ADHD,
long-term symptom monitoring, and expectations for return
to care, variations in a trait over time (ie, regression to the
mean and homeostatic processes) may be less prognostic than
mean trait level. Though we previously documented that
informant switching accounts for minimal variance in
fluctuations,® changes in how informants perceive an
individual, rather than true behavioral differences, may
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explain some fluctuations. Clinicians also wrestle with this
challenge.

CONCLUSIONS

ADHD fluctuations are common and substantive.
This investigation shows that, when temporarily remitted,
individuals with fluctuating ADHD can successfully manage
increased responsibilities. Much remains unknown about
fluctuating ADHD. Future research should investigate
treatment optimization based on longitudinal course of
ADHD, building datasets with finer-grained, prospective
measurement of environmental and endogenous factors
hypothesized as relevant to ADHD fluctuations, and
patient’s lived experiences of fluctuating ADHD using
qualitative methods. These research directions may reveal
treatment targets that can help individuals with ADHD
detect and manage fluctuations across the lifespan.
Clinicians should emphasize that ADHD often fluctuates over
time and patient monitoring of symptoms is imperative to
trigger as-needed return to care. Clinicians also should
partner and collaborate with individuals with ADHD and
their families to leverage person-specific environmental
factors that appear to positively influence functioning.
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Supplement
Supplementary Table 1. Baseline Characteristics of the MTA Sample

Variable Total Across All Treatment Groups
Age M (SD) 8.5(0.8)
Male n (%) 465 (80.3)
Ethnicity n (%)
White 351 (60.6)
African-American 115(19.9)
Hispanic 48 (8.3)
Full Scale IQ M (SD) 100.9 (14.8)
Comorbidity (DISC) n (%)
Anxiety Disorder 194 (33.5)
Conduct Disorder 83 (14.3)
Oppositional-Defiant Disorder 231 (39.9)
Affective Disorder 22 (3.8)

Appendix 1: Measurement of Clinical Variables

Impairment. Based on normative analyses in the MTA’s non-ADHD group (Sibley et al., 2022),
absence of impairment was optimally defined as a “1” or lower on all CIS items. For the IRS, absence of
impairment was optimally defined as a “2” or lower on all items (combining parent- and self-reports using an
“OR rule™).

Comorbidity. The DISC interview assessed mood disorders (major depression, dysthymia, mania),
anxiety disorders (agoraphobia, generalized anxiety disorder, obsessive compulsive disorder, panic disorder,
separation anxiety disorder, social phobia, selective mutism, post-traumatic stress disorder), disruptive behavior
disorders (oppositional defiant disorder, conduct disorder), substance use disorders (abuse and dependence), and
eating disorders (anorexia nervosa, bulimia nervosa).

Appendix 2: Additional information about childhood prediction measures.

Parents reported the participant’s age, sex, and race/ethnicity at baseline. Parent and teacher ADHD
symptom severity was measured on the SNAP. A six-point biological risk score reflecting pre and peri-natal
risks (e.g., maternal smoking during pregnancy, birth prior to 37 weeks) was calculated based on the work of
Leffa et al., (2023). Based on the work of Rutter et al., (1975) we adapted a psychosocial risk index. For details
about calculation of these scores, see Supplement 3. Based on Roy et al., (2016), we measured parental
psychopathology based on the total number of parental mental health diagnoses (out of 28 lifetime disorders;
from biological mother or father, whichever was higher) assessed with the Structured Clinical Interview for
DSM Disorders—Non Patient (SCID) at baseline. Alcohol use disorder was examined separately as a measure of
problematic parental drinking. Baseline maternal depression was measured dimensionally on the Beck
Depression Inventory; BDI).

For childhood comorbidities, 13 physical health comorbidities were assessed via parent report at
baseline. A physical health score aggregated one point for each health condition endorsed (e.g., diabetes,
thyroid problems, asthma, allergies). The DISC parent interview administered at baseline assessed 23 mental
health disorders comorbid to ADHD (see Supplement 2). A mental health score aggregated one point for each
condition endorsed. Presence of ODD/CD, anxiety disorder, and mood disorder were also calculated. To assess
severity of anxiety and depression the Multidimensional Anxiety Scale for Children and the Children’s
Depression Inventory were administered to the child at baseline.

At baseline, the presence of 33 negative life events in the past 12 months were reported on the
Coddington Life Event Scale, parent report. Total event score was calculated as a count of the endorsed items.
The Wechsler Intelligence Scale for Children (WISC)-3" Edition was administered to participants at baseline.
Full scale IQ was computed for each participant. A continuous performance test (CPT) presented twelve letters
on a video monitor in quasi-random sequence until a total of 400 letters were presented. The entire task lasted



approximately 12 minutes. The number of omission errors, commission errors, reaction time, and reaction time

variability were calculated. For detailed information about this task see Halperin et al., 1988.

Initial randomized treatment group as well as response to initial randomized treatment (regardless of
group) served as predictors. Treatment response by 36 months was measured by membership in one of three
latent classes described by Swanson et al., 2007 (see Supplement 3). Pre-study medication, psychosocial
treatment, and educational interventions were also examined.

Count of extracurricular activities was calculated from the Child Behavior Checklist. Parents could list

involvement in up to three extracurricular activities for their child. Two self-report parenting variables

(Negative/Ineffective Discipline and Positive Parenting) were examined as computed by Hinshaw et al., 2000

(see Supplement 3). Parents reported on the number of close friends the child had at baseline using the Child

Behavior Checklist. Response options were O=none, 1=one, 2=two or three, 3=four or more.

Biological Risk Score (Leffa et al., 2023): One point was contributed for each of the following variables
that were present: (1) low maternal age at birth (lowest quartile), (2) maternal smoking during pregnancy, (3)
maternal hypertension during pregnancy, (4) cesarean section birth, (5) birth prior to 37 weeks of pregnancy,
and (6) postnatal smoke exposure in the home up to 5 years of age.

Psychosocial Risk Score (Rutter et al., 1975): We contributed one point each for the following variables:
(1) both parents without a college degree, (2) single parent household, and (3) three or more children in the
household.

Treatment Response Latent Classes (Swanson et al., 2007): Class 1 (n = 199, 34% of the sample)
manifested a linearly decreasing (improving) symptom trend over time; class 2 (n =299, 52% of the sample)
manifested a large initial symptom decrease that was maintained over time; class 3 (n = 81, 14%) manifested a
quadratic trend, with an initial decrease followed by a return to baseline (Fig. 2).

Parenting (Hinshaw et al., 2000): Hinshaw and colleagues created at baseline from items on the
Alabama Parenting Questionnaire (APQ) and the Parent Child Relationship Questionnaire (PCRQ). First, each
questionnaire was separately submitted to a principal components analysis (see Hinshaw et al. 2000 for
summary), and then the first-order factors derived from those analyses were factor analyzed.
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Appendix 3: Details of Sibley et al., remission classification system
Full remission required symptoms to fall below the full remission threshold (3 symptoms of

inattention—IN-- and hyperactivity/impulsivity--HI) according to all informants, absence of clinically

significant impairment, and discontinuation of all ADHD intervention for at least a month prior to assessment.

For persistent, we utilized a previously validated definition of persistence, which applied the DSM-5 symptom

threshold (5 or 6 symptoms of either Inattention or Hyperactivity/Impulsivity, depending on age) using the

CAARS (or SNAP) and impairment threshold of “3 or higher” on the IRS (or CIS). Partially remitted cases met

criteria for neither persistence nor full remission, typically because they had low symptoms but continued

impairment, high symptoms but insufficient impairment, or met symptom and impairment criteria for full
remission, but were currently treated.

Appendix 4: Multilevel model Sensitivity Analysis. As a sensitivity analysis, we also reconducted the analysis

with both a between-person comorbidity index and a time-varying comorbidity index as covariates in the model,




as well as a time-varying demands x time-varying comorbidity interaction term to understand whether the
association between demands and ADHD status remains after considering comorbidity. Because of increased
rates of missing DISC data over time, participants in this secondary analysis contributed an average of 4.27 of 6
possible data points (70.5% complete data).
Appendix 5: Proposed Future directions related to the time course of remission/recurrence: a
commentary provided by Dr. Swanson.

ADHD is considered to be a chronic condition (e.g., like substance use disorder) or an extreme of a trait
(e.g., like extraversion), but in the MTA follow-up it was not a stable condition (see Sibley et al., 2022). The
current article (Sibley et al., 2024) characterized the fluctuations between two clinical states, remission and
recurrence of ADHD, based on rigorously defined categorical cutoffs (e.g., counts of symptoms and
impairments). A clear and important finding is that majority of cases met criteria for fluctuating status (63.8%),
which is described in detail and discussed extensively. One research direction outside the scope of the current
paper is investigating factors related to temporal course of outcome or stable status defined by states of
remission and recurrence.In a future investigation, the MTA will address this limitation by applying methods
for survival analysis to characterize time-to-remission (which occurred at some point of the MTA follow-up in
92% of the cases) and duration of remission or time-to-recurrence (which occurred in 82% of the cases). This
could be accomplished by applying the method described by Snappin (2005), “the extended Kaplan-Meier
method with Cox regression”, which could provide an estimate of the condition probability of occurrence up-to
the time of occurrence of an event (defined either as “remission” or “recurrence” of ADHD) and a comparison
of the subgroups defined by Sibley et al. (2022) and characterized by Sibley et al. (2024) on the average time of
onset and average duration of these stable components of these binary measures of outcome. This alternative
approach would supplement the current set of analyses by building off of the specific aims specified in Sibley et
al. (2024).
Supplementary Table 2: Between-group comparisons for multinomial categorical childhood predictors.

lvs.2 lvs.3 1vs.4 2vs.3 2vs. 4 3vs. 4

Assigned Treatment Group

Med vs. Beh 1.33 1.70 1.20 78 1.11 1.41

Med vs. Comb 1.20 1.57 1.20 .76 1.00 1.30

CC vs. Med .79 1.05 91 .76 .87 1.15

Comb vs. Beh 1.11 1.08 1.00 1.02 1.11 1.09

CC vs. Beh 1.05 1.77 1.09 .59 .96 1.64

CC vs. Comb .95 1.64 1.09 .58 .87 1.49
36 months Tx Response

Class 1 vs. Class 2 2.72 1.48 .549 .55 4.95 2.70

Class 2 vs. Class 3 23 77 1.98 3.38 q1 .39

Class 1 vs. Class 3 .62 1.13 1.08 1.84 57 1.04

Note. Statistically significant effects noted in bold. Effects are represented by odds ratios. 1=stable persistence; 2=stable partial

remission; 3=recovery; 4=fluctuating; Med=medication; Beh=Behavioral Treatment; Comb=combined medication and

behavioral treatment; CC=community comparison; Class 1=gradual improvement; class 2=large initial improvement with
maintenance; class 3= large initial improvement with return to baseline
Supplementary Table 3: Relationship between Demands and ADHD Fluctuations with comorbidity as a covariate

Persistence vs. Full Remission Persistence vs. Partial Remission

b SE p OR b SE p OR
Age .098 .029 <.001 1.103 -.037 .018 .040 .964
Demands: Person-Centered Mean .106 217 .625 1.112 210 .138 127 1.234
Demands: Time-Varying 322 .160 .044 1.380 .101 .089 253 1.107
Comorbidity: Person-Centered Mean -1.203 .189 <.001 .300 -.631 .079 <.001 532
Comorbidity: Time-Varying -.611 .159 <.001 .543 -.261 .058 <.001 770
Demands: Time-Varying x Age -.045 .040 268 .956 -.027 .022 220 973
Demands: Time-Varying x Comorbidity .095 .145 514 1.099 .069 .062 268 1.071




Supplementary Table 4. Sensitivity analyses with restricted sample (six or more follow-up assessments)

1. 2. Stable 3. Stable 4. Recovery lvs.2 [ 1vs.3 [ 1vs.4|2vs.3 |2vs.4|3vs.4
Fluctuating Persistence Partial M(SD) p p p p p p
M(SD) M(SD) Remission
M(SD)
N=279 N=24 N=29 N=47
Total Fluctuations 3.73(1.39) .00(.00) 1.00(.00) 3.26 (1.13) <.001 | <.001 | .018 .004 <.001 | <.001
IN Count Peak 8.60(1.03) 8.96 (.20) 8.55(1.09) 7.06(2.49) 191 .8402 <.001 | .249* <.001 | .027
H/I Count Peak 7.19 (2.05) 8.33(1.09) 7.10(2.14) 5.19(2.63) 011 .8342 <.001 | .034 <.001 | <.001
IN Count Trough 1.39(1.95) 5.50(1.93) 1.03(1.30) .06(.32) <.001 | .307 <.001 | <.001 | <001 | .022
H/I Count Trough .99(1.36) 2.92(2.59) .83(1.14) 13(.41) <.001 | .549 <.001 | <.001 | <.001 | .029
Age at First 12.32(3.37) - 19.44(5.57) 11.50(2.30) - <.001 | .135 - - <.001
Remission Episode
Proportion of 83.92(17.94) | 100.00(.00) 90.95(17.13) 45.35(20.43) <.001 | .0422 <.001 | .063 <.001 | <.001
Assessments
Impaired
Proportion of
Assessments with
Comorbidity
Anxiety 17.06(16.91) | 28.68(22.72) | 24.91(22.9) 11.29(14.77) .002 .023 .038> | 438 <.001 | .001
Mood 4.27(8.54) 14.45(19.23) | 6.70(12.70) 1.33(4.69) <.001 | .193 .0522 .004 <.001 | .018
Substance Use* 26.21(28.88) | 27.15(25.40) | 17.24(22.85) 12.23(20.81) .872 .094 .001 191 .031° 439°
Proportion of 28.93(23.63) | 29.02(26.79) | 34.48(27.42) 20.85(19.20) .891 298 017 400° .166 .014
Assessments
Medicated
Proportion of 19.82(20.82) | 36.28(25.89) | 38.15(26.99) 9.27(12.98) <.001 | <.001 | .001 736 <.001 | <.001

Assessments with
Psychosocial Tx

DSM-5 Symptom 444 100.0 20.7 0.00 <.001 <.001 <.001 | <001 | <.001 | <.001
Persistence at Adult
Endpoint (%)

Number of 7.53(.70) 7.58(.72) 7.31(.85) 7.51(.78) 7482 1132 .837 1712 .688? 2402
Assessments

Age at Final 24.84(1.21) 24.81(1.37) 24.61(1.09) 24.99 (1.23) .896 327 446 554 .555 188
Assessment

aSignificance lost when using six or more assesssments vs. adult data as the inclusion criterion. *Significance gained when using six or more
assessments vs. adult data as the inclusion criterion. “Substance use disorder was only collected during the 6 through 16 year assessment




	Characteristics and Predictors of Fluctuating Attention ...
	Methods
	Participants
	Procedures
	Measures
	ADHD symptoms.
	Impairment.
	Mental health and substance use disorders.
	Service utilization.
	Distal childhood predictors.
	Environmental demands.

	Analytic Plan
	Aim 1: characterize MTA longitudinal patterns of remission.
	Aim 2: relations between childhood variables and longitudinal patterns of remission.
	Aim 3: relations between environmental demands and ADHD fluctuations.


	Results
	Characterize MTA Longitudinal Patterns of Remission
	Childhood Predictors of Longitudinal Remission Patterns
	Relation Between Environmental Demands and ADHD Remission Status Within the Fluctuating Group

	Discussion
	Conclusions
	References

	Sibley-SM.pdf
	Sibley-SM.pdf
	Fluctuating Supplement JclinPsy (2).pdf


