European Archives of Psychiatry and Clinical Neuroscience (2024) 274:879-890
https://doi.org/10.1007/500406-023-01744-1

ORIGINAL PAPER q

Check for
updates

Long-term medication for ADHD (LMA) trial: 2-year prospective
observational study in children and adolescents. Core symptoms, daily
functioning, and comorbidity outcomes

M. Johnson'’
E. Billstedt’

-J. Asberg Johnels' - S. Ostlund’ - K. Jakobsson' - J. Hogstedt' - P. Javid Larsson? - C. Gillberg' -

Received: 12 April 2023 / Accepted: 11 December 2023 / Published online: 27 January 2024
© The Author(s) 2024

Abstract

More knowledge is needed about long-term ADHD medication and symptom, daily functioning, comorbidity, and tolerability
outcomes. This “Long-term Medication for ADHD (LMA) trial” was a prospective observational 2-year trial in children and
adolescents aged 618 years (extension of 1-year trial). Participants met criteria for DSM-5 ADHD (inattentive or combined),
with complex comorbidities; autism spectrum disorder (31%), autistic traits (24%), oppositional symptoms (59%), anxiety
(32%), dyslexia/language disorder (16%), borderline intellectual functioning (17%). Medication was individually tailored
and followed-up at clinical visits (1, 2, 3, 6, 12, 18, 24 months). Primary outcome: Clinical Global Impression-Severity
and Improvement scales (CGI-S, CGI-I). Secondary outcomes: Investigator-rated ADHD-Rating Scale, Weiss Functional
Impairment Rating Scale-Parent report (WFIRS-P; Family, School Learning and Behavior, Life Skills, Self-Concept, Social
Activities, and Risky Activities domains), comorbidity symptoms and adverse events (AEs). One hundred twenty-eight
participants were enrolled (1-year trial only n=27, LMA trial n=101). Of these 29 (23%) discontinued, mainly due to AEs
(n="7), moving (n=7), or no longer needing medication (n=6). Main AEs were poor appetite, low mood, anxiety, irrita-
bility, fatigue. Improvements from baseline to 2 years were large in CGI-S (effect size (ES) 2.28), ADHD-RS (ES 2.06),
and moderate to large in WFIRS-P (ES total 0.73, learning 0.4, family 0.67). Overall, the trial showed robust and sustained
improvements in ADHD symptom severity and daily functioning over a period of 2 years of ADHD medication in children
and adolescents with ADHD and complex comorbidities. Most AEs were mild. Comorbidity symptoms were improved after
1 year, particularly oppositional symptoms, depression, and anxiety.
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Introduction

Attention deficit/hyperactivity disorder (ADHD) is a neu-
rodevelopmental disorder [1] with an estimated world-
wide prevalence of about 5% [2, 3]. It is associated with
impairment in several aspects of life and long-term risks
for adverse outcomes in academic, occupational, and social
functioning, including increased risks for psychiatric
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comorbidities, accidents, drug use, and antisocial/criminal
behaviors [4, 5]. Comorbidity is very common in ADHD
[6-9], for instance autism spectrum disorder (ASD), oppo-
sitional defiant disorder (ODD), developmental coordination
disorder (DCD), developmental language disorder (DLD),
anxiety, and depression. To highlight this co-occurrence/
overlap of problems and the early onset of unspecific symp-
toms that may later be identified as neurodevelopmental
disorders, the concept of ESSENCE (Early Symptomatic
Syndromes Eliciting Neurodevelopmental Clinical Exami-
nations) was proposed by Gillberg in 2010 [10]. However,
knowledge about long-term outcomes of medication for
these combined disorders is limited. Numerous trials have
documented that ADHD medication effectively reduces
core symptoms in the short term [11, 12], but less is known
about long-term effects on daily functioning and quality of
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life. Long-term placebo-controlled trials of ADHD medi-
cation are rare and difficult to perform, and adherence is
problematic both in randomized controlled trials (RCTs)
and open-label trials. For example, the Multimodal Treat-
ment of ADHD (MTA) trial documented substantial treat-
ment effects after 14 months of well-controlled medication
[7] but in the following observational period, only 70% of
the children were still on medication after 2—3 years [13],
and treatment benefits dissipated. A Swedish double-blind
placebo-controlled RCT of amphetamine treatment for
15 months showed that positive medication effects on inat-
tention, hyperactivity, and other disruptive behavior prob-
lems remained during the entire trial [14]. A randomized
placebo-controlled withdrawal trial after more than 2 years
of methylphenidate treatment in regular clinical care showed
continued effects on core symptoms, although with more
modest effect sizes than in short-term RCTs [15].

Some naturalistic follow-up studies have demonstrated
benefits of long-term ADHD medication in academic perfor-
mance and psychiatric comorbidity. A case—control follow-
up study from childhood to late adolescence showed mod-
estly improved academic outcomes for the group who had
been treated with stimulants for a mean duration of about
5 years [16]. A case—control 10-year follow-up study of boys
with ADHD diagnosed in childhood followed-up in young
adult years found that prior ADHD medication (mean dura-
tion 6 years) was associated with reduced risk for depres-
sive, anxiety, and disruptive disorders, and protected against
grade retention [17]. A large cross-sectional study with ques-
tionnaires to US high-school seniors (modal age 18 years)
showed that early long-term stimulant ADHD medication
(initiated before age 10, duration of 6 years or more), com-
pared to starting medication later and for shorter duration,
reduced the odds of substance use in adolescence [18].
Systematic reviews of multiple large database and national
registry studies in children and adults suggest that ADHD
medication reduces risks for multiple negative outcomes,
including accidents/injuries, mood disorders, suicidality,
criminality, substance use disorders, academic impairments.
Periods on medication improved outcomes compared to peri-
ods off medication [19, 20]. Thus, a considerable body of
research suggests that medication to children and adoles-
cents with ADHD may give several benefits but these may be
reduced or lost if medication is discontinued. Investigating
treatment safety, a recent large European 2-year controlled
study of methylphenidate treatment in children and adoles-
cents with ADHD found that treatment was safe and well
tolerated [21].

The comorbidity of ADHD and autism has been increas-
ingly recognized during the last decades and several stud-
ies have investigated treatment options for these combined
disorders [10, 22, 23]. Some studies have reported lower
response rates, more adverse effects, and lower tolerated

@ Springer

doses in children with ADHD + autism, while other stud-
ies found similar treatment effects and adverse effects in
both groups. However, most trials are small, studies directly
comparing ADHD medication in children with or without
ASD are rare, and long-term data are lacking [24, 25]. A
recent Swedish observational prospective 3-month study in
323 children and adolescents with ADHD, directly compar-
ing medication outcomes in an ASD group with a non-ASD
group, showed similar treatment effects and side effects in
both groups [25]. However, most clinical medication trials in
ADHD have been performed in selected populations, exclud-
ing patients with comorbidities such as autism, and have
focused on ADHD core symptoms. More studies are needed
with outcomes such as overall functioning and comorbidity
development, which may better reflect benefits and well-
being that are important in real life, illustrating a net effect
of the treatment.

With a view to provide a comprehensive assessment of
long-term effects of ADHD medication, we started (in 2014)
a prospective observational 1-year trial of medication in chil-
dren and adolescents with ADHD (the “Qb-trial”’) in which
a wide range of outcome measures were included; ADHD
core symptoms, daily functioning, comorbidity symptoms,
and cognitive functioning (IQ). Results from this 1-year trial
have recently been published [26, 27]. In 2016, we extended
the trial to 2 years of follow-up (the “Long-term Medication
for ADHD in children and adolescents (LMA) trial”’) and
added measures of functioning in various life domains and
of Health-related Quality of Life (HRQL) to obtain more
data on overall functioning and well-being in the longer
term (the HRQL data will be presented in a forthcoming
publication).

Methods
Sample of patients

All patients who were invited to participate in the trial had
been referred to the Child Neuropsychiatry Clinic (CNC) at
the Sahlgrenska University Hospital in Gothenburg, Swe-
den for detailed neuropsychiatric assessment by experienced
teams of child psychiatrists, pediatricians, psychologists,
special education teachers, and speech-language patholo-
gists. The diagnoses had been ascertained by comprehensive
team assessments prior to the trial, most according to DSM-
5, some according to DSM-IV prior to the introduction of
DSM-5 in Sweden (these were reassessed using DSM-5 cri-
teria at the trial screening visit). After the team assessments,
psychoeducation was provided to all patients and families,
and teachers were informed about needs for adaptations and
support in school. None of the patients received specific psy-
chological interventions during the trial.
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Participants

Children and adolescents aged 6—18 years, with ADHD of
any presentation according to DSM-5 and symptoms and
impairment that justified ADHD medication, were invited
to participate in the 1-year Qb-trial and later in the 2-year
trial extension (LMA trial). Neuropsychiatric diagnoses
were established by team diagnostic assessments, intel-
lectual level evaluated by WISC-test and rating of adaptive
functioning, and comorbidities also assessed by K-SADS-PL
interviews. All study interviews and ratings were performed
by experienced investigators trained in previous clinical tri-
als. Interrater reliability was tested by joint ratings prior to
the trial. To obtain a sample resembling the one commonly
seen in clinical practice, all comorbidities were allowed
except intellectual disability, bipolar disorder, conduct dis-
order, substance use disorder, psychosis, severe autism (level
3) or other severe comorbid or medical conditions which
would make participation in the trial unsuitable.

Between March 31, 2014 and June 30, 2020, 150 patients
were screened for participation in the trials (Qb-trial only
n=33, LMA trial n=117), and 128 (82 boys, 46 girls) were
enrolled (Qb-trial only n=27, LMA trial n=101). See
Table 1 for baseline participant characteristics. Mean age
at baseline was 12.0 years (range 6—18.9). All participants
had a DSM-5 diagnosis of ADHD, 94 (73%) with combined
presentation and 34 (27%) with inattentive presentation,
and only 16 (12%) had no comorbidity. ASD was common
(n=40, 31%; 26 of these had DSM-5 autism, 14 had been
diagnosed with DSM-IV pervasive developmental disorder
(PDD) prior to the introduction of DSM-5, and at screen-
ing for the trial, they met most but not all DSM-5 criteria).
An additional 31 (24%) participants had subclinical ASD
(autistic traits). Other comorbidities were ODD, reading/
writing disorder or language disorder, borderline intellectual
functioning, DCD, generalized anxiety disorder (GAD), sub-
clinical depression, obsessive compulsive disorder (OCD).

Figure 1 shows participant flow during the trials. A total
of 128 participants were enrolled in the trials (Qb-trial only
n=27, LMA trial n=101). The Qb-trial was completed
by 20 (74%) participants and the LMA trial by 79 (78%).
Medications initiated at baseline were stimulants (n=117),
guanfacine (n=_8), or atomoxetine (n=3). A total of 29
(23%) participants discontinued; 25 (20%) during the 1st
year (between baseline and visit 5), and another 4 (3%) dur-
ing the 2nd year (between visits 5 and 7). Reasons for dis-
continuation were adverse events (n=7), move to another
area (n="7), no longer need for medication (n=06), no time/
motivation (n=4), lack of efficacy (n=2), substance use
(n=2), need for other treatment (n=1). The main adverse
events were poor appetite, low mood, anxiety, irritability,
fatigue. Twelve participants discontinued or switched their
medication (from stimulants n =9, from guanfacine n=3)

Table 1 Baseline characteristics (n=128)

Mean age (range) 12.0 years (6-18.9)

n (%)
Male 82 (64)
Female 46 (36)
ADHD inattentive presentation 34 (27)
ADHD combined presentation 94 (73)
Comorbidities n (%) Whole group
ASD (autism or PDD) 40 (31)
Autistic traits 31 (24)
ODD
Full diagnosis 13 (10)
Subclinical 63 (49)
Dyslexia/language disorder 21 (16)
Borderline intellectual functioning 22 (17)
DCD 12 (9)
Tics UNS 12 (9)
GAD
Full diagnosis 10 (8)
Subclinical 31 (24)
Depression (subclinical) 23 (18)
ocD
Full diagnosis 3Q2)
Subclinical 19 (15)
No comorbidity 16 (12)

Full-scale IQ mean (SD, range) 92.6 (12.86, 58-128)

due to adverse events (two of them discontinued their medi-
cation 3—18 months after baseline but remained in the trial
unmedicated, and seven discontinued the trial). Includ-
ing the medication switches, the total number of patients
treated at any time in the trials with stimulants were n=117,
guanfacine n=15, and atomoxetine n=>5. At the end of the
LMA trial, 75 of the remaining 79 participants were on any
kind of ADHD medication (stimulants n =65, atomoxetine
or guanfacine n= 10, and 4 patients had discontinued their
medication). A few patients had concomitant medication
during the trial; selective serotonin reuptake inhibitors—
SSRI (n=6 during the whole trial, =2 during the second
year), aripiprazole n=1, risperidone n=1 (first 4 months),
alimemazine n=1 (from 3 months to trial end), hydroxyzine
n=1 (whole trial).

Clinical and functioning assessments

The CGI-S scale [28] rates symptom severity and global
functioning on a seven-point scale ranging from 1 (normal,
not at all ill) to 7 (among the most extremely ill). The CGI-1
scale rates symptom and functional improvement relative to
baseline on a seven-point scale from 1 (very much improved)
to 7 (very much worse). Both CGI scales are investigator
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Assessment for eligibility (n=150)
In original 1-year trial only (n=33)

[ Screening
In 2-year trial (LMA trial) n=117)

Excluded (n=22)

+ Declined to participate (n=20)
No time/motivation (n=15)
Needed other treatment (n=3)
Wanted no medication (n=2)

4

v + No consent one parent (n=2)
Allocation Baseline assessment and
allocation to treatment (n=128)
1-year trial only (n=27)
LMA trial (n=101)
| Discontinued (n=4) Adverse event (n=2)
" Lack of efficacy (n=1)
Well without meds (n=1)
Follow-up .
1-month visit
Discontinued (n=9) Adverse event (n=1)
Lack of efficacy (n=1)
g Well without meds (n=2)
No time/motivation (n=3)
v Moved (n=2)

3-month visit (n=115)

Discontinued (n=12) Adverse event (n=4)
No time/motivation (n=1)
Need other treatment (n=1)
Substance use (n=2)
Moved (n=4)

\4

A4

1-year visit (n=103)

Of the 27 patients included in the 1-year trial, 20
» completed the trial. They could not be included in
the 2-year trial since this was not ready to start at
y that time.

Continued in 2-year trial

(n=83)
> Discontinued (n=4) Well without meds (n=3)
Moved (n=1)
v
2-year visit (n=79)
Fig. 1 Participant flow chart (modified CONSORT 2010 flow diagram)
rated based on all available information from all sources. commonly used in large clinical medication trials [46],

In this study, treatment responders were defined as patients  indicating a large improvement with only mild symptoms
reaching a CGI-S or CGI-I score of 1 or 2, a definition  remaining.
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The ADHD-Rating Scale-1V (ADHD-RS) [29] is an
18-item scale covering all the DSM-IV/DSM-5 ADHD
symptoms of inattention, hyperactivity, and impulsivity.
In the present trial, the scale was investigator rated. The
ADHD-RS is scored on a four-point Likert scale, resulting
in a total score and scores on two separate subscales: one of
inattention and one of hyperactivity—impulsivity. A higher
score reflects greater symptom load. The ADHD-RS is fre-
quently used in medication trials in children and adolescents
with ADHD. The scale has been psychometrically validated
by the original authors and other researchers [30].

The WFIRS-P (Weiss Functional Impairment Rating
Scale-Parent report) [31] measures functional impairment
during the last month with 50 items covering 6 domains:
family (10 items), school learning and behavior (10 items),
life skills (10 items), child’s self-concept (3 items), social
activities (7 items), risky activities (10 items). It is scored
on a 0-3 Likert scale: 0 (never/not at all), 1 (sometimes/a
little), 2 (often/much), 3 (very often/very much), or “not
applicable” (NA). Lower scores indicate less impairment.
Calculating individual mean scores (domain and total scores
divided by the number of items) allows direct comparison
between domains and excludes items marked NA. In the
present trial, we calculated both mean scores and summed
scores. Domain or total scores are considered valid if more
than 70% or items are scored. Trials in many countries have
shown robust psychometric properties for the scale and sen-
sitivity to change during treatment, and it has been used as
outcome measure in large clinical trials of ADHD medica-
tion in children and adolescents, showing improvement of
several aspects of daily functioning, with moderate to weak
relation to ADHD symptom measures [32-36]. In a large
sample of children and adolescents, a minimally important
difference (MID) was defined for WFIRS-P total and domain
scores, based on anchor questions to parents indicating that
overall problems were at least “a little better” from base-
line to follow-up. For the total WFIRS-P score, MID was
estimated as a change of 13.47 (ca ¥2 SD), corresponding
to a 0.25 change in total mean score [34, 37]. A large ROC
analysis study of WFIRS-P in children with and without
ADHD found that a mean total score of 0.65 most accurately
discriminates the ADHD group from the non-ADHD group,
reflecting a useful cut-off for functional impairment [38].

The K-SADS-PL (Kiddie Schedule for Affective Disor-
ders and Schizophrenia — Present and Lifetime) 2009 ver-
sion [39, 40] is a semi-structured diagnostic interview for
children and adolescents aged 6—18 years, based on DSM-
IV criteria for several neurodevelopmental and psychiatric
disorders, including ADHD, oppositional defiant disor-
der, ASD, Tics/Tourette syndrome, depression, mania,
and anxiety disorders. The K-SADS-PL may be used by
the clinician to interview both patients and caregivers. It
allows assessment of symptom levels for each DSM-IV

criterion (i.e., if clinical, subclinical or no symptoms), and
may, thus, indicate if a diagnosis is suspected or not. In
this trial, we divided the K-SADS-PL results into three
categories; 1—clinical symptom levels suggesting full
diagnosis, 2—subclinical symptom levels, and 3—remis-
sion, i.e., mild or absent symptom:s.

LMA trial design

The LMA trial was a single-center prospective uncon-
trolled observational study with clinical visits for screen-
ing, baseline, and Visits 1-7 for follow-up at 1, 2, 3, 6, 12,
18, and 24 months. ADHD medication (methylphenidate,
amphetamine, atomoxetine or guanfacine) was initiated at
baseline according to ordinary clinical practice, tailored
to each patient’s individual needs and response, including
medication shifts during the trial if needed. The investiga-
tors collected data on ADHD symptom severity (ADHD-
RS interview), global severity and improvement (CGI-S
and CGI-I), adverse events (parent and patient report) and
vital signs at all visits. At baseline and Visit 5 (12 months),
functional impairments were assessed with the Vineland
interview [41], and comorbidities with the investigator-
rated K-SADS-PL interview. Daily functioning in various
life domains was examined by the parent-rated WFIRS-P
Scale at baseline, Visit 5 and 7. HRQL data were collected
at the same time points and will be published elsewhere.
Cognitive functions were assessed by psychologist Wechsler
testing (WISC-IV and WISC-V) [42, 43] at baseline and
Visit 5. ADHD symptoms were tested at baseline and Visits
1 and 5 with a computer-based continuous performance test
with an additional motion tracking system designed to meas-
ure activity (Qbtest) [44]. The 1-year Qbtest, Wechsler, and
Vineland data have recently been published [26, 27]. Medi-
cation compliance (number of days with doses taken divided
by number of days in period) was measured by parent and
patient report and was generally high among the participants
who remained in the trial (87%, range 52-100%).

Main outcome measures

The primary outcome of this study was changes in ADHD
symptom severity measured by CGI-S and CGI-I during
2 years of well-controlled ADHD medication. Secondary
outcomes were changes in ADHD-RS scores, in daily func-
tioning in several domains likely to be impacted by ADHD
(Family, School Learning and Behavior, Life Skills, Child’s
Self-Concept, Social Activities, and Risky Activities) meas-
ured by WFIRS-P, and at the 1-year timepoint the rate and
symptom levels of comorbidities assessed by K-SADS-PL
interview.
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Statistical analysis

The statistical software SPSS, version 25, was used for all
data analysis. Efficacy and safety analyses were performed
on the Intention-To-Treat (ITT) population, defined as all
participants who had at least a baseline assessment, and on
the per-protocol (PP) population (participants who com-
pleted all visits) for comparison. Missing data were handled
by the last observation carried forward (LOCF) approach.
The changes from baseline to endpoints in CGI-S, CGI-I,
ADHD-RS-IV, and WFIRS-P scores were assessed with a
repeated measures analysis of variance (ANOVA) model.
Pre—post baseline vs. Visit 7 effect sizes (ESs), i.e., standard-
ized mean differences (SMD) as per Cohen’s D, and p val-
ues were calculated. Clinical response rates were analyzed,
defined as the proportion of subjects reaching a CGI-S or
CGI-I score of 1-2. K-SADS-PL recorded diagnostic status
and comorbidities at baseline and 12 months are reported
with descriptive statics (numbers and percentages).

Results

Here we present CGI, ADHD-RS, K-SADS comorbidity, and
WFIRS-P data from all patients who had at least baseline
ratings. Analysis of HRQL data and outcomes for subgroups
with or without comorbidities will be presented in a forth-
coming publication.

CGl and ADHD-RS

Table 2 shows the changes in ADHD symptom severity
according to CGI and ADHD-RS ratings. The baseline mean
total score of CGI-S 4.65 and ADHD-RS 35.02 in the ITT
(LOCEF) population indicated a moderately severe symptom
level. Significant improvements were seen at 1 month (Visit
1 mean CGI-S 2.68, ADHD-RS 22.09), and further reduc-
tions at 1 year (Visit 5 mean CGI-S 2.00, ADHD-RS 19.88)
and 2 years (Visit 7 mean CGI-S 1.99, ES 2.28; ADHD-RS
18.72, ES 2.06). The overall pattern was similar for the ITT
(LOCF) and per-protocol (PP) populations, with ES some-
what attenuated in the ITT population. The improvements
were significant both in the inattention and hyperactive/
impulsive subscales of the ADHD-RS. The clinical response
rate, i.e., the proportion of participants in the PP population
reaching CGI scores of 1-2 (i.e., CGI-S mild or no symp-
toms, CGI-I much to very much improved), was 84% (CGI-
S)/85% (CGI-I) at Visit 5 (n=101), and 88% (CGI-S)/91%
(CGI-I) at Visit 7 (n=79) (Table 2; Fig. 2).

Figure 2 presents an illustration of the ADHD-RS
changes from baseline to Visit 7, showing that the main
improvement occurred between baseline and Visit 1, and
was maintained or further improved during the following
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visits. Normalization of ADHD symptoms (defined as an
ADHD-RS score of 18 or less, which means that only mild
or no symptoms remained) was attained in 47/101 (46%)
of the participants at 1 year and in 48/79 (61%) at 2 years.

WFIRS-P

The WFIRS-P also indicated significant improvements over
time (Table 2). Here, however, the ESs were mainly in the
moderate range. Again, ESs were attenuated in LOCF cor-
rected analyses (ITT population). There were differences
between WFIRS-P domains. The highest ES (i.e., the great-
est improvement) was reported for Family life functioning,
and the lowest for School Learning (Tables 2, 3).

Table 3 shows WFIRS-P summed scores at baseline, at
the 2-year endpoint (Visit 7), and the score change from
baseline to 2 years (PP population). We report these descrip-
tive data to allow comparisons with some prior research
that have reported the total (rather than mean) score for the
WFIRS-P domains. The total score improved by 32%. The
largest domain improvements were seen in School Behav-
ior (48%), Risky Activities (39%), Self-Concept (35%) and
Social Activities (35%), and the smallest in the Learning
domain (23%).

K-SADS-PL

K-SADS-PL interviews were conducted at baseline for
125 participants, of which 108 remained in the study until
Visit 5 (1 year) when the endpoint K-SADS-PL interview
was performed. Here we present K-SADS outcomes for
those who have both baseline and endpoint data (n=96).
At baseline, all participants (n=96) had K-SADS scores of
ADHD or ADD symptoms at a clinical level. At endpoint,
30 (31%) reached full remission and 66 (69%) scored in
the subclinical range (i.e., partial remission). K-SADS
remission was a more strict categorical definition than the
ADHD-RS score “normalization” described above for 47%
of the participants. All the K-SADS remission patients had
a CGI-S score of 1 at endpoint =“not at all ill”. For comor-
bid conditions, the pattern varied depending on diagnosis.
Of 20 participants with clinical level of ASD symptoms
at baseline, none went into full remission, and only 2 into
subclinical/partial remission at endpoint. Of 13 with clini-
cal ODD at baseline, 10 (77%) were improved at endpoint
(remission n=2, subclinical n=_8). Of 50 with subclini-
cal ODD at baseline, 35 (70%) reached full remission at
endpoint and 15 (30%) remained subclinical. No patients
had clinical depression at baseline. Of 22 with baseline
subclinical depression, 18 (82%) remitted and 4 (18%)
remained at endpoint. Of eight with clinical GAD at base-
line, four (50%) reached subclinical levels, none remitted
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Table2 LMA trial CGI-S, ADHD-RS, and WFIRS-P results for ITT (LOCF) and PP populations

Baseline Visit 1 Visit 3 Visit 5 Visit 6 Visit 7 F value ES and signifi-
M (SD) M (SD) M (SD) cance (baseline
vs Visit 7)
CGI-S PP (N=75) 4.80(0.55) 2.68(1.09) 2.17(0.88) 2.00(0.90) 1.92(091) 1.65(0.78) 218.17*** 3.50%**
LOCF 4.65(0.73) 270 (1.11) 236(1.05) 2.20(1.06) 2.16(1.08) 1.99(1.07) 273.14%** 228%***
(N=125)
ADHD-RS PP (N=75) 36.08 (6.99) 22.24 (7.90) 19.59 (8.04) 19.36 (6.38) 19.52 (7.33) 17.56 (5.99) 131.46%** 2 774%%*%*
LOCF 35.02 (7.70) 22.09 (8.37) 20.23 (8.52) 19.88 (7.62) 19.98 (8.14) 18.72 (7.61) 202.58*** 2.06%%**
(n=127)
AD-RS PP (N=75) 19.33(3.10) 12.53(4.89) 10.87 (4.26) 10.55(3.70) 10.88 (4.45) 10.11 (3.20) 103.26%** 2.5]%**
AD-RS LOCF 18.92 (3.44) 12.28 (4.73) 11.23(4.39) 10.94 (3.99) 11.09 (4.45) 10.59 (3.85) 175.66*** 2.038***
(N=127)
HD-RS PP (N=75) 16.76 (5.68) 10.00 (4.80) 8.72(4.85) 8.81(4.01) 8.69(3.84) 7.45(3.85)  93.91*** 2.02%**
HD-RS LOCF 16.09 (5.90) 9.99 (5.14) 9.02(5.08) 8.95(4.62) 893 (4.54) 8.14(4.60) 128.65%** 1.53%%%*
(N=127)
WFIRS-P
Total PP (N=57) 1.05(042) N/A N/A 0.75(0.32) N/A 0.72(0.33)  27.46%** (.73%%*
LOCF 1.03 (0.40) N/A N/A 0.80(0.33) N/A 0.77 (0.35)  25.56%** (0.61%**
(N=176)
Family PP (N=57) 1.18(0.72) N/A N/A 0.86 (0.57) N/A 0.82 (0.56) 15.69%%* (.67***
LOCF 1.20(0.71) N/A N/A 0.95(0.60) N/A 0.91 (0.60) 14.96%%* (.62%**
(N=176)
School learn- PP 2.04 (0.75) N/A N/A 1.60 (0.84) N/A 1.57 (0.86) 12.01%%*  0.46%*%*
ing
LOCF 1.96 (0.79) N/A N/A 1.62(0.83) N/A 1.60 (0.84) 11.25%%% (0.40%**
School PP 0.76 (0.65) N/A N/A 0.39(0.38) N/A 0.37 (0.40) 18.73%%% (.61%**
behavior
LOCF 0.69 (0.63) N/A N/A 0.43(042) N/A 0.41 (0.44) 15.05%**  Q.47*%%*
Life skills PP 1.22 (0.58) N/A N/A 0.94 (0.48) N/A 0.91 (0.53) 12.43%%* (.56%*%*
LOCF 1.24 (0.56) N/A N/A 1.00 (0.49) N/A 0.96 (0.53) 14.02%** (Q.50%**
Child’s self- PP 1.35(0.84) N/A N/A 0.84 (0.57) N/A 0.88 (0.65) 15.08%** (0.56%*%*
concept
LOCF 1.33(0.81) N/A N/A 0.94 (0.63) N/A 0.96 (0.69) 15.19%**  (0.49%*%*
Social activi- PP 1.01 (0.68) N/A N/A 0.77 (0.53) N/A 0.66 (0.52) 10.11%%*  (Q.52%*%*
ties
LOCF 0.98 (0.70) N/A N/A 0.80(0.59) N/A 0.71 (0.60) 9.66%#% (.43%**
Risky activi- PP 0.48(0.37) N/A N/A 0.26 (0.23) N/A 0.28 (0.23) 15.25%%%  (Q.47%**
ties
LOCF 0.46 (0.34) N/A N/A 0.30(0.24) N/A 0.31 (0.24) 14.45%%% (0.40%**

M mean, SD standard deviation, LOCF last observation carried forward, PP per protocol. ES effect size (Cohen’s D). ***p <0.001

fully. Of 23 with subclinical GAD at baseline, 14 (61%)
remitted, and 9 (39%) were still subclinical. Of four with
tic disorder at baseline, one was subclinical at endpoint,
whereas three were unchanged. One patient had clinical
OCD at baseline and was unchanged at endpoint. Of 17
with subclinical OCD at baseline, 6 (35%) remitted and
11 remained subclinical. A minority of the participants
had two (n=13) or three comorbid full diagnoses (n=4)
at baseline. In nine of these participants, these multiple
comorbidities were reduced to one (n=7) or no comor-
bidities (n=2) at endpoint.

Adverse events and vital signs

Table 4 shows adverse events (AEs) occurring in more
than 2% of participants. All AEs were of mild to mod-
erate severity, and most often transient (1-2 months).
Twelve participants discontinued or switched their medi-
cation due to AEs. Two of them discontinued their med-
ication 3—18 months after baseline but remained in the
trial unmedicated. Side effects were all of an expected
type based on data from previous clinical trials and clini-
cal experience, and side effect profiles differed between
medications. The most common side effects reported with
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Fig.2 ADHD-RS symptom scores (PP population) across six visits (p value from ANOVA <0.001)

Table 3 WFIRS-P summed scores (mean, SD)

Table 4 Adverse events

Mean (SD) Baseline Endpoint (2 years) Change (%)
Total 51.71 (20.22) 34.95 (7.07) -16.76 (32%)
Domains

Family 11.97 (14.85) 8.02 (6.36) -3.95(33%)
School learning  7.83 (0.71) 6.05 (0.71) -1.78 (23%)
School behavior 4.12 (0.71) 2.16 (0.07) —1.96 (48%)
Life skills 12.36 (4.95) 8.84(0.71) -3.52 (28%)
Self-concept 4.0 (3.54) 2.62(0.71) -1,38 (35%)
Social activities 6.84 (9.19) 4.48 (2.12) -2.36 (35%)
Risky activities  4.61 (7.07) 2.79 (0.71) -1.82 (39%)

PP population

stimulants (n=117) were poor appetite (34%), low mood
(21%), insomnia (13%), irritability (12%), anxiety (11%).
Mild temporary (1-3 months) weight loss was common
in the stimulant group, but prolonged significant weight
loss occurred only in (3%) of participants (Table 4). AEs
reported with guanfacine (n=15) were fatigue (40%), low
mood (20%), irritability, mood swings, and vertigo (13%
respectively). Atomoxetine (n=15) was associated with
abdominal pain (40%), low mood (25%), irritability, and
fatigue (20% respectively). No clinically significant devia-
tions in height, blood pressure, or pulse were observed
during the trials (data not shown), with the exception for

@ Springer

AEs occurring in more than 2% of participants

n (%) Stimulants Guanfacine Atomoxetine
n=117 n=15 n=>5

Poor appetite 40 (34) 0 0
Weight loss 4(3) 0 0
Low mood 24 (21) 3 (20) 1(25)
Irritability 14 (12) 2 (13) 1 (20)
Mood swings 2(2) 2 (13) 0
Anxiety 14 (11) 0 0
Insomnia 15 (13) 0 0
Fatigue 1(0,8) 6 (40) 1 (20)
Headache 6(5) 0 0
Abdominal pain 5(4) 1(7) 2 (40)
Vertigo 0 2 (13) 0

mild transient tachycardia experienced by six participants
with stimulants.

Discussion

This 2-year open prospective observational trial of ADHD
medication in children and adolescents (LMA trial) showed
substantial improvements in ADHD symptom severity
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(CGI and ADHD-RS ratings), daily functioning in several
domains (WFIRS-P ratings), and comorbidities (K-SADS-
PL assessments after 1 year). To our knowledge, this is the
first long-term clinical trial investigating functional out-
comes and comorbidity development in patients with ADHD
and defined complex comorbidities, particularly autism/
PDD or autistic traits. The sample included patients with
ADHD combined and predominantly inattentive presenta-
tion, but none with predominantly hyperactive/impulsive
presentation.

Of 101 patients enrolled in the LMA trial, 79 (78%) com-
pleted the whole trial, and the main reasons for discontinu-
ing were AEs, moving to other areas, or no longer needing
medication. CGI and ADHD-RS scores showed robustly
improved ADHD symptoms already at 1-month follow-up,
with further improvements at 1 year and 2 years (Table 2;
Fig. 2). Results were similar for the ITT (LOCF) and PP
populations, with somewhat lower ESs in the ITT popula-
tion. The improvements were similarly large both in the inat-
tention and hyperactive/impulsive subscales of the ADHD-
RS. At 2 years, clinical response rates (the proportion of
participants in the PP population who were much to very
much improved, with mild or no symptoms remaining, i.e.,
CGI-I and CGI-S scores 1-2), were 88% (CGI-S) and 91%
(CGI-I). Normalized symptom levels (defined as an ADHD-
Rating Scale total score of 18 or less, indicating mild or
absent symptoms) were found in 46% of the participants at
1 year and 61% at 2 years. A similar categorical definition
was used in the MTA trial to describe treatment success [45].

WFIRS-P total and domain scores had improved at
1 year and were maintained or further improved at 2 years
(Tables 2, 3). ESs at 2 years were mainly of moderate size
(ITT population 0.40-0.62, PP population 0.46-0.73).
Improvements were most evident in the Family and Life
Skills domains and in the total score, and smallest in the
Social Activities and Risky Activities domains. A recent
review of stimulant medication trials showed that the
WFIRS-P improvement was strongest in the School (Learn-
ing/Behavior) domain, and weakest in the Life Skills, Self-
Concept, and Risky Activities domains [34]. These results,
thus, show both similarities and differences to our findings,
and possible reasons for this may be that the improvement
profile is different in the long term, and that our sample is
enriched with autism and other comorbidities. A closer com-
parison to a large placebo-controlled RCT with lisdexamfe-
tamine/methylphenidate (study SPD489-325) [46] provides
perspective, although the effect magnitudes are not directly
comparable with our trial since ESs in that study were pla-
cebo-adjusted. Some ESs in our trial were smaller or similar
to those in the 325 study (Family, Risky Activities), some
clearly smaller (Total scores, Social Activities), and some
clearly larger (Life Skills, Self-Concept). Possible explana-
tions for our larger ES in Life Skills and Self-Concept are

that these changes become more developed and visible with
longer term treatment, and the smaller ES in Social Activi-
ties may be that these are more related to autism, a frequent
comorbidity in our sample and according to our K-SADS-PL
results less responsive to medication. Another example of a
relatively long-term trial that showed significant improve-
ments in the Family, School, Life Skills, and Self-Concept
domains was a 6-month open trial with atomoxetine [47].

WFIRS-P optimal scores for discriminating functional
impairment from no impairment (both total and domain
scores) were calculated in a ROC analysis study [38], com-
paring children with and without ADHD. The authors con-
cluded that a total mean WFIRS-P score of 0.65 was an
optimal cut-off, and that this score level may be useful to
define functional remission [34, 38]. The baseline scores
in our trial (total and domain) were well above this cut-
off (e.g., ITT population total mean score 1.03), indicat-
ing considerable impairment. After 2 years, both total and
domain scores had improved to lower levels of impairment
(total mean score ITT 0.77, PP 0.72). In the Self-Concept
(cut-off 1.00) and Social Activities (cut-off 0.71) domains,
full functional remission was achieved after 2 years (Self-
Concept ITT 0.96, PP 0.88, Social Activities ITT 0.71, PP
0.66). The WFIRS-P total score change in our trial (16.75;
32%) exceeded the MID defined by Hodgkins et al. [37] as
a change of 13.47 (ca %2 SD).

Functional outcomes may be seen as real-life net effects
of a treatment, and improvements can have important con-
sequences for instance in relations to family and friends,
academic and work situations, and for quality of life. These
outcomes more closely reflect the treatment goals often
expressed by patients than the ADHD symptom improve-
ment itself. WFIRS-P outcomes have been shown to be
related to ADHD symptoms, but the functional domains are
also partly distinct. ADHD medication may have weaker
impact on certain domains, suggesting the need for addi-
tional interventions, and it is, therefore, important to docu-
ment the effects on the patient’s functioning profile [34]. In
our study, the response was stronger in the School Behavior
subdomain than in the School learning subdomain, suggest-
ing that some learning problems may be more specific (for
instance dyslexia/language disorder, dyscalculia, intellectual
level) and not entirely associated with the ADHD symptoms,
indicating the need for individually tailored special educa-
tion in addition to the medication.

K-SADS-PL interviews showed that ADHD core symp-
toms improved from clinical levels at baseline to subclinical
levels at 1 year for most participants, and 31% of the patients
reached remission. Some comorbidities were substantially
improved for many patients (ODD, depression, anxiety),
OCD symptoms for some patients, whereas ASD symp-
toms were improved for a few but unchanged for most. ASD
symptoms, thus, seem less responsive to ADHD medication,
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indicating the need for other interventions and support for
autism. No participants reported worsened ADHD symp-
toms or comorbidities at 1 year. Overall, the K-SADS results
indicate an improved behavioral and psychiatric profile for
many participants, illustrating increased well-being. Well-
being may contribute to improved functioning in several
aspects in life, such as social relations, academic function-
ing, prosocial activities, and reducing risks for maladap-
tive behaviors. Our findings regarding comorbidities sup-
port the results from the case—control study of boys with
ADHD diagnosed in childhood followed-up in young adult
years [17], which showed association between prior long-
term ADHD medication and reduced risks for depressive,
anxiety, and disruptive disorders. Our trial extends these
results to boys and girls with ADHD, autism, and complex
comorbidities.

AEs such as low mood, irritability, mood swings, and
anxiety (see Table 4), rarely remained at the 1- and 2-year
timepoints. If present, they had often been transient, or had
improved on switched medications, or the patients had dis-
continued the medication.

The compliance to medication in our trial (number of
days with doses taken divided by number of days in period)
was generally high (87%), and only 12 participants discon-
tinued or switched their medication due to AEs. Devel-
opment of substance use was rare (n=2/101; 1.9%) and
only temporary, suggesting some protective effect of the
treatment. This accords with previous research, which has
shown that the risk for substance use is several times higher
in youth with ADHD, and that an early start of long-term
medication reduces such risk [18, 48].

Overall, our results are in line with the large database
and national register studies of children with ADHD, which
have shown improved academic achievement and reduced
risks for several negative outcomes on medication [19, 20].
Thus, the combined evidence from several lines of research
suggests that well-controlled ADHD medication may give
important benefits in life. However, both register/database
studies and clinical trials have reported that benefits can be
reduced or lost when medication is discontinued. The long-
term MTA trial follow-up for several years after the initial
14 months of well-controlled medication showed that many
patients discontinued their medication and treatment benefits
were attenuated [13, 49].

The findings in our trial, thus, lend support to the results
from earlier research and add data on long-term treat-
ment in a sample of children and adolescents with ADD/
ADHD, ASD, and other comorbidities. Future research is
recommended with comprehensive functional and qual-
ity of life outcomes in long-term trials of patient samples
with complex comorbidities similar to the patient samples
encountered in clinical practice, to learn more about effects
of real-life importance, knowledge that will help clinicians
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and families to make well-informed decisions about treat-
ment goals.

Limitations and strengths

The major limitations in the present trial are the open uncon-
trolled design, and the fact that clinical ADHD ratings were
performed by the clinicians involved in the medication inter-
ventions. This means that the results may be influenced by
other factors than the medication, for instance effects of time
and age, positive attitude bias, and the relatively small sam-
ple size. Study results mainly reflect the outcome of stimu-
lant medication, since only a few patients took non-stimu-
lants. Strengths of the trial include the long-term follow-up,
the prospective observational study design, and the sample
of patients with several types of comorbidities, which is the
typical situation in daily clinical practice.
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