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A B S T R A C T   

Objective: Long-term effects of ADHD medication on cognitive functions are not well known. This study in
vestigates development of cognitive functions and ADHD symptoms on well-controlled medication for 1 year in 
children and adolescents. 
Study design: This study is part of an ongoing open uncontrolled trial of long-term medication for ADHD in 
children and adolescents aged 6–18 years with any form of ADHD, and frequently comorbid autism spectrum 
disorder (ASD, 29%) or autistic traits (24%). Other comorbidities were oppositional defiant disorder, dyslexia/ 
language disorder, borderline intellectual functioning, developmental coordination disorder. This analysis in
cludes 87 participants (61 boys, 26 girls) who completed Wechsler tests at baseline and after 12 months. ADHD 
symptoms were investigator-rated on the ADHD Rating Scale-IV at the same time points. 
Results: The whole group of children and adolescents showed significant improvements in Wechsler Full Scale IQ 
(FSIQ, mean at baseline 92.6, at 12 months 97.95), and on the Index Scales Verbal Comprehension, Working 
Memory and Processing Speed, after one year of well-controlled ADHD medication. Comorbid dyslexia/language 
impairment predicted a larger rise in FSIQ, but not gender, ADHD presentation or comorbid ASD. Robust im
provements in ADHD symptoms were observed (mean ADHD-Rating Scale score at baseline 34.6, and at 12 
months 18.3). 
Conclusions: Cognitive test scores and ADHD symptoms were improved on well-controlled medication for 1 year 
in children and adolescents with ADHD, autism and other comorbidities. The main study limitation is the open 
uncontrolled trial design.   

1. Introduction 

Attention Deficit Hyperactivity Disorder (ADHD) is a pervasive and 
impairing neurodevelopmental disorder (American Psychiatric Associ
ation, 2013) with an estimated worldwide prevalence of about 3-5% 
(Polanzcyk et al., 2015). It carries long-term risks for adverse life out
comes regarding academic/occupational and everyday functioning 
(Sayal et al., 2018). Numerous studies have documented efficacy of 
ADHD medication on core symptoms in the short term (Cortese et al., 
2018), but effects on cognitive development and long-term outcome are 
less well known. The assessment of the role of ADHD medication for 
long-term outcome is difficult since adherence to the medication is often 
brief and inconsistent. The large Multimodal Treatment of ADHD (MTA) 
trial showed robust treatment effects after 14 months of well-controlled 
medication (MTA Cooperative Group 1999) - especially in the group 

who received multimodal treatment - but in the following observational 
part of the trial only around 71% of the children were still on “high-use 
medication” (i.e taking the medication more than 50% of the time) after 
2–3 years, and at the 8-year follow-up only 32,5% (Jensen et al., 2007; 
Molina et al., 2009), which limited the possibilities to interpret 
long-term treatment effects. 

Recent reviews and meta-analyses of large population database 
studies including children and adults indicate that ADHD medication 
significantly reduces risks for several negative outcomes including ac
ademic impairments, mood disorders, criminality, Substance Use Dis
orders (SUDs), accidents, and that outcomes were better in periods when 
individuals were on medication than in periods off medication (Chang 
et al., 2019; Boland et al., 2020). A Swedish register study reported that 
children with ADHD taking medication for three months improved their 
academic achievement (Jangmo et al., 2019). Reduced rates of 
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comorbidities in patients on ADHD medication have also been reported 
(Biederman et al., 2009). Other reviews (Coghill et al., 2017; Cortese, 
2020) have shown that long-term clinical trials are few, but there are 
some promising results. A study with double-blind randomization to 
continued or discontinued ADHD medication (methylphenidate) after at 
least 2 years of treatment showed remaining symptom benefits with 
continued medication (Matthijssen et al., 2019). A long-term random
ized withdrawal trial after 6 months treatment with Lisdexamfetamine 
(LDX), demonstrated benefits in quality of life and functioning 
compared to placebo (Banaschewski et al., 2014). All these findings 
emphasize the importance of providing high-quality treatment to chil
dren and adolescents with ADHD. 

Follow-up of medication in ADHD has traditionally relied on symp
tom scales rated by parents, patients, teachers or investigators. Although 
ecological validity of rating scales such as the Attention Deficit Hyper
activity Disorder Rating Scale (ADHD-RS-IV) was found to be relatively 
high in controlled studies (Szomlaiski et al., 2009), such ratings are 
subjective and dependent on the informants and the interpretation of 
symptoms in different contexts. There may be a risk of over- or under
estimating symptoms and of missing symptom changes which are less 
evident but may still affect overall functioning. 

To give a comprehensive picture of medication long-term effects we 
collect several outcome measures in our ongoing prospective two-year 
open-label trial of Long-term Medication for ADHD (LMA trial). These 
measures include the development of ADHD core symptoms, comor
bidities, cognitive functions (IQ), global functioning, functioning in 
various contexts, and quality of life. The present study, focusing on 
ADHD medication long-term effects on cognitive functions, is part of the 
LMA trial. The results from the other LMA trial outcomes will be pub
lished separately. 

In previous research on ADHD medication and IQ development, 
meta-analyses have indicated that short-term treatment of ADHD was 
associated with small improvements in IQ scores, but long-term studies 
are few (Tsai et al., 2013). A Swedish double-blind placebo-controlled 
RCT of amphetamine treatment for 15 months in 35 children reported a 
mean increase of 4.5 Full Scale IQ (FSIQ) points on the WISC-R 
(Wechsler 1974), compared to a 0.7-point increase in a small (n = 8) 
placebo group (Gillberg et al., 1997). Another study of 24 children 
taking stimulants (methyphenidate or amphetamine) over at least 1 
year, compared to a small control group without medication (n = 7), 
showed a mean increase of 6.92 FSIQ points on WISC-III (Wechsler 
1991) in the medication group and 2.71 in the control group (Gimpel 
et al., 2005). A larger uncontrolled study of 103 children with ADHD 
who stayed on methylphenidate treatment for one year, reported a mean 
increase of their WISC-III FSIQ scores of 2.9 points (Tsai et al., 2013). 
Thus, there is some evidence suggesting that long-term ADHD medica
tion may contribute to improved cognitive performance, but the evi
dence base is limited by difficulties in performing long-term studies in 
large samples, especially regarding controlled trials, and little is known 
about moderators of cognitive gain following ADHD medication. 

2. Objectives 

The objectives of this study were to investigate the development of 
cognitive functions measured by the Wechsler scales (Wechsler, 2003, 
2014), and to look for baseline predictors (gender, ADHD presentation, 
comorbid subgroups, baseline Wechsler scores) of long-term cognitive 
improvements, during one year of well-controlled ADHD medication. A 
secondary objective was to measure ADHD symptom scores over the 
same period. We expected participants at group level to score higher on 
the Wechsler scale at the 12-month follow up, yet we also hypothesized 
that there would be individual differences in the degree of change. 

3. Material and methods 

3.1. LMA trial design 

The present study is part of our ongoing LMA trial. All patients had 
been referred to the Child Neuropsychiatry Centre (CNC) at Sahlgrenska 
University Hospital in Gothenburg, Sweden for detailed neuropsychi
atric assessment by experienced teams of child psychiatrists, pediatri
cians, psychologists, special education teachers and speech-language 
pathologists. Diagnoses were established according to DSM-5 criteria. 

Children and adolescents aged 6–18 years, with ADHD of any pre
sentation according to DSM-5, intellectual level in the normal range 
according to psychological testing and team diagnostic assessments, and 
with symptoms and impairment sufficiently severe to justify ADHD 
medication, were invited to participate in the trial. To obtain a sample 
similar to that seen in clinical practice and thereby enhancing the 
ecological validity of the trial, all comorbidities were allowed except 
intellectual disability, bipolar disorder, conduct disorder, substance use 
disorder, psychosis, severe autism or other severe comorbid or medical 
conditions which would make participation unsuitable. Although the 
frequency of comorbidities is high in patients with ADHD seen in clinical 
practice (Gillberg, 2014), for instance Autism Spectrum Disorder (ASD), 
few studies have examined long-term effects of medication for these 
combined disorders. Between March 31, 2014 and June 30, 2020, 150 
children and adolescents were screened for participation in the LMA 
trial, and 128 were included. The present study is based on Wechsler 
data from all participants who had completed the first year in the trial at 
the time of writing (n = 87). 

The LMA trial protocol includes clinical visits for screening, baseline, 
and Visits 1–7 for follow-up at 1, 2, 3, 6, 12, 18 and 24 months. Ques
tionnaires and interviews were used to assess ADHD symptom severity, 
functional impairments, comorbidities, quality of life, and adverse 
events. ADHD symptoms were tested with a computer-based continuous 
performance test with an additional motion tracking system designed to 
measure activity (Qbtest) (Ulberstad, 2012; Hall et al., 2014). These 
results will be published in detail separately. 

Baseline Assessment was performed by a physician and a clinical 
psychologist. Data regarding ADHD symptom severity, investigator- 
rated on the ADHD Rating Scale-IV (ADHD-RS; Du Paul et al., 1998), 
functional impairments, adverse events, comorbidities and vital signs 
were collected by the clinician. The cognitive ability of the participant 
was assessed by the psychologist by Wechsler testing. Medication for 
ADHD (methylphenidate, LDX, atomoxetine or guanfacine) was initi
ated, tailored to the needs of each subject. 

Visits 1–7 On-medication follow-up visits. Data on symptom severity 
(ADHD-RS), functional impairments, adverse events and vital signs were 
collected. The Qbtest was repeated at Visits 1 and 5. 

Visit 5 Follow-up visit 12 months after baseline. In addition to the 
measures mentioned above, Wechsler tests were repeated, and the 
presence of comorbidities were assessed by parent/patient interview. 

3.2. Participants in the present study 

The first 87 participants (26 girls, 61 boys) consecutively included in 
the LMA trial who had ADHD-RS and Wechsler data from baseline and 
Visit 5 (12 months) were selected for analysis in the present study. Mean 
age at baseline was 11.54 years (SD = 3.64, range 6–18.9). All partici
pants had a confirmed diagnosis of ADHD, 66 (76%) with combined 
presentation and 21 (24%) with inattentive presentation (Table 1). ASD 
was a common comorbidity (n = 25; 29%), and an additional 21 (24%) 
participants had subclinical ASD (autistic traits). Oppositional Defiant 
Disorder (ODD) was diagnosed in cases with more severe irritability/ 
oppositional behavior (n = 13 (15%), but an additional 36 participants 
(41%) had subclinical ODD, i. e with several symptoms but not meeting 
full diagnostic criteria). Other comorbid neurodevelopmental diagnoses 
were dyslexia or language disorder, borderline intellectual functioning 
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(BIF), developmental coordination disorder (DCD), and tics (Table 1). 
The most frequent comorbidities in participants with inattentive ADHD 
were ASD (n = 8; 38%), dyslexia/language disorder (n = 8; 38%) and 
BIF (n = 5; 24%). In participants with combined ADHD the most com
mon comorbidities were ASD (n = 17; 26%), ODD (n = 12; 18%) and 
DCD (n = 8; 12%). After the neuropsychiatric assessment all families 
received psychoeducation to the child and parents, and information was 
given to teachers about the child’s individual needs. No patients 
received psychological interventions during the trial. Medications were 
stimulants (n = 74), atomoxetine (n = 3) or guanfacine (n = 6). Four 
participants discontinued the stimulant medication 6 months after 
baseline due to adverse effects (low mood and appetite), but remained in 
the trial, had continued ADHD symptom improvements, and completed 
the 12-month follow-up off medication. All the other participants 
continued their medication at all post-baseline visits. Compliance 
(number of days with missed doses/number of days in period) was 
measured by parent and patient report, and was generally high (93%, 
range 74–100%). 

3.3. Instruments 

The Wechsler intelligence scales (Wechsler, 2003, 2014) are worldwide 
the most used tests to measure intellectual functioning in children and 
adults. The scales give an overall measure of cognitive ability, Full Scale 
IQ (FSIQ), and measures on several Index Scales (Verbal, Visuospatial, 
Fluid, Working Memory, Processing Speed). During this study, a new 
WISC (Wechsler intelligence scales for children) edition was released, 
WISC-V. Therefore, some children were assessed with the older edition 
WISC-IV at baseline (n = 20), but WISC-V was used for all children at 12 
months. Studies have shown high correlations between the FSIQ on the 
different versions suggesting that they measure similar constructs 
(Wechsler, 2014). 

The ADHD-Rating scale-IV (ADHD-RS; Du Paul et al., 1998) is an 18 
items scale of the DSM-IV symptoms of inattention, hyperactivity and 
impulsivity. It is scored on a 4-point scale and composed of two sub
scales - inattention and hyperactivity/impulsivity. A higher score re
flects greater symptom load. The ADHD-RS was developed as a 
parent-rated scale and has been used as an investigator-rated scale in 
many medication trials in children and adolescents with ADHD (Coghill 
et al., 2017). The psychometric properties have been found adequate by 
the original authors and this has been supported by independent 
research (Makransky and Bilenberg, 2014). 

3.4. Ethical considerations 

The study was carried out in accordance with the latest version of the 
Declaration of Helsinki and was approved by the Gothenburg ethical 
committee (no. 897–13). Written informed consent/assent was obtained 
from the children and both parents after the nature of the procedures 
had been fully explained. The trial is registered in ClinicalTrials.gov, 
identifier NCT03250013. 

3.5. Statistical analysis 

The statistical software SPSS, version 25, was used for all data 
analysis. Change in Wechsler scores from baseline to follow-up was 
examined using paired t-test. Stability in individual differences was 
examined using Pearson correlation coefficient. When examining asso
ciations between dichotomous baseline predictors and change in 
Wechsler scores (i.e. subgroup analyses) we utilized non-parametric 
Mann Whitney U tests due to small and unequal sample sizes. 

4. Results 

ADHD symptoms were robustly improved from baseline to 12 
months. Mean ADHD-RS scores at baseline were 34.60 (SD 7.99), and at 
12 months 18.34 (SD 6.96). Normalization of ADHD symptoms was 
reached in 41/87 (47%) of the participants, defined as an ADHD-RS 
score of 18 or less, i.e. only mild symptoms remaining. Normalization 
was more frequent in the inattentive ADHD subgroup (16/21, 76%) than 
in the combined ADHD subgroup (25/66, 38%). The whole group (n =
87) showed significantly higher Wechsler scores at 12 months compared 
to Baseline, on FSIQ (mean at baseline 92.6 and at 12 months 97.95, p <
.001), Verbal Comprehension, Working Memory and Processing Speed 
(Table 2). Furthermore, correlations were strong between individual 
scores at baseline and at 12 months, i.e. participants who had high 
scores at baseline also had high scores at 12 months (Table 2 and Fig. 1) 
on the FSIQ and Index Scales (Verbal, Perceptual Reasoning/Visuospa
tial Index, Working Memory) except for Processing Speed, which 
showed a surprisingly low correlation. This low correlation might be 
influenced by differences in the subscale tests between different 
Wechsler versions. A subgroup comparison between the 4 participants 
who remained in the trial but discontinued their medication after 6 
months, and the 83 participants who continued medication to the 12- 
month follow-up, showed no significant difference in FSIQ change (p 
= .73). 

4.1. Baseline predictors 

A discrepancy (Δ) score between baseline and 12-month FSIQ scores 
was calculated in order to identify possible baseline predictor variables 
for improved scores on the Wechsler. Specifically, we compared sub
groups based on the following categorizations, respectively, on the 
discrepancy score: gender (male/female), ADHD presentation (inatten
tive versus combined), comorbid ASD (yes/no) or comorbid dyslexia 
and/or language impairment (yes/no). The only significant result from 
these subgroup analyses was that those with comorbid dyslexia/lan
guage impairment made a relatively larger raise in FSIQ from baseline to 
12 months (ΔM = 11.21, SD = 8.75) relative to those without this co
morbidity (ΔM = 4.23, SD = 9.72), Mann Whitney U = 289.00, p = .01. 
The comorbid group also had lower baseline FSIQ scores (81.64, SD =
9.76) than those without dyslexia/language impairment (94.70, SD =
12.35), U = 825, p < .001. Note that a dependent samples t-test con
ducted only on participants without comorbid dyslexia/language 
impairment was significant from baseline to 12 months, so while those 
with dyslexia/language impairment improved the most in FSIQ, the 
subgroup without this comorbidity also improved (p < .001). 

Table 1 
Baseline characteristics.  

Mean age (SD, range) 11.54 years (SD = 3.64, 
6–18.9)    

n (%)   

Male 61 (70)   
Female 26 (30)   
ADHD Inattentive presentation 21 (24)   
ADHD combined presentation 66 (76)   

Comorbidities n (%) Whole group ADD ADHD 

Autism Spectrum Disorder 25 (29) 8 (38) 17 (26) 
Oppositional Defiant Disorder 13 (15) 1 (5) 12 (18) 
Dyslexia/Language Disorder 14 (16) 8 (38) 6 (9) 
Borderline Intellectual 

Functioning 
12 (14) 5 (24) 7 (11) 

Developmental Coordination 
Disorder 

10 (11) 2 (10) 8 (12) 

Tics 8 (9) 1 (5) 7 (11)     

Full Scale IQ Mean (SD, Range) 92.6 (12.86, 58–128)   
ADHD-RS Total Score Mean (SD) 34.60 (7.99)    
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5. Discussion 

This study showed significant improvements in Full Scale IQ as 
measured by the Wechsler Scales, and on the Index Scales Verbal 
Comprehension, Working Memory and Processing Speed, after one year 
of well-controlled medication for ADHD in children and adolescents. 
Our results support the findings in earlier long-term studies with smaller 
samples compared to control groups (Gillberg et al., 1997; Gimpel et al., 
2005), and shows somewhat larger FSIQ changes than those reported in 
the study by Tsai et al. (2013). These earlier studies, however, used older 
WISC-versions (WISC-R and WISC-III) in which the subtests were 
different, so the results cannot be directly compared to our study. 
Analysis of possible baseline predictors in our study indicated that co
morbid dyslexia/language impairment predicted a larger rise in FSIQ 
from baseline to 12 months. The participants with this comorbidity also 
had lower baseline FSIQ scores. It is possible that attention deficit is 
particularly detrimental for cognitive test performance in children with 
dyslexia/language impairment, who otherwise are known to perform 

variably on IQ tests (e.g., Siegel, 2006). Gender, ADHD presentation or 
comorbid ASD did not predict differences in FSIQ scores at 12 months. 
The clinical significance of small improvements in IQ tests is unclear, but 
a possible interpretation of the cause is that medication has reduced the 
disturbance from ADHD symptoms, thus enabling the child to use more 
of their cognitive potential. In clinical experience it is often seen that the 
child’s school performance, academic results and behavior improves, in 
some cases considerably, after some time on ADHD medication. 

Our findings are also in line with the large population database 
studies showing that improvements in academic achievement and 
reduced risk for several negative outcomes can be seen in periods on 
medication compared to periods off medication (Chang et al., 2019; 
Jangmo et al., 2019, Boland et al., 2020). A recent clinical trial high
lighted the importance of careful optimization of stimulant treatment 
and concurrent behavioral therapy. The 8-week open optimization 
phase in that study showed high response rates and remission of 
aggression in 63% of 151 children with ADHD, and additional 
mood-stabilizing medication could be avoided (Blader et al., 2021). 

Table 2 
Wechsler FSIQ and subscale scores at baseline and 12 months, and correlations between the baseline and 
12-month values. 
FSIQ = Full Scale IQ, Verbal = Verbal Comprehension Index, Perceptual/VSI = Perceptual Reasoning 
Index in WISC-IV/Visuospatial Index in WISC-V, Working Memory = Working Memory Index, Speed =
Processing Speed Index. 

Fig. 1. Correlation between FSIQ at baseline and at 12 months.  
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Thus, current research suggests that several improvements may be 
gained on well-controlled ADHD medication, but are probably reduced 
or lost if medication is discontinued. This agrees well with the obser
vational follow-up over several years after the MTA trial 14-month 
well-controlled medication period, when many participants dis
continued their medication and initial treatment gains dissipated (Jen
sen et al., 2007; Molina et al., 2009). The compliance to medication in 
our study was generally high (93%), and only 4 participants dis
continued their medication before 12 months. ADHD symptoms 
measured on the ADHD Rating Scale-IV were substantially improved, 
reaching normalized levels in 47% of the participants (normalization 
defined as an ADHD Rating Scale total score of 18 or less, i.e. scores of 1 
or less on each item, meaning that symptoms were present “sometimes, 
rarely or never”). A similar categorical definition was used in the MTA 
trial to describe treatment success (Swanson et al., 2001). 

The results from our study thus support the findings in earlier 
research and extend them to a sample highly comorbid in ASD. The 
improvements in cognitive functions during long-term well-controlled 
ADHD medication seen in this and other studies suggests that functional 
benefits may be reached through such treatment strategies. Future 
research designed to monitor comprehensive functional and quality of 
life outcomes in long-term trials could help us learn more about effects 
of significance in everyday life and give evidence to better inform 
practitioners and patient families about treatment options. The present 
study is part of our ongoing LMA trial, which has been extended to 2 
years follow-up to yield more data on long-term functional and quality 
of life outcomes, and these data will be published separately. 

5.1. Limitations 

Limitations in the present study are the open uncontrolled design, 
which means that other factors than the medication may influence the 
results, and the relatively small sample size. Strengths are the long-term 
follow-up, the prospective naturalistic study design, and the inclusion of 
patients with comorbidities, most notably ASD, which makes the setting 
more similar to the one seen in everyday clinical practice. 
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