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Key Points 

Question: Can ADHD medications improve performance of higher education 

entrance test for individuals with ADHD? 

Findings: In within-patient analysis, including 930 individuals with ADHD, 

the test scores were significantly higher during medicated periods as 

compared to non-medicated periods. 

Meaning: Treating patients with ADHD medication might help to improve their 

academic performance. 

 

Abstract 

IMPORTANCE  

Individuals with attention-deficit/hyperactivity disorder (ADHD) are at greater 
risk for academic problems. Pharmacologic treatment is effective in reducing 
core symptoms of ADHD, but it is unclear whether it helps to improve 
academic outcomes.  

OBJECTIVE  

To investigate the association of the use of ADHD medication and the 
performance of higher education entrance test in individuals with ADHD. 

DESIGN, SETTING, AND PARTICIPANTS  

This cohort study followed 61,640 individuals with a diagnosis of ADHD from 
January 01, 2006 to December 31, 2013. Using Swedish national registers, 
we extracted records of their pharmacological treatment along with data from 
the Sweden Scholastic Aptitude Test. Using a within-patient design, we 
compared test scores when patients were taking medication for ADHD with 
scores when they were not.  

EXPOSURES 

Periods with and without ADHD medications.  

MAIN OUTCOMES AND MEASURES 

Scores from the higher education entrance examination. 

RESULTS 

Within 930 individuals who had taken multiple tests (2524 tests) and used 
ADHD medications intermittently (mean [SD] age, 22.2 [3.2] years; 493 [53%] 
males), the test scores were on average 4.8 points higher (95% confidence 
interval, 2.26 to 7.34; on the scale of 0-200) during medicated periods as 
compared to non-medicated periods, after adjusting for age and practice 



 3 

effects. Similar associations between ADHD medications and the test scores 
were detected in sensitivity analyses.   
CONCLUSIONS AND RELEVANCE 

Individuals with ADHD scored higher at the higher education entrance tests 
during medicated versus non-medicated periods. This study suggests that 
ADHD medications may help ameliorate educationally relevant outcomes in 
individuals with ADHD.  
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Introduction  

Attention-deficit/hyperactivity disorder (ADHD) is a common psychiatric 

disorder among children and adolescents which can persist to adulthood.1 It 

affects approximately 5-7% of the school-aged population,2-4 and slightly 

under 3% in adults.5-7 On average, individuals with ADHD earn lower school 

grades or standardized test scores, and they receive less schooling, 

compared with peers.8-10 The core symptoms of ADHD, including inattention, 

impulsivity and hyperactivity, may affect school performance; associated 

deficits, such as in attention span and working memory, may exacerbate 

academic difficulties.11,12 

 

Clinical trials have shown that ADHD medications are efficacious in reducing 

the core symptoms of ADHD13 and are generally tolerated in children, 

adolescents and adults,5,14 even though recent Cochrane systematic reviews 

graded these evidence as low quality.15,16 It is, however, less clear whether 

such improvement in behavior translates into better academic outcomes. 

Results from previous studies are mixed, and more importantly, it is difficult to 

evaluate the educational significance of the measured outcomes.17-20  

 

Using information from the Swedish National Registers, we examined the link 

between the use of ADHD medication and a nationally valued academic 

outcome in people who have received a diagnosis of ADHD. We chose a 

within-patient design, in which the same individual's test scores were 

examined when they were on and off medication.   
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Methods 

Patients  

We used the National Patient Register21 to identify a total of 61,640 

individuals with ADHD (code 314 in ICD-9 and F90 in ICD-10) born between 

1976 and 1996. We followed these individuals from January 01, 2006 to 

December 31, 2013. The Migration and Cause of Death Registers were linked, 

using the unique personal identification number, to refine individual follow-up 

periods. The Integrated Database for Labor Market Research and the 

Swedish Military Service Conscription Register were linked to obtain 

information on parents’ highest educational level and the individual’s 

intelligence quotient (IQ) respectively.  

The study was approved by the regional ethics review board in Stockholm, 

Sweden. By Swedish law, there is no requirement for informed consent in 

register based research. 

 

Measures 

Outcome: The outcome was the test score of the Swedish Scholastic Aptitude 

Test (SweSAT; we refer to this henceforth as ‘the test score'). It is an optional 

standardized test,22 which has been an instrument, together with the grade 

point average (GPA) from upper secondary schools in Sweden, for higher 

education selection in Sweden. Applicants to higher education are ranked by 

GPA and/or the test score. There is no restriction on the number of times that 

one may re-take the test; universities automatically consider an applicant’s 

best test score from the re-takes. Therefore, it is common for applicants to 
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take the test multiple times. The SweSAT is usually administered twice a year 

during April and October. Because the level of difficulty varied between tests, 

raw test scores were normed so that scores from different test occasions were 

comparable.23 Since 2011, the test scores are normed to a scale between 

0.00-2.00 (with 0.05 increments). We analyzed the normed test scores on its 

original scale multiplied by 100, yielding test scores ranging between 0-200. 

 

A total of 16 test occasions were included during the follow-up period. We 

extracted test records for the identified individuals with ADHD and excluded 

records of incomplete tests from analyses. Age at testing was restricted to 

between 17 (because students start taking the tests during the second year of 

upper secondary school) and 30 years. For comparison, we extracted the test 

scores for population controls who were not diagnosed with ADHD and were 

matched with each case on sex, birth year, and residential area at the time of 

the first diagnosis, at a ratio of 10:1.  

 

Exposure: The exposure was ADHD medication. We extracted medication 

records of stimulants (including methylphenidate, amphetamine and 

dextroamphetamine) and non-stimulants (atomoxetine) from the Prescribed 

Drug Register. In line with previous definitions,24-26 we defined the medicated 

periods as having two dispensing records with less than 6 months (183 days) 

apart. The non-medicated periods are thus any period other than those 

defined medicated periods during the follow-up. We assigned the test dates to 

the pre-defined medicated/non-medicated periods, to determine the 

medication status at the testing.  
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Covariates: In agreement with previous studies,27,28 we observed significant 

linear and quadratic effects of age and practice (as measured by the number 

of previous tests) in association with the test scores, meaning that test scores 

improve, at a declining rate, as people get older, and as they take more tests. 

This observation forms the basis of the adjustment in the main analyses using 

a within-patient design (the effects of covariates are shown in Supplementary 

Table 1). Other covariates including sex, test year, IQ (measured in Stanine 

scores) and parents’ highest educational level were considered at the cohort 

level (the estimates are shown in Supplementary Table 2). 

  

Statistical analysis 

We first compared the basic characteristics between individuals with ADHD 

who had taken SweSAT test and their matched population controls, as well as 

between ADHD individuals with and without medication during study follow-up 

period. 

 

In the main analyses using the within-patient design, the eligible study 

subjects were individuals with ADHD who had taken repeated tests and used 

ADHD medication during the follow-up. We tested the association between 

medication use and the test scores using a conditional generalized estimation 

equation (CGEE), conditioning on the individual patient.29,30 The analyses 

were performed with and without the adjustment of time-varying confounders 

including age and the number of previous tests. Because each individual 

serves as his or her own control in this design, all the time-invariant 
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confounders were implicitly adjusted for. We also tested the presence of 

carry-over effects to ensure that the estimates were not biased (Online 

Supplement). 

 

For comparison, we also conducted analyses at the cohort level, i.e., without 

controlling for confounding by indication.31,32 In these analyses, the test 

scores from all patients during medicated periods were compared with those 

during non-medicated periods (referred to as ‘between-patient comparison’; 

Online Supplement).  

 

All the analyses were performed in R, using the R package ‘drgee’ for the 

GEE and CGEE models.33  

 

Sensitivity analyses 

To investigate whether the results were sensitive to how the medicated/non-

medicated periods had been defined, we also assigned the medication status 

for each test date according to the number of days since the last dispensing. 

We reasoned that one is more likely to be taking medication if the test date is 

closer to the last dispensing, and conversely, less likely to be on medication if 

there is a large gap in between the last dispensing and the test. The following 

cutoff values were tested: 1) 6 months (183 days) to define both on and off 

medication; 2) 3 months (91 days) to define both on and off medication; 3) on 

medication if the test date was no more than 3 months since the last 

dispensing, and off medication if the last dispensing and the test date was 

more than 6 months apart (those with the gap in between 3 to 6 months were 
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set as missing).  

 

Stimulant ADHD medication might have different efficacy from non-

stimulants.34 To test whether different types of drugs might influence the test 

scores differently, we identified two groups: stimulant-only users, and non-

stimulant/mixed users. The association of medication use and the test scores 

was assessed within these two groups. 

 

ADHD frequently co-occurs with learning disability (LD), but it has been 

shown that attention problems in ADHD patients is not limited to its 

association with LD.35 However, it is not clear whether the association 

between ADHD medication and academic outcomes might differ in patients 

with or without LD. To answer this question, we ran a sensitivity analysis 

restricting our sample to the subset of individuals with ADHD but without co-

existing LD. We identified people with LD either from the National Patient 

Register (code 315 in ICD-9 and F81 in ICD-10) or from the test records 

(there is a special test category for individuals with dyslexia).  

 

In order to evaluate whether the association with test scores was specific to 

ADHD medications, we examined the effect of selective serotonin reuptake 

inhibitors (SSRI) on the test scores within these individuals with ADHD, both 

before and after the adjustment of ADHD medication use. Similar to the case 

of ADHD medications, the dispensing records of SSRI (including fluoxetine, 

citalopram, paroxetine, sertraline, fluvoxamine and escitalopram) were 

extracted from the Prescribed Drug Register and the medicated and non-
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medicated periods of SSRI were defined in the same way.  

 

Results 

Approximately 11% of all 61,640 individuals with ADHD diagnosis had taken 

the test (or 6% if we consider only the tests during the study follow-up). The 

corresponding percentage in the matched population controls was 32% (or 19% 

during follow-up).  

 

Individuals with ADHD who had taken the test took significantly fewer tests at 

a later age as compared to their matched population controls (Table 1). These 

individuals, however, did not differ from matched controls in the mean value of 

the test scores, despite scoring slightly lower in IQ. No difference was 

observed in parents’ highest educational levels between test takers with 

ADHD and matched controls. Of the 3,718 individuals with ADHD who had 

taken the test, 74% (2,745 patients) received ADHD medication (referred to 

as the ‘medicated group’), while the remaining 26% (973 patients) were not 

medicated during the entire follow-up period (referred to as the ‘never-

medicated group’). Notably, the mean value of the test scores was over 10 

points higher among the medicated group than among the never-medicated 

group (94.1 versus 83.5; Table 2).  

  

In the within-patient analysis, we compared the test scores from 930 

individuals with repeated tests (2,524 tests) during their own medicated 

versus non-medicated periods. The use of ADHD medications was associated 
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with an increase of 13.1-point (95% CI, 9.7 to 16.5, P<0.001) in the test 

scores. However, the effect was reduced to a 4.8-point increase (95% CI, 2.3 

to 7.3, P<0.001; Table 3) after accounting for age and practice effects. That is, 

among people who had taken multiple tests and used ADHD medications 

intermittently, the test scores were on average 4.8 points higher (on the scale 

of 0-200; or 0.048 on the original scale) when the patient was on medication. 

The estimated improvement in the test scores appeared to be larger, although 

not significantly different, in males than in females (p-value from testing the 

interaction term of medication status and sex = 0.31; Table 3).  

 

In the between-patient comparison, we did not find a significant association 

between the medication use and the test score (Online Supplement).   

 

Sensitivity analyses 

Within patients, medication was also linked with higher test scores when we 

used alternative definitions of medication status at the test date. The 

estimates of mean difference in the test scores, ranging between 3.6 and 4.0, 

were highly consistent even when we changed the number of days as 

different cut-off values (Table 4). 

 

Seventy-two percent of the medicated ADHD group (665 individuals) were 

stimulant-only users. The association between ADHD stimulants and the test 

scores was weaker than the association with non-stimulant/mixed drugs, 

although the estimates were not significantly different (p-value from testing the 

interaction term of medication status and type of users = 0.23; Table 5). We 
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identified fewer than 100 individuals with ADHD and coexisting LD; this subset 

was too small to warrant separate analyses. Instead we examined the 

association among individuals with ADHD who did not have comorbid LD; the 

estimated mean test score difference was 5.1 points (95% CI, 2.5 to 7.6) in 

this subset.  

 

In contrast, we only found a small, non-statistically-significant, improvement in 

test scores associated with SSRI use, regardless of adjustments for the use of 

ADHD medication. Within individuals with ADHD who had taken SSRI, there 

was a 2.4-point difference (95% CI, -0.9 to 5.6; Table 5) in the mean test 

scores during SSRI-medicated versus non-medicated periods after adjusting 

for the use of ADHD medication. 
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Discussion  

In this study, we examined the performance of individuals with ADHD at the 

higher education entrance examinations during their medicated and non-

medicated periods. Among the people with a diagnosis of ADHD, the use of 

ADHD medication was linked with higher scores in the SweSAT, and that this 

result survived several sensitivity analyses. The size of the effect was 0.048-

point improvement on the original scale of the test scores, equivalent to 0.11 

standard deviation. Comparing the magnitude of effects on test performance, 

the benefit from taking ADHD medication was comparable to having one 

previous test experience (0.12 standard deviation). The effect might be 

stronger for individuals with average or high performance at the initial test 

(Online Supplement). Our results corroborate the emerging evidence from 

randomized clinical trials36-38 and observational studies39-41 that the 

medication is associated with a small improvement in standardised tests or 

GPA,18 and further extend the evidence to the age range of adolescence and 

adulthood which has been particularly understudied.42  

 

This effect size, albeit small, approximates to the increment of 0.05 in the 

normed test scores. Such improvement might translate to a higher rank 

among test applicants, potentially enhancing the chances of receiving higher 

education. The current results, therefore, might have implication on one’s 

educational attainment. In addition, educational level has been shown as a 

strong predictor of occupational outcomes in adult ADHD patients;43 thus, the 

resultant better education might lead to other long-term implications. We note, 
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however, the small effect size suggested that other treatment programs are 

needed to help support individuals with ADHD in educational settings.  

 

In the within-patient design, confounders that are constant within individuals, 

such as genetic make-up for disease severity, intelligence and 

conscientiousness, or family and school environment that stimulate learning 

(e.g., receiving special educational services), are implicitly adjusted for. We 

adjusted for age and practice effects to address the confounding of increased 

test scores at repeated tests due to natural curve of improvement in ADHD 

symptoms44 and improvement in test taking ability. In addition, we did not find 

evidence for exposure-outcome carry-over effects (Online Supplement). This 

suggests that the association between ADHD medication use and the test 

scores after controlling for age and practice effects is relatively robust. 

However, unmeasured confounders that vary within individuals might still be 

present (e.g., periods of time when individuals decide to take medication 

might represent time when they make other health and life decisions that may 

enhance test performance), for which we tested the association of the test 

scores with SSRI, the next commonly used medication in individuals with 

ADHD. No statistically-significant association was detected between SSRI use 

and the test scores, indicating limited impact of such unmeasured factors (a 

further discussion in, Online Supplement). Yet, as in all observational studies 

we are unable to rule out all time-varying confounds. 

 

Compared to many studies that used retrospective parental reports on 

medication use,40 we inferred medication use during the test periods from 
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medication prescription records. Thus, our results were not affected by any 

recall bias. The results, however, rely on whether the medication uses were 

correctly assigned. Using an alternative definition where we traced the test 

date back to the closest drug dispensing and counted the number of days in 

between, we demonstrated that the observed association was not sensitive to 

the definition of medication exposure. But, there is still uncertainty about 

medication status on the test date. Previous studies have shown that ADHD 

treatment non-compliance was found to be the norm rather than the 

exception.19 In the cases where treatment non-compliance occurred during 

our defined medication periods, our estimation was likely to be conservative 

rather than an overestimate of the true medication effect.  

 

Because higher education entrance examinations comparable to the SweSAT 

exist in most countries, our results of a positive association between 

medication use and these tests within individuals with ADHD may generalise 

to some countries with a similar prevalence of ADHD medication use. We 

note the likelihood of some self-selection in our study. First, the proportion of 

individuals who had taken SweSAT tests was nearly three times higher in the 

population controls than in the individuals with ADHD, probably due to a 

higher percentage of school drop-outs45 and of individuals who had chosen 

other educational tracks, such as vocational education and training in the 

ADHD group. Further selection arose from the within-individual design which 

restricted to the individuals who had taken repeated tests. Second, IQ among 

the individuals with ADHD who had taken the tests were comparable to IQ 

among the matched controls, suggesting that our results might be specific to 
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the individuals with normal cognitive function. This might contribute to the 

observation of a similar mean test scores among individuals with ADHD and 

the matched controls, even though we might have expected people with 

ADHD diagnoses to have scored more poorly. We were unable to test 

whether the identified link between ADHD medication and improved test 

performance also applies to individuals with more impaired cognitive function 

or other severe functional impairment. However, it has been suggested that 

the individuals with the greatest deficit are the ones who experience the most 

benefit from ADHD medication.46,47 We, therefore, conjecture that the 

identified link might apply to the full spectrum of functioning in people with 

ADHD. It is important to note, however, by probing the link we explicitly do not 

assume causality. 

 

ADHD medications had almost 50% increase in prescriptions dispensed in the 

US from 2002 to 2010.48 Evidence on links between medication and outcomes 

is an essential part of dispensing decisions. Like all medications, ADHD 

medications have unwanted effects16,49 including concerns regarding non-

serious adverse events, such as decreased appetite and sleep problems, and 

the possibility of serious adverse events,15,50,51 which need to be considered. 

However, this study suggests that ADHD medications may help improve 

performance on an important achievement test and, thus, enhance the 

educational attainment of people with ADHD.  

 

Conclusions: 
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For the people with a diagnosis of ADHD, the use of ADHD medication is 

associated with better performance at the higher education entrance tests. 

This evidence should be considered together with the current list of risks and 

benefits of ADHD medication to guide clinical decisions. 
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Tables 

Table 1. Basic characteristics of individuals with ADHD who had taken 
SweSAT test as compared to their matched population controls. 
 

  

ADHD 
patients 
(n=3718) 

Matched 
controls 

(n=8371)1 

Test of 
group 

differen
ces2 

Average number of tests per person 
(s.d.) 1.58 (1.09) 1.74 (1.20) <0.001 

Mean age at test (s.d.) 22.10 (3.30) 20.55 (2.44) <0.001 

Mean test score (s.d.) 91.40 (46.16) 90.51 (43.02) 0.20 

Mean IQ in stanine scores (s.d.)3 5.62 (1.82) 5.86 (1.74) 0.002 

Father's highest education, over 12 
years of education (%) 44.75% 46.12% 0.17 

Mother's highest education, over 12 
years of education (%) 53.42% 53.19% 0.83 

1. Population controls were matched with each ADHD patient on sex, birth year and 
residential area at the time of diagnosis, at a ratio of 10:1. 8371 individuals from 
37180 matched controls had taken test during the study follow-up.  

2. Two-sided t tests were used for continuous variables. Chi-square tests were used 
for 2-by-2 contingency table, with Yates' correction.  

3. Based on 20% non-missing IQ data in males. 
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Table 2. Basic characteristics of ADHD individuals with and without 
medication during study follow-up period. 
 

  

Medicated 
ADHD group 

(n=2745) 

Never-medicated 
ADHD group 

(n=973) 

Test of 
group 

differences1 

Male (%) 50.49% 56.22% 0.002 

Average number of tests per 
person (s.d.) 1.58 (1.08) 1.53 (0.89) 0.18 

Mean age at test (s.d.) 22.26 (3.36) 21.63 (3.08) <0.001 

Mean test score (s.d.) 94.12 (46.13) 83.46 (45.32) <0.001 

Mean IQ in stanine scores 
(s.d.)2 5.69 (1.86) 5.41 (1.71) 0.08 

Father's highest education, over 
12 years of education (%) 45.69% 42.06% 0.06 

Mother's highest education, 
over 12 years of education (%) 54.92% 49.12% 0.002 

1. Two-sided t tests were used for continuous variables. Chi-square tests were used 
for 2-by-2 contingency table, with Yates' correction.  

2. Based on about 20% non-missing IQ data in males. 
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 Table 3. Associations between ADHD medication and SweSAT test scores, 
using definition of medicated/non-medicated periods. 
 

  Within-patient comparison1 

  N 
patients 

N tests 
(On/Off)2 

Mean test score 
difference (95% CI)  

P 

Male 493 
1364 

(325/1039) 
5.69 (2.14, 9.23) 0.002 

Female 437 
1160 

(355/805) 
3.60 (0.06, 7.14) 0.05 

Overall 930 
2524 

(680/1844) 
4.80 (2.26, 7.34) <0.001 

 
1. In the within-patient comparison, the test scores during medicated periods were 

compared with non-medicated periods in the same individual, after adjusting for 
both linear and quadratic effects of age and the number of previous tests. The 
analyses were based on individuals with repeated tests.  

2. Total number of tests and the number of tests during medicated versus non-
medicated periods in brackets. All possible combinations of medication use were 
allowed. 
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Table 4. Associations between ADHD medication and SweSAT test scores, 
using days from last dispense to define medication status at test date. 
 

  

6 months as cutoff 

 

3 months as cutoff  

 Less than 3 months as 
ON, more than 6 months 
as OFF 

 Estimate (95% CI) P  Estimate (95% CI) P  Estimate (95% CI) P 

Male 4.80 (1.61, 7.98) 0.003 4.05 (0.90, 7.19) 0.01 4.83 (1.28, 8.39) 0.007 

Female 2.46 (-1.41, 6.33) 0.21  2.95 (-0.30, 6.21) 0.08  3.00 (-1.06, 7.05) 0.15 

Overall 3.72 (1.26, 6.19) 0.003  3.56 (1.28, 5.84) 0.002  4.02 (1.34, 6.69) 0.003 

Estimates of medication effect (i.e., estimated mean difference in the test scores 
while one was on medication versus off medication) were from within-patient analysis, 
adjusted for both linear and quadratic effects of age and the number of previous tests. 
The number of patients and tests were the same as in Table 3 (within-patient level).  
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Table 5. Associations between ADHD medication and SweSAT test scores, in 
sensitivity analyses. 
 

Types of cohort, medication N N tests 
Mean test score 

difference 
(95% CI) 

P 

ADHD diagnosed in the National 
Patient Register 

    

Within stimulant-only users 665 1816 3.81 (0.94, 6.69) 0.009 

Within non-stimulant/mixed users 265 708 6.93 (1.81, 12.05) 0.008 

Within patients without co-existing LD 844 2264 5.05 (2.47, 7.62) <0.001 

SSRI use and test scores  
(not adjusted for ADHD medication) 

556 1475 2.71 (-0.57, 5.99) 0.11 

SSRI use and test scores  
(adjusted for ADHD medication) 445 1207 2.37 (-0.88, 5.63) 0.15 

Estimates of medication effect (i.e., estimated mean difference in the test scores 
during medicated periods compared to non-medicated periods) were from within-
patient analysis, adjusting for both linear and quadratic effects of age and the number 
of previous tests.   



 23 

Acknowledgements 

 
Y.L. is supported by the Australian NHMRC early career fellowship. We 
acknowledge financial support from the Swedish Research Council through 
the Swedish Initiative for Research on Microdata in the Social And Medical 
Sciences (SIMSAM) framework grant no. 340-2013-5867, the Swedish 
Research Council (2013-2280) and through the National Institute of Mental 
Health (NIMH) Grant No. 1R01MH102221).  
 

The funding organizations had no influence in any part of the design and 
conduct of the study (collection, management, analysis, and interpretation of 
the data; preparation, review, or approval of the manuscript; and decision to 
submit the manuscript for publication).  
 
Dr Lu had full access to all the data in the study and takes responsibility for the 
integrity of the data and the accuracy of the data analysis.  

 

Conflict of Interest 

H. Larsson has served as a speaker for Eli-Lilly and Shire and has received a 
research grant from Shire; P. Lichtenstein has served as a speaker for Medice 
all outside the submitted work.   
 

  



 24 

  



 25 

References 

1. Biederman J, Petty CR, Evans M, Small J, Faraone SV. How persistent is ADHD? A 
controlled 10-year follow-up study of boys with ADHD. Psychiatry Res. 
2010;177(3):299-304. 

2. Polanczyk G, de Lima MS, Horta BL, Biederman J, Rohde LA. The worldwide 
prevalence of ADHD: a systematic review and metaregression analysis. Am J 
Psychiatry. 2007;164(6):942-948. 

3. Polanczyk GV, Willcutt EG, Salum GA, Kieling C, Rohde LA. ADHD prevalence 
estimates across three decades: an updated systematic review and meta-regression 
analysis. Int J Epidemiol. 2014;43(2):434-442. 

4. Thomas R, Sanders S, Doust J, Beller E, Glasziou P. Prevalence of attention-
deficit/hyperactivity disorder: a systematic review and meta-analysis. Pediatrics. 
2015;135(4):e994-1001. 

5. Faraone SV, Asherson P, Banaschewski T, et al. Attention-deficit/hyperactivity 
disorder. Nat Rev Dis Primers. 2015;1:15020. 

6. Fayyad J, Sampson NA, Hwang I, et al. The descriptive epidemiology of DSM-IV Adult 
ADHD in the World Health Organization World Mental Health Surveys. Atten Defic 
Hyperact Disord. 2017;9(1):47-65. 

7. Simon V, Czobor P, Balint S, Meszaros A, Bitter I. Prevalence and correlates of adult 
attention-deficit hyperactivity disorder: meta-analysis. Br J Psychiatry. 
2009;194(3):204-211. 

8. Birchwood J, Daley D. Brief report: The impact of attention deficit hyperactivity 
disorder (ADHD) symptoms on academic performance in an adolescent community 
sample. J Adolesc. 2012;35(1):225-231. 

9. Frazier TW, Youngstrom EA, Glutting JJ, Watkins MW. ADHD and achievement: 
meta-analysis of the child, adolescent, and adult literatures and a concomitant study 
with college students. J Learn Disabil. 2007;40(1):49-65. 

10. Massetti GM, Lahey BB, Pelham WE, et al. Academic achievement over 8 years 
among children who met modified criteria for attention-deficit/hyperactivity 
disorder at 4-6 years of age. J Abnorm Child Psychol. 2008;36(3):399-410. 

11. Barry TD, Lyman RD, Klinger LG. Academic underachievement and Attention-
Deficit/Hyperactivity Disorder: The negative impact of symptom severity on school 
performance. J School Psychol. 2002;40(3):259-283. 

12. Raggi VL, Chronis AM. Interventions to address the academic impairment of children 
and adolescents with ADHD. Clin Child Fam Psych. 2006;9(2):85-111. 

13. A 14-month randomized clinical trial of treatment strategies for attention-
deficit/hyperactivity disorder. The MTA Cooperative Group. Multimodal Treatment 
Study of Children with ADHD. Arch Gen Psychiatry. 1999;56(12):1073-1086. 

14. Adler LA, Zimmerman B, Starr HL, et al. Efficacy and safety of OROS methylphenidate 
in adults with attention-deficit/hyperactivity disorder: a randomized, placebo-
controlled, double-blind, parallel group, dose-escalation study. J Clin 
Psychopharmacol. 2009;29(3):239-247. 

15. Punja S, Shamseer L, Hartling L, et al. Amphetamines for attention deficit 
hyperactivity disorder (ADHD) in children and adolescents. Cochrane Database Syst 
Rev. 2016;2:CD009996. 

16. Storebo OJ, Simonsen E, Gluud C. Methylphenidate for Attention-
Deficit/Hyperactivity Disorder in Children and Adolescents. JAMA. 
2016;315(18):2009-2010. 

17. Arnold LE, Hodgkins P, Kahle J, Madhoo M, Kewley G. Long-Term Outcomes of 
ADHD: Academic Achievement and Performance. J Atten Disord. 2015. 



 26 

18. Baweja R, Mattison RE, Waxmonsky JG. Impact of Attention-Deficit Hyperactivity 
Disorder on School Performance: What are the Effects of Medication? Paediatr 
Drugs. 2015;17(6):459-477. 

19. Langberg JM, Becker SP. Does long-term medication use improve the academic 
outcomes of youth with attention-deficit/hyperactivity disorder? Clin Child Fam 
Psychol Rev. 2012;15(3):215-233. 

20. Loe IM, Feldman HM. Academic and educational outcomes of children with ADHD. J 
Pediatr Psychol. 2007;32(6):643-654. 

21. Ludvigsson JF, Andersson E, Ekbom A, et al. External review and validation of the 
Swedish national inpatient register. BMC Public Health. 2011;11:450. 

22. Löfgren K. VALIDATION OF THE SWEDISH UNIVERSITY ENTRANCE SYSTEM Selected 
results from the VALUTA-project 2001–2004 Umeå: Umeå University, Department of 
Educational Measurement. 2005. 

23. Stage C, Ögren G. Score from the SweSAT spring and autumn 2001 (PM, Nr 172). 
Umeå: Umeå University, Department of Educational Measurement. 2002. 

24. Chen Q, Sjolander A, Runeson B, D'Onofrio BM, Lichtenstein P, Larsson H. Drug 
treatment for attention-deficit/hyperactivity disorder and suicidal behaviour: 
register based study. BMJ. 2014;348:g3769. 

25. Lichtenstein P, Halldner L, Zetterqvist J, et al. Medication for attention deficit-
hyperactivity disorder and criminality. N Engl J Med. 2012;367(21):2006-2014. 

26. Zetterqvist J, Asherson P, Halldner L, Langstrom N, Larsson H. Stimulant and non-
stimulant attention deficit/hyperactivity disorder drug use: total population study of 
trends and discontinuation patterns 2006-2009. Acta Psychiatr Scand. 
2013;128(1):70-77. 

27. Cliffordson C. Effects of Practice and Intellectual Growth on Performance on the 
Swedish Scholastic Aptitude Test (SweSAT). European Journal of Psychological 
Assessment. 2004;20(3):192-204. 

28. Henrikssona  W, Bränberga K. The Effects of Practice on the Swedish Scholastic 
Aptitude Test (SweSAT). Scandinavian Journal of Educational Research. 
1994;38(2):129-148. 

29. Goetgeluk S, Vansteelandt S. Conditional generalized estimating equations for the 
analysis of clustered and longitudinal data. Biometrics. 2008;64(3):772-780. 

30. Zetterqvist J, Vansteelandt S, Pawitan Y, Sjolander A. Doubly robust methods for 
handling confounding by cluster. Biostatistics. 2016;17(2):264-276. 

31. Kyriacou DN, Lewis RJ. Confounding by Indication in Clinical Research. JAMA. 
2016;316(17):1818-1819. 

32. Psaty BM, Koepsell TD, Lin D, et al. Assessment and control for confounding by 
indication in observational studies. J Am Geriatr Soc. 1999;47(6):749-754. 

33. Zetterqvist J, Sjölander A. Doubly robust estimation with the R package drgee. 
Epidemiologic Methods. 2015;4(1):69-86. 

34. Faraone SV, Glatt SJ. A comparison of the efficacy of medications for adult attention-
deficit/hyperactivity disorder using meta-analysis of effect sizes. J Clin Psychiatry. 
2010;71(6):754-763. 

35. Wu KK, Anderson V, Castiello U. Neuropsychological evaluation of deficits in 
executive functioning for ADHD children with or without learning disabilities. Dev 
Neuropsychol. 2002;22(2):501-531. 

36. Molina BS, Hinshaw SP, Swanson JM, et al. The MTA at 8 years: prospective follow-
up of children treated for combined-type ADHD in a multisite study. J Am Acad Child 
Adolesc Psychiatry. 2009;48(5):484-500. 



 27 

37. Langberg JM, Molina BS, Arnold LE, et al. Patterns and predictors of adolescent 
academic achievement and performance in a sample of children with attention-
deficit/hyperactivity disorder. J Clin Child Adolesc Psychol. 2011;40(4):519-531. 

38. Wietecha LA, Williams DW, Herbert M, Melmed RD, Greenbaum M, Schuh K. 
Atomoxetine treatment in adolescents with attention-deficit/hyperactivity disorder. 
J Child Adolesc Psychopharmacol. 2009;19(6):719-730. 

39. Marcus SC, Durkin M. Stimulant adherence and academic performance in urban 
youth with attention-deficit/hyperactivity disorder. J Am Acad Child Adolesc 
Psychiatry. 2011;50(5):480-489. 

40. Scheffler RM, Brown TT, Fulton BD, Hinshaw SP, Levine P, Stone S. Positive 
association between attention-deficit/ hyperactivity disorder medication use and 
academic achievement during elementary school. Pediatrics. 2009;123(5):1273-
1279. 

41. Powers RL, Marks DJ, Miller CJ, Newcorn JH, Halperin JM. Stimulant treatment in 
children with attention-deficit/hyperactivity disorder moderates adolescent 
academic outcome. J Child Adolesc Psychopharmacol. 2008;18(5):449-459. 

42. Chan E, Fogler JM, Hammerness PG. Treatment of Attention-Deficit/Hyperactivity 
Disorder in Adolescents: A Systematic Review. JAMA. 2016;315(18):1997-2008. 

43. Halmoy A, Fasmer OB, Gillberg C, Haavik J. Occupational outcome in adult ADHD: 
impact of symptom profile, comorbid psychiatric problems, and treatment: a cross-
sectional study of 414 clinically diagnosed adult ADHD patients. J Atten Disord. 
2009;13(2):175-187. 

44. Faraone SV, Biederman J, Mick E. The age-dependent decline of attention deficit 
hyperactivity disorder: a meta-analysis of follow-up studies. Psychol Med. 
2006;36(2):159-165. 

45. Kent KM, Pelham WE, Jr., Molina BS, et al. The academic experience of male high 
school students with ADHD. J Abnorm Child Psychol. 2011;39(3):451-462. 

46. Waxmonsky JG. The ABCs of CNS stimulant misuse. J Clin Psychiatry. 
2016;77(3):e315-316. 

47. Swanson JM, Wigal TL, Volkow ND. Contrast of medical and nonmedical use of 
stimulant drugs, basis for the distinction, and risk of addiction: comment on Smith 
and Farah (2011). Psychol Bull. 2011;137(5):742-748. 

48. Chai G, Governale L, McMahon AW, Trinidad JP, Staffa J, Murphy D. Trends of 
outpatient prescription drug utilization in US children, 2002-2010. Pediatrics. 
2012;130(1):23-31. 

49. Berman SM, Kuczenski R, McCracken JT, London ED. Potential adverse effects of 
amphetamine treatment on brain and behavior: a review. Mol Psychiatry. 
2009;14(2):123-142. 

50. Storebo OJ, Ramstad E, Krogh HB, et al. Methylphenidate for children and 
adolescents with attention deficit hyperactivity disorder (ADHD). Cochrane Database 
Syst Rev. 2015(11):CD009885. 

51. Graham J, Banaschewski T, Buitelaar J, et al. European guidelines on managing 
adverse effects of medication for ADHD. Eur Child Adolesc Psychiatry. 2011;20(1):17-
37. 

 

 



Online Supplement 

 

Association between medication use and the performance of higher 
education entrance tests in individuals with attention deficit-
hyperactivity disorder 

 
Yi Lu (Ph.D.)1,2, Arvid Sjölander (Ph.D.)1, Martin Cederlöf (Ph.D.)1, Brian M. D'Onofrio 
(Ph.D.)3, Catarina Almqvist (Ph.D.)1,4, Henrik Larsson (Ph.D.)1,5, Paul Lichtenstein 
(Ph.D.)1  

1. Department of Medical Epidemiology and Biostatistics, Karolinska Institutet, 

Stockholm, Sweden 

2. Statistical Genetics, Genetics and Computational Biology Department, QIMR 

Berghofer Medical Research Institute, Brisbane, QLD, Australia. 

3. Department of Psychological and Brain Sciences, Indiana University, 

Bloomington, IN, USA 

4. Astrid Lindgren Children’s Hospital, Karolinska University Hospital, Stockholm, 

Sweden 

5. School of Medical Sciences, Örebro University, Örebro, Sweden  

 

 
 
Corresponding author: 
 Dr. Yi Lu 

Department of Medical Epidemiology and Biostatistics, Karolinska Institutet, 
Stockholm, Sweden 
Nobels väg 12A 
17177 Stockholm 

Lu.Yi@ki.se 
 
 
  



 2 

Testing carry-over effect: 
 
The within-patient design assumes that there is no carry-over effect between 
exposures and outcomes for the same individual.1 Carry-over effects, in this context, 
can take place in many forms, with some more plausible than others: for example, 
medication use at an earlier test can influence the decision of medication use 
(“exposure-to-exposure”), or more directly influence the scores (“exposure-to-
outcome”), at the following test(s); or, an individual's scores at earlier tests can 
influence his or her scores (“outcome-to-outcome”) or medication use (“outcome-to-
exposure”) at later test(s). Except for the first form (i.e., earlier medication use 
influence later use), these carry-over effects, if exist but are not accounted for, will 
lead to bias in the estimates from these models.1 Therefore, we adjusted for the age 
and practice effects, both linear and quadratic terms, to account for the outcome-to-
outcome carry-over. In addition, we tested the presence of the other two forms of 
carry-over, by fitting the specific paths into the model. To test whether the exposure-
to-outcome carry-over exists, we examined the association of current test scores with 
the medication use at earlier tests, while adjusting for an indicator of the first test 
(because no information on the prior medication use), current medication use, as well 
as the age and practice effects. Similarly, to test whether the outcome-to-exposure 
carry-over exist, we examined the association of current medication use with 
previous test scores, while adjusting for an indicator of first test, current test scores, 
as well as age and practice effects.  
 

There was no evidence suggesting that the exposure-outcome carry-over effects 
exist. The effect of previous medication use on the current test score was not 
significantly different from 0 (-0.74 to 4.03), neither was the odds ratio of previous 
test score on the use of current medication different from 1 (0.99 to 1.03). These 
results suggest that the association between ADHD medication and test scores after 
controlling for the learning effect is not biased by other types of carry-over effects.   
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Between-patient comparison: 

For comparison with results from the within-individual analysis, we also conducted 
analyses at the cohort level, i.e., the test scores from all patients during medicated 
periods were compared with those during non-medicated periods (referred to as 
‘between-patient comparison’); thus there was no restriction on study subjects. We 
used generalized estimation equation models to examine the associations between 
the use of ADHD medication and the test scores from all patients, with robust 
standard errors accounting for the correlated test scores from the same patients. The 
between-patient comparison was adjusted for age, sex, number of previous tests, 
test year, parental education level and IQ. 
 
In the between-patient comparison when confounding by indication was not 
controlled for, we did not find a significant association between the medication use 
and the test score. For all individuals in the medicated ADHD group, the estimated 
mean difference in the test scores was 1.2 (95% CI, -2.4 to 4.8) comparing all 
medicated periods with non-medicated periods.   
 
 

  Between-patient comparison1 
  

N patients 
N tests 
(On/Off)2 

Mean test score difference 
(95% CI) 

P 

Male 1386 
2257 

(570/1687) 
-0.63 (-5.56, 4.30) 0.80 

Female 1359 
2082 

(602/1480) 
2.67 (-2.55, 7.90) 0.32 

Overall 2745 
4339 

(1172/3167) 
1.23 (-2.38, 4.83)3 0.51 

 

1. In the between-patient comparison, the test scores from all individuals during medicated 
periods were compared with those during non-medicated periods, after adjusting for both 
linear and quadratic effects of age and the number of previous tests, test year, parents' 
highest education level (whether or not had over 12 years of education), and sex in the 
overall analysis. The presented results were not adjusted for IQ due to large percentage 
of missing data. 

2. Total number of tests and the number of tests during medicated versus non-medicated 
periods in brackets. All possible combinations of medication use were allowed. 

3. The mean test score difference in the between-patient comparison was -1.02, 95% CI was 
-9.29 to 7.24 after adjusting for IQ.  
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The concomitant use of SSRI: 

The concomitant use of SSRI appeared to be more prevalent during ADHD 
medicated periods compared to non-medicated periods (see the table below). We 
note that the non-significant improvement in test scores associated with SSRI, 
approximately 0.06 standard deviation of the test scores, was less likely to indicate a 
general effect related to medication pattern; instead, it was perhaps driven by the 
subset of individuals with ADHD and coexisting depression (within individuals with 
both ADHD and depression who had taken repeated tests, the estimated mean 
difference in the test scores due to SSRI was twice as large as the estimate from 
individuals with ADHD only, after adjusting for ADHD medication use; results not 
shown). This observation reflects previous findings that SSRI use is associated with 
improving attention and remaining executive function in patients with depression.2  
 

 ADHD medication periods 

 1844 OFF periods 680 ON periods 

Intermittent use of SSRI; number (%) 

OFF 734 (39.8%) 250 (36.8%) 

ON 142 (7.7%) 81 (11.9%) 

Never-treated 968 (52.5%) 349 (51.3%) 
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Stratifying subjects by test performance: 

In this sensitivity analysis, we aimed to test whether the association between ADHD 
medication and test scores differed among individuals with different test performance. 
We indirectly investigated this question by ranking subjects according to the scores 
from their first tests: those within the bottom 20% were considered as ‘low’ 
performance group, within top 20% were considered as ‘high’ performance group and 
the remaining ones were ‘average’ performance group. It should be noted that this 
represents a crude way of stratifying subjects, because scores at different test 
occasions which might have a varying level of difficulties were pooled together. We 
then performed within-individual analyses in each of these three groups. The results 
are shown below: 
 

 N 
individuals 

N 
tests 

Mean test score 
difference (95% CI) 

P 

Low performance 
group (scores from 
the first test below 50) 

192 512 0.36 (-5.06, 5.78) 0.90 

Average performance 
group (scores from 
the first test between 
50 to 130) 

555 1501 5.67 (2.69, 8.65) 0.0002 

High performance 
group (scores from 
the first test above 
130) 

183 511 7.80 (2.32, 13.27) 0.005 

 

 

There was no evidence for a medication effect among the low performance group. 
The medication effect appeared to be the strongest in the high performance group, 
but its wide confidence interval (CI) completely overlapped with the CI from the 
average performance group.   
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Supplementary Table 1. The effect of adjustments at the within-patient 
comparison.  
 

Variables Effect S.E. P-value 

Age 15.49 3.36 4E-06 

age2 -0.28 0.07 8E-05 

previous number of tests 5.86 0.73 1E-15 

previous number of tests2 -0.19 0.11 8E-02 

  
 
 
 
Supplementary Table 2. The effect of adjustments at the between-patient 
comparison.  
 

Variables Effect S.E. P-value 

Age -5.93 3.46 0.087 

age2 0.17 0.07 0.022 

previous number of 
tests 

13.77 1.23 < 2e-16 

previous number of 
tests2 

-0.87 0.22 6E-05 

test year 2007 -5.64 3.05 0.0641 

test year 2008 -8.43 3.45 0.0145 

test year 2009 -9.46 3.23 0.0034 

test year 2010 -11.51 3.26 0.0004 

test year 2011 -12.59 3.24 0.0001 

test year 2012 -14.91 3.16 2E-06 

test year 2013 -18.35 3.15 6E-09 

sex_female -13.08 1.80 4E-13 

Father's highest 
education; over 12 
years of education 

12.58 1.92 6E-11 

Mother's highest 
education; over 12 
years of education 

14.32 1.97 4E-13 

* IQ had an effect of 12.05 (s.e.=2.27, P=1e-7; and the effect of mother's highest 
education was reduced to 2.77, s.e.=5.80, P=0.63) in the adjusted model that was 
based on 20% non-missing data in males. 
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