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Objective: To conduct a systematic review and meta-analysis of literature from large databases and registries to
assess the effects of ADHD medication on associated functional outcomes.

Study design: A literature search was performed in PubMed, PsycINFO, MEDLINE, and Web of Science for articles
published prior to January 2019. Sample size, age range, country of origin, medication type, number of func-
tional events and non-events, odds ratios and hazard ratios, and means and standard deviations were extracted.
Random-effects meta-analyses were conducted for 21 studies examining functional outcomes.

Results: 40 articles were included. The majority suggest a robust protective effect of ADHD medication treatment
on mood disorders, suicidality, criminality, substance use disorders, accidents and injuries, traumatic brain
injuries, motor vehicle crashes, and educational outcomes. Similarly, the meta-analyses demonstrated a pro-
tective effect of medication treatment on academic outcomes, accidents and injuries, and mood disorders.
Conclusions: These findings suggest that ADHD medication treatments are associated with decreases in the risks
for a wide range of ADHD-associated functional outcomes supporting efforts aimed at early diagnosis and

Functional outcomes
Medication adherence

treatment of individuals with ADHD.

1. Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a prevalent and
morbid neurobiological disorder estimated to affect up to 11% of
children (Faraone et al., 2003) and 5% of adults (Polanczyk et al.,
2014). It is associated with high rates of many adverse functional
outcomes including comorbid psychiatric disorders (Biederman et al.,
2006), academic impairments (Barkley et al., 1991), accidents and in-
juries (Chen et al., 2017), and car accidents (Thompson et al., 2007),
among many others.

While treatment with ADHD medications, particularly stimulants,
have been shown to improve the core symptoms of ADHD (Faraone
et al., 2006), less information is available of their effects on ADHD-
associated functional impairments (Faraone and Glatt, 2010). Such in-
formation is critical for the careful examination of the risks versus

benefits calculus when considering medication treatments for ADHD.

Research on population-based datasets has greatly advanced med-
ical knowledge for a wide range of conditions including pediatric
cancer, sickle cell disease, and macular degeneration, among others
(Brandl et al., 2019; Rice et al., 2015; Claster et al., 2013). These studies
have allowed for the examination of the impact of therapies, regional
rates of mortality, and average cost of specific treatments. Such in-
formation enables healthcare professionals and organizations to better
understand current regional, nationwide and international trends in a
wide-range of treatments and healthcare costs. Because these popula-
tion-based databases are very large and are linked to other health re-
cords and registers, they are distinctively poised to provide ecologically
informative evidence on the impact of various diseases on the popula-
tion as well as allowing for the examination of the influence of treat-
ment on these conditions.

Abbreviations: Attention-deficit/hyperactivity disorder, ADHD; Atomoxetine, ATX; Confidence intervals, CI; Emergency Room, ER; Hazard ratios, HR; Odds ratios,
OR; Motor Vehicle Crash, MVCs; Standard Mean Difference, SMD; Substance Use Disorders, SUDs; Traumatic Brain Injury, TBIs
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Excluded from meta-analysis with reasons

Data not extractable: N = 19

Fig. 1. Prisma diagram.

In recent years, an emergent literature from large databases and
registries has examined the effects of medication for ADHD on ADHD-
associated functional outcomes, offering a unique opportunity to gain
new insights into the impact of these medications on ecologically valid
indices of functional impairment. Compared with clinical trials, these
studies provide information about the broader benefits of ADHD med-
ications on ADHD-associated functional impairments and outcomes,
particularly when they provide information comparing outcomes
during medicated and non-medicated time periods within the same
individual. They also provide information on the full range of ADHD
patients, not only those eligible for clinical trials.

A recent qualitative review (Chang et al., 2019) of studies that in-
vestigated the effects of ADHD medication suggested beneficial effects
of ADHD medication on injuries, motor vehicle accidents, education,
and substance use disorder with estimates of relative risk reduction
from 9% to 58% for these outcomes. While highly informative, this
review did not subject the findings to meta-analysis.

The main aim of this study was to conduct a systematic review and
meta-analysis of the extant literature from large databases to assess the
effects of stimulant treatment on ADHD-associated functional out-
comes. We hypothesized that this literature would show that ADHD
medications improve important ADHD-associated serious and morbid
functional outcomes.

2. Methods
2.1. Literature review

A literature search was performed using PubMed, PsycINFO,
MEDLINE, and Web of Science. The following algorithm was used:
((ADD) OR (ADHD) OR (attention deficit disorder) OR (attention deficit
hyperactivity disorder) OR (hyperkinesis)) AND (medication) AND
((registry) OR (registries) OR (insurance) OR (insurance claims) OR
(database)). The search was limited to articles published prior to
January 1st, 2019. From the search results, we selected articles using
the following criteria: 1) the study's main focus was ADHD; 2) the study
relied on population-wide databases or large health insurance claim
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databases; 3) the main outcomes assessed were functional; 4) data were
available comparing individuals taking ADHD medication treatment to
those who were not. We excluded articles not published in the English
language, review articles, editorials, and commentaries. The lead au-
thor and the senior author screened the articles for relevance and
eligibility. Articles initially deemed eligible were cross-referenced for
other relevant and potentially suitable articles that had been cited in
their text. These cited articles were then screened according to the same
inclusion and exclusion criteria.

2.2. Data extraction and statistical analysis

The following variables were extracted from each of the studies
when available: study sample size, ADHD sample size, age range (or
mean age if age range was not reported), country of origin, and medi-
cation type. For studies reporting on dichotomous outcomes, we ex-
tracted the number of functional events and non-events for each func-
tional outcome of interest or odds ratios (OR) and 95% confidence
intervals (CI) if event count was not available. For studies that provided
total N and percentages but not number of cases, numbers were cal-
culated based on the percentages provided. We extracted hazard ratios
(HR) and 95% ClIs for papers reporting on survival analyses. We ex-
tracted means and standard deviations for papers reporting on con-
tinuous data and calculated standardized mean differences (SMD) as
the effect sizes. Only studies that provided sufficient data to make these
calculations were included in the meta-analysis. When available, ad-
justed effect sizes were extracted over crude effect sizes.

We computed meta-analyses for studies examining functional out-
comes in medicated ADHD subjects versus unmedicated ADHD subjects.
Our meta-analyses used the random effects model of DerSimonian and
Laird (1986), which computes a pooled effect size weighted by sample
size. We used the I? index to assess heterogeneity of effect sizes (Higgins
et al., 2003). Its value lies between 0 and 100 and estimates the per-
centage of variation among effect sizes that can be attributed to het-
erogeneity. A significant I? suggests that the effect sizes analyzed are
not estimating the same population effect size. We used the Egger
method to assess for publication biases (Egger et al., 1997). The meta-
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analyses were weighted by the reciprocal of the variance of effect sizes.
All analyses were two-tailed and performed at the 0.05 alpha level
using Stata: Version 15.1 (Stata Statistical Software, 2017).

3. Results
3.1. Articles identified

As shown in Fig. 1, our search resulted in 6835 articles. After
eliminating repeats, 5437 unique articles were screened according to
our inclusion/exclusion criteria. Twenty-five studies meeting these
criteria were identified. An additional 15 were deemed eligible through
cross-referencing. Thus, the total number of articles included in this
review was 40.

Of these 40 articles, ten (25%) were derived from U.S. datasets
while the other 30 were derived from non-U.S. sources (eight from
Sweden (20%), seven from Taiwan (18%), five from Denmark (13%),
three from Germany (8%), two from China (5%), two from the
Netherlands (5%), and one from each of the following countries:
Iceland (2%), Canada (2%), and United Kingdom (2%)). The sample
sizes in these articles ranged from 5718 persons to over 146,000,000.
The overwhelming majority of medication treatment consisted of sti-
mulants. Twenty-one studies included data on individuals taking ADHD
medication including stimulants and non-stimulants. Seventeen studies
provided data on individuals taking only stimulants. Two studies did
not specify the types of ADHD medication. No articles provided data on
individuals taking only non-stimulants.

Of the 40 articles identified, four examined the effects of ADHD
medications on the subsequent development of mood disorders (de-
pression and bipolar disorder), four on substance use disorders (SUD),
three on criminality, three on suicidality, two on traumatic brain injury
(TBI), two on motor vehicle crash (MVC) rates, 14 on accidents and
injuries, and eight on academic outcomes.

Sixteen articles collected data on periods within the same individual
when they were adherent to medication compared to time intervals
when they were not adherent (Mohr-Jensen et al., 2019; Chang et al.,
2017; Lu et al., 2017; Quinn et al., 2017; Man et al., 2015; Mikolajczyk
et al., 2015; Chang et al., 2014; Chang et al., 2014b; Dalsgaard et al.,
2014; Stein et al., 2014; van den Ban et al., 2014; Raman et al., 2013;
Lichtenstein et al., 2012; Marcus and Durkin, 2011; Marcus et al., 2008;
Leibson et al., 2006). Adherence to medication in these studies was
defined broadly and included definitions such as any exposure to ADHD
medication, up to 180 days of receiving medication, and up to five or
more years (Chen et al., 2017; Chang et al., 2016; Barbaresi et al.,
2007). In this review, we extracted data as reported on those who were
deemed medicated versus unmedicated.

3.2. Qualitative review summary
Table 1: Qualitative Review

3.2.1. Psychiatric outcomes

Mood Disorders: Of the four studies that examined mood disorder
outcomes, all but one showed that stimulant medication treatment was
associated with a significantly reduced risk of mood disorders (de-
pression and bipolar disorder) (Chang et al., 2016; Lee et al., 2016;
Wang et al., 2016). Only one study (Jerrell et al., 2015) reported that
ADHD medication treatment was associated with a significantly in-
creased risk for depression.

Substance Use Disorders (SUDs): SUDs were defined as an emer-
gency room visit insurance claim for a non-tobacco use disorder diag-
nosis (Quinn et al., 2017), a hospital visit with a linked diagnosis of
mental and behavioral disorders due to psychoactive substance use
(Chang et al., 2014; Steinhausen and Bisgaard, 2014) including those
not involving alcohol (Sundquist et al., 2015), and alcoholism and drug
dependence (Steinhausen and Bisgaard, 2014). Of the four studies that
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examined substance use disorders outcomes, all but one showed that
stimulant medication treatment was associated with a significantly
reduced risk of substance use outcomes (Quinn et al., 2017; Chang
et al., 2014; Steinhausen and Bisgaard, 2014). Two of these studies
(Quinn et al., 2017; Steinhausen and Bisgaard, 2014) showed that the
reduction in substance use outcomes was particularly marked during
periods when the same individual was adherent to the medication
prescribed when compared to times when the subject was not. One
study (Sundquist et al., 2015) found neither increased nor decreased
impact of stimulant medication treatment on drug use disorders (a
neutral effect).

Criminality: Criminality was defined in these studies broadly, and
included crimes such as property offenses, tax offenses, homicides, as-
saults, interactions with police, threats of harassment, robbery, arson,
and drug offenses (Mohr-Jensen et al., 2019; Dalsgaard et al., 2014;
Lichtenstein et al., 2012). All three studies that examined ADHD-asso-
ciated criminality found that ADHD medication treatments, mostly
stimulants, were associated with significantly decreased rates of
criminal activity and contact with the justice system (Mohr-Jensen
et al., 2019; Dalsgaard et al., 2014; Lichtenstein et al., 2012). All three
studies also documented reduced criminality rates within the same in-
dividuals during periods of adherence to ADHD medication compared
with period of non-adherence (Mohr-Jensen et al., 2019; Dalsgaard
et al., 2014; Lichtenstein et al., 2012).

Suicidality: In all three studies that examined the risk for suicid-
ality, ADHD medications, mostly stimulants, were associated with a
reduced risk of suicide attempts or repeated suicide attempts (Liang
et al., 2018; Man et al., 2017; Chen et al., 2014). Two of these reduc-
tions were statistically significant (Liang et al., 2018; Chen et al., 2014),
while the third was not (Man et al., 2017). The reductions in suicidal
behavior were particularly marked for men and for longer-term sti-
mulant users.

3.2.2. Accidents and Injuries

Traumatic Brain Injury (TBI): The two studies that examined
ADHD-associated TBIs reported that stimulant medication treatment
was associated with a significantly reduced risk of TBIs (Liao et al.,
2018; Liou et al., 2018).

Motor Vehicle Crashes (MVCs): The two studies that examined the
impact of ADHD medication treatment on MVC rates found a sig-
nificantly reduced risk of MVCs for individuals taking medication
compared to periods off medications (Chang et al., 2014b, 2017).

Accident, Injuries, Emergency Room (ER) Visits: Accidents and
injuries were defined broadly across the studies, and included bone
fractures (forearm, arm, ankle, and other areas of the body), poisoning,
foreign body removal, sprains, burns, and others (Chien et al., 2017;
Jacob and Kostev, 2017; Raman et al., 2013). Of the 14 studies that
examined the impact of ADHD medications, mostly stimulants, on the
risk of accidents and injuries, the majority (N = 10) found that treat-
ment was associated with a reduced risk of fractures, general injuries,
insurance claims, and/or hospital/ER visits (Chen et al., 2017; Chien
et al., 2017; Jacob and Kostev, 2017; Merrill et al., 2016; Dalsgaard
et al., 2015; Man et al., 2015; Mikolajczyk et al., 2015; Raman et al.,
2013; Marcus et al., 2008; Leibson et al., 2006), and of those, eight
demonstrated significant reductions (Chen et al., 2017; Chien et al.,
2017; Jacob and Kostev, 2017; Dalsgaard et al., 2015; Man et al., 2015;
Mikolajczyk et al., 2015; Raman et al., 2013; Leibson et al., 2006) while
two showed reductions that were not statistically significant (Merrill
et al., 2016; Marcus et al., 2008). Five of these ten studies (Man et al.,
2015; Mikolajczyk et al., 2015; Raman et al., 2013; Marcus et al., 2008;
Leibson et al., 2006) examined within-individual results. They found
that periods of adherence to medication were associated with reduc-
tions in risk compared with periods of non-adherence. Four studies
found that there was neither a decreased nor increased rate, or a neutral
effect, in ADHD associates injuries associated with medication treat-
ment (van den Ban et al., 2014; Lange et al., 2016; Merrill et al., 2009;
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Swensen et al., 2004).

3.2.3. Academic outcomes

Five of eight studies (Jangmo et al., 2019; Keilow et al., 2018; Lu
et al., 2017; Marcus and Durkin, 2011; Barbaresi et al., 2007) found
that ADHD medication treatments were associated with significantly
higher scores on tests, significant improvements in grade point
averages, significantly fewer days absent from school, and sig-
nificant improvements in reading. Two of these five (Lu et al., 2017;
Marcus and Durkin, 2011) showed that, within-individuals, adherence
to medication was associated with higher scores on education entrance
tests and marginal improvement in grade point averages. Two of the
eight (van der Schans et al., 2017; Zoega et al., 2012) studies found that
treatment was associated with a decline in testing scores and worse
school performance, and another (Currie et al., 2014) found no re-
lationship between treatment and academic outcomes. Only one of
these three demonstrated a significant decline in academic outcomes
(van der Schans et al., 2017).

3.3. Meta-analysis results

Of the 40 articles identified, 21 had extractable data for meta-
analysis of functional outcomes in medicated versus unmedicated
ADHD subjects.

3.3.1. Psychiatric outcomes

Mood Disorders: Consistent with the qualitative review, for the
two studies with available OR data for meta-analysis examining the
effects of ADHD medication on mood disorders outcomes, the pooled
OR was < 1 and statistically significant, indicating significantly de-
creased odds of developing mood disorders in medicated ADHD sub-
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CI = 0.64, 0.74; p < 0.001) (Fig. 2C). Overall heterogeneity was low
and not significant (I* = 28.0%, p = 0.24), suggesting that they were
estimating a common OR.

Suicidality: Consistent with the qualitative review, the pooled HR
for the two studies with available HR data for meta-analysis examining
suicidality showed that although this risk was reduced, it did not attain
statistical significance (pooled HR = 0.65, 95% CI = 0.34, 1.27;
p = 0.21) (Fig. 3D). Overall heterogeneity was high and significant
(I = 88.7%, p = 0.003), suggesting that they were not estimating a
common HR.

Substance Use Disorders (SUDs): Consistent with the qualitative
review, the pooled HR for the two studies with available HR data for
meta-analysis examining SUD outcomes showed that although this risk
was reduced, it did not attain statistical significance (pooled
HR = 0.79, 95% CI = 0.60, 1.05; p = 0.11) (Fig. 3C). Overall het-
erogeneity was moderate and not significant (I> = 72.9%, p = 0.06),
suggesting that they were estimating a common HR.

Criminality: Consistent with the qualitative review, the pooled HR
for the two studies with available HR data for meta-analysis examining
criminality showed that although this risk was reduced, it did not attain
statistical significance (pooled HR = 0.87, 95% CI = 0.74, 1.02;
p = 0.08) (Fig. 3B). Overall heterogeneity was moderate and not sig-
nificant (I = 68.1%, p = 0.08), suggesting that they were estimating a
common HR.

3.3.2. Accidents and Injuries

Accidents and Injuries: Consistent with the qualitative review, the
six studies with available OR data for meta-analysis examining acci-
dents and injuries showed that the pooled OR for accidents and injuries
was < 1 and statistically significant, indicating that medicated ADHD
subjects were at significantly decreased odds of accidents and injuries

jects compared to unmedicated ones (pooled OR = 0.69, 95% compared to unmedicated ones (pooled OR = 0.72, 95% CI = 0.59,
Study Outcome
A. Academic Outcomes
Barbaresi 2007 School Drop-out *-
Jangmo 2019 Ineligibile for Upper Secondary School -
Overall Pooled OR (95% CI)=0.80 (0.76, 0.84); p<0.001 <>
B. Accidents & Injuries
Raman 2012 Injuries _—
Dalsgaard 2015 Injuries —
Lange 2016 Injuries -
Chen 2017 Injuries —_——
Jacob 2017 Injuries —_——
Chien 2017 Injuries g
Overall Pooled OR (95% CI)=0.72 (0.59, 0.87); p=0.001 <>
C. Mood Disorders
Wang 2016 Bipolar ——
Chang 2016 Depression —
Overall Pooled OR (95% CI)=0.69 (0.64, 0.74); p<0.001 <>
| | |
.25 5 1 2
Decreased Odds Increased Odds
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Fig. 2. Odds ratio forest plot.



H. Boland, et al.

Study Outcome

A. Accidents & Injuries

Chen 2017 Injuries
Chien 2017 Injuries
Overall Pooled OR (95% CI)=0.77 (0.65, 0.91); p=0.003
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B. Criminality
Lichtenstein 2012 Convictions
Mohr-Jensen 2019 Convictions

Overall  Pooled OR (95% Cl)=0.87 (0.74, 1.02); p=0.08

C. Substance Use Disorders (SUD)
Chang 2014 SuD
Steinhausen 2014 SuD

Overall Pooled OR (95% CI)=0.79 (0.60, 1.05); p=0.11 <>'
D. Suicidality
Chen 2014 Suicide Related Events —
Liang 2018 Suicidality g
Overall Pooled OR (95% CI)=0.65 (0.34, 1.27); p=0.21 —_—
E. Traumatic Brain Injury (TBI)
Liao 2018 TBI -
Liou 2018 TBI -
Overall Pooled OR (95% CI)=0.68 (0.36, 1.26); p=0.22 —_—
| | |
.25 5 1 2

Reduced Risk Increased Risk

Hazard Ratio

Fig. 3. Hazard ratio forest plot.

0.87; p = 0.001) (Fig. 2B). Heterogeneity was high and significant
(12 = 91.6%, p < 0.001), suggesting that these studies were not es-
timating a common OR. Similarly, the two studies with available HR
data for meta-analysis of accidents and injuries showed that the pooled
HR was <1 and statistically significant, indicating that mediated
ADHD subjects were at significantly reduced risk for accidents and
injuries compared to unmedicated ADHD (pooled HR 0.77, 95%
CI = 0.65, 0.91; p = 0.003) (Fig. 3A). Overall heterogeneity was low
and not significant (I> = 0.0%, p = 0.98), suggesting that they were
estimating a common OR.

Traumatic Brain Injury (TBI): Consistent with the qualitative re-
view, the pooled HR for the two studies with available HR data for
meta-analysis examining TBI showed that although this risk was re-
duced, it did not attain statistical significance (pooled HR = 0.68, 95%
CI = 0.36, 1.26; p = 0.22) (Fig. 3E). Overall heterogeneity was high
and significant (I> = 99.6%, p < 0.001), suggesting that they were not
estimating a common HR.

3.3.3. Academic outcomes
In the two studies with available OR data for meta-analysis

27

examining academic outcomes, the pooled OR was < 1 and statistically
significant, indicating significantly decreased odds of poor academic
outcomes in medicated ADHD subjects compared to unmedicated
ADHD subjects (pooled OR = 0.80, 95% CI = 0.76, 0.84; p < 0.001)
(Fig. 2A). Overall heterogeneity was low and not significant (I> = 0.0%,
p = 1.00), suggesting that they were estimating a common OR. In
contrast, in the three studies with available continuous data for meta-
analysis of academic performance, the pooled SMD showed neutral
effects of ADHD medication (Lu et al., 2017: SMD —0.23, 95%
CI = —0.31, —0.16; van der Schans et al., 2017: SMD = 0.23, 95%
CI = 0.12, 0.33; Keilow et al., 2018: SMD = —0.05, 95% CI = —0.10,
0.00; pooled SMD = —0.02, 95% CI = —0.23, 0.19; p = 0.84). This is
not surprising given the mix of positive, negative, and neutral findings
in the qualitative analysis and as shown in the heterogeneity test that
was high and significant (I3 96.1%, p < 0.001). The Egger test
showed no signs of publication bias (p = 0.75).

4. Discussion

Our systematic literature review of big database studies examining
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the effects of medication on several important and morbid ADHD-as-
sociated functional outcomes documented major benefits of ADHD
medication, particularly stimulant, treatment in mitigating the risks for
mood disorders, suicidality, criminality, SUDs, accidents and injuries,
TBI, automobile crashes, and academic impairments. Furthermore, in
studies that examined within-individual effects of medications, pro-
tective effects of ADHD medications were observed during periods
when subjects were compliant with their pharmacological treatment
when compared with periods of non-adherence. The results of the meta-
analysis were largely consistent with the qualitative findings providing
together strong support for the protective effects of stimulants against
the development of costly and highly morbid adverse functional out-
comes in individuals with ADHD.

While some studies we reviewed included non-stimulant medica-
tions, the overwhelming majority of the pharmacological treatment for
ADHD consisted of stimulants and none of the available studies re-
ported findings on non-stimulants alone. This is not surprising con-
sidering the large literature documenting efficacy and tolerability of
stimulants in the management of ADHD as well as their strong effect
sizes (Bhat and Hechtman, 2018; Shier et al., 2013; Faraone, 2009).

The preponderance of evidence showing the reduction in the risks
for depression and bipolar disorder associated with ADHD treatment
(largely stimulants) is consistent with our previous results from long-
itudinal case-controlled studies of youth with and without ADHD of
both sexes that also documented that treatment with stimulants in
childhood was associated with protective effects against the subsequent
development of mood disorders in adult years (Biederman et al., 2009).
Further efforts to quantify the protective effects of treatment with sti-
mulants using the number needed to treat (NNT) statistic showed NNTs
in the single digits indicating very robust protective effects (Biederman
et al., 2019).

The finding of an inverse association between stimulant treatment
and rate of suicide related events (Liang et al., 2018) is highly note-
worthy considering the strong associations between ADHD (Elkins,
2011) with both suicidality (Huang et al., 2018)) and mood disorders
(Katzman et al., 2017) and the association between mood disorders
with suicidality (Balazs and Kereszteny, 2017). Although it remains
unclear whether this ADHD medication-associated protective effect
against suicidality in ADHD is direct or indirect (through their protec-
tive effects in mitigating mood disorders), it remains a finding of high
clinical and public health relevance.

The results showing a reduction in the risk of criminality and de-
linquent behaviors associated with stimulant treatment (Lichtenstein
et al., 2012) in ADHD is consistent with our findings from longitudinal
follow up studies documenting that early stimulant therapy reduces the
subsequent risk for developing conduct disorder in both boys and girls
with ADHD grown up (Biederman et al., 2019). Considering the poor
prognosis associated with conduct disorder, antisocial disorders, and
criminality, the protective effects of stimulants on these risks are likely
to have large beneficial impact to individuals with ADHD.

The finding that stimulant treatment mitigates the risk for the
subsequent development of SUDs in ADHD in the majority of the re-
viewed literature is also consistent with our longitudinal studies doc-
umenting similar effects in ADHD children grown up (Biederman et al.,
2008, 2019) and with other studies (McCabe et al., 2016, 2017)
showing similar findings. Given the evidence that ADHD is a significant
risk for SUDs (Yule et al., 2017), that this serious risk may be mitigated
by early treatment with stimulants is of great importance to clinicians
and families.

The majority of the reviewed literature in both the qualitative re-
view and meta-analysis showed medicated ADHD subjects were at de-
creased risk for accidents and injuries, particularly when they are ad-
herent to treatment. Considering the high morbidity and costs
associated with accidents and injuries, these findings have very prac-
tical clinical implications and may help in decreasing unnecessary
medical expenditures by increasing efforts to support medication
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treatment for ADHD and adherence to it.

The protective effects of stimulants on car crashes derived from
registry and big data studies are consistent with results from our ran-
domized, placebo-controlled clinical trial of lisdexamfetamine on
driving behavior and performance in a driving simulator (Biederman
et al., 2019; Biederman et al., 2012; Biederman et al., 2012b). This
study (Biederman et al., 2012) documented significant improvements
on lisdexamfetamine over placebo in rates of collisions as well as
driving errors and driving lapses. These findings emphasize the critical
importance of stimulants on the prevention of MVCs and support of safe
driving in individuals with ADHD.

The finding in most registry studies examining the effects of ADHD
medications on educational outcomes showing improved academic
outcomes is consistent with results from our longitudinal studies
(Biederman et al., 2009, 2019). However, a few studies reported wor-
sening educational outcomes or neutral effects and the meta-analysis
showed an overall neutral effect of treatment. These overall mixed
findings on the effects of medications for ADHD on educational out-
comes are not surprising considering that ADHD symptoms represent
only one of many factors contributing to academic difficulties in in-
dividuals with ADHD including cognitive abilities, executive dysfunc-
tion, learning disabilities and social class (Erikson, 2016; Miller and
Hinshaw, 2010; Rohde and Thompson, 2007; Hampton and Mason,
2003), factors that may not be as responsive to medications for ADHD
as those of ADHD symptoms. Nevertheless, considering the critical
importance of academic success for employment opportunities in our
society, even if academic improvement were to be limited to ADHD
patients without other cognitive comorbidities, it would still have a
large beneficial societal effect.

As noted in many registry studies, the aforementioned protective
effects of ADHD medication were most prominent when individuals
were compliant with their medication treatment. Chang et al. (2017)
reported that rates of MVCs were lower during periods of ADHD med-
ication compliance, while another registry study noted a 20% decreased
risk for depression during periods of medication adherence (Chang
et al., 2016). Lu et al. (2017) reported that patient test scores were
significantly higher during medicated versus non-medicated periods.
Likewise, a registry study from Taiwan noted a 59% suicide attempt risk
reduction among ADHD youths prescribed methylphenidate for 180
days and a 72% risk reduction in those prescribed for more than 180
days (Liang et al., 2018). These findings underscore the importance of
compliance enhancement interventions as part of any ADHD manage-
ment.

While highly noteworthy, the protective effects associated with
ADHD medications on a wide range of ADHD-associated adverse
functional outcomes do not necessarily imply that pharmacological
treatments for ADHD are the only factor influencing functional out-
comes. Future research can benefit from more widespread examination
of additional moderators of functional outcomes in individuals with
ADHD.

Moreover, medication treatments for ADHD are associated with a
wide range of adverse effects (Swanson et al., 2017), highlighting the
critical importance of careful examination of risks versus benefits when
prescribing medications to patients ADHD of any age. However, this
essential calculus requires knowledge of the benefits of medication
treatment and whether these benefits are expected to exceed those of
the potential risks.

Our results must be considered in light of some methodological
limitations. Data in registry studies are limited to coded diagnoses and
treatments (Liang et al., 2018; Chang et al., 2014) and do not include all
affected subjects. Additionally, most of the available registry studies
used data from international samples with different assessment and
treatment traditions for ADHD, which may not generalize to the United
States. Because findings from registry studies are naturalistic, causality
cannot be inferred and the effects of medication treatment on different
outcomes are vulnerable to potential confounding (Mendes et al.,
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2017), although the within patient analyses are not affected by such
confounding. Moreover, although the analytic approaches used in reg-
istry studies do not provide an in-depth view of treatment effects, it
adds to the general understanding of the effectiveness of medication in
the ADHD population that is complementary to other methods of ana-
lysis derived from treatment studies.

Despite these considerations, results from this systematic review
and meta-analysis using data derived from registries and large datasets
suggest that medication treatments for ADHD and stimulants in parti-
cular, are associated with decreases in the risks for a wide range of
highly morbid and costly ADHD-associated functional outcomes sup-
porting efforts aimed at early diagnosis and treatment of individuals
with ADHD. Considering that the documented protective effects of
medication for ADHD on functional outcomes were particularly marked
when treatment was adhered to, these findings also support the critical
need to develop innovative methods to improve adherence to medica-
tions in ADHD.
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