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Objective: Criminality rates are higher among persons with attention-deficit/hyperactivity disorder (ADHD), and evidence that medication reduces
crime is limited. Medication rates between clinics vary widely even within universal health care systems, partly because of providers’ treatment pref-
erences. We used this variation to estimate causal effects of pharmacological treatment of ADHD on 4-year criminal outcomes.

Method: We used Norwegian population-level registry data to identify all unique patients aged 10 to 18 years diagnosed with ADHD between 2009
and 2011 (n ¼ 5,624), their use of ADHD medication, and subsequent criminal charges. An instrumental variable design, exploiting variation in
provider preference for ADHD medication between clinics, was used to identify causal effects of ADHD medication on crime among patients on the
margin of treatment, that is, patients who receive treatment because of their provider’s preference.

Results: Criminality was higher in patients with ADHD relative to the general population. Medication preference varied between clinics and strongly
affected patients’ treatment. Instrumental variable analyses supported a protective effect of pharmacological treatment on violence-related and public-
order�related charges with numbers needed to treat of 14 and 8, respectively. There was no evidence for effects on drug-, traffic-, sexual-, or property-
related charges.

Conclusion: This is the first study to demonstrate causal effects of pharmacological treatment of ADHD on some types of crimes in a population-
based natural experiment. Pharmacological treatment of ADHD reduced crime related to impulsive-reactive behavior in patients with ADHD on the
margin of treatment. No effects were found on crimes requiring criminal intent, conspiracy, and planning.

Study preregistration information: The ADHD controversy project: Long-term effects of ADHD medication; https://www.isrctn.com/;
11891971.
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ttention-deficit/hyperactivity disorder (ADHD)
is associated with criminality.1-5 Although the
prevalence of ADHD is estimated to be 5.9% in
youth and 2.5% in adults,6 it is 25% among prisoners.7

Potential mechanisms for this over-representation include
increased risky behavior among persons with ADHD,8 and
exposure to compounding family risks and deviant peers.1,9

Early detection and appropriate treatment is called for to
prevent crime and to reduce social costs in this patient
group.6,10,11

Pharmacological treatment of ADHD is common,6 and
randomized controlled trials (RCTs) show reduced short-
term symptoms, although evidence of effectiveness on
he American Academy of Child & Adolescent Psychiatry
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funtional outcomes such as crime remains uncertain.12 A
systematic review of research on ADHD and crime con-
cludes that knowledge about treatment effects on crime is
limited and that small samples in past research may
contribute to inconclusive findings.1,13 A comprehensive
RCT found no crime protective effects of ADHD medi-
cation relative to other treatments after 8 years.14 Scandi-
navian registry-based within-subjects studies comparing
crime in periods on and off medication report mixed results,
including reductions in violence-, drug-, and traffic-related
crimes2,15 or no reduction.16 Notably, within-subjects de-
signs cannot rule out all unmeasured confounding, such as
time-varying symptom severity, that may affect both
www.jaacap.org 433
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treatment and criminality.17 Overall, the question of
whether pharmacological treatment of ADHD reduces
crime remains unanswered.

This study estimates causal effects of pharmacological
treatment of ADHD on crime using a quasi-experimental,
provider-preference�based instrumental variables (IV)
design. Our approach circumvents unmeasured confound-
ing that may otherwise bias treatment effects, as symptom
severity is positively associated with crime18 and pharma-
cological treatment. IV mimics RCTs by exploiting a source
of “as good as” random variation in treatment instead of
investigator-led randomization. We use variation in pro-
vider preference for pharmacological treatment as an IV.19

Patients with moderate symptom severity may receive
pharmacological treatment in one clinic but not another,
and patients cannot choose providers based on desired
outcomes in our institutional setting (ie, the Norwegian
universal health care system), as their provider is assigned by
residence municipality. Our IV analysis estimates the
average treatment effect of pharmacological treatment of
ADHD for patients “on the margin of treatment,” that is,
patients who would vs would not receive treatment
depending on their provider’s medication preference. Thus,
the estimate may not generalize to patients who would
receive medication regardless of which provider they attend.

The main aim of this study is to estimate the effect of
pharmacological treatment of ADHD on crime for patients
on the margin of treatment. We also provide population-
based evidence on rates of crime in ADHD compared to
that in the general population.
METHOD
Sample
Our patient sample includes all individuals born between
1991 and 2001 who received their first ADHD diagnosis
from the Norwegian Child and Adolescent Mental Health
Services (CAMHS) between 2009 and 2011 (ages 10-18), as
registered in the Norwegian Patient Registry (N ¼ 5,624).
ADHD diagnoses are defined as all International Classifica-
tion of Diseases, Tenth Revision (ICD-10) hyperkinetic dis-
order codes, namely F90.0 (80.5%), F90.1 (11.0%), F90.8
(7.4%), and F90.9 (1.1%). ICD-10 hyperkinetic disorder
corresponds mainly to DSM-IV ADHD combined type and
DSM-V ADHD combined clinical presentation.20 In ICD-
10, co-occurring hyperkinetic disorder and oppositional
defiant disorder (ODD) or conduct disorder (CD) is coded
as F90.1 hyperkinetic conduct disorder. Younger birth co-
horts (2002-2006) were excluded, as they had a very low risk
of crime during follow-up (Figure S1, available online). We
also analyze a general population sample comprising a
434 www.jaacap.org
random sample of persons 10 to 18 years of age without
contact with CAMHS in 2009 to 2011 matched on age, sex,
and geography, given a random inclusion date instead of date
of diagnosis in 2009 to 2011 (N ¼ 50,271).

Criminal Charges
Crime was measured by using all criminal charges that
resulted in a prosecutor’s decision to indict, fine, condi-
tionally discharge, dismiss on grounds of not being crimi-
nally responsible (eg, because of mental illness or age), or
refer to juvenile mediation, as registered in the Central
Penal and Police Registry (see criminal charges by decision,
Table S1, available online, and clearance rate for crimes,
Table S2, available online).

We defined a global crime indicator as having been
charged for any of the 7 Statistics Norway crime categories:
property theft, violence and abuse (henceforth violence),
sexual, drug, public order, and integrity violations (hence-
forth public order), traffic, and other. “Other” included
property damage, other crimes (eg, environmental), and
other crimes of acquisition (eg, deception). Persons of all
ages can be charged for crimes, although the minimum age
is 15 for criminal prosecution.21 We coded cumulative bi-
nary indicators taking value 1 for 1 or more charges and
0 otherwise for each year of follow-up.

ADHD Medication
We used all filled prescriptions in the Norwegian Pre-
scription Database for ADHD medication as defined by the
Norwegian Institute of Public Health (percentage of total
ADHD prescriptions over follow-up in parentheses).
Stimulants included methylphenidate (N06BA04, 89.8%),
dexamphetamine (N06BA02, 0.6%), lisdexamfetamine
(N06BA12, 0.06%), and amphetamine (N06BA01,
0.06%). Non-stimulants included atomoxetine (N06BA09,
9.5%). Pharmacological treatment is defined as the cumu-
lative number of daily defined doses (DDD) filled for any
ADHD prescriptions over the years following an ADHD
diagnosis. For ease of interpretation, the treatment variable
was scaled so that a 1-unit increase in the treatment variable
represented an increase from 0 to full-time medication in
the entire follow-up period. For example, pharmacological
treatment for the first year of follow-up was measured as the
cumulative number of DDD for ADHD prescriptions
divided by 365. Hence, the treatment variable equaled 1 if
the patient filled prescriptions corresponding to 365 days of
pharmacological treatment.

Covariates
We used patient, family, and clinic area covariates to adjust
for patient mix (for overview of data sources, see Table S3,
Journal of the American Academy of Child & Adolescent Psychiatry
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available online). Patient and family covariates were
measured prior to or at the time of ADHD diagnosis,
whereas catchment area characteristics were measured dur-
ing 2009 to 2011 to prevent post-treatment bias. We
included: age, sex, year of contact with clinic, psychiatric
comorbidity at time of diagnosis, country of birth (Norway,
Europe, outside of Europe), charges before ADHD diag-
nosis, parents’ marital status (married, unmarried, other
[widowed, divorced, separated]), parent’s highest education
when the child was 6 years of age (primary school, high
school, short and long university education), and parent’s
labor income when the child was 6 years of age. Covariates
on catchment area characteristics were included to account
for potential area-level common causes of provider prefer-
ence and crime. We included municipality-level population
size and high school dropout rates, and the following
aggregated measures from the random sample of the general
population: municipality-level labor income of parents and
clinic-level percentage of youth crime, youth immigrants,
mothers’ marriage rate, and parents’ education level.

Statistical Analyses
Risk ratios for any crime and types of crimes at 8-year
follow-up for patients with ADHD relative to the
matched sample were calculated using generalized linear
models with the binomial family and log link-function.
Models were stratified by sex and were age adjusted.

Linear probability models (LPMs) were used to estimate
associations between pharmacological treatment and crim-
inal charges.22 Analyses were conducted on multiple sam-
ples: all patients, all patients excluding F90.1, that is,
patients with additional behavioral challenges, stratified by
sex because of potentially important differences in ADHD
and criminality, by stimulants/non-stimulants (as effective-
ness may differ), and patients 14 to 18 years at the time of
diagnosis. Analyses were also conducted using Probit
models as robustness checks. Causal interpretation of LPM
estimates requires that the exposure is assumed to be
conditionally random given covariates.23 This is unlikely
and motivates our IV design. LPM models are nonetheless
included for comparison purposes to IV results, in line with
the common convention in IV analysis.19,24

The IV design used the observed variation in pharma-
cological treatment between clinics as quasi-randomization to
pharmacological treatment accounting for patient mix. In
Norway, only psychiatrists are licensed to initiate pharma-
cological treatment, but they work in teams with other
professions. Broadly, provider preferences are measured as
the clinic-level average number of DDDs for filled ADHD
prescriptions among patients with ADHD, cumulatively and
separately for 1 to 4 years. Four years were chosen for IV
Journal of the American Academy of Child & Adolescent Psychiatry
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analysis, as the IV was sufficiently strong for this duration
only. Specifically, the leave-one-out average was used to
measure provider preference for all patients other than pa-
tient i, thereby eliminating potential influence of patient i on
the provider preference relevant to him or her. For ease of
interpretation, IVs are scaled the same way as treatment. IV
analyses are conducted for the same samples as LPMs. The
estimand is the local average treatment effect (LATE), that is,
the average causal effect of pharmacological treatment for
patients on the margin of pharmacological treatment.22

A valid provider preference IV requires the following
assumptions (see Supplement 1 for details, available online):
relevance, exclusion, independence, monotonicity, and the
stable unit treatment value assumption.22 Relevance is
empirically tested with the IV’s F statistic in first-stage re-
gressions of treatment on IV and covariates. Exclusion is
evaluated by reduced form estimates in the general popula-
tion sample where provider preference should not affect
crime. Independence is tested by examining covariate balance
for the IV. Monotonicity is tested by examining residuals
from first-stage regressions against values of the IV. The
LATE was estimated with 2-stage least squares (2SLS) and, as
robustness checks, IV Probit models.25 All models clustered
standard errors at the clinic level and were conducted in Stata
17,26 using coefplot for data visualization.27 Reporting
guidelines for IV analysis28 were followed, and hypotheses
were pre-registered (ISRCTN: 11891971) and protocolled.29
RESULTS
Descriptive Statistics
Table 1 shows baseline characteristics of the ADHD patient
sample and the matched general population sample. The
ADHD sample was somewhat younger, with more male
persons, persons of Norwegian background, and criminal
charges before inclusion. Parents of patients with ADHD
had lower income, education, and were less likely to be
married. Catchment area characteristics were relatively
similar. Table 2 shows considerably higher rates of charges
among patients with ADHD compared to the matched
general population, and large sex differences, over 8-year
follow-up. The highest risk ratios were for violence-related
and sex-related charges. Risk ratios were relatively similar
by 4-year follow-up (Tables S4 and S5, available online).

Assessment of the Instrumental Variable
Overall, 79% of all patients had filled �1 ADHD pre-
scription during the first year after diagnosis, whereas 87%
had filled �1 prescription by 4 years. The average per-
centage of patients who had filled �1 ADHD prescription
varied from 42% to 100% between clinics by 4-year
www.jaacap.org 435
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TABLE 1 Baseline Characteristics for Patients With Attention-Deficit/Hyperactivity Disorder (ADHD) and the General
Population, 10 to 18 Years of Age in 2009 to 2011 (N ¼ 55,896)

Characteristics
ADHD diagnosis

(n ¼ 5,624)
General population

(n ¼ 50,271)
Individual characteristics
Age at diagnosis, mean ± SDa 13.5 ± 2.5 14.0 ± 2.6
Male persons, n (%) 3,714 (66.0) 24,705 (51.1)
Country of birth, n (%)
Norway 4,405 (78.3) 35,601 (70.8)
Europe 767 (13.6) 7,340 (14.6)
Outside of Europe 452 (8.0) 7,330 (14.6)

Crime before diagnosis, n (%) 417 (7.4) 888 (1.8)
Psychiatric comorbidity, n (%) 1,515 (27.0) - -
Family characteristics
Parents’ labor income (USD), mean ± SDb

Labor income, father 49,746 ± 36,020 60,496 ± 55,342
Labor income, mother 24,912 ± 22,150 29,658 ± 24,432

Parents’ highest education, n (%)
University long, father 213 (3.8) 4,856 (9.7)
University short, father 644 (11.5) 9,855 (19.6)
High school, father 2,699 (48.0) 22,753 (45.3)
Primary school, father 1,827 (32.5) 9,812 (19.5)
University long, mother 119 (2.1) 2,837 (5.6)
University short, mother 1,062 (18.9) 14,304 (28.5)
High school, mother 2,449 (43.6) 19,732 (39.3)
Primary school, mother 1,900 (33.8) 10,916 (21.7)

Parents’ civil status, n (%)
Unmarried, father 1,412 (25.5) 8,463 (16.8)
Married, father 2,698 (48.0) 31,252 (62.2)
Other, father 1,154 (20.5) 7,112 (14.2)
Unmarried, mother 1,560 (27.7) 9,155 (18.2)
Married, mother 2,706 (48.1) 31,242 (62.2)
Other, mother 1,248 (22.2) 7,824 (15.6)

Catchment area characteristics
Youth crime (�1 charge), % ± SD 3.0 ± 0.7 3.0 ± 0.7
Youth immigrants, % ± SD 24.9 ± 10.6 27.8 ± 13.0
Parents’ primary school education, % ± SD 8.0 ± 4.7 8.8 ± 5.9
Parents’ married, % ± SD 61.5 ± 6.4 62.9 ± 6.3
Parents’ labor income (USD), mean ± SD 50,663 ± 8,527 52,375 ± 11,337
High school dropout, % ± SD 25.6 ± 5.1 24.9 ± 5.5
Population (0-65D y), mean ± SD 33,060 ± 38,126 36,600 ± 38,413

Note: ADHD diagnosis when in contact with CAMHS 2009 to 2011, and matched general population excluding those in contact with CAMHS 2009 to
2011. ADHD¼ attention-deficit/hyperactivity disorder; CAMHS¼ child and adolescent mental health services; n ¼ number; NOK¼ Norwegian kroner;
USD ¼ US dollar; yrs ¼ years.
aPlus-or-minus values are mean � SD. Age at diagnosis corresponds to age at inclusion for the general population.
bYearly with USD/NOK exchange rate average for 2010 (USD 1/NOK 6.0453).

WIDDING-HAVNERAAS et al.
follow-up (Figure S2, available online). Clinics had a
median of 52 patients (interquartile range [IQR]: 66) who
were diagnosed with ADHD in 2009 to 2011.

Figure 1A shows the distribution of provider preference
for ADHD medication. The median provider preference
decreased from prescribing 0.72 DDD (IQR: 0.24) over the
436 www.jaacap.org
first year of follow-up to 0.64 DDD (IQR: 12). The rela-
tionship between treatment values and provider preference
were positively increasing, lending support to monotonicity
(Figure S3, available online).

Figure 1B further shows that the largest variation in
provider preference occurs in the first year, followed by a
Journal of the American Academy of Child & Adolescent Psychiatry
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convergence across clinics in subsequent years. Nonetheless,
clinics with the highest prescription practice continue pre-
scribing more medication in later years. Instrument relevance
is supported by strong first-stage F statistics for the IVs across
the first years, with all values considerably above conven-
tional thresholds for strong IVs (Figure S4A, available on-
line).30 There was relatively strong balance of potential
instrument�outcome confounding variables, as shown by
low joint F statistic values (Figure S4B, available online).
There was no evidence for effects of provider preference on
crime in the general population for the main IV results,
which supports exclusion (Figure S5, available online).

Results for Linear Probability Models and Instrumental
Variable Analyses
Figure 2 presents estimated associations between pharma-
cological treatment and the probability of being charged
with a crime from LPMs for 1 to 4 years follow-up after
ADHD diagnosis for all patients, for patients excluding
F90.1, and by sex. Among all patients, patients excluding
F90.1, and male patients, pharmacological treatment was
negatively associated with the probability of charges for any
crime, drug, violence, traffic, public order, and property.
The strength of associations among all patients varied from
the strongest percentage points (pp) reduction in drug-
related charges (�1.9 pp, 95% CI: �2.9, �0.8) to a
small positive increase in sex-related charges by 4 years (1
pp, 95% CI: 0.05, 1.5). There was no association between
pharmacological treatment and criminal charges for female
patients, which was a small group with few events compared
to the other groups (eg, no sexual-related charges), and
hence estimates are more uncertain. Estimates with large
uncertainty are not reported. Probit models provided similar
results (Figure S6, available online). Our main results are
the IV models, with the remaining LPM results presented in
Supplement 2 and Figures S7 to S10, available online.

Figure 3 presents estimated LATEs from 2SLS IV
models for all patients, for patients excluding F90.1, and by
sex. Pharmacological treatment reduces the probability of
violence-related charges among all patients, patients
excluding F90.1, and female patients over 2-year follow-up.
Among all patients, pharmacological treatment reduces
violence-related charges by 7.3 pp (95% CI: 13.3, 1.2). This
corresponds to a number-needed-to-treat (NNT) estimate of
14, indicating that treatment intensity would have to be
increased from 0 to 2 years DDDs in order for 14 patients to
avoid 1 violence-related criminal charge. NNT estimates are
similar for violence-related charges among patients excluding
F90.1 (NNT: 13) and female patients (NNT: 10). IV results
also support an effect of pharmacological treatment on
public-order charges among patients excluding F90.1 at
www.jaacap.org 437

http://www.jaacap.org


FIGURE 1 Variation Between Clinics in Attention-Deficit/Hyperactivity Disorder (ADHD) Medication Among Patients Diagnosed
With ADHD

Note: (A) Provider preference for ADHD medication at clinic level as mean defined daily doses for ADHD medication first year after ADHD diagnosis among patients on x-
axis. Provider preference is scaled so that value 1 equals 365 DDD. (B) Medication trajectories. Yearly mean filled ADHD medication after diagnosis by tertiles of clinics’
medication preference. DDD ¼ daily defined doses.

WIDDING-HAVNERAAS et al.
3- and 4-year follow-up. Here pharmacological treatment
reduces public-order charges by 12.3 pp (95% CI: 21.4, 3.1)
at 3-year and 15.4 pp (95% CI: 29.7, 1.1) at 4-year follow-
up. This corresponds to NNT estimates of 8 and 7,
respectively. Standard errors were large. First stage was weak
for female patients at year 3 and not supported in year 4;
thus, these estimates are not reported.

Estimated LATEs from IV Probit models gave very
similar effect estimates (Figure S11, available online). These
models additionally supported the following effects of phar-
macological treatment: any crime for all patients at 3-year
follow-up (�18.5 pp, 95% CI: �35.6, �1.3; NNT: 5);
violence at first-year follow-up for all patients (�2.8 pp, 95%
CI: �5.4, �0.2; NNT: 36), all patients excluding F90.1
(�3.1 pp, 95% CI: �5.5, �0.6; NNT: 33), and male pa-
tients (�4.1 pp, 95% CI: �8.0, �0.1; NNT: 25); public-
order charges for all patients at 3-year follow-up (�9.2 pp,
95% CI: �16.7, �1.8; NNT: 11); traffic-related charges for
all patients at 3-year follow-up (�7.1 pp, 95%
CI: �13.3, �0.1; NNT: 14); property-related charges for
female patients (�12.3 pp, 95% CI: �23.0, �1.7; NNT: 8)
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at 2-year follow-up, and all excluding F90.1 (�8.8 pp, 95%
CI: �17.2, �0.3; NNT: 11) at 3-year follow-up.

IV analysis by medication type showed support for
reduced violence (�6.3 pp, 95% CI: �12.3, �0.3; NNT:
16) over 2 years (Figure S12, available online), whereas
estimates for non-stimulants were imprecise (Figure S13,
available online). In patients 14 to 18 years of age at the
time of diagnosis, there was support for reduction in
violence (�20.9 pp, 95% CI: �38.0, �3.6; NNT: 5) at 2-
year follow-up (Figure S14, available online). There was no
support for effects in patients with only F90.1, but standard
errors were large (Figure S15, available online). Most
violence-related and public-order�related charges were
either of low or moderate severity, corresponding to less
than 1 or 1 to 3 years of prison, with more severe violence-
related charges (Table S6, available online).
DISCUSSION
In this study, we examined the effects of pharmacolog-
ical treatment of ADHD on criminality using a
Journal of the American Academy of Child & Adolescent Psychiatry
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FIGURE 2 Associations Between Attention-Deficit/Hyperactivity Disorder (ADHD) Medication and Criminal Charges From
Linear Probability Models
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FIGURE 3 Effect Estimates of Attention-Deficit/Hyperactivity Disorder (ADHD) Medication on Criminal Charges From
Instrumental Variable Analyses
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quasi-experimental provider-preference instrumental var-
iable design combined with nationwide registry data.
Provider preference for pharmacological treatment varied
considerably between clinics and strongly affected pa-
tients’ treatment status. All categories of crime were
elevated in children and adolescents with ADHD
compared to the general population. IV analyses suggests
that pharmacological treatment can have protective ef-
fects on violence-related and public-order�related crimes
among patients on the margin of pharmacological
treatment.

Violence and public-order crimes are often caused by
impulsive�reactive behavior, which is more common in
ADHD1 and often related to social context.31 There is no
consensus on effects of pharmacological treatment of
ADHD on criminality.1,13-16 Our results are consistent
with several Scandinavian studies that suggest protective
effects.2,15 A major strength of our design, relative to
existing research, is that IV methods can correct for all types
of unobserved confounding. Our study thus adds credible
causal estimates to the evidence showing that pharmaco-
logical treatment of ADHD can reduce criminality.

Comparing estimates across studies is challenged by
varying, and often not clearly stated, estimands. We pre-
sented associational estimates (using LP regressions)
alongside causal estimates of the local average treatment
effect (LATE).19 Results from these 2 analyses differed, but
so did their estimands and assumptions for causal infer-
ence. Our associational estimates are likely biased upward,
as patients with severe ADHD symptoms select positively
into both treatment and crime. IV analysis accounts for
this selection bias, and the estimated treatment effects were
considerably larger. IV estimates, strictly speaking, refer
only to patients on the margin of treatment, not to the
average patient. Moreover, IV also corrects for potential
measurement error, which otherwise attenuates LP
regression estimates.

The IV estimates have large standard errors, which
make it difficult to detect small treatment effects and may
therefore explain why the effects for which we find statis-
tically significant evidence are substantively large. Less
precision is expected, as IV uses only treatment variation
induced by provider preference, whereas LPM uses all
treatment variation. Treatments effects also became less
precise over follow-up as the first stage weakened.

To our knowledge, only 1 other study has estimated
LATE for pharmacological treatment of ADHD on crime
using nationwide registry data. That study found fewer
contacts with police but no reduction in charges following
treatment; however, their sample size was relatively low for
the latter analyses.32
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This study has several strengths. Norway has a universal
publicly funded health care system. In Norway, as in the
US,33 large geographical variation in ADHD diagnoses and
medication29,34 as well as clinicians’ attitudes toward
ADHD diagnoses and medication35 suggest practice varia-
tions. Because patients are assigned to clinics based on their
place of residence and cannot choose their provider due to a
negligible private sector, provider preferences are plausibly
random with respect to patient outcomes, especially after
adjusting for patient mix, which we address with a rich set
of covariates.

The use of a quasi-experimental IV design combined
with rich nationwide data provides credible estimates of
causal treatment effects. IV assumptions are extensively
examined and supported by subject knowledge and statis-
tical tests. Results were similar across models using LPM
and 2SLS and Probit and IV Probit.36 Treatment effects
from the IV analyses are highly relevant to clinical practice.
We provide evidence on whether it is beneficial to increase
pharmacological treatment among patients where there
likely is clinical uncertainty. Examining treatment and
crime over the same time window also circumvents issues of
artificial cut-offs for treatment and outcome windows.

There are also limitations to consider. First, the 2
overarching uncertainties regarding the IV design are
whether variation in provider preference for medication
truly is effectively random for patients (exogenous), and
whether the treatment that patients receive between clinics
truly differ only by medication dosage. Provider preference
is arguably as good as random for patients accounting for
patient mix within our institutional setting. However, we
cannot entirely preclude provider-related common causes of
the instrument and outcome.37 Substantial geographical
variation in ADHD symptom load has been ruled out.34

Second, we cannot preclude clinic-wise variation in prefer-
ence for psychosocial treatment. Receiving pharmacological
treatment probably implies more contact with CAMHS.
This introduces uncertainty as to whether the effects are due
to pharmacological treatment alone. We could not adjust
for psychosocial treatment, as this is not recorded in our
registry data. Nonetheless, treatment effect variation by
medication type showed varying effectiveness, suggesting
that more contact with CAMHS is an unlikely explanation.
Third, ADHD is highly heritable, causing familial aggre-
gation,38 and may cause interference. Detection of ADHD
and treatment of 1 child may cause parents to suspect
ADHD and medication benefits in siblings. We did not
have access to sibling data. However, this would have to be
a strong mechanism to cause concern and, to our knowl-
edge, there is no strong evidence of this. Fourth, mono-
tonicity in provider-preference IV designs have been
Journal of the American Academy of Child & Adolescent Psychiatry
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challenged, as defiers may exist because of clinicians’ varying
balancing of risks and benefits.39 Analyses, however, sup-
ported a monotonic relationship between patient treatment
and provider preference. Fifth, there may be measurement
error related to using filled prescriptions from pharmacies
for treatment and provider preference. Moreover, the gen-
eral problem of underreported crimes, whether due to non-
detection or non-reporting, cannot be addressed with our
register data. These data are typically more reliable for some
crimes (eg, drugs) than for others (eg, theft that may be
prevalent in persons with ADHD). However, Norwegian
register data on consumed prescriptions do not exist, and
data on criminal charges are often considered to more
accurately reflect societal crime relative to convictions.40

Reducing crime in ADHD populations is an important
priority for society and in the interest of the individual
patients and their immediate family. The observed variation
in rates of pharmacological treatment of ADHD is likely
caused partly by variation in provider preferences, that is,
variation in clinicians’ attitudes toward medication in pa-
tients with ADHD,34,35 and the clinical implication of this
study may be affected by clinicians’ positions on the ADHD
controversy. Clinicians with a liberal attitude toward
ADHD medication are typically concerned about adverse
long-term outcomes in untreated ADHD, including, for
example, elevated risk of criminality. These clinicians are
optimistic that pharmacological treatment may reduce such
adverse outcomes. These findings may be taken as empirical
support of the liberal position on pharmacological treatment
in ADHD. On the contrary, clinicians with a restrictive
position regarding pharmacological treatment are concerned
about over-treatment, medicalization, and unnecessary side
effects. They may question whether pharmacological treat-
ment in an additional 8 to 14 children with ADHD is
justified to prevent a public-order�related or violence-
related criminal charge among 1 of these children. Most
public-order�related and violence-related charges were of
low to moderate severity (Table S6, available online), which
is of relevance in treatment decisions. The lack of support
for protective effects of medication in the remaining cate-
gories of crime may be read as supporting the restrictive
position. Nonetheless, clinical decision making for phar-
macological treatment of ADHD relies on many consider-
ations, of which crime reduction is one.
Journal of the American Academy of Child & Adolescent Psychiatry
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In conclusion, this is the first study to demonstrate causal
effects of pharmacological treatment of ADHD on some types
of crimes in a population-based natural experiment. Phar-
macological treatment of ADHD reduced crime related to
impulsive�reactive behavior in patients with ADHD on the
margin of treatment, whereas no effects were found on crimes
requiring criminal intent, conspiracy, and planning.
Accepted June 20, 2023.

Mssrs. Widding-Havneraas and Rypdal, Mss. Lyhmann and Chaulagain, Profs.
Bjelland and Mykletun, and Dr. Halmøy are with Haukeland University Hospital,
Bergen, Norway. Mr. Widding-Havneraas, Mss. Lyhmann and Chaulagain,
Profs. Bjelland and Mykletun, and Dr. Halmøy are with University of Bergen,
Bergen, Norway. Prof. Mykletun is also with Norwegian Institute of Public
Health, Oslo, Norway; University of Tromsø, Tromsø, Norway; and Nordland
Hospital, Bodø, Norway. Prof. Zachrisson is with the University of Oslo, Oslo,
Norway. Dr. Markussen is with Ragnar Frisch Centre for Economic Research,
Oslo, Norway. Prof. Elwert is with the University of Wisconsin-Madison, Madi-
son, Wisconsin.

TW is supported by funding from the Western Norway Regional Health Au-
thority (912197), Research Council of Norway (288585/IAR), and Centre for
Research and Education in Forensic Psychiatry, Haukeland University Hospital.
HZ, SM, FE, IL, and AC were supported by Research Council Norway (288585/
IAR). AM is supported by Research Council Norway (288585/IAR) and Centre for
Research and Education in Forensic Psychiatry, Haukeland University Hospital.
HZ is also supported by funding from the European Research Council
Consolidator Grant ERC-CoG-2018 EQOP [grant number 818425].

The research was performed with permission from the Regional Committees
for Medical and Health Research Ethics.

This work has been prospectively registered: https://www.isrctn.com/
ISRCTN11891971.

Statistical experts for this research: Dr. Markussen is an econometrician. Prof.
Elwert is a sociologist and statistician. Prof. Zachrisson is a methodologist with
expertise in causal inference.

Author Contributions
TW: Conceptualization, methodology, data curation, formal analysis, visuali-
zation, funding acquisition, project administration, writing-original draft,
writing-review & editing. HZ: Conceptualization, supervision, methodology,
writing-review & editing. SM: Conceptualization, supervision, methodology,
writing-review & editing. FE: Conceptualization, methodology, writing-review
& editing. IL: writing-review & editing. AC: writing-review & editing. IB:
Conceptualization, supervision, writing-review & editing. AH: Conceptualiza-
tion, supervision, writing-review & editing. KR: Conceptualization, writing-
review & editing. AM: Conceptualization, funding acquisition, methodology,
supervision, project administration, writing-review & editing.

Disclosure: Prof. Zachrisson, Dr. Markussen, Profs. Elwert and Bjelland, Dr.
Halmøy, Prof. Mykletun, Mr. Widding-Havneraas, Mss. Lyhmann and
Chaulagain, and Mr. Rypdal have reported no biomedical financial interests or
potential conflicts of interest.

Correspondence to Tarjei Widding-Havneraas, MPhil, Haukeland University
Hospital, Sandviksleitet 1, 5036 Bergen; e-mail: tarjei.widding-havneras@
helse-bergen.no

0890-8567/$36.00/ª2023 American Academy of Child and Adolescent
Psychiatry. Published by Elsevier Inc. This is an open access article under the
CC BY license (http://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.1016/j.jaac.2023.05.025
REFERENCES

1. Mohr-Jensen C, Steinhausen H-C. A meta-analysis and systematic review of the risks

associated with childhood attention-deficit hyperactivity disorder on long-term
outcome of arrests, convictions, and incarcerations. Clin Psychol Rev. 2016;
48(Suppl C):32-42.
2. Mohr-Jensen C, M€uller Bisgaard C, Boldsen SK, Steinhausen H-C. Attention-deficit/
hyperactivity disorder in childhood and adolescence and the risk of crime in young
adulthood in a Danish nationwide study. J Am Acad Child Adolesc Psychiatry. 2019;
58(4):443-452.
www.jaacap.org 441

https://www.isrctn.com/ISRCTN11891971
https://www.isrctn.com/ISRCTN11891971
mailto:tarjei.widding-havneras@helse-bergen.no
mailto:tarjei.widding-havneras@helse-bergen.no
https://doi.org/10.1016/j.jaac.2023.05.025
http://www.jaacap.org


WIDDING-HAVNERAAS et al.
3. Dalsgaard S, Mortensen PB, Frydenberg M, Thomsen PH. Long-term criminal outcome
of children with attention deficit hyperactivity disorder. Crimin Behav Ment Health.
2013;23(2):86-98.

4. Greenhill LL. Editorial: does a diagnosis of attention-deficit/hyperactivity disorder in
childhood determine an increased risk for future criminality? J Am Acad Child Adolesc
Psychiatry. 2019;58(4):401-402.

5. Cherkasova MV, Roy A, Molina BSG, et al. Review: adult outcome as seen through
controlled prospective follow-up studies of children with attention-deficit/hyperactivity
disorder followed into adulthood. J Am Acad Child Adolesc Psychiatry. 2022;61(3):
378-391.

6. Faraone SV, Banaschewski T, Coghill D, et al. The World Federation of ADHD in-
ternational consensus statement: 208 evidence-based conclusions about the disorder.
Neurosci Biobehav Rev. 2021;128:789-818.

7. Young S, Moss D, Sedgwick O, Fridman M, Hodgkins P. A meta-analysis of the
prevalence of attention deficit hyperactivity disorder in incarcerated populations. Psychol
Med. 2015;45(2):247-258.

8. Dekkers TJ, Popma A, Agelink van Rentergem JA, Bexkens A, Huizenga HM. Risky
decision making in attention-deficit/hyperactivity disorder: a meta-regression analysis.
Clin Psychol Rev. 2016;45:1-16.

9. Pollak Y, Dekkers TJ, Shoham R, Huizenga HM. Risk-taking behavior in attention
deficit/hyperactivity disorder (ADHD): a review of potential underlying mechanisms and
of interventions. Curr Psychiatry Rep. 2019;21(5):33.

10. Fletcher J, Wolfe B. Long-term consequences of childhood ADHD on criminal activities.
J Ment Health Policy Econ. 2009;12(3):119-138.

11. Young S, Gudjonsson G, Chitsabesan P, et al. Identification and treatment of offenders
with attention-deficit/hyperactivity disorder in the prison population: a practical
approach based upon expert consensus. BMC Psychiatry. 2018;18(1):281.

12. Storebø O, Simonsen E, Gluud C. Methylphenidate for attention-deficit/hyperactivity
disorder in children and adolescents. JAMA. 2016;315(18):2009-2010.

13. Roest AM, de Vries YA, Wienen AW, de Jonge P. Editorial perspective: are treatments
for childhood mental disorders helpful in the long run? An overview of systematic re-
views. J Child Psychol Psychiatry. 2023;64(3):464-469.

14. Molina BSG, 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.

15. 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.

16. Chang Z, Lichtenstein P, Halldner L, et al. Stimulant ADHD medication and risk for
substance abuse. J Child Psychol Psychiatry. 2014;55(8):878-885.

17. Rohrer JM, Murayama K. These are not the effects you are looking for: causality and the
within-/between-persons distinction in longitudinal data analysis. Adv Methods Pract
Psychol Sci. 2023;6(1):25152459221140842.

18. Anker E, Ginsberg Y, Heir T. Prevalence of criminal convictions in Norwegian adult
ADHD outpatients and associations with ADHD symptom severity and emotional
dysregulation. BMC Psychiatry. 2021;21(1):226.
442 www.jaacap.org
19. Widding-Havneraas T, Chaulagain A, Lyhmann I, et al. Preference-based instrumental
variables in health research rely on important and underreported assumptions: a sys-
tematic review. J Clin Epidemiol. 2021;139:269-278.

20. Sørensen MJ, Mors O, Thomsen PH. DSM-IV or ICD-10-DCR diagnoses in child and
adolescent psychiatry: does it matter? Eur Child Adolesc Psychiatry. 2005;14:335-340.

21. Statistics Norway, Fewer adults but more children with crime [Færre voksne, men flere
barn, tatt for lovbrudd]. 2020 https://www.ssb.no/sosiale-forhold-og-kriminalitet/artikler-
og-publikasjoner/faerre-voksne-men-flere-barn-tatt-for-lovbrudd (accessed: 05.01.2023).

22. Angrist JD, Pischke J-S. Mostly Harmless Econometrics: An Empiricist’s Companion.
Princeton University Press; 2009.

23. Keele L, Stevenson RT, Elwert F. The causal interpretation of estimated associations in
regression models. Polit Sci Res Methods. 2020;8(1):1-13.

24. Cunningham S. Causal Inference: The Mixtape. Yale Press; 2021.
25. Cameron AC, Trivedi PK. Microeconometrics Using Stata. Volume II: Nonlinear

Models and Causal Inference Methods. 2nd ed. Stata Press; 2022.
26. Statacorp. Stata Statistical Software: Release 17. 2021.
27. Jann B. Plotting regression coefficients and other estimates. Stata J. 2014;14(4):708-737.
28. Swanson SA, Hern�an MA. Commentary: how to report instrumental variable analyses

(suggestions welcome). Epidemiology. 2013;24(3):370-374.
29. Mykletun A, Widding-Havneraas T, Chaulagain A, et al. Causal modelling of variation in

clinical practice and long-term outcomes of ADHD using Norwegian registry data: the
ADHD controversy project. BMJ Open. 2021;11(1):e041698.

30. Hansen BE. Econometrics. Princeton University Press; 2022.
31. Wikstr€om P-OH, Sampson RJ. The Explanation of Crime: Context, Mechanisms and

Development. Cambridge University Press; 2006.
32. Dalsgaard S, Nielsen HS, Simonsen M. Consequences of ADHD medication use for

children’s outcomes. J Health Econ. 2014;37:137-151.
33. Fulton BD, Scheffler RM, Hinshaw SP, et al. National variation of ADHD diagnostic

prevalence and medication use: health care providers and education policies. Psychiatr
Serv. 2009;60(8):1075-1083.

34. Widding-Havneraas T, Markussen S, Elwert F, et al. Geographical variation in ADHD:
do diagnoses reflect symptom levels? Eur Child Adolesc Psychiatry. 2022.

35. Lyhmann I, Widding-Havneraas T, Zachrisson HD, et al. Variation in attitudes toward
diagnosis and medication of ADHD: a survey among clinicians in the Norwegian child
and adolescent mental health services. Eur Child Adolesc Psychiatry. 2022.

36. Wooldridge JM. Econometric Analysis of Cross Section and Panel Data. MIT Press; 2010.
37. Garabedian LF, Chu P, Toh S, Zaslavsky AM, Soumerai SB. Potential bias of instru-

mental variable analyses for observational comparative effectiveness research. Ann Intern
Med. 2014;161(2):131-138.

38. Chen Q, Brikell I, Lichtenstein P, et al. Familial aggregation of attention-deficit/
hyperactivity disorder. J Child Psychol Psychiatry Allied Discip. 2017;58(3):231-239.

39. Swanson SA, Miller M, Robins JM, Hern�an MA. Definition and evaluation of the mono-
tonicity condition for preference-based instruments. Epidemiology. 2015;26(3):414-420.

40. Lomell HM In: Lomell HM, Skilbrei M-L, eds. Crime statistics [Kriminalstatistikk].
Criminology [Kriminologi]. Universitetsforlaget; 2017:29-54.
Journal of the American Academy of Child & Adolescent Psychiatry
Volume 63 / Number 4 / April 2024

https://www.ssb.no/sosiale-forhold-og-kriminalitet/artikler-og-publikasjoner/faerre-voksne-men-flere-barn-tatt-for-lovbrudd
https://www.ssb.no/sosiale-forhold-og-kriminalitet/artikler-og-publikasjoner/faerre-voksne-men-flere-barn-tatt-for-lovbrudd
http://www.jaacap.org

	Effect of Pharmacological Treatment of Attention-Deficit/Hyperactivity Disorder on Criminality
	Method
	Sample
	Criminal Charges
	ADHD Medication
	Covariates
	Statistical Analyses

	Results
	Descriptive Statistics
	Assessment of the Instrumental Variable
	Results for Linear Probability Models and Instrumental Variable Analyses

	Discussion
	References
	Supplemental Material


