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Effect of pharmacological treatment of attention-
deficit/hyperactivity disorder on later psychiatric
comorbidity: a population-based prospective long-

term study
Ingvild Lyhmann

Anne Halmay*?

ABSTRACT

Background Psychiatric comorbidity is frequent among
persons with attention-deficit/hyperactivity disorder
(ADHD). Whether pharmacological treatment of ADHD
influences the incidence of psychiatric comorbidity is
uncertain.

Objective To investigate associations and causal
relations between pharmacological treatment of ADHD
and incidence of subsequent comorbid psychiatric
diagnoses.

Methods We employed registry data covering all
individuals aged 5-18 years in Norway who were
diagnosed with ADHD during 2009-2011 (n=8051),
followed until 2020. We used linear probability models
(LPM) and instrumental variable (IV) analyses to examine
associations and causal effects, respectively, between
pharmacological treatment and subsequent comorbidity.
Findings From time of ADHD diagnosis to 9 years

of follow-up, 63% of patients were registered with
comorbid psychiatric disorders. For males, LPM showed
associations between ADHD medication and several
incident comorbidities, but strength and direction of
associations and consistency over time varied. For
females, no associations were statistically significant.

IV analyses for selected categories isolating effects
among patients ‘on the margin of treatment’ showed a
protective effect for a category of stress-related disorders
in females and for tic disorders in males for the first 2
and 3 years of pharmacological treatment, respectively.
Conclusions Overall, LPM and IV analyses did not
provide consistent or credible support for long-term
effects of pharmacological treatment on later psychiatric
comorbidity. However, IV results suggest that for patients
on the margin of treatment, pharmacological treatment
may initially reduce the incidence of certain categories of
comorbid disorders.

Clinical implications Clinicians working with

persons with ADHD should monitor the effects of ADHD
medication on later psychiatric comorbidity.

Trial registration number ISRCTN11891971.

INTRODUCTION
Attention-deficit/hyperactivity disorder (ADHD)
is estimated to affect about 6% of children and
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Psychiatric comorbidity is prevalent among
persons diagnosed with attention-deficit/
hyperactivity disorder (ADHD). Knowledge
about effects of pharmacological treatment of
ADHD on subsequent psychiatric comorbidity is
called for.

WHAT THIS STUDY ADDS

= We provide results based on a quasi-
experimental design and detailed population-
based data with long follow-up time.
Medication for ADHD seems to protect against
some types of comorbidities in the first years
after initiation, although no convincing effects
were found in the longer term, neither positive
nor negative.

HOW THIS STUDY MIGHT AFFECT RESEARCH,

PRACTICE OR POLICY

= Effects of ADHD medication on later psychiatric
comorbidity should be considered with care in
the treatment decision and follow-up.

adolescents' and 3% of adults.” Persons with
ADHD commonly suffer from additional mental
disorders, with prevalence varying from 40% to
almost 90% in children and adolescents depending
on the population studied.” Such comorbid condi-
tions may share risk factors with ADHD, or may
be a consequence of the ADHD symptomatology.®
Either way, additional comorbid disorders will
increase the total symptom load and further reduce
the individual’s level of functioning.’

While the effect of pharmacological treatment on
ADHD core symptoms of inattention, impulsivity
and hyperactivity is well established,® the extent to
which this intervention alleviates real-life outcomes
is not settled,” and there is still some dispute about
the ‘benefit to harm balance’ in the longer term.®
Regarding psychiatric comorbidity, medication may
be potentially unfavourable for some mental symp-
toms, like tics and anxiousness,” '* although a more
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recent meta-analysis and naturalistic prospective study challenge
these findings.'! '

Despite comorbidity being the rule rather than the exception
in the clinical ADHD population, comorbid disorders are most
often an exclusion criterion in clinical trials studying the effects
of ADHD medication.’® * Furthermore, practically as well as
ethically, randomised controlled trials are unfeasible to study
the effects of long-term pharmacological treatment of ADHD
in children and adolescents. Non-randomised naturalistic
follow-up studies, on the other hand, will typically be limited by
confounding bias. An alternative approach is to combine quasi-
experimental methods with administrative register data that
can span many years with practically no attrition. In Norway,
a universal healthcare system and national guidelines for clin-
ical practice are put in place to facilitate equal access to health
services, irrespective of the citizen’s geographical residence or
economic resources. Still, considerable geographical variation
in ADHD diagnosis and treatment practices have been observed
independent of variation in symptom load."

While unwanted from a public health service perspective, such
variation can be used for a quasi-experimental instrumental vari-
able (IV) design.'® ' We use variation in healthcare providers’
estimated preference for pharmacological treatment as a source
of quasi-randomisation to treatment to estimate causal effects
of ADHD medication on subsequent incidence of comorbid
diagnoses.

Objective

The objective of this study was to investigate the associations
between pharmacological treatment of ADHD and the subse-
quent incidence of comorbid psychiatric diagnoses, and to estab-
lish whether possible associations were causal.

METHODS

Data sources

All data were obtained in de-identified form from nationwide,
individually linked, complete population registers in Norway.

Sample

Our ADHD patient sample was defined as all persons in the
Norwegian population who were aged between 5 and 18 and
received an initial primary diagnosis of ADHD—corresponding
to International Classification of Diseases-Tenth Revision (ICD-
10) codes F90.0 (81.3%), F90.1 (11.3%), F90.8 (6.2%) and
F90.9 (1.1%)—from the Norwegian Child and Adolescent
Mental Health Services (CAMHS) during the years 2009-2011
(n=8051).

Outcome

We defined psychiatric comorbidity as any mental or behavioural
disorder diagnosed in addition to ADHD. We analysed the
occurrence of incident psychiatric comorbidities, defined as
disorders first diagnosed subsequent to the ADHD diagnosis.
We had access to data on all ICD-10 Chapter V (‘Mental and
behavioural disorders’, FOO-F99) diagnoses registered in the
CAMHS from 2009 to 2020. For feasibility reasons, and
because of low prevalence of some of the disorders in children
and adolescents, we grouped the relevant diagnoses into what
we considered clinically meaningful categories of disorders:
substance use disorder (SUD), psychotic, bipolar/other affective,
depressive, anxiety, ‘reactive’ (including stress-related and soma-
toform disorders), sleep, eating, personality, pervasive develop-
mental, specific developmental, conduct disorder (CD), tic, and

various childhood disorders, and intellectual disability (ID). (See
online supplemental table S1 for a detailed overview.)

Comorbidity was measured by counting the number of patients
registered with one or more diagnoses within each disorder cate-
gory separately. Possible multiple diagnoses within one category
were thus not taken into consideration, while individuals regis-
tered with multiple comorbid diagnoses from different catego-
ries were counted multiple times.

For the multivariable analyses, we also created a summary
diagnostic category, ‘any’, comprising all psychiatric comorbid-
ities that are plausibly influenced by ADHD medication (hence
excluding all developmental disorders and ID, based on authors’
clinical judgement) and are considered properly recorded in the
Norwegian registers (hence excluding sleep disorders, which are
clinically common’ ¥ but infrequently registered).

Treatment

Pharmacological treatment was defined as filled prescriptions
for any of the following ADHD medications (shares of total
prescriptions in parentheses): methylphenidate (87.5%), atom-
oxetine (11.54%), dexamphetamine (0.8%), lisdexamphetamine
(0.06%), amphetamine (0.04%) and guanfacine (none). (Cloni-
dine is not approved for ADHD in Norway and only rarely used
off-label.) Treatment was measured by the cumulative amount of
prescriptions filled across the duration of follow-up (see details
in the Descriptive and statistical analyses section), and scaled in
defined daily doses (DDD) of prescriptions so that a one-unit
increase represents ‘full-time’ pharmacological treatment for the
period (eg, 2x365=730DDDs of prescriptions filled across 2
years).

Covariates

All analyses were adjusted for a wide range of covariates at the
individual, family and catchment area level, such as sex, age
at diagnosis, country of birth, prevalent comorbid psychiatric
diagnoses at time of ADHD diagnosis, parental education and
income, and area-level socioeconomic conditions. Complete
overview is available in online supplemental table S2.

Descriptive and statistical analyses
In the descriptive analysis, we investigated the extent of comor-
bidity at time of ADHD diagnosis and incidence over the
following years. Next, we looked at relations between phar-
macological treatment and incident comorbidity, that is, only
comorbidity registered after the ADHD diagnosis. We estimated
two classes of models. First, we ran conventional linear prob-
ability models (LPM) for the association between pharmaco-
logical ADHD treatment and incident comorbid psychiatric
diagnoses over up to 9 years of follow-up. Follow-up was oper-
ationalised in terms of cumulative follow-up years after ADHD
diagnosis, that is, time from ADHD diagnosis until 1 year later,
time from ADHD diagnosis until 2 years later, etc. Models were
stratified by sex and controlled for all baseline covariates, but do
not control for possible unobserved confounding, for example,
symptom severity, other medication use or healthcare utilisation
(since these data were either inaccessible or of limited validity).
Second, we conducted two-stage least squares (2SLS) IV
analyses to correct for possible unobserved confounding in the
LPMs. Stratification and adjustment for potential confounding
was similar for IV and LPM. IV analysis is a quasi-experimental
technique that seeks to exploit the as-if random variation in
treatment assignment that is induced by a so-called IV. We used
the observed geographical variation in ‘provider preference’ (PP)
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for prescribing ADHD medication as IV, measured as the average
number of DDDs for ADHD medication filled by patients with
ADHD at each clinic during the defined follow-up period of
each analysis (ie, over 1 year in analyses of medication effects in
the first year after ADHD diagnosis, over 2 years in analyses of
medication effects in the first 2 years, etc). Measurement of PP
excluded the index patient (leave-one-out mean) to avoid reverse
causality. Prior research suggests that PP for ADHD medication
in Norway is plausibly as-if random in the sense of being unre-
lated to observed ADHD symptom load across geographical
areas.”!

Under standard IV assumptions,”” 2SLS estimates the local
average treatment effect (LATE), that is, the average causal effect
of medication for patients who take versus do not take medi-
cation due to their healthcare provider’s treatment preference.
These patients are sometimes called the patients ‘on the margin’
of treatment, and do not include patients for whom there is
no variation in clinicians’ medication decisions (ie, presumably
those most lightly or heavily affected by ADHD symptoms).
Self-selection to clinics with different PP is unlikely, as alloca-
tion is based on place of residence and switching clinics is highly
unusual.

For an IV to be valid, several conditions must be met®: (1)
relevance: the IV must predict treatment; (2) exclusion: the IV
must not affect the outcome except through treatment; (3) inde-
pendence: the IV shares no unobserved common causes with the
outcome (ie, is as-if randomised to the patients conditional on
covariates); (4) monotonicity: the IV may only affect treatment
in one direction. While relevance can be empirically tested, the
remaining assumptions must be defended based on theoretical
reasoning and prior knowledge.'” >4

SEs in all models were clustered at the clinic level, and we
report 95% CIs. We follow convention in comparing esti-
mates of LPM and 2SLS* to gauge the problem of unobserved
confounding in the LPM models. To ensure that our results are
robust to functional form assumptions, the main analyses were
repeated using Probit and Probit-IV models, respectively. Data
preparation, analysis and visualisation was performed in Stata
V.17.

FINDINGS

Incidence of comorbidities after ADHD diagnosis

Table 1 presents the baseline characteristics of our sample.
Figure 1 shows the cumulative incidence of comorbid psychiatric
disorders by category in the ADHD patient sample, by sex and
per year from time of diagnosis to follow-up at 9 years (available
in table format in online supplemental table S3). At the time
of initial ADHD diagnosis, 37.4% of the ADHD patient group
were registered with one or more additional psychiatric diag-
noses. After 1 year, this number had risen to 43.0%; by 4 years,
51.8%; and by 9 years of follow-up, 62.7%.

At 9 years of follow-up, statistically significant sex differences
appear in all comorbidity categories except for SUD, ID and
specific developmental disorders. Several categories of disorders
usually appearing in late adolescence or adulthood (psychotic,
bipolar/other affective, eating and personality disorders) were
rarely registered during the first few years after ADHD diagnosis.

Association between pharmacological treatment of ADHD
and later comorbidity (LPM)

As shown in figure 2, LPM analyses returned no detectable asso-
ciations, net of covariates, between ADHD medication and five
categories of comorbidities: depressive, bipolar/other affective,

Table 1 Baseline characteristics for patients diagnosed with ADHD in
the CAMHS at ages 5—18 during 2009-2011

Patients with

ADHD
(n=8051)
Patient characteristics
Male, n (%) 5566 (69.1)
Age at diagnosis, mean+SD* 11.7£3.4
Males, mean+SD 11.3+3.3
Females, mean+SD 12.6+3.5
Family characteristics
Parents with primary school education only, n (%)
Mother 2640 (32.8)
Father 2561 (31.8)
Parents married, n (%)
Mother 3785 (47.0)
Father 3767 (46.8)
Parents’ labour income (US$)t, mean+SD
Mother 28 374+24879
Father 54.900+40410
Catchment area characteristics
Population size, mean+SD 32 913+26 765
Parents with primary school education only, %=SD 7.9+4.6
Mothers married, %=+SD 60.4+6.3
Parents’ labour income (US$), mean+SD 48 019+7192

*Plus-minus values are meanzstandard deviations (SD).

tUS$/NOK (Norwegian krone) exchange rate average for 2010 (US$1/NOK6.0453).
ADHD, attention-deficit/hyperactivity disorder; CAMHS, Child and Adolescent Mental
Health Services.

eating, personality and various childhood disorders. (Adjusted
and unadjusted coefficients with SEs can be found in online
supplemental table S4.) Trends for males and females generally
followed the same pattern, although estimates were less precise
and trends less clear for the female subgroup. For females sepa-
rately, no results were statistically significant at the 5% level.

For the male subgroup, and usually for the overall sample as
well, several estimates were statistically significant at the 5%
level. The results showed that medication usage was associated
with a lower rate of comorbid SUD for 8 years after ADHD diag-
nosis, the association being strongest at year 5 (—1.2 percentage
point (pp) reduction in the overall sample), and then gradually
decreasing towards null, becoming statistically insignificant by
year 9. CDs showed a steady increase over time with medica-
tion, gradually increasing from year 2 up to a maximum of 1.7
pp overall in year 9. Tic disorders showed a similar tendency,
starting from year 1 and increasing by 2.4 pp overall in year
9. Psychotic disorders seemed to be reduced in years 7-9 with
medication (up to —0.5 pp overall in years 8 and 9). Lastly, there
was a tendency for anxiety and reactive disorders to temporarily
decrease about 4-5 years after diagnosis (up to —0.7 pp for
anxiety in males, and —0.7 to —1.1 pp for reactive disorders
overall). Estimates for the any category were imprecise, as asso-
ciations for different categories pulled in opposite directions, but
in total a positive association was shown in years 8 and 9 (stron-
gest in year 9 with 2.9 pp increase overall).

In summary, the results indicated that relative to the predicted
values of the outcomes without pharmacological treatment, an
increase from no medication to ‘full-time’ treatment with medi-
cation was associated with an incidence reduction in the overall
sample of up to 51% for SUD (years 1 and 2), 36% for psychotic
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Figure 1 Cumulative incidence of comorbidity by years of follow-up. Year 0 signifies time of attention-deficit/hyperactivity disorder (ADHD)
diagnosis; registered comorbid disorders at this baseline may include incident or prevalent cases.

disorders (year 8), 22% for reactive disorders (year 5) and, in bipolar/other affective, 65; eating, 50; and personality disorders,
males, 22% for anxiety disorders (year 4); as well as an overall 50).

increase of up to 30% for CD (year 9), 48% for tics (year 9) and Most IV analyses showed no statistically significant evidence
7% for any disorder (year 9). for a causal effect of medication (figure 3; online supplemental

table S5 gives coefficients and SEs). There was, however, support
for a decrease in two outcomes for a limited number of years.
For reactive disorders, the female subgroup showed a trend
towards reduction, with statistically significant estimates at years
1-2 (—1.2 pp in year 2, which corresponds to eliminating the
risk of the disorder entirely in this period). For tic disorders,
there was support for the male subgroup in years 1-3 (—14.4
in year 3, indicating up to 89% decrease in rates). For anxiety,
CD, tics, various childhood disorders and the ‘any’ category, the
trends found by the IV and LPM analyses pointed in opposite
directions.

Causal relations between pharmacological treatment of
ADHD and later comorbidity (IV)

Assessment of the IV model

Prescription preferences varied considerably across CAMHS
clinics. Variation was most pronounced over shorter durations of
follow-up, but averaged out over longer durations of follow-up,
so that differences in PP became too small to constitute an effec-
tive instrument. Hence, we estimated treatment effects for up to
4 years after ADHD diagnosis.

The first-stage F-statistic confirmed that the relevance
assumption was met, as F values were 452, 219, 143 and 90 for
follow-up durations of 1-4 years, respectively. This value should Robustness analyses
be >10to minimise bias, or >104 for valid statistical inference.* Results of analyses using Probit models corresponded to the
A balance test of the covariates for the IV produced joint F values ~ results of our main analyses.
of 5 or less for each year, supporting the independence assump-
tions. Figures illustrating these assumption tests for the current DISCUSSION
sample, as well as a more detailed methodological discussion of
the 1V, can be found in previous companion publications from
our research group where we have applied the same IV method
(ref 2°%7, respectively).

Summary and interpretation of findings

We found psychiatric comorbidity to be common in individuals
with ADHD, with more than half of patients being registered
with at least one additional psychiatric diagnosis within § years
of being diagnosed with ADHD. There were sex differences in

Results of IV analyses most categories of comorbid diagnoses, for example, conduct
We performed IV analyses for eight categories (SUD, depressive, and tic disorders were more prevalent in males, whereas affec-
anxiety, reactive, CD, various childhood disorders, tics and any). tive, anxiety and stress-related disorders were more common in
The remaining categories were deemed unsuitable for IV analysis females. LPM showed significant associations between ADHD
due to low numbers of outcome occurrences within our limita- medication and incidence of several diagnostic categories,
tion of 4 years of follow-up (psychotic, in total 33 diagnoses; although strength of associations, direction and consistency
4 Lyhmann |, et al. BMJ Ment Health 2024;27:1-8. doi:10.1136/bmjment-2024-301003
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Figure 2 Results from linear probability models (LPM): associations between attention-deficit/hyperactivity disorder (ADHD) medication and
psychiatric comorbidities. Patients diagnosed with ADHD in Norway in 2009-2011, aged 5-18 at time of diagnosis. Coefficient plots for regressions

with 95% Cls. Adjusted for patient mix.

during follow-up years varied. In contrast, causal analyses by
IV, applicable for eight outcomes and 4 years of follow-up,
mainly returned null findings. However, among females, medi-
cation nearly eliminated the incidence of reactive disorders over
the first 2 years of follow-up. Likewise, for males, medication
strongly decreased the incidence of tic disorders in the first 3
years.

Despite comprehensive data, ruling out unobserved
confounding when investigating medication effects is chal-
lenging. For instance, the positive associations found between
medication and CD and tics are unsurprising, as symptom
severity is a predictor for both treatment and these outcomes.
In the case of tics, positive associations may also be a result of
stimulants directly triggering symptoms. A reduction in comor-
bidity with treatment, like we partially find for SUD and reactive
disorders, on the other hand, could be caused by diverse mech-
anisms such as symptom alleviation of prescribed medications
directly increasing coping and reducing the inclination to seek
out self-medication; more indirectly by reducing exposure to
negative life experiences; or simply be indicative of the patient
generally receiving more follow-up in the healthcare system over
time. Selection bias and reverse causality is a potential problem,
as observed or assumed risk of comorbid disorders could influ-
ence a clinician’s treatment decisions (ie, patients more prone to
SUD may be less likely to receive ADHD medication, and thus
less likely to be included in the medicated group in the analyses).

The quasi-experimental IV method aims to correct for such
unobserved confounding by exploiting plausibly as-if random
variation in treatment; the trade-off being that we no longer

estimate effects for the entire sample, but rather the smaller,
latent subgroup of patients ‘on the margin of treatment’ who
receive different treatment depending on the IV (here, due to
PP). For this group, there was mostly no support for effects of
medication on incidence of later comorbidity, and in several
instances, trends were opposite compared with the LPM anal-
yses. This could indicate confounding bias for the LPM results as
mentioned above. However, results influenced by confounding
factors may also be informative, as they reflect parts of the
overall decision-making in a clinical setting. We thus think it is a
strength of our study that we have applied both standard regres-
sion and causal inference methods.

An alternative explanation for discrepancies between the LPM
and IV results may be that patients on the margin of treatment
vary meaningfully from the overall group of treated patients. For
example, girls with ADHD often present with less typical symp-
toms than boys, and may thus be more prone to variation in
clinical practice and decision-making.”® The finding that medi-
cation for ADHD nearly eliminated the incidence of reactive
disorders for females on the margin of treatment, up to 2 years,
is clinically interesting and of potential importance in clinical
decision-making. As reactive disorders are closely related to the
individual’s response to life stressors, one explanation may be
that medication for ADHD symptoms increases the individual’s
general coping.

Moreover, IV addresses unobserved confounding and corrects
for measurement error, which tends to bias LPM coefficients
towards zero. Hence, IV may yield a more accurate larger effect.
However, the IV estimates were considerably less precise than

Lyhmann |, et al. BMJ Ment Health 2024,27:1-8. doi:10.1136/bmjment-2024-301003
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Figure 3 Results from instrumental variable (IV) analyses: effect estimates of attention-deficit/hyperactivity disorder (ADHD) medication on
psychiatric comorbidities. Patients diagnosed with ADHD in Norway in 2009-2011, aged 5-18 at time of diagnosis. Coefficient plots for regressions
with 95% Cls. Two-stage least squares (2SLS) estimates adjusted for patient mix.

the LPM estimates and should consequently be interpreted with
caution.

Both the standard regression (LPM) and causal inference (IV)
method showed reduced effects of medication over time. For the
LPM analyses, this may indicate different confounding factors
for treatment initiation compared with treatment continuation
or discontinuation. Studies have shown that about half of chil-
dren and adolescents discontinue their medication after the first
year of treatment, with or without later reinitiations, but we
still know little about predictors and effects of such discontin-
uation.”” The observed reduction of variation in PP over time is
interesting and may indicate that clinicians adapt their decisions
over time with a ‘regression towards the mean’ effect.

Strengths and limitations
The greatest strengths of this study are the comprehensive
data, providing reliable descriptive statistics and an informative
account of associations between pharmacological treatment and
subsequent comorbidity in a full population sample followed up
over a long time. Further, this study answers the call for studies
covering a larger spectrum of diagnoses comorbid to ADHD,
usage of ICD-10 criteria and females with ADHD," as well as
exploration of whether ADHD treatment can decrease the risk
of comorbid disorders.* Being based on complete population
data, the findings should be generalisable at least to children
and adolescents living in comparable countries and with similar
health systems.

A key strength to our design relative to other methods for
causal inference (eg, within-subjects designs and propensity

score matching) is that IV analysis can circumvent unobserved
confounding. Moreover, IV analysis can correct for potential
measurement error and reverse causality. While it is unclear
whether the LATE estimates are representative for the general
ADHD population, knowledge about medication effects for this
subgroup is nonetheless valuable: by definition, the patients ‘on
the margin’ represent the patients for whom clinicians most
seem to vary in their evaluations of which treatment approach
will serve the patient best, and where practice variations are
greatest. While by definition we cannot know exactly who or
how many the patients on the margin are, this group likely corre-
sponds to those individuals that are increasingly being included
in the patient pool as diagnosis and treatment rates rise.>
Knowledge about whether this expanded inclusion has benefit
for the affected individuals is informative to the ongoing debates
regarding varying diagnosis and treatment rates of ADHD.

We also note some limitations. Although comprehensive,
our data for the LPM analyses lack some important potentially
confounding variables, for example, measures of symptom
load and psychosocial interventions. Further, registration prac-
tices may cause some variables to lack validity, as previously
mentioned regarding sleep disorder diagnoses, or introduce lag,
as we suspect in the case of SUD. If clinicians purposefully delay
comorbid diagnosis, this represents a problem when aiming to
investigate causal relations between treatment and diagnosis as
an outcome. Other authors working with the same Norwegian
register data have pointed out that comorbidity most likely is
generally under-reported in these registries, and that patients
may have diagnoses that are not listed in the proper register."’
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At the same time, there may be a selection bias as those who
eventually get more than one diagnosis are more likely to seek
help as they experience a higher symptom load; also, receiving
one diagnosis could in itself increase the chance of getting yet
another.* '* Furthermore, there may well be variation over time
and/or between clinicians/clinics regarding differential diagnostic
decisions or registration practices. Lastly, when conducting such
a large number of tests, false-positive chance findings are likely
to occur.

Although complete on a national population level, several
outcome categories were so rarely registered during the first 4
years that they could not be included in the IV analyses, and
LPM results for this period are based on low numbers of occur-
rences. Generally, our statistical precision was not sufficiently
high for estimating informative effects with IV. IV is known for
producing wide CIs and without sufficient power, this could
cause a failure to recognise an actual effect.’’ Because females
made up less than a third of the ADHD sample, estimates were
particularly imprecise for this subgroup. Furthermore, like all
statistical methods, IV designs rest on a set of assumptions, not
all of which can be empirically tested. Because relevance is the
only assumption that can be verified, confidence in our results
depends on appraising that the remaining assumptions have
plausibly been met. Lastly, for outcomes usually occurring in late
adolescence or adulthood, even a 9-year follow-up window is
too short for this generally young patient sample—particularly
for males, who are typically diagnosed with ADHD at an earlier
age.

Clinical implications

Clinicians should be aware that most children and adolescents
with ADHD will be diagnosed with additional psychiatric disor-
ders, and that pharmacological treatment may have protective
effects on some of these comorbidities. However, although we
did not find support for any harmful causal effect of ADHD
medication on psychiatric comorbidity for patients on the
margin of treatment, both benefits and risks should be moni-
tored carefully in the follow-up of individual patients.

CONCLUSION

This study, based on comprehensive population data with long-
term follow-up and negligible attrition, shows that young indi-
viduals diagnosed with ADHD frequently present with at least
one comorbid psychiatric disorder, in a pattern that varies by sex
and with time. While analyses by conventional regression models
indicate that pharmacological treatment is associated (sometimes
positively, sometimes negatively) with the subsequent incidence
of most categories of comorbid disorders, these associations
are likely biased due to unobserved confounding. Causal infer-
ence analyses indicated a protective effect on reactive disorders
among females and tic disorders in males for patients most prone
to variation in prescription preference. These effects were signif-
icant in the first years of treatment, but no statistically signifi-
cant evidence was found in the longer term. No causal effects of
ADHD medication, neither protective nor harmful, were found
for other comorbid disorder categories.

Author affiliations

"Centre for Research and Education in Forensic Psychiatry, Haukeland University
Hospital, Bergen, Norway

“Department of Clinical Medicine, University of Bergen, Bergen, Norway
*Division of Psychiatry, Haukeland University Hospital, Bergen, Norway

4Ragnar Frisch Centre for Economic Research, Oslo, Norway

*Department of Sociology, University of Wisconsin-Madison, Madison, Wisconsin,
USA

SDepartment of Biostatistics and Medical Informatics, University of Wisconsin-
Madison, Madison, Wisconsin, USA

"Department of Population Health Sciences, University of Wisconsin-Madison,
Madison, Wisconsin, USA

8Centre for Work and Mental Health, Nordlands Hospital, Bodg, Norway
“Division of Health Services, Norwegian Institute of Public Health, Oslo, Norway
"°Department of Community Medicine, University of Tromsg, Tromsg, Norway

Acknowledgements The authors thank Henrik Daae Zachrisson for his
contributions in developing the IV design used in this study.

Contributors Conceptualisation: IL, AH, IB, TW-H, AM. Methodology: IL, TW-H, SM,
FE, AM, AH. Analysis: IL, TW-H, AH. Writing—original draft preparation: IL. Writing—
review and editing: IL, AH, TW-H, AC, SM, FE, AM, IB. Supervision: AH, 1B, AM, SM.
Principal investigator: AM. Project administration and funding acquisition: AM, TW-H.
Guarantor: IL

Funding The research project is funded by the Research Council Norway (288585/
IAR), with support from the Centre for Research and Education in Forensic Psychiatry,
Haukeland University Hospital. TW-H was additionally financed by the Western
Norway Regional Health Authority (912197).

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval The research was performed with permission from the Regional
Ethical Committee (2017/2150/REC south-east D). The study is pre-registered
(ISRCTN11891971) and protocolled.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party and are
not publicly available. Access to registry data requires approval from authorised data
owners and thus cannot be shared by the authors.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iD
Ingvild Lyhmann http://orcid.org/0000-0003-1376-1354

REFERENCES

1 Willcutt EG. The prevalence of DSM-IV attention-deficit/hyperactivity disorder: a meta-
analytic review. Neurotherapeutics 2012;9:490-9.

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

3 Reale L, Bartoli B, Cartabia M, et al. Comorbidity prevalence and treatment
outcome in children and adolescents with ADHD. Eur Child Adolesc Psychiatry
2017;26:1443-57.

4 Hartman CA, Larsson H, Vos M, et al. Anxiety, mood, and substance use disorders in
adult men and women with and without attention-deficit/hyperactivity disorder: A
substantive and methodological overview. Neurosci Biobehav Rev 2023;151:105209.

5 Cuffe SP, Visser SN, Holbrook JR, et al. ADHD and Psychiatric Comorbidity: Functional
Outcomes in a School-Based Sample of Children. J Atten Disord 2020;24:1345-54.

6 Cortese S, Adamo N, Del Giovane C, et al. Comparative efficacy and tolerability of
medications for attention-deficit hyperactivity disorder in children, adolescents,
and adults: a systematic review and network meta-analysis. Lancet Psychiatry
2018,;5:727-38.

7 Chaulagain A, Lyhmann |, Halmay A, et al. A systematic meta-review of systematic
reviews on attention deficit hyperactivity disorder. Eur Psychiatry 2023;66:€90.

8 Storebw 0J, Ribeiro JP, Lunde C, et a/. WHO Essential Medicines List and
methylphenidate for ADHD in children and adolescents. Lancet Psychiatry 2024;11:93.

9 Cortese S, Holtmann M, Banaschewski T, et a/. Practitioner review: current best
practice in the management of adverse events during treatment with ADHD
medications in children and adolescents. / Child Psychol Psychiatry 2013;54:227-46.

Lyhmann |, et al. BMJ Ment Health 2024,27:1-8. doi:10.1136/bmjment-2024-301003

7

ybLAdod Aq pajoalold ciag 1 Buebin
Bap 116 1933101|q1G3S|H e 202 ‘9 JaqUIBAON Uo /wod g yiesyelus//:dny woij papeojumod '#20¢ Jaquisidas 6T Uo £00TOE-1202-UaWlWag/9eTT 0T Se paysiignd 1si :y)esH JUsN CING


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-1376-1354
http://dx.doi.org/10.1007/s13311-012-0135-8
http://dx.doi.org/10.1007/s12402-016-0208-3
http://dx.doi.org/10.1007/s12402-016-0208-3
http://dx.doi.org/10.1007/s00787-017-1005-z
http://dx.doi.org/10.1016/j.neubiorev.2023.105209
http://dx.doi.org/10.1177/1087054715613437
http://dx.doi.org/10.1016/S2215-0366(18)30269-4
http://dx.doi.org/10.1192/j.eurpsy.2023.2451
http://dx.doi.org/10.1016/S2215-0366(23)00395-4
http://dx.doi.org/10.1111/jcpp.12036
http://mentalhealth.bmj.com/

10 Krinzinger H, Hall CL, Groom MJ, et a/. Neurological and psychiatric adverse effects with meta-analyses and trial sequential analyses of randomised clinical trials. BM/
of long-term methylphenidate treatment in ADHD: A map of the current evidence. 2015;351:h5203.

Neurosci Biobehav Rev 2019;107:945-68. 21 Widding-Havneraas T, Markussen S, Elwert F, et al. Geographical variation in

11 Coughlin CG, Cohen SC, Mulqueen JM, et al. Meta-Analysis: Reduced Risk of Anxiety ADHD: do diagnoses reflect symptom levels? Eur Child Adolesc Psychiatry
with Psychostimulant Treatment in Children with Attention-Deficit/Hyperactivity 2023;32:1795-803.

Disorder. J Child Adolesc Psychopharmacol 2015;25:611-7. 22 Angrist D, Pischke J-S. Mostly harmless econometrics: an empiricist's. Companion:

12 Man KKC, Hage A, Banaschewski T, et al. Long-term safety of methylphenidate Princeton University Press, 2009.
in children and adolescents with ADHD: 2-year outcomes of the Attention Deficit 23 Widding-Havneraas T, Zachrisson HD. A Gentle Introduction to Instrumental Variables.
Hyperactivity Disorder Drugs Use Chronic Effects (ADDUCE) study. Lancet Psychiatry J Clin Epidemiol 2022;149:203-5.
2023;10:323-33. 24 Swanson SA, Hernan MA. Commentary: how to report instrumental variable analyses

13 Surman CBH, Monuteaux MC, Petty CR, et al. Representativeness of participants in a (suggestions welcome). Epidemiology 2013;24:370-4.
clinical trial for attention-deficit/hyperactivity disorder? Comparison with adults from 25 Lee DS, McCrary J, Moreira MJ, et al. Valid t-Ratio Inference for IV. Am Econ Rev
a large observational study. J Clin Psychiatry 2010;71:1612—6. 2022;112:3260-90.

14 Jensen CM, Steinhausen HC. Comorbid mental disorders in children and adolescents 26 Widding-Havneraas T, Elwert F, Markussen S, et al. Effect of ADHD medication on
with attention-deficit/hyperactivity disorder in a large nationwide study. Atten Defic risk of injuries: a preference-based instrumental variable analysis. Eur Child Adolesc
Hyperact Disord 2015;7:27-38. Psychiatry 2024;33:1987-96.

15 @rstavik R, Gustavson K, Biele N-B, et al. ADHD i Norge - En statusrapportrapport. 27 Widding-Havneraas T, Zachrisson HD, Markussen S, et al. Effect of Pharmacological
Report No.: 9788280827340. 2016.4. Treatment of Attention-Deficit/Hyperactivity Disorder on Criminality. J Am Acad Child

16 Mykletun A, Widding-Havneraas T, Chaulagain A, et al. Causal modelling of variation Adolesc Psychiatry 2024,63:433-42.
in clinical practice and long-term outcomes of ADHD using Norwegian registry data: 28 Young S, Adamo N, Asgeirsdéttir BB, et al. Females with ADHD: An expert consensus
the ADHD controversy project. BMJ Open 2021;11:e041698. statement taking a lifespan approach providing guidance for the identification

17 Widding-Havneraas T, Chaulagain A, Lyhmann |, et al. Preference-based instrumental and treatment of attention-deficit/ hyperactivity disorder in girls and women. BMC
variables in health research rely on important and underreported assumptions: a Psychiatry 2020;20:404.
systematic review. J Clin Epidemiol 2021;139:269-78. 29 Brikell I, Yao H, Li L, et al. ADHD medication discontinuation and persistence across

18 Cortese S, Faraone SV, Konofal E, et al. Sleep in children with attention-deficit/ the lifespan: a retrospective observational study using population-based databases.
hyperactivity disorder: meta-analysis of subjective and objective studies. J Am Acad Lancet Psychiatry 2024;11:16-26.

Child Adolesc Psychiatry 2009;48:894-908. 30 Kazda L, Bell K, Thomas R, et al. Overdiagnosis of Attention-Deficit/Hyperactivity

19 Franke B, Michelini G, Asherson P, et al. Live fast, die young? A review on the Disorder in Children and Adolescents: A Systematic Scoping Review. JAMA Netw
developmental trajectories of ADHD across the lifespan. Eur Neuropsychopharmacol Open 2021;4:€215335.
2018:28:1059-88. 31 Cunningham S. 7.2.1 canonical IV DAG, para 7. In: Causal inference: the mixtape (v.

20 Storebe 0J, Krogh HB, Ramstad E, et al. Methylphenidate for attention-deficit/ 1.7). New Haven, Connecticut: Yale University Press, 2018. Available: https://mixtape.
hyperactivity disorder in children and adolescents: Cochrane systematic review scunning.com

8 Lyhmann |, et al. BMJ Ment Health 2024;27:1-8. doi:10.1136/bmjment-2024-301003

ybLAdod Aq pajoalold ciag 1 Buebin
Bap 116 1933101|q1G3S|H e 202 ‘9 JaqUIBAON Uo /wod g yiesyelus//:dny woij papeojumod '#20¢ Jaquisidas 6T Uo £00TOE-1202-UaWlWag/9eTT 0T Se paysiignd 1si :y)esH JUsN CING


http://dx.doi.org/10.1016/j.neubiorev.2019.09.023
http://dx.doi.org/10.1089/cap.2015.0075
http://dx.doi.org/10.1016/S2215-0366(23)00042-1
http://dx.doi.org/10.4088/JCP.09m05344pur
http://dx.doi.org/10.1007/s12402-014-0142-1
http://dx.doi.org/10.1007/s12402-014-0142-1
http://dx.doi.org/10.1136/bmjopen-2020-041698
http://dx.doi.org/10.1016/j.jclinepi.2021.06.006
http://dx.doi.org/10.1097/CHI.0b013e3181ac09c9
http://dx.doi.org/10.1097/CHI.0b013e3181ac09c9
http://dx.doi.org/10.1016/j.euroneuro.2018.08.001
http://dx.doi.org/10.1136/bmj.h5203
http://dx.doi.org/10.1007/s00787-022-01996-7
http://dx.doi.org/10.1016/j.jclinepi.2022.06.022
http://dx.doi.org/10.1097/EDE.0b013e31828d0590
http://dx.doi.org/10.1257/aer.20211063
http://dx.doi.org/10.1007/s00787-023-02294-6
http://dx.doi.org/10.1007/s00787-023-02294-6
http://dx.doi.org/10.1016/j.jaac.2023.05.025
http://dx.doi.org/10.1016/j.jaac.2023.05.025
http://dx.doi.org/10.1186/s12888-020-02707-9
http://dx.doi.org/10.1186/s12888-020-02707-9
http://dx.doi.org/10.1016/S2215-0366(23)00332-2
http://dx.doi.org/10.1001/jamanetworkopen.2021.5335
http://dx.doi.org/10.1001/jamanetworkopen.2021.5335
https://mixtape.scunning.com
https://mixtape.scunning.com
http://mentalhealth.bmj.com/

	Effect of pharmacological treatment of attention-­deficit/hyperactivity disorder on later psychiatric comorbidity: a population-­based prospective long-­term study
	ABSTRACT
	Introduction﻿﻿
	Objective

	Methods
	Data sources
	Sample
	Outcome
	Treatment
	Covariates
	Descriptive and statistical analyses

	Findings
	Incidence of comorbidities after ADHD diagnosis
	Association between pharmacological treatment of ADHD and later comorbidity (LPM)
	Causal relations between pharmacological treatment of ADHD and later comorbidity (IV)
	Assessment of the IV model
	Results of IV analyses

	Robustness analyses

	Discussion
	Summary and interpretation of findings
	Strengths and limitations
	Clinical implications

	Conclusion
	References


