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Abstract

Background: Attention-deficit/hyperactivity disorder (ADHD) is a known risk factor for substance-related problems
(SRP) during adolescence, but the nature of this relationship and the importance of co-occurring conduct problems are
not fully understood. Methods: Data stem from a linked dataset between a large population-based survey conducted
in 2012 of Norwegian adolescents aged 16 to 19, and registry-based data from specialized child and adolescent mental
health services (n=9,411). Results: Adolescents with “ADHD + high conduct problems” had increased risk of SRP (odds
ratios =2.37—10.14). Adolescents with “ADHD only” had very similar risk of SRP as adolescents from the general population
with low symptoms of conduct problems. Relative to boys, girls with “ADHD + high conduct problems” appeared to have
somewhat higher risk for SRP. Conclusion: The present study suggests that the risk for SRP among adolescent with
ADHD is largely driven by co-existing conduct problems. (J. of Att. Dis. 2022; 26(14) 1857-1869)
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Introduction (Elia et al., 2008; Pfiffner et al., 2005). These diagnoses
imply problems related to difficulty to accept rules; aggres-
sive behavior; and antisocial behaviors (Azeredo et al.,
2018). Conduct problems is a relatively inclusive term that
is commonly used to describe the presence of symptoms of
a disruptive behavior disorder. A range of population-based
o ; studies of adolescents have linked conduct problems to SRP
SIS 18 estlme.lted to be between 3% and 9% (Esse; et al, (Bukstein, 2000; Heradstveit et al., 2019; Pedersen et al.,
1990; Scahlll. & Schwab-Sthe, 2090; .Szatmarl ?t al., 2018; Tarter et al., 2006). Several reviews and meta-analy-
1989). The disorder is associated .w1th increased risk of ses have suggested that the increased risk of SRPs among
school-related problems, psychosocial problems, and future adolescents with ADHD is largely explained by the pres-

unemployment (Agngw-Blals ctal, ,2018; Blede.rman etal, ence of comorbid conduct problems (Flory & Lynam, 2003;
1996). Large population-based studies have estimated that Lee et al., 2011; Serra-Pinheiro et al., 2013). Few of these
between 44% and 90% of children and adolescents with ’ ’ ’
ADHD will have at least one comorbid disorder (Barkley,
1998; Biederman et al., 1991; Mitchison & Njardvik, 2019;
Szatmari et al., 1989; Willcutt et al., 1999), as well as an ;NORCE Norwegian Research Centre, Bergen, Norway
increased risk of substance-related problems (SRP) BStaf’a"g‘?r University Hospital, Norway

-Blais et al., 2018; Erskine et al., 2016; Franke University of Bergen, Norway
(Agnew-Blais et al, ; > o > . “Norwegian Institute of Public Health, Bergen, Norway
etal., 2018; Heradstveit etal.,2018; Leec etal., 2011; Molina SAarhus University, Denmark
& Pelham, 2003; Yewers et al., 2005). Several studies have .
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Attention-deficit/hyperactivity disorder (ADHD) is a neu-
rodevelopmental disorder characterized by pervasive and
impairing symptoms of inattention, hyperactivity and
impulsivity (American Psychiatric Association, 2013).
Among school-age children, the prevalence of this diagno-
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studies have, however, used data from specialized child and
mental health services (CAMHS).

A recent Norwegian study reported that only 4% of ado-
lescents in CAMHS had received a disruptive behavior
diagnosis (Heradstveit et al., 2019). This rather low diag-
nostic rate in a clinical adolescent setting contrasts lifetime
prevalence rates of disruptive disorders in the general popu-
lation, which are estimated to be 12% among boys and 7%
among girls with a median age-of-onset of 12 years (Nock
et al., 2006). On the other hand, a population-based study
corroborated that the estimated prevalence of a disruptive
behavior disorder is fairly low in Norway, at around 2.5% in
8 to 10 years olds (Heiervang et al., 2007) and 1.3% in 10 to
14 years olds (Bee et al., 2021). We have reasons to believe
that not all individuals with conduct problems receive a for-
mal disruptive behavior diagnosis, even if they are referred
to CAMHS, and the use of self-reported measures of con-
duct problems may add valuable information of the distri-
bution of potentially undetected disruptive behavior
disorders in clinical settings. In the present study we will
therefore investigate if self-reported conduct problems are
more prevalent than indicated by the diagnostic prevalence
provided by CAMHS, and if the severity of this behavior is
associated with an increased risk for SRP among adoles-
cents with an ADHD diagnosis.

Little is known regarding the influence of sex and nega-
tive life events on associations between ADHD, conduct
problems, and SRP. Girls with disruptive behavior disorders
tend to experience more social problems than boys (Carlson
etal., 1997; Sihvola et al., 2011), and research on sex differ-
ences in outcomes related to ADHD and comorbid disrup-
tive behavior disorders are called for (Gaub & Carlson,
1997). While several studies suggest that ADHD is a stron-
ger risk factor for SRP for girls than boys (Norén Selinus
et al., 2016; Sihvola et al., 2011), very few studies have
investigated the possibility that co-existing conduct prob-
lems may affect the sexes differentially with respect to SRP.
However, one study reported that ADHD symptoms were
associated with SRP after accounting for conduct problems,
notably only among girls (Sihvola et al., 2011). Negative
life events are strongly associated with SRP, including
exposure to interpersonal violence (Keyes et al., 2011),
accidents and catastrophic events (Cerda et al., 2011), and
death among parents, siblings, or friends (Melhem et al.,
2008), and the risk appears to increase along with the cumu-
lative load of these stressful events (Anda et al., 2006; Ford
et al., 2010). Negative life events has, despite the strong
biological roots of ADHD (Goldstein et al., 2007), also
been found to contribute significantly to the severity of both
ADHD and conduct problems (Rydell, 2010). It may there-
fore be particularly useful to evaluate to what extent nega-
tive life events account for the association between ADHD,
conduct problems, and SRP.

The Present Study

The primary purpose of this paper was to assess if severity
of self-reported conduct problems is associated with differ-
ential risk for SRP among adolescents diagnosed with
ADHD in a Norwegian CAMHS-setting, and whether these
associations differ across sexes. Specifically, we hypothe-
sized that individuals with ADHD and high levels of con-
duct problems, used as a proxy for a CD, would have a
significantly increased risk of SRP. Furthermore, we
hypothesized that associations between ADHD and co-
existing conduct problems and SRP would be stronger
among girls than boys. Finally, we hypothesized that adjust-
ing for negative life events would attenuate, but not fully
account for, these associations.

Methods

Participants and Procedure

This study used data from a linkage between a large popula-
tion-based study (the youth@hordaland [y@h]-survey) and
registry-based data from CAMHS (the Norwegian Patient
Registry [NPR]). This linkage has been described in previ-
ous studies (Heradstveit et al., 2019; Hysing et al., 2020).

The y@h-survey was conducted in 2012 and included
adolescents aged 16 to 19 years living in Hordaland County
in Western Norway. Ten thousand, two hundred fifty-seven
adolescents participated in the survey, comprising 53% of
the total adolescent population (n=19,430). Prior to inclu-
sion in the study, informed consent was retrieved from all
participants and one school hour was used to complete the
web-based questionnaire. Adolescents not going to school
received the questionnaire by mail at their home address
and child welfare service institutions and inpatient psychi-
atric hospitals were also contacted to let adolescents from
these settings participate. Eight hundred and forty six ado-
lescents that participated in the y@h (8.2% of the total num-
ber of respondents) did not consent to linkage with official
registries. Therefore, 9,411 adolescents from the y@h-sur-
vey were available for the linkage with CAMHS data.

The NPR is the official registry on CAMHS use in
Norway and includes information on psychiatric diagnoses,
and data on the treatment provided for each patient. The
majority of contacts with CAMHS in Norway comprise
outpatient clinical consultations, including direct contact
(i.e., face to face conversations between professional health
worker(s), the adolescent, and/or the family) and indirect
contact (i.e., co-operation between the professional health
worker and the adolescent’s network, such as school per-
sonnel) (Indergérd et al., 2019). Of the 9,411 eligible ado-
lescents, 970 adolescents (10.3%) had received treatment
with CAMHS according to the registry. For consenting par-
ticipants, all register based CAMHS contact was extracted,
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and thus included information prior to, during, and follow-
ing the time of survey participation. Data from CAMHS
spanned from January 2008 to March 2018.

The Regional Committee for Medical and Health Research
Ethics in Western Norway (2011/811/REK Vest; 2012/1467/
REK Vest) and Norwegian Centre for Research Data (NSD;
371974 and 259631) approved the study. All management of
data in the present study adhered to the General Data
Protection Regulation (GDPR) directive and a Data Protection
Impact Assessment was conducted for the linkage.

Representativeness of the CAMHS-Sample

Approximately 5% of Norwegian adolescents below
18years of age receive treatment in CAMHS yearly
(Indergard et al., 2019). Data from a previous study using
the linkage between the y@h-survey and CAMHS data
from the NPR found that 9.1% of the individuals participat-
ing in the y@h had received treatment from CAMHS dur-
ing the past 4years (Heradstveit et al., 2019). With few
exceptions, individuals who consented to registry-linkage
with CAMHS were for the most part similar to the adoles-
cents that did not consent (Heradstveit et al., 2019).
Adolescents who refused consent had, however, somewhat
higher alcohol consumption and self-reported symptoms of
conduct problems (effect sizes=0.11) and were slightly
older (17.6 vs. 17.4 years).

Materials

ADHD diagnosis and co-existing conduct problems. Clinical
professionals assessed psychiatric diagnoses for each of
the adolescents that received treatment from CAMHS.
These diagnoses were coded on Axis 1 according to the
ICD-10 diagnostic manual (WHO, 1992) and registered in
CAMHS. Hyperkinetic disorders (i.¢., diagnoses within the
F90-chapter) were recorded for 177 individuals (18% of
the individuals receiving treatment in CAMHS). These
diagnoses were used as a proxy for an ADHD-diagnosis.
Self-reported conduct problems were measured in the
y@h-survey using the self-reported 8-item scale for conduct
disorders (CD) from the Diagnostic Interview Schedule for
Children Predictive Scales (DPS) instrument (Lucas et al.,
2001). The DPS-CD scale has been shown to define adoles-
cents who are at high probability of meeting the diagnostic
criteria for CD, using a cut-off score of 2 or more (Lucas
et al., 2001). The Cronbach’s alpha coefficient for internal
consistency of the DPS-CD scale in our sample was .74.
We created a variable for ADHD groups, in which indi-
viduals who received an ADHD diagnosis during their con-
tact with CAMHS were categorized into the following three
groups: (i) “ADHD only”; (ii) “ADHD + low conduct prob-
lems”; and (iii) “ADHD + high conduct problems.” The

first group was defined as those who had no indications of
conduct problems (score=0 on the DPS-CD scale). The
second group was defined as those who had a score of 1 on
the DPS-CD scale. The third group was defined as those
who had a score of 2 or more on the DPS-CD scale, as this
cut-off is suggested to indicate a potential CD (Lucas et al.,
2001). Seven individuals (4.0%) had missing responses on
the scale and were excluded. Thus, this variable included
170 individuals with ADHD and distributed as follows:
“ADHD only”: n=89; “ADHD + low conduct problems”:
n=32; and “ADHD + high conduct problems”: n=49.
Individuals from the general population comprised the sur-
vey sample. This full survey sample consisted of 8,441 indi-
viduals, but after the exclusion of those without valid scores
on the DPS-CD-scale (n=170) and those with scores =1 on
the DPS-CD scale (n=2,141), the survey sample consisted
of 6,130 individuals (72.6% of total).

Substance-related problems (SRP). SRP were measured as
part of the y@h-survey, with five variables that are thor-
oughly described in a previous article (Heradstveit et al.,
2019). (1) Illicit drug use was based on a single item: “Have
you ever tried hash, marijuana or other narcotic sub-
stances?” (Yes/No). (2) High-level alcohol consumption
was based on a variable that added up five items measuring
how many glasses of (i) beer, (ii) cider, (iii) wine, (iv) spir-
its, and (v) illegally distilled spirits the adolescents usually
consumed during a period of 14days. The variable sepa-
rated those above the 80th sex-specific percentile on alco-
hol consumption among adolescents with any usual alcohol
consumption, from those below. (3) Frequent alcohol intox-
ication was based on a single item: “Have you ever con-
sumed so much alcohol that you were clearly intoxicated
(drunk)?” The original item had five categories ranging
from “No, never” to “Yes, more than 10 times.” Frequent
alcohol intoxication was defined as drinking so much that
one was clearly intoxicated more than 10 times, and on this
basis, a dichotomous variable was created. (4) Positive
CRAFFT score was based on the 6-item, validated CRAFFT
scale (Knight et al., 2002). CRAFFT stands for the key
words of the six items included in the scale—Car, Relax,
Alone, Forget, Friends, Trouble. This scale has been
designed to identify potential alcohol-and drug related
problems among adolescents and has been demonstrated to
have acceptable sensitivity and specificity at a cut-off value
of =2 (Dhalla et al., 2011; Knight et al., 2002; Skogen
etal., 2013). A dichotomous variable separating those above
and below this CRAFFT cut-off value (=2) was calculated.
(5) Finally, an ordinal variable for level of total symptoms of
SRP was constructed (ranging from 0 to 4), in which we
summed up the number of positive scores on lifetime illicit
drug use, high-level alcohol consumption, frequent alcohol
intoxication, and positive CRAFFT-score.
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Negative life events. Negative life events (NLE) were
measured as part of the y@h-survey with eight items cov-
ering different events (Askeland et al., 2020). Four of the
items were dichotomous; (1) “death of a parent/guard-
ian,” (2) “death of a sibling,” (3) “death of a close friend,”
and (4) “death of girlfriend/boyfriend.” Four items were
ordinal: (5) Having encountered “a catastrophe or seri-
ous accident” had the following response categories: “No,
never,” “yes, once,” to “Yes, more than once,” while (6)
having experienced “violence from a grown up,” (7) hav-
ing “witnessed someone you care about being exposed to
violence from a grown up,” and (8) having experienced
“unwanted sexual actions” had the following response cat-
egories: “No, never,” “Yes, once,” “Yes, a few times,” to
“Yes, many times.” All the ordinal variables were dichoto-
mized in order to differentiate between those answering
“No, never” from those with positive responses. An ordi-
nal NLE-variable (spanning from 0 to 8) was constructed
by summing the eight dichotomous NLE-variables men-
tioned above.

Other variables

Disruptive behavior disorder-diagnoses. Disruptive behav-
ior disorder diagnoses were retrieved from CAHMS and
included all diagnoses from chapter F91 (“Conduct disor-
ders”) in ICD-10. Hence, we summarized both CD diagno-
ses (F91.0-F91.2) and other disruptive behavior diagnoses,
including ODD (F91.3). To secure that no F91-diagnoses
were ignored, we also included F92 (“Mixed disorder of
conduct and emotions,” which formally requires the pres-
ence of an F91.-diagnosis).

Duration of CAMHS-contact. Contact with CAMHS was
defined as having a valid registration in the NPR. A contin-
uous variable was constructed for the duration of treatment
in CAMHS, which counted the number of months with a
registered contact with the services. This variable spanned
from 1 to 65months (M=11.45; SD=10.33; median=S3§;
interquartile range=4-16).

Sociodemographic variables. Sex and age of all partici-
pants were retrieved from the personal identification num-
ber from the Norwegian Population Registry and were
available for all participants of the y@h-sample. Three mea-
sures of self-reported socioeconomic status were used and
included the perceived economic well-being of the family
(response categories: “poorer than others,” “equal to oth-
ers,” and “better than others”), and maternal and paternal
educational attainment (categorized into: “primary school,”
“high school,” and “college/university””). Three variables
were also included that separated those with Norway as
their country of origin from those born outside of Norway.
These variables related to (1) the adolescent’s country of
origin; (2) the adolescents mother’s country of origin; and

(3) the adolescent’s father’s country of origin defined as
Norway or “other country.” One variable specified whether
the adolescents’ parents were living together.

Statistical Analyses

First, we provided descriptive statistics for the sociodemo-
graphic variables and self-reported conduct problems.
Two separate analytical approaches were used in this
respect. In approach 1, all variables were compared
between the non-clinical y@h-population (i.e., the survey
sample) and adolescents with ADHD (i.e., the clinical
sample). In approach 2, we described the same variables
across the three ADHD-subgroups using the “ADHD
only” group as reference level against “ADHD + low con-
duct problems,” and “ADHD + high conduct problems,
respectively. These analyses were conducted stepwise,
comparing “ADHD only” with each of the other ADHD-
subgroups separately. The analyses are summarized in
Table 1. We also analyzed rates of negative life events
(Table 2) and duration of treatment in CAMHS across the
three ADHD-subgroups (not shown). Independent sam-
ples t-tests were used to compare means between the
groups in all these analyses, while Pearson chi-square tests
were used to compare differences across categorical vari-
ables. Second, we described comorbidity with formal dis-
ruptive behavior disorder diagnoses across the subgroups
of ADHD. Third, we calculated the unadjusted rates of
total symptoms of SRP with 95% confidence interval in
the three ADHD-subgroups as well as in the survey sam-
ple and visualized these rates in a figure. Finally, we used
logistic and ordered logistic regression analyses to inves-
tigate associations between ADHD and SRP stratified by
each of the three ADHD-groups with the survey sample as
base level (Table 3). In Model 1, associations were unad-
justed. In Model 2, we included the adjustment for sex and
age. In Model 3, we also included negative life events. In
all cases where we found a positive association in Model
1, we calculated how much the inclusion of co-variates
reduced the strength of this association by dividing the log
odds from Model 3 with the log odds from Model 1. Using
the same method, we also compared Model 3 with Model
2 to calculate how much the inclusion of negative life
events reduced the strength of the association. All data
were analyzed using STATA version 15 (StataCorp, 2017).

Results

Descriptive Characteristics of the Sample

As shown in Table 1, adolescents diagnosed with ADHD
comprised more boys and were slightly younger than ado-
lescents in the independent survey sample. They had lower
perceived family economic well-being and had parents with
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Table |I. Descriptive Characteristics of the Sample (n=9,411).

Study sample'? Subgroups of ADHD (n=170)3*

Survey sample CAMHS: ADHD- ADHD only ADHD + low conduct ADHD + high conduct
(n=6,130)° diagnoses (n=170) (n=89) problems (n=32) problems (n=49)

Sex: Boys, % (n) 44.7 (3,362) 54.1 (92)* 46.1 (41) 59.4 (19) 65.3 (32)*
Age, mean (SD) 17.45 (0.84) 17.28 (0.82)* 17.36 (0.84) 17.30 (0.77) 17.13 (0.81)
Perceived family economic well-being *

Poorer than others, % (n) 5.8 (347) 10.2 (17) 6.8 (6) 20.0 (6) 10.2 (5)

Equal to others, % (n) 69.3 (4,173) 61.7 (103) 62.5 (55) 63.3 (19) 59.2 (29)

Better than others, % (n) 24.9 (1,499) 28.1 (47) 30.7 (27) 16.7 (5) 30.6 (15)
Mothers educational level o

Basic, % (n) 9.1 (431) 18.0 (21) 14.5 (9) 25.0 (5) 20.0 (7)

Intermediate, % (n) 41.0 (1,943) 41.0 (48) 40.3 (25) 40.0 (8) 42.9 (15)

High, % (n) 49.9 (2,362) 41.0 (48) 45.2 (28) 35.0 (7) 37.1 (13)
Fathers educational level o

Basic, % (n) 9.5 (442) 18.8 (21) 16.1 (10) 25.0 (5) 20.0 (6)

Intermediate, % (n) 46.5 (2,161) 50.9 (57) 51.6 (32) 45.0 (9) 53.3 (16)

High, % (n) 44.0 (2,043) 30.4 (34) 32.3 (20) 30.0 (6) 26.7 (8)
Country of origin: Norway

Self, % (n) 94.6 (5,741) 94.0 (157) 93.1 (81) 96.9 (31) 93.8 (45)

Mother, % (n) 91.2 (5,589) 97.7 (166)** 96.6 (86) 96.9 (31) 100.0 (49)

Father, % (n) 90.2 (5,512) 91.7 (154) 92.1 (82) 87.1 (27) 93.8 (45)
Parents living together, % (n) 71.1 (4,181) 44.7 (T1)**+* 45.2 (38) 56.3 (18) 34.9 (15)

Note. Bold fonts denote statistically significant group differences between given group and reference group at p-values: *p <.05. **p <.0l. **¥p <.001.

CAMHS =child and adolescent mental health services; ADHD =attention-deficit/hyperactivity disorder.
'Reference: survey sample (i.e., non-clinical sample of the youth@hordaland-survey).
2Seven hundred and ninety three adolescents received CAMHS, but without having ADHD-diagnoses, and are not shown in this table.

3Reference: “ADHD only” (n=89).

4Seven adolescents had missing responses on the DPS-CD scale and were not assigned to any subgroup of ADHD.
SExcluding 2,311 individuals, either due to missing score on the DPS-CD scale (n=170) or a DPS-CD-score at =1 (n=2,141).

Table 2. Rates of Negative Life Events Across the Three Defined ADHD Subgroups (n=170).

ADHD only (n=89) % (n)

ADHD + low conduct
problems (n=32) % (n)

ADHD + high conduct problems
(n=49) % (n)

Death of someone close (any) 27.7 (18) 24.0 (6) 333 (1)
Catastrophe or serious accident 18.8 (16) <5 22.7 (10)
Interpersonal violence (any) 31.0 (26) 48.4 (15) 59.1 (26)**
Experienced violence from grown up 16.7 (14) 25.8 (8) 43.2 (19)**
Witnessed violence from grown up 23.8 (20) 29.0 (9) 45.5 (20)*
Unwanted sexual actions 15.3 (13) 19.4 (6) 13.6 (6)
Total, mean (SD) 0.92 (1.20) 1.03 (1.09) 1.39 (1.47)*
Total, median (interquartile range) 0(0,2) 1 (0, 2)** 1 (0, 3)**

Note. Reference group: ADHD only. Bold fonts denote statistically significant group differences between given group and reference group at p-values:

*p<.05. ¥p <.0l. Rates are not calculated for cells with less than n=5.

lower educational levels, more often mothers born in
Norway (98% vs. 91%), and less often parents living
together (45% vs. 69%). Individuals across the subgroups
of ADHD were for the most part similar in terms of sociode-
mographic characteristic and they received treatment of
similar duration (mean duration across groups ranging from
15.9 to 16.7months; median duration ranging from 14.5 to
16; not shown). However, adolescents with “ADHD + high
conduct problems” were more often boys (p <.05) than in
the “ADHD only” group.

Of the 170 adolescents with an ADHD diagnosis, 8%
(n=13) had a comorbid disruptive behavior disorder diagno-
sis according to CAMHS. In contrast, 29% (n=49) of the ado-
lescents with ADHD were screen positive for CD (i.e., they
scored =2 on the DPS-CD questionnaire), compared with
10% in the full survey sample (n=8,441). Rates of diagnosed
disruptive behavior disorders were low across all subtypes of
ADHD, with 10% in the “ADHD + high conduct problems”
group, and <5% in the “ADHD + low conduct problems,”
and the “ADHD only” group.
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Figure |. Unadjusted rates of total symptoms of substance-related problems in adolescents with ADHD-diagnoses, stratified by
co-existing conduct problems, compared with the survey sample (n=9,441).

The “ADHD + high conduct problems” group had a
higher mean number of negative life events compared with
the “ADHD only” group (M=1.39 vs. 0.92; Table 2).
Specifically, adolescents in the “ADHD + high conduct
problems” reported more often to have experienced inter-
personal violence (59% vs. 31%). There were no significant
differences in negative life events between the “ADHD
only” and “ADHD + low conduct problems” group.

Substance-Related Problems Across Subgroups
of ADHD

Rates of total symptoms of SRP differed considerably
across the ADHD subgroups (Figure 1 and Supplemental
Table S1). Compared to the survey sample, the “ADHD
only” group had very similar rates of SRP while the
“ADHD + low conduct problems” group had slightly higher
SRP rates. The “ADHD + high conduct problems” group
had considerably higher rates of SRP than both the survey
sample and the “ADHD only” group. Specifically, 28.6%
(95% CI[14.9,42.2]) of the adolescents with “ADHD + high
conduct problems” had three or more indicators of SRP,
compared to 4.7% (95% CI [4.2, 5.3]) in the survey sample
and 3.9% (95% CI1[0.0, 8.3]) in the “ADHD only”-group.

As outlined in Table 3, the “ADHD + high conduct prob-
lems” group had significantly heightened odds of SRP
across all measures (odds ratios [ORs] ranging from 2.37 to
10.14). We found no heightened risk for SRP in the other
subgroups of ADHD, except for higher odds for a positive
CRAFFT score in the “ADHD + low conduct problems”
group in Model 1 (OR=2.31) and Model 2 (OR=2.66). The
full inclusion of co-variates (i.e., sex, age, and negative life
events) attenuated the associations with SRP for the
“ADHD + high conduct problems” group. Specifically, for
the “ADHD + high conduct problems” group, the full inclu-
sion of co-variates reduced the strength of the odds ratios
with 13% for illicit drug use; 0% for high-level alcohol con-
sumption; 5% for frequent alcohol intoxication; 17% for a
positive CRAFFT score; and 9% for total symptoms of SRP
compared to the unadjusted model/Model 1. On the other
hand, the specific inclusion of the covariate for negative life
events (i.e., comparing the change in the estimates from
Model 2 to Model 3) reduced the strength of the odds ratios
with 17% to 25% across the different measures of SRP. For
the “ADHD + low conduct problems” group, the full inclu-
sion of co-variates reduced the strength of the odds ratio for
a positive CRAFFT score with 17% from Model 1 to 3, and
with 29% from Model 2 to 3.
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The low sample size of the ADHD-subgroups prevented
us from conducting formal interaction analyses between the
ADHD-subgroups and sex on the associations with SRP.
However, a visual inspection of our data revealed that rates
of total symptoms of SRP were heightened among both
boys and girls with “ADHD + high conduct problems,” but
most pronounced among girls. Specifically, 21.4% (95% CI
[6.2,36.6]) of boys with “ADHD + high conduct problems”
had three or more indicators of total symptoms of SRP com-
pared with 4.8% (95% CI [4.0, 5.6]) in the non-clinical
male survey sample and 5.9% (95% CI [0.0, 13.8]) of those
with ADHD only, while 42.9% (95% CI [16.9, 68.8]) of
girls with “ADHD + high conduct problems” had three or
more indicators of total symptoms of SRP compared with
4.6% (95% CI [3.9, 5.4]) in the non-clinical female survey
sample and 2.4% (95% CI [0.0, 7.0]) of those with ADHD
only. See Supplemental Table S1 for details.

Discussion

In the present study, we aimed to investigate SRP among
subgroups of adolescents with ADHD characterized by dif-
ferent severity levels of conduct problems, using unique
data with a linkage between a large population-based sur-
vey of Norwegian adolescents and an official registry on
CAMHS-use.

The main finding of the present study was a considerably
increased risk of SRP among adolescents with an ADHD
diagnosis in combination with a high self-reported conduct
problems score. This finding was evident for all the included
measures of SRP, although with varying magnitude. For
example, adolescents with ADHD and high conduct prob-
lems had seven-fold increased odds for illicit drug use com-
pared with the survey sample, even after adjustment for
negative life events. On the other hand, adolescents with
“ADHD only” had similar risk compared with the expected
SPR rate in the survey sample. This pattern was evident
across all the included measures of SRP. Our findings thus
lend support to the notion that the risk of SRP among
ADHD-diagnosed adolescents can largely be attributed to
co-existing conduct problems (Disney et al., 1999; Lee
et al., 2011; Serra-Pinheiro et al., 2013), and that ADHD in
itself does not increase the risk of adolescent illicit drug use
beyond the effect of conduct-related disorders (Serra-
Pinheiro et al., 2013).

A range of previous studies have reported that adoles-
cents with ADHD have a high probability of co-existing
conduct problems (Barkley, 1998; Biederman et al., 1991;
Mitchison & Njardvik, 2019; Szatmari et al., 1989; Willcutt
et al., 1999). This was strongly supported by results in the
current study. Self-reported conduct problems were nearly
three times more common among adolescents with ADHD
compared to estimates in the general population. On the
other hand, whereas 29% of all adolescents with ADHD

were screen positive for CD according to the DPS-CD ques-
tionnaire, only 10% of these screen-positive adolescents
had a formally diagnosed disruptive behavior disorder. This
finding may be surprising considering population-based
studies that generally report comorbidity rates between
ADHD and disruptive behavior problems in the range from
20% to 56% (Barkley, 1998; Biederman et al., 1991). It is
likely that this discrepancy may reflect a degree of under-
detection of disruptive behavior disorders in CAMHS or
clinicians being hesitant to categorize the adolescents with
such a disorder.

Negative life events were reported more often by adoles-
cents with an ADHD diagnosis in combination with conduct
problems compared with those without these co-existing
problems. However, negative life events only modestly
attenuated the risk for SRP among adolescents with ADHD
and high conduct problems. Thus, our findings suggest that
the risk for SRP among adolescents with combined ADHD
and conduct problems may not be restricted to those exposed
to higher levels of negative life events. More specifically,
following the inclusion of negative life events, all associa-
tions with SRP were still significant, and the strength of the
odds ratios were reduced with 17% to 25%. Therefore, nega-
tive life events did not appear to explain the increased risk of
SRP among adolescents with combined ADHD and conduct
problems, but it should nevertheless be regarded as a rele-
vant factor in the association between ADHD and SRP.
Furthermore, the high prevalence of negative life events
among adolescents with ADHD was most pronounced in
relation to interpersonal violence. Potential explanations for
this finding include: (1) that negative life events are part of
the etiological mechanisms for development of conduct
problems in adolescents with ADHD; (2) that a lifestyle
characterized by disruptive behaviors increase the risk of
exposure to certain negative life events; or (3) that unmea-
sured third variables account for this finding. While the pres-
ent study did not investigate mechanisms that may explain
the link between negative life events and conduct problems,
our findings lend some support to a CAMHS-study which
reported that exposure to interpersonal violence—but not
non-interpersonal traumas—was related to more severe dis-
ruptive behavioral problems, independent of demographics
and psychiatric diagnoses (Ford et al., 2011).

The presence of ADHD and co-existing conduct prob-
lems was associated with SRP for both boys and girls.
Although we did not have sufficient subgroup sample sizes
for formal investigations of sex differences, our findings
suggest that the association between “ADHD + high con-
duct problems” and SRP may be somewhat stronger among
girls. A previous study of co-occurring ADHD and disrup-
tive disorders reported that despite similar or less behav-
ioral dysfunction, girls with disruptive disorders experienced
more social problems than boys (Carlson et al., 1997). A
population-based study of adolescent twins reported that
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although no significant sex differences were found in the
effects of ADHD and conduct disorder on SRP, girls with
ADHD still seem to be at slightly higher risk for SRP than
boys with ADHD (Disney et al., 1999). We recommend that
future studies further elaborate on potential sex differences
in risk for SRP among adolescents with ADHD with and
without co-existing conduct problems. Of note, there was a
relatively equal sex distribution among adolescents with an
ADHD diagnosis in the present study, with only a slightly
higher rate in boys than girls—translating to a sex ratio of
1.2:1. In comparison, several previous population-based
studies have estimated the boys/girls ADHD ratio to be
between 2:1 and 3:1 in community samples and from 2:1 to
9:1in clinical samples (Arcia & Conners, 1998; Bruchmiiller
et al., 2012; Huss et al., 2008). A possible explanation of
this modest sex ratio in our study is that many boys in our
material could potentially have received an ADHD-
diagnosis at a contact with CAMHS prior to the age of 12,
which was the minimum age of registered contact. Official
registry data from Norwegian CAMHS seem to support this
interpretation, as far more primary school-aged boys than
girls are referred to CAMHS with ADHD as the diagnosis
of suspicion (Indergard et al., 2019). On the other hand,
boys were overrepresented among the individuals with
ADHD and severe self-reported conduct problems, with a
sex-ratio at approximately 2:1.

Finally, the present study highlights several sociodemo-
graphic characteristics of the sample that should be consid-
ered. Previous investigations have reported that ADHD
prevalence rates are higher among adolescents from low
SES families, in terms of both family income and parental
education (Huss et al., 2008). This pattern was also observed
in the present study, as adolescents with an ADHD diagno-
sis had a SES profile characterized by both a worse family
economy and lower parental education compared with the
survey sample. Adolescents with an ADHD diagnosis also
more often had native-born mothers compared with the sur-
vey sample. This finding may either suggest a representa-
tiveness issue of the present sample, and/or that mothers
with a history of migration has a lower health service utili-
zation rate on behalf of offspring with ADHD symptoms. A
study by Huss et al. (2008) found that families with a his-
tory of migration reported fewer ADHD-diagnoses for their
children, but also more severe ADHD-symptoms. The
authors suggested several possible explanations, which also
may apply to the findings of the present study, including
migrant-specific patterns of health service utilization,
migrant-specific low rates of the ADHD-diagnosis, or cul-
tural differences in the tolerance of symptoms.

Implications for Clinical Practice and Research

Few adolescents with ADHD had received a comorbid dis-
ruptive behavior disorder diagnosis, even among those

reporting symptoms indicating CD in the “ADHD + high
conduct problems” group. The high levels of self-reported
conduct problems in this group, along with the increased
risk for SRP, suggest that under-detection in CAMHS may
leave adolescents at high-risk for unidentified SRP.
Behavior problems associated with disruptive disorders are
shown to be a potent risk factor for SRP, and particularly
illicit drug use (Bukstein, 2000; Heradstveit et al., 2019;
Pedersen et al., 2018; Tarter et al., 2006). On the other hand,
the low prevalence of diagnosed disruptive behavior disor-
ders in the ADHD-group may also indicate a reluctance
toward giving this diagnosis to youth, due to the potentially
stigmatizing nature of this disorder. The results underline
the need for CAMHS and other relevant health services to
enhance identification of adolescents with ADHD and
severe conduct problems, and by this ensure access to inter-
ventions that may contribute to break negative cycles
related to substance abuse (Hogue et al., 2014).

Strengths and Limitations

A strength of the present study was the linkage between a
large population-based sample and official registry data
from CAMHS in which diagnoses were set by health pro-
fessionals after thorough examinations. The use of a vali-
dated scale for conduct problems to assess self-reported
symptoms at different severity levels and the inclusion of
relevant co-variates, provide further strengths to the study.

The study also had some limitations. The use of hyperki-
netic disorder diagnosis to define ADHD prevent more
detailed studies of the inattentive and hyperactive/impul-
sive presentations described in the DSM-5 (American
Psychiatric Association, 2013). The relatively low size of
the subgroup samples yields a relatively low precision in
the point estimates. With small samples and weak statistical
power, results are generally less reliable even when they are
statistically significant (Button et al., 2013). However, in
the present study, the analyses were founded on an empiri-
cally informed and a priori determined hypothesis of a
higher risk of SRP in adolescents with combined ADHD
and conduct problems, and the strong support of this
hypothesis is thus a plausible finding. Nevertheless, we
advise that the low sample size of the ADHD-subgroups
should be considered when interpreting our findings. The
generalizability of our findings to CAMHS-settings in other
countries is also unknown. We therefore advise to interpret
the relative lack of sociodemographic differences across the
subgroups of ADHD with caution, and to validate our find-
ings on associations between subgroups of ADHD and SRP
with larger samples.

The response rate of the population-based y@h-study
was 53%. Our CAMHS-sample was retrieved from a link-
age between the y@h and an official registry and does not
comprise all adolescents receiving psychiatric treatment in
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the target population. SES is higher among the adolescents
participating in the y@h-survey than expected from national
statistics of the general Norwegian population (Bee et al.,
2017). Therefore, we cannot rule out that our study sample
was somewhat more healthy than the true population of
adolescents in CAMHS, as SES is associated with preva-
lence of psychiatric disorders (Bge et al., 2012). Also, ado-
lescents who did not consent to the registry-linkage, and
therefore were omitted from our sample, have slightly
higher alcohol consumption and self-reported conduct
problems compared with the included adolescents
(Heradstveit et al., 2019). These limitations may potentially
bias the prevalence rates in our study sample. However, rep-
resentativeness issues are less prone to affect associations
between variables (Wolke et al., 2009), and the strong asso-
ciation between “ADHD + high conduct problems” and
SRP is highly unlikely to be a result of selective participa-
tion. Another limitation was that some individuals in the
y@h-sample did not consent to the linkage with registry-
data, which may limit the representativeness of our sample.
As the adolescents who did not provide consent were fairly
similar to the y@h-sample (Heradstveit, 2019), we do not
expect that exclusion of participants due to non-consent
have seriously biased our results.

Finally, a range of other factors beyond those included in
the present study are likely to affect the association between
ADHD and SRP, such as adverse psychosocial conditions,
negative peer influence, dropout from school, and previous
experience with substance use. To study these factors was,
however, beyond the scope of the present study. Although
the present study reported heightened levels of exposure to
interpersonal violence in the “ADHD + high conduct prob-
lems” group, our study did not explore potential mecha-
nisms behind this link. Thus, we recommend future studies
to investigate the role of negative life events more thor-
oughly, particularly exposure to interpersonal violence, on
functional outcomes in adolescents with ADHD and con-
duct problems at different severity levels.

Conclusion

In the present register-linked population-based study, there
was a high rate of self-reported conduct problems among
adolescents with ADHD. Nearly one-third of the adoles-
cents with an ADHD diagnosis reported conduct problems
at a severity level indicating the presence of a conduct dis-
order, but still only a minority of these screen-positive ado-
lescents (10%) received any registered disruptive behavior
disorder diagnosis in CAMHS. These findings may point to
a need for improved detection of comorbid conduct disor-
ders in adolescents with ADHD-diagnoses in CAMHS.
Adolescents with “ADHD + high conduct problems” had a
considerably increased risk of SRP. This risk remained sig-
nificant after the adjustment for sex, age, and negative life

events. The present study thus supports the notion that the
risk for SRP among adolescent with ADHD may be due to
co-existing conduct problems (Disney et al., 1999; Lee
et al., 2011; Serra-Pinheiro et al., 2013). Relative to boys,
girls with “ADHD + high conduct problems” appeared to
have somewhat higher risk for SRP.
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