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Abstract
Background: Attention-deficit/hyperactivity disorder 
(ADHD) and substance use disorder (SUD) often co-occur. 
Both disorders are characterized by impulsive choice. How-
ever, little is known about the effects of substance misuse 
(SM) and family history of SUD (FH) on impulsive choice in 
ADHD-SUD comorbidity. Impulsive choice is also linked to 
callous-unemotional (CU) traits, which are suggested to play 
a role in ADHD-SUD comorbidity. Our aim was to examine 
the effects of (1) FH and (2) SM on impulsive choice, while 
exploring the role of CU traits. Methods: Impulsive choice 
was assessed with the delay discounting (DD) task. We com-
pared task performance across (1) ADHD patients and con-
trols with or without FH of SUD (ADHD FH+: n = 86; ADHD 

FH−: n = 63; control FH+: n = 49; control FH−: n = 72; mean 
age of the whole sample [n = 270]: 16.39, SD: 3.43) and (2) 
family history-matched ADHD groups with and without SM 
and controls (ADHD + SM: n = 62; ADHD-only: n = 62; con-
trols: n = 62; mean age of the whole sample [n = 186]: 18.01, 
SD: 2.71). Effects of CU traits were explored by adding this as 
a covariate in all analyses. Results: (1) There was no main ef-
fect of FH on DD. (2) We found increased DD in ADHD + SM 
compared to ADHD-only and no difference between ADHD-
only and controls. Finally, increased DD was associated with 
increased callous traits only in ADHD FH+ and control FH+. 
Conclusions: In adolescents and young adults with ADHD, 
high impulsive choice might only be present in those with 
comorbid SM and in an FH+ subgroup with high callous 
traits. This suggests that impulsive choice in ADHD might 
result from (1) effects of SM and (2) a combined effect of SUD 
vulnerability and high callousness. Future studies should in-
vestigate efficacy of early interventions, targeting CU traits.

© 2020 The Author(s)
Published by S. Karger AG, Basel

This article is licensed under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License (CC BY-
NC-ND) (http://www.karger.com/Services/OpenAccessLicense). 
Usage and distribution for commercial purposes as well as any dis-
tribution of modified material requires written permission.



Paraskevopoulou/van Rooij/Schene/
Scheres/Buitelaar/Schellekens

Eur Addict Res 2020;26:295–305296
DOI: 10.1159/000509147

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a 
childhood-onset neurodevelopmental disorder with a 
prevalence of about 7% [1], which persists into adulthood 
for a substantial portion of patients [2]. Adolescent and 
adult patients with ADHD have a higher risk for sub-
stance use disorder (SUD), with prevalence rates up to 
58% [3, 4], contrasted with rates of 4–5% [5] in the gen-
eral population. Moreover, ADHD patients with comor-
bid SUD demonstrate early substance use onset, fast tran-
sition from recreational substance use to dependence, 
and poor ADHD and SUD treatment responses, com-
pared to ADHD-only and SUD-only patients, respective-
ly [6–8]. Insight into the mechanisms contributing to the 
frequent co-occurrence of these conditions is needed to 
facilitate the development of (more) effective prevention 
and treatment interventions for ADHD-SUD patients.

Patients with ADHD and SUD show various (endo)
phenotypic similarities. For instance, impulsive choice 
seems to play a central role in both disorders [9–13]. Pref-
erence for smaller-immediate over larger-delayed re-
wards reflects one aspect of impulsive choice [10]. This is 
usually assessed with tasks of delay discounting (DD), 
which measure the interpersonal difference in the de-
crease of a reward’s subjective value (SV) as the delay to 
that reward increases [10]. A steeper discounting of de-
layed rewards is typically interpreted as a reflection of im-
pulsive choice. Importantly, literature provides evidence 
for the heritability of DD [14], indicating this as a poten-
tially shared endophenotype based on shared genetic li-
ability between the two disorders.

In ADHD, meta-analyses found steeper discounting of 
rewards with a medium effect size for patients compared 
to controls [9, 10]. Patients with SUD and problematic 
substance use also showed steeper DD compared to con-
trols [11].

Rodent studies demonstrate more impulsive choices 
as a consequence of chronic drug administration [15], 
suggesting that steeper discounting in addicted humans 
may also be a consequence of (excessive) substance use. 
Of note, studies in the general population also show 
steeper DD for those with a positive family history of SUD 
(FH+) compared to those with a negative family history 
(FH−) [16, 17]. This suggests preexisting effects of family 
history of SUD (FH) on DD, which might increase the 
vulnerability to substance-seeking behaviors.

Impulsive choice in patients with ADHD might on the 
one hand be related to ADHD symptoms, but on the oth-
er hand also to substance use, either (1) in a subset of 

ADHD patients with FH+ or (2) in a subset of adolescent 
and adult patients with ADHD and substance misuse 
(SM). Indeed, a study on adult ADHD patients showed 
greater discounting only in those with comorbid cocaine 
dependence, but similar performance between a purely 
ADHD group and controls [18]. As a result, the extent to 
which impulsive choice in ADHD studies with adoles-
cents and adults reflects a premorbid familial vulnerabil-
ity for SUD or a consequence of SM is still unclear.

Interestingly, the majority of the genetic liability 
shared between ADHD and alcohol use disorder was 
found to be also shared with conduct disorder (CD) [19]. 
The callous-unemotional component of psychopathy, 
also known as callous-unemotional (CU) traits [20], is 
suggested to be a modifier to CD diagnosis [21]. More-
over, Acheson et al. [22] found that greater discounting 
in their (non-ADHD) FH+ group was mediated by this 
group’s greater number of individuals with high antiso-
cial psychopathic traits. Similarly, substance abusers with 
comorbid antisocial personality disorder (ASP) were 
found to discount rewards at higher rates than substance 
abusers without antisocial personality disorder [23]. Ef-
fects of psychopathic features (e.g., CU traits) and vari-
ability of their prevalence across studies might have fur-
ther contributed to mixed results in the literature.

The aim of this study is three-fold. First, we aim to ex-
amine the effects of FH on DD, comparing behavioral 
data of adolescent and young adult ADHD patients and 
controls with FH+ and FH−. We hypothesize steeper DD 
in FH+ individuals, independent of ADHD diagnosis. 
Second, we aim to investigate the effects resulting from 
SM on DD, comparing performance across ADHD pa-
tients with and without SM and controls (without SM), 
matched for FH of SUD. Based on ADHD and SUD lit-
erature, we hypothesize greater DD in ADHD patients 
with and without SM compared to controls and even 
greater discounting in ADHD patients with SM com-
pared to those without SM. Finally, we explored the as-
sociation between DD and CU traits in all analyses.

Materials and Methods

Participants
Our sample was part of the NeuroIMAGE cohort [24]. This is 

the Dutch follow-up of the International Multicenter ADHD Ge-
netics (IMAGE) study, which recruited ADHD and control fami-
lies, examining cognitive, neural, and genetic correlates of ADHD. 
Data on substance use were also collected. The project and recruit-
ment procedure are described in online suppl. material 1; see www.
karger.com/doi/10.1159/000509147 for all online suppl. material 
and the NeuroIMAGE design paper [24]. Briefly, NeuroIMAGE 
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consisted of 412 ADHD patients (mean age 16.6, SD 3.4; 68% 
males) and 262 controls (mean age 16.6, SD 3.7; 49% males). DD 
data were available for 370 ADHD patients and 226 controls. Ex-
clusion criteria applied in this sample included (1) having IQ < 70 
(n = 20), (2) not having stopped ADHD medication 48 h before 
testing or consumption of alcohol or use of drugs 24 h before test-
ing (n = 17), (3) missing data on parental use (N = 175), or (4) on 
self-substance use (n = 48), or (5) on CU traits (n = 4). After all the 
exclusion criteria were applied, 2 subpopulations were identified 
for the 2 main research questions:
1. Subpopulation for effects of FH of SUD

For examining the effects of FH of SUD on DD, the sample 
consisted of an ADHD FH− group (n = 63), an ADHD FH+ group 
(n = 86), a control FH− group (n = 72), and a control FH+ group 
(n = 49; mean age of the whole sample [n = 270]: 16.39, SD: 3.43). 
Age distribution can be found in online suppl. Figure 1. This sam-
ple consisted of participants without SM to avoid confounding ef-

fects resulting from this. Sample characteristics are summarized in 
Table 1.
2. Sub-population for effects of SM

For investigating the effects resulting from SM, the study sam-
ple consisted of an ADHD group without SM (ADHD-only; n = 
62), an ADHD group with SM (ADHD + SM; n = 62), and a control 
group without SM (n = 62; mean age of the whole sample [n = 186]: 
18.01, SD: 2.71). Age distribution can be found in online suppl. 
Figure 2. All participants, including ADHD + SM patients, stopped 
using substances at least 24 h before testing. Table 2 summarizes 
sample characteristics.

Instruments/Measurements
Attention-deficit/hyperactivity disorder
The ADHD diagnostic algorithm included assessment with the 

Schedule for Affective Disorders and Schizophrenia for School-
Age Children-Present and Lifetime Version (K-SADS) [25] and 

Table 1. Effects of FH: sample characteristics

ADHD FH− 
(n = 63)

ADHD FH+ 
(n = 86)

Control FH− 
(n = 72)

Control FH+ 
(n = 49)

p valuea

Age (mean ± SD) 16.55±3.36 16.36±3.36 16.45±3.98 16.14±2.79 0.938
Gender (male/female) 45/18 59/27 30/42 18/31 <0.001b–e

IQf (mean ± SD) 103.69±15.1 97.65±14.48 108.09±13.53 108.29±14.85 <0.001b, c, g

Site (Nijmegen/Amsterdam) 41/22 49/37 31/41 28/21 0.073
DBD (yes/no) 15/48 18/68 0/72 0/49 <0.001b–e

ADHD medication (yes/no) 35/28 53/33 0/72 0/49 <0.001b–e

Conners’ parents DSM-IV
Inattention (M±SD) 64.02±11.33 64.39±11.79 45.93±5.29 47.89±5.68 <0.001b–e

Hyperactivity-impulsivity (mean ± SD) 66.55±15.11 69.09±14.19 46.19±4.95 46.63±5.74 <0.001b–e

Total (M±SD) 67.08±13.31 68.17±13.21 45.44±4.99 46.98±5.53 <0.001b–e

Conners’ teacher/self DSM-IV
Inattention (M±SD) 64.31±11.68 63.43±12.09 47.88±9.99 47.91±7.49 <0.001b–e

Hyperactivity-impulsivity (mean ± SD) 62.13±13.83 59.54±13.83 45.84±9.29 46.22±7.67 <0.001b–e

Total (mean ± SD) 65.67±12.35 63.44±12.59 46.57±9.86 46.57±6.98 <0.001b–e

K-SADS interview
Inattention (mean ± SD) 6.21±2.13 6.63±1.93 – – 0.21
Hyperactivity-impulsivity (mean ± SD) 4.9±2.65 5.19±2.58 – – 0.05

CU traits
Uncaring (mean ± SD) 9.68±3.89 9.17±3.71 6.21±2.92 6.55±3.25 <0.001b–e

Callousness (mean ± SD) 7.38±3.25 6.38±3.04 5.31±2.46 5.22±2.58 <0.001d, e

Unemotional (mean ± SD) 7.43±3.21 7.01±3.44 6.36±2.76 6.43±2.39 0.153
Total score 26.51±8.24 24.28±7.67 19.46±5.89 19.59±6.09 <0.001b–e

FH, family history of SUD; SUD, substance use disorder; ADHD, attention-deficit/hyperactivity disorder; ADHD FH−, ADHD with 
negative family history; ADHD FH+, ADHD with positive family history; Control FH−, controls with negative family history; Control 
FH+, controls with positive family history; DBD, disruptive behavioral disorder (i.e., presence of oppositional defiant disorder or 
conduct disorder); CU traits, callous-unemotional traits. a Group differences were examined with one-way ANOVAs for age and IQ and 
with χ2 tests for gender, site, DBD and ADHD medication. b Post hoc comparisons (corrected with the Bonferroni-Holm method) 
showed a difference between ADHD FH+ and Control FH−. c Post hoc comparisons (corrected with the Bonferroni-Holm method) 
showed a difference between ADHD FH+ and Control FH+. d Post hoc comparisons (corrected with the Bonferroni-Holm method) 
showed a difference between ADHD FH− and Control FH−. e Post hoc comparisons (corrected with the Bonferroni-Holm method) 
showed a difference between ADHD FH− and Control FH+. f IQ level was estimated based on the cognitive performance in Block Design 
& Vocabulary tasks of Wechsler Intelligence Scale for Children (WISC) and Wechsler Adult Intelligence Scale (WAIS). g Post hoc 
comparisons (corrected with the Bonferroni-Holm method) showed a difference between ADHD FH+ and ADHD FH−.
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the Conners’ ADHD questionnaires completed by parents, teach-
ers, and participants [26, 27]. The diagnostic algorithm is de-
scribed in detail in online suppl. material 1 and the main design 
paper of NeuroIMAGE [24].

Substance Use
1. FH of SUD

Parental substance use was assessed with the Alcohol Use Dis-
orders Identification Test (AUDIT) [28], the Drug Abuse Screen-
ing Test (DAST) [29], and the Fagerström Test for Nicotine De-
pendence (FTND) [30] via phone. Self-Administered Timeline 
Follow Back (TLFB) for alcohol consumption and nicotine use in 
the past 30 days was also used [31, 32]. Alcohol use disorder was 
defined for a score of 9 or higher on the AUDIT [33] or on average 
14 or more drinks per week in the past 30 days on the TLFB for 
males [34], and for females, a score of 8 or higher on the AUDIT 
[33] or on average 7 or more drinks per week in the past 30 days 
on the TLFB [34]. Drug use disorder was identified for a score of 

6 or higher on the DAST [29], while nicotine use disorder was in-
dicated for a score of 5 or higher on the FTND [30, 35] or on aver-
age 10 or more cigarettes per day in the past 30 days on the TLFB 
[32].

Alcohol, drug, or nicotine use disorder in at least one of the 
parents indicated FH+. Absence of alcohol, drug, and nicotine use 
disorder in both parents marked FH−. Missing data for at least 1 
parent led to participant exclusion (n = 175) unless the data of the 
other parent indicated SUD and were thus sufficient to mark FH+.
2. Substance Misuse

Substance use in participants was assessed with the Dutch ver-
sion of the Self-Reported Delinquency Scale (SRD) [36, 37]. Daily 
alcohol or nicotine use or at least weekly drug use was classified as 
SM [38]. Less frequent use indicated no substance misuse. Partici-
pants were excluded for missing data in at least one of the scales of 
the questionnaire (i.e., alcohol, drug, or nicotine; n = 48).

Groups for effects of SM (i.e., ADHD-only, ADHD + SM, and 
controls) were matched perfectly with FH of SUD to avoid inter-

Table 2. Effects of SM: sample characteristics

ADHD-only 
(n = 62)

ADHD + SM 
(n = 62)

Control 
(n = 62)

p valuea

FH of SUD (FH−/FH+) 16/46 16/46 16/46 1.00
Age (mean ± SD) 18.14±2.51 18.78±2.76 17.1±2.63 0.002b

Gender (male/female) 54/8 54/8 22/40 <0.001b, c

IQd (mean ± SD) 99.92±15.76 93.95±15.12 107.39±14.32 <0.001b, c, e

Site (Nijmegen/Amsterdam) 41/21 32/30 30/32 0.106
DBD (yes/no) 15/47 18/44 0/62 <0.001b, c

ADHD medication (yes/no) 38/24 26/36 0/62 <0.001b, c

Conners’ parents DSM-IV
Inattention (mean ± SD) 62.17±10.89 64.25±10.53 47.02±5.38 <0.001b, c

Hyperactivity-impulsivity (mean ± SD) 68.54±14.59 68.03±13.82 46.29±5.31 <0.001b, c

Total (mean ± SD) 66.67±13.67 68.19±12.69 46.21±5.28 <0.001b, c

Conners’ teacher/self DSM-IV
Inattention (mean ± SD) 64.72±11.03 67.98±12.11 46.73±7.61 <0.001b, c

Hyperactivity-impulsivity (mean ± SD) 58.83±12.75 58.22±12.77 44.88±8.06 <0.001b, c

Total (mean ± SD) 64.26±11.84 66.12±12.9 45.24±7.68 <0.001b, c

K-SADS interview
Inattention (mean ± SD) 6.18±2.1 6.3±1.87 – 0.68
Hyperactivity-impulsivity (mean ± SD) 5.06±2.51 4.68±2.16 – 0.359

CU traits
Uncaring (mean ± SD) 9.18±3.17 11.32±3.67 6.42±3.04 <0.001b, c, e

Callousness (mean ± SD) 6.47±3.06 7.55±3.57 5.26±2.59 <0.001b

Unemotional(mean ± SD) 7.06±3.54 7.81±2.91 6.32±2.49 0.025b

Total score 24.53±7.77 29.02±7.99 19.37±5.95 <0.001b, c, e

SM, substance misuse; ADHD, attention-deficit/hyperactivity disorder; ADHD-only, ADHD without substance misuse; ADHD + 
SM, ADHD with substance misuse; FH, family history of SUD; SUD, substance use disorder; DBD, disruptive behavioral disorder (i.e., 
presence of oppositional defiant disorder or conduct disorder); CU traits, callous-unemotional traits. a Group differences were examined 
with one-way ANOVAs for age and IQ and with χ2 tests for FH, gender, site, DBD and ADHD medication. b Post hoc comparisons 
(corrected with the Bonferroni-Holm method) showed a difference between ADHD + SM and controls. c Post hoc comparisons (corrected 
with the Bonferroni-Holm method) showed a difference between ADHD-only and controls. d  IQ level was estimated based on the 
cognitive performance in Block Design & Vocabulary tasks of Wechsler Intelligence Scale for Children (WISC) & Wechsler Adult 
Intelligence Scale (WAIS). e Post hoc comparisons (corrected with the Bonferroni-Holm method) showed a difference between ADHD-
only and ADHD+SM.
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ference of potential preexisting effects of FH. These groups were 
also matched optimally with age, and only ADHD-only and 
ADHD + SM were matched perfectly with gender to prevent inter-
ference of other potential confounding variables. Matching was 
conducted with MatchIt in R (R version 3.6.2; Rstudio version 
1.2.5033) [39, 40].

CU Traits
CU traits were assessed with the self-report Inventory of Cal-

lous-Unemotional Traits (ICU) [41], which consisted of 3 sub-
scales: uncaring, callousness, and unemotional. ICU has an inter-
nal consistency of Cronbach’s α = 0.74–0.85 [41, 42].

DD Task
During this experimental task [43], participants were asked to 

choose between a small-immediate and a large-delayed reward. 
Small-immediate rewards varied between 1 and 4 cents and were 
delivered after 0 s. Large-delayed rewards were of 5 cents and were 
delivered after a variable delay of 5, 10, 20, 30, or 60 s. The small-
immediate reward was paired twice with the large-delayed reward 
for every delay. In each trial, small-immediate and large-delayed 
rewards were represented by 2 airplanes on the right and left of the 
screen. These carried the corresponding amount of money, which 
was indicated by a number and the appropriate number of coins 
below the airplane. The height the airplanes were flying at indi-
cated the delay of the large reward (i.e., the longer the delay, the 
greater the height). The right or left position of the airplane for the 
large-delayed reward was balanced across trials. Participants were 
required to press the button corresponding to the airplane of their 
choice (right or left). The chosen airplane then dropped the carried 
amount of money into participants’ money basket on the bottom 
of the screen, immediately for the small reward or after the appro-
priate delay for the large-delayed reward. That was followed by 2 
feedback screens. During these, participants were informed about 
the current and the total amount of money won. Participants re-
ceived the total amount of money won after completion of the task. 

The task included a practice block of 10 trials and a test block of 40 
trials. Participants were informed of the number of trials before 
they started in order to ensure that they realized that choosing the 
immediate reward would result in a shorter task duration.

Analyses
Preprocessing
SVs reflected the value of the small-immediate reward in each 

delay for which a participant showed indifference to the large-de-
layed reward [44]. These were calculated based on the proportion 
of delayed choices [45]. SVs and delays were then normalized (i.e., 
SVs as proportions of the large-delayed reward and delays as pro-
portions of the maximum delay) and were used to compute the 
area under the curve (AUC) [43]. This ranged between 0 and 1. 
Smaller AUC indicated steeper discounting and thus higher im-
pulsive choice. Preprocessing is described in detail in online suppl. 
material 1. The log10 transformation was applied to normalize 
AUC. Homogeneity of variances and homogeneity of regression 
slopes were also checked (Table 3).

Main Analyses
1. Effects of FH of SUD

Differences in AUC were examined with a two-way ANCOVA 
with ADHD (2 levels: ADHD and controls), FH (2 levels: FH− and 
FH+), and the ADHD × FH interaction as independent variables. 
Age, gender, and site were included in the models as covariates.
2. Effects of SM

We performed a one-way ANCOVA with group (3 levels: AD-
HD-only, ADHD + SM, and controls) as the independent variable 
and age, gender, and site as covariates.

Exploratory Analysis with CU Traits
To explore the effects of CU traits, scores from the uncaring, 

callousness, and unemotional ICU scales were added as covariates 
to the models for (1) effects of FH and (2) effects of SM. We then 
applied stepwise regression analysis (forward and backward meth-

Table 3. Group differences in delay discounting (AUC)

Effects of FH of SUD

AUC (mean ± SD) ADHD FH− 
(n = 63)

ADHD FH+ 
(n = 86)

Control FH− 
(n = 72)

Control FH+ 
(n = 49)

p (ηp2)

0.408±0.236 0.371±0.231 0.420±0.228 0.369±0.209 0.164a (0.008), 0.57b (0.001), 0.073c (0.013)

Effects of SM

AUC (mean ± SD) ADHD-only 
(n = 62)

ADHD+SM 
(n = 62)

Control 
(n = 62)

p (ηp2)

0.386±0.221 0.302±217 0.369±0.206 0.045 (0.034)

p values from the final models as indicated by the stepwise analysis. AUC, area under the curve; FH, family history of SUD; SUD, 
substance use disorder; ADHD, attention-deficit/hyperactivity disorder; ADHD FH−, ADHD with negative family history; ADHD FH+, 
ADHD with positive family history; Control FH−, controls with negative family history; Control FH+, controls with positive family 
history; ADHD-only, ADHD without substance misuse; ADHD+SM, ADHD with substance misuse. a p value for ADHD effect. b p value 
for family history effect. c p value for ADHD × FH interaction effect; AUCs are before transformation to normality.
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od) to select the most appropriate model for each analysis/aim. 
Statistical analysis was performed in R (R version 3.6.2; Rstudio 
version 1.2.5033) [39].

Confounder Analysis
To account for potential effects of IQ and ADHD medication, 

these variables were also added to the previous models as covariates.

Results

Main Analyses
1. Effects of FH of SUD

The initial model showed no significant ADHD (p = 
0.967, ηp

2 < 0.001), FH (p = 0.126, ηp
2 = 0.009), or ADHD × 

FH interaction effects on AUC (p = 0.986, ηp
2 < 0.001; 

Fig. 1). There were significant negative effects of age (p = 
0.035, ηp

2 = 0.017) and significant effects of site (p = 0.014, 
ηp

2 = 0.023).
2. Effects of SM

The initial model showed significant group differences 
in AUC (p = 0.045, ηp

2 = 0.034), with smaller AUC for 
ADHD + SM compared to ADHD-only patients (p = 
0.041; Fig. 2). There was also a significant negative age ef-
fect on AUC (p = 0.008, ηp

2 = 0.039).

Exploratory Analysis with CU Traits
1. Effects of FH of SUD
Stepwise regression analysis for effects of FH on AUC 

indicated better model fit with the addition of callousness 
and unemotional main effects and with ADHD × unemo-
tional, FH × callousness, FH × unemotional, and ADHD 
× FH × unemotional interaction effects. This model 
showed no significant effects of ADHD (p = 0.164, ηp

2 = 
0.008), FH (p = 0.57, ηp

2 = 0.001), and ADHD × FH effects 
on AUC (p = 0.073, ηp

2 = 0.013). Yet, we found a signifi-
cant FH × callousness interaction effect (p = 0.024, ηp

2 = 
0.019). Post hoc analysis suggested a trend for a negative 
association between scores in callousness scale and AUC 
in the FH+ groups (p = 0.066, ηp

2 = 0.026; Fig. 3).
Moreover, there was a significant 3-way interaction for 

ADHD × FH × unemotional scores on AUC (p = 0.039, 
ηp

2 = 0.016). Post hoc analysis showed a significant ADHD 
× unemotional interaction effect in the FH− groups (p = 
0.007, ηp

2 = 0.056) and a significant FH × unemotional 
interaction effect in the ADHD groups (p = 0.003, ηp

2 = 
0.062). In ADHD FH−, scores in the unemotional scale 
were negatively associated with AUC (p = 0.007, ηp

2 = 
0.121). In contrast, the ADHD FH+ and the control FH− 
groups showed marginally significant (p = 0.049, ηp

2 = 
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Fig. 1. Subjective values for each delay dur-
ing delay discounting (DD) task. FH−, neg-
ative family history of SUD (black dashed 
line); FH+, positive family history of SUD 
(blue solid line); error bars, standard error 
of the mean.
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Fig. 2. Subjective values for each delay dur-
ing delay discounting (DD) task. ADHD-
only, ADHD without substance misuse 
(brown solid line); ADHD + SM, ADHD 
with substance misuse (SM) (orange 
dashed line), and controls (black dotted 
line); error bars, standard error of the 
mean.

Fig. 3. Association between the area under 
the curve (AUC) and the callousness scale 
of the Inventory of Callous-Unemotional 
Traits (ICU) in participants with negative 
family history of SUD (FH−; black squares 
and dashed regression line) and positive 
family history of SUD (FH+; blue circles 
and solid regression line); AUCs are before 
transformation to normality.
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0.048) and non-significant (p = 0.133, ηp
2 = 0.034) posi-

tive association between scores on the unemotional scale 
and AUC, respectively (online suppl. Fig. 3). There was 
also a significant site effect (p = 0.021, ηp

2 = 0.021).

2. Effects of SM
Stepwise regression for effects of SM suggested better 

model fit for the initial model without caring, unemo-
tional, and callousness main or interaction effects.

Confounder Analysis
Results did not deviate significantly after addition of 

IQ and ADHD medication. These can be found in online 
suppl. material 1.

Discussion/Conclusion

The present study provides new insights into DD in 
adolescents and young adults with ADHD and the poten-
tial effects of SM and of FH of SUD on DD in this popu-
lation. First, we investigated the effects of FH in ADHD 
and healthy controls (all without SM). There were no 
main effects of FH or ADHD on DD. Second, we exam-
ined the effects of SM in an FH-matched ADHD sample 
with and without SM. We found steeper DD for ADHD 
+ SM than for ADHD-only patients. Exploring the effects 
of co-occurring CU traits, we found steeper DD in FH+ 
ADHD and control participants with higher callousness 
scores. We also observed steeper DD in ADHD FH− par-
ticipants with higher unemotional scores, as opposed to 
steeper DD in ADHD FH+ and control FH− participants 
with lower unemotional scores.

Results do not support our hypothesis for steeper DD 
as part of familial risk for SUD. Lack of differences be-
tween FH+ and FH− individuals is in line with some pre-
vious studies in the general population [46, 47] but con-
trasts with other studies that showed steeper DD in FH+ 
individuals [16, 17]. High heterogeneity in DD perfor-
mance within FH+ populations might explain these re-
sults. DD might not be associated with FH per se but in-
stead with a set of (endo)phenotypic features that are of-
ten present in FH+ individuals, for instance, 
psychopathic traits. This might have contributed to in-
consistent results in the literature [16, 17, 46, 47].

The results do support our hypothesis that SM is as-
sociated with more DD in ADHD patients. This is in line 
with a previous study that showed greater DD in ADHD 
patients with versus without cocaine dependence [18]. In 
the present study, we additionally accounted for potential 

effects of FH, using groups that were matched for FH. 
Our findings thus indicate greater DD as a consequence 
of SM in the ADHD patients. Future studies should ex-
amine neurobiological underpinnings of this effect (e.g., 
associated with substance use related alterations within 
corticostriatal reward network) and the effect of long-
term abstinence [48].

Substance use habits are thought to reflect an impul-
sive choice between short-term reinforcement resulting 
from substance use and persistent reinforcement associ-
ated with abstinence [49]. Interestingly, DD was found to 
predict relapse in adolescent marijuana abusers [49]. DD 
might thus be a valuable marker for treatment outcome 
in ADHD-SUD patients. Notably, a previous study exam-
ined the relationship between DD and outcome of vouch-
er-based contingency management therapy. Steeper DD 
was associated with shorter abstinence periods for low- 
but not for high-magnitude vouchers [50]. DD might 
thus also be of interest as a marker to personalize treat-
ment in SUD patients with ADHD, for instance, concern-
ing the magnitude of vouchers in contingency manage-
ment therapy.

Against our expectation, we did not observe a differ-
ence in DD between ADHD without SM and healthy con-
trols. This is in contrast with previous meta-analyses of 
Patros et al. [9] and Jackson and MacKillop [10]. Yet, our 
findings are compatible with those of Crunelle et al. [18], 
which accounted for comorbid cocaine dependence and 
reported similar performance between the purely ADHD 
group and healthy controls. Undetected SM in a substan-
tial number of adolescent and adult patients with ADHD 
might have contributed to findings in the literature. How-
ever, it is important to note that Patros et al. [9] included 
a number of studies in young children with ADHD. It is 
unlikely that findings in these studies were influenced by 
substance use effects (i.e., resulting from prior SM). No-
tably, some studies in younger ADHD patients reported 
positive effects of age, suggesting that adolescents with 
ADHD show less impulsive choice than children with 
ADHD [51]. Therefore, discrepancy between results in 
younger ADHD patients and ours in adolescent/adult 
ADHD-only patients might reflect differences in impul-
sive choice in this patient group across developmental 
stages. Moreover, in contrast with these studies in young-
er participants, we found negative effects of age, although 
these effects were small. It is possible that the relatively 
small reward magnitudes that could be gained (during an 
actual DD task) may not have been worth waiting for the 
older participants.
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Exploring the effect of CU traits, we found steeper DD 
for higher callousness scores in the FH+ groups. This sug-
gests that the trend for overall steeper DD in the FH+ 
groups was mainly driven by an FH+ subgroup with high 
callousness scores. High callousness scores are believed to 
reflect lack of empathy and guilt or remorse for misdeeds 
toward others [52]. Literature shows a positive associa-
tion between these scores and aggressive or antisocial be-
havior measures [52]. Our results are in line with previ-
ous literature showing that steeper DD in an FH+ group 
was mediated by high antisocial traits [22]. Notably, in 
our study, this relationship was not found for FH− groups, 
implying a unique role of callous personality traits in FH+ 
individuals. The findings thus suggest that steeper DD 
might be part of familial effects in an FH+ subgroup that 
is also characterized by increased callous personality 
traits.

We also observed steeper DD for higher unemotional 
scores in ADHD with FH−, as opposed to the other 
groups. Increased scores in the unemotional scale are 
thought to reflect deficient emotional affect and thus lack 
of emotional expression [52]. Literature shows that this 
scale correlates to a lesser extent with the other ICU scales 
[53] and measures part of CU traits that are not related to 
antisocial and aggressive behaviors [54]. Importantly, 
self-reported sensation seeking was previously associated 
positively with callousness but negatively with unemo-
tional scores [52]. Different aspects of CU traits seem to 
have different roles in DD performance in ADHD FH+ 
versus ADHD FH−. This might suggest distinct underly-
ing processes leading to similar DD performance in dif-
ferent ADHD subgroups.

It is still unclear whether CD has a mediating role in 
the causal pathway from ADHD to SUD. Our results are 
in line with a pathway from ADHD to SM through CU 
traits that, at cognitive level, might be mediated by DD. 
Therefore, impulsive choice might represent an endophe-
notypic mechanism associated transdiagnostically with 
antisocial phenotypes, linking ADHD and SUD.

Our study has both strengths and limitations. The 
main strength lies in the design of the study that allowed 
us to disentangle between FH effects and effects of SM on 
DD, by using an FH+ sample without substance misuse 
(for effects of FH of SUD analysis) and an FH-matched 
sample with and without SM (for effects of SM analysis). 
Moreover, our groups did not differ in other potential 
cofounding variables (i.e., age, site for all groups, gender, 
and ADHD medication for ADHD groups). Yet, in the 
SM analysis, matching all groups with FH and only the 
ADHD groups with gender, based on the characteristics 

of ADHD + SM (i.e., the smallest group), resulted in FH 
and gender imbalance within groups. Data did not allow 
us to also match controls with gender, which resulted into 
a significant difference in gender ratio between the ADHD 
groups and controls. To avoid reporting gender instead 
of group differences, gender main and interactive effects 
were included in all analyses as covariates but were not 
significant. Another limitation lies in the instrument used 
to examine substance use in participants. This measured 
frequency of alcohol, drug, and nicotine use. This infor-
mation was sufficient to define SM but not to consider 
criteria for SUD. Future studies should investigate the 
role of DD in ADHD and SUD comorbid groups. More-
over, the age range in the present study was not optimal 
for defining SUD. Participants might have been too young 
(average age 17–18 years) to develop SUD. Yet, early SM 
is regarded as a precursor for future SUD development 
[13], which underscores the relevance of our findings. 
Another limitation is the absence of formal SUD diagno-
sis in parents. Yet, the instruments used to screen for SUD 
in parents (i.e., AUDIT, DAST, FTND, and TLFB) were 
previously found to be reliable and valid [28, 29, 31, 32, 
55].

To conclude, we did not find main effects of FH on DD 
in ADHD and healthy control individuals. Yet, we found 
greater DD as a result of SM in ADHD patients. More-
over, high callous traits were associated with steeper dis-
counting in ADHD FH+ and control FH+. Steeper DD 
might thus be part of familial trait effects in an FH+ sub-
group with high CU traits. Overall, results suggest a path-
way from ADHD to SM through CU traits that, at cogni-
tive level, is mediated by DD. Efficacy of early interven-
tions that target CU traits and impulsive choice in this 
population needs future investigation.
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