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Abstract
Autism spectrum disorder (ASD) and attention-deﬁcit/hyperactivity disorder (ADHD) are frequently comorbid disorders. Emotion recognition problems are considered an important familial
deﬁcit in ASD, but this is unknown in ADHD. Very few studies have directly compared emotion
recognition performance of youth with ASD and/or ADHD and of their unaffected siblings across
age to quantify the contribution of emotion recognition problems to the ADHD phenotype. We
therefore devised a study of 64 ASD+ADHD participants, 89 ASD-only participants, 111 ADHDonly participants, 122 unaffected ASD(+ADHD) siblings, 69 unaffected ADHD-only siblings and
220 controls aged 7–18 years, who had completed two tasks assessing auditory and visual emotion recognition. Factor analysis was used to detect underlying dimensions of emotion recognition capacity. Linear mixed models were used to compare performance across groups and
to assess age effects. The factor-analysis revealed four factors separating speed and accuracy
regarding visual and auditory emotion recognition. ASD+ADHD, ASD-only, and ADHD-only participants all performed worse than controls. ASD+ADHD, ASD-only, and ADHD-only participants
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did not differ in the severity of their emotion recognition problems. Both unaffected sibling
groups performed intermediate between patients and controls. For ASD+ADHD and ADHD-only
participants, group differences were more marked in adolescence than childhood, whereas in
ASD participants this was not observed. We conclude that emotion recognition problems are
a familial deﬁcit in ADHD to a similar extent as in ASD. Emotion recognition problems specifically - and social cognition problems more generally - should be assessed in clinical practice
for ADHD.
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1.

Introduction

Impairments in social cognition are considered a primary
deﬁcit in autism spectrum disorder (ASD; American Psychiatric Association, 2000; American Psychiatric Association, 2013). Social cognition refers to “the ability to recognize, manipulate, and behave with respect to socially relevant information” (Adolphs, 2001). Subsequently, emotion
recognition (the ability to identify emotional facial expressions and emotional prosody; (see Adolphs, 2001; Adolphs,
2003; Bänziger, Grandjean & Scherer, 2009) is an essential component to social cognition. Poorer emotion recognition capacities have been shown to be an important feature for understanding ASD (for reviews see Harms, Martin
& Wallace, 2010; Uljarevic and Hamilton, 2013), although
results for recognition abilities of speciﬁc types of emotions have been inconsistent (Bal et al., 2010; Gebauer,
Skewes, Horlyck & Vuust, 2014; Leung et al., 2015; Oerlemans et al., 2014; Wallace et al., 2011). Emotion recognition problems potentially aggravate with increasing age
(Lozier, Vanmeter & Marsh, 2014; Xavier et al., 2015).
Furthermore, they are likely to constitute a familial vulnerability trait (i.e. endophenotype) for ASD, as less severe but signiﬁcant emotion recognition deﬁcits have also
been described in unaffected relatives of patients with
ASD (Neves et al., 2011; Oerlemans et al., 2014; Spencer
et al., 2011).
In comparison to ASD, much less is known regarding the
contribution of emotion recognition problems to attentiondeﬁcit/hyperactivity disorder (ADHD) (see Collin, Bindra,
Raju, Gillberg & Minnis, 2013 for a review). Impaired executive functions are generally considered to be essential
in understanding ADHD, as much as social cognition is considered essential for understanding ASD. Studies examining the association between ADHD and executive functions
far outnumber those examining the association between
ADHD and emotion recognition (>5-fold, Pubmed search
July 2018). This is surprising, because ASD and ADHD are
frequently comorbid, possibly due to overlapping etiological
factors (Lichtenstein, Carlstrom, Ramstam, Gillberg & Anckarster, 2010; Musser et al., 2014; Rommelse et al., 2011).
The comorbidity and overlap in etiological mechanisms has
been the basis for the gradient overarching disorder hypothesis, stating that ASD and ADHD may be seen as different manifestations of one overarching disorder, with ADHD
being the milder expression compared to ASD (Rommelse
et al., 2011; Taurines et al., 2012). Emotion recognition

problems are then to be expected in patients with ADHD
also.
Studies having examined emotion recognition abilities in
individuals with ADHD have mainly concentrated on visual
emotion recognition (Aspan et al., 2014; Bora & Pantellis,
2016; Chronaki et al., 2015; Collin et al., 2013; Da Fonseca, Seguier, Santos, Poinso & Deruelle, 2009; Demopoulos, Hopkins & Davis, 2013; Greenbaum, Stevens, Nash, Koren & Rovet, 2009; Sinzig, Morsch & Lehmkuhl, 2008; Uekermann et al., 2010; Yuill & Lyon, 2007). These studies suggest that there is an emotion processing deﬁcit in ADHD, but
which facial expressions are in particular poorly recognised
remains inconclusive. Some of these studies report difﬁculties accurately identifying negative emotional expressions
whereas others ﬁnd general emotion recognition problems,
including difﬁculties using contextual information to identify emotions. Only a few studies have investigated affective
prosody (Chronaki et al., 2015; Demopoulos et al., 2013;
Greenbaum et al., 2009), and these report conﬂicting results. The ﬁrst study by Greenbaum et al. (2009) did not
ﬁnd a signiﬁcant difference between children with ADHD
and controls. Demopoulos and colleagues (2013), in contrast, found that children with ADHD were poor at affective
prosody recognition overall, although not as poor as children with ASD. Lastly, Chronaki et al. (2015) found that children with ADHD have more difﬁculty than healthy controls
in speciﬁcally recognising angry voices. They also found accuracy of recognising prosody to be negatively correlated
with hyperactivity. Although there are only a few studies of
affective prosody in ADHD, these results mimic those found
for facial affect recognition. Consequently, it is clear that
emotion recognition and likely social cognition in general
warrants further investigation in ADHD, particularly in relation to the symptoms of ADHD and comorbid disorders.
In a recent meta-analysis on visual emotion recognition
and theory of mind in ADHD, it was concluded that impairments in these domains may be more severe in ASD than in
ADHD, but that there is signiﬁcant overlap in the extent to
which people with these disorders experience social cognition problems in general, and emotion recognition problems
in particular (Bora & Pantellis, 2016). Age appeared to attenuate social cognition problems more so in ADHD than in
ASD (Bora & Pantellis, 2016), but it should also be noted
that, in addition to emotion recognition deﬁcits, there may
be additional reasons or contributing factors that affect the
manifestation of social cognition problems in the two disorders, such as lack of social motivation (Demurie, Royers, Baeyen & Sonuga-Barke, 2012; Golan et al., 2010) and
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peer rejection (Kuusikko et al 2009; Wehmeier, Schacht &
Barkley, 2010). There is also the possibility that executive
dysfunction contributes to emotion recognition problems,
particularly in ADHD, as attention and inhibition have been
shown to be correlated with the ability to recognise emotions from faces (Sinzig et al., 2008).
In general, conclusions about (dis)similarities in emotion
recognition performance in ASD and ADHD so far were only
based on visual –and not auditory- emotion recognition and
mostly derived from indirect comparisons between participants with ADHD and ASD. Studies reporting on direct comparisons regarding the severity and type of emotion recognition problems across age in probands with ASD, ADHD, and
comorbid diagnoses are sparse, preventing ﬁrm conclusions
regarding (dis)similarities of impairments in this vital domain.
Given the lack of studies in this area and subsequently
the poor insight into familial deﬁcits of emotion recognition
across ASD and ADHD, we aimed to directly compare visual
and auditory emotion recognition abilities across age (crosssectional) in a large sample of youth with ASD+ADHD, ASDonly, ADHD-only, and their unaffected siblings. Since emotion recognition problems seem to occur across different
types of emotion (i.e. sad, happy, angry, fearful) as well
across sensory domains (i.e. auditory versus visual; Lozier
et al., 2014; Uekermann et al., 2010), instead of performing
emotion-speciﬁc analyses for each sensory domain individually, we investigated all domains and types of emotions by
subjecting them to a factor-analysis; this enabled us to reduce variables and to detect underlying dimensions of emotion recognition capacity (Cattell, 2012). By including unaffected siblings of youth with each of the disorders or their
combination, we were able to investigate to what extent
these features can be seen as endophenotypes (Gottesman
& Gould, 2003) in ASD and ADHD. In the context of this study,
one of the criteria for endophenotypes can be assessed,
namely if unaffected siblings demonstrate emotion recognition abilities at an intermediate level between probands
and controls. This study builds upon previous work reporting on a smaller, overlapping sample of participants with
ASD and their unaffected siblings (Oerlemans et al., 2014).
To our knowledge, it is the ﬁrst study of emotion recognition in unaffected siblings of individuals with ADHD and the
ﬁrst one to directly compare patients with ASD, ADHD, and
ASD+ADHD, as well as controls across age.

2.
2.1.

Experimental procedures
Participants

The data used in this study came from two cohorts, the
NeuroIMAGE study, which is a follow-up (2009-2012) of the
Dutch part of the International Multicenter ADHD Genetics (IMAGE) study performed between 2003-2006 (Müller et
al, 2011a,b; Nijmeijer et al., 2009; Rommelse et al., 2008)
and the Biological Origins of Autism (BOA) study (van Steijn
et al., 2012), which was modelled after (Neuro)IMAGE. Recruited families were included if (1) they had one child with
a clinical diagnosis of ADHD (NeuroIMAGE) or ASD (BOA) and
(2) at least one biological sibling (regardless of possible clinical diagnosis) willing to participate. Healthy control youth

had no formal or suspected ADHD or ASD or any ﬁrst-degree
relatives with a suspected or formal diagnosis. All participants were of European Caucasian descent. Exclusion criteria were an IQ <70, a diagnosis of epilepsy, known genetic
disorders (e.g. Down-syndrome or Fragile-X-syndrome), or
a clinical diagnosis of autistic disorder or Asperger disorder
(NeuroIMAGE). The NeuroIMAGE and BOA cohorts have different age ranges and therefore for the current study, a subsample of the younger participants from BOA and older participants from NeuroIMAGE were selected to ensure these
cohorts were matched on mean age (M=12.6 years, SD=2.4,
age range from 7–18 years) (Table 1). Due to the individually relatively limited number of comorbid ASD+ADHD unaffected siblings, these were grouped together with the
ASD unaffected siblings. In total, 89 participants with ASD
(further mentioned as ASD-only probands), 64 participants
with comorbid ASD+ADHD (further mentioned as ASD+ADHD
probands), 122 of their unaffected siblings, 111 patients
with ADHD (further mentioned as ADHD-only probands), 69
unaffected siblings, and 220 controls were included.
All participants were phenotyped for ASD and ADHD using validated and standardised questionnaires and diagnostic interviews. Brieﬂy, youth already clinically diagnosed
with ASD and/or ADHD, their siblings, and the control youth
were screened for the presence of ASD and ADHD symptoms
using the parent-reported Social Communication Questionnaire (SCQ; Rutter, Bailey & Lord, 2003) and the parentand teacher–reported Conners Rating Scales-Revised (CPRS;
CTRS), respectively (Conners, 1997). Raw scores of ≥10 on
the SCQ Total score and T-scores ≥63 on the Conners DSM-IV
Inattention, Hyperactivity-Impulsivity, or Combined scales
were considered as potential clinical cases. All youth scoring
above cut-off on any of the screening questionnaires underwent full clinical assessment using the Parental Account of
Childhood Symptoms ADHD subversion (PACS) for ADHD (BOA
cohort; Taylor, Sandberg, Thorley & Giles, 1991) or Schedule for Affective Disorders and Schizophrenia for School-Age
Children - Present and Lifetime Version (K-SADS; Kaufman
et al., 1997; in NeuroIMAGE). Clinical assessment for ASD
was performed using the Autism Diagnostic InterviewRevised (ADI-R) structured interview for ASD (Le Couteur,
Lord & Rutter, 2003; in BOA-cohort). Youth with a conﬁrmed
diagnosis of ASD were excluded from the NeuroIMAGE cohort, whereas those with a suspected diagnosis of ADHD
were not excluded from the BOA cohort. Control youth were
required to obtain non-clinical scores (i.e. a raw score <10
on the SCQ and T-score <63 on both CPRS and CTRS) to qualify for this study. For siblings to be classiﬁed as unaffected,
they were also required to obtain non-clinical scores (further details in Supplement).

2.2.

Measures

2.2.1. Emotion recognition
Speed (mean reaction time) and accuracy (percentage of errors) of visual and auditory emotion recognition were measured using the Identiﬁcation of Facial Emotions (IFE) task
and the Affective Prosody (AP) task from the battery of the
Amsterdam Neuropsychological Tasks (ANT; De Sonneville,
1999). In the IFE task, participants viewed individual photos
of facial expressions and indicated by clicking a yes or no

Age
(M/SD)
IQ
(M/SD)
Male (%)
DSM
ADHD
Inattention
z-score
DSM
ADHD
Hyperactivity
z-score
Conners
Teacher’s
Inattention
z-score
Conners
Teacher’s
Hyperactivity
z-score
CSBQ
ASD core
items
z-score

Sample characteristics, including z-scores of diagnostic criteria.

1.
ASD+ADHD
probandsN=64

2.
ASDonly
probands
N=89

3.
ADHDonly
probandsN=111

4.
ASD
Unaffected
SiblingsN=122

5.
ADHD
Unaffected
SiblingsN=69

6.
ControlsN=220

12.14
2.79

12.32
2.48

12.67
1.71

11.77
2.79

12.81
1.63

13.11
2.35

102.36
13.15
87.5
0.92
0.59

101.51
14.67
77.5
0.57
0.64

51.4
0.92
0.80

0.99
0.56

0.63
0.67

0.84
0.80

1.09
0.74

−0.001
0.88

99.49
14.13

0.63
0.93

0.84
0.77

0.15
0.87

0.71
1.0

1.02
0.75

1.07
0.67

0.50
0.61

99.61
14.42

Group Contrasts
1=2=3 > 4 < 5=6

1 = 2 = 3 < 4> 5 < 6

105.73
12.63
43.4

37.7

105.15
12.42
50

−0.33
0.81

−0.22
0.71

−0.69
0.70

−0.29
0.74

−0.32
0.68

−0.66
0.59

−0.28
0.86

−0.16
0.54

−0.46
0.81

−0.29
0.91

−0.15
0.72

−0.43
0.79

−0.15
0.68

−0.27
0.63

−0.65
0.60

Emotion recognition in ASD & ADHD

Table 1

3=1 > 2=6=4=5
3=2 > 1 > 5
4>6

3=2 > 1 > 4=5
5>6

3 > 2 > 1=5
5=4
4>6

3=2 > 1 > 5
5=4 > 6

1=3 > 2 > 4=5 > 6

N.B. ASD-only= Autism Spectrum Disorders; ADHD-only= Attention Deﬁcit/Hyperactivity Disorder; M= Mean; SD= Standard Deviation; IQ=Intelligence Quotient; DSM= Diagnostic Statistics
Manual; CSBQ= Children’s Social Behaviour Questionnaire.
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button if they saw or did not see the target emotion (happy,
fearful, or angry) in these photos (Fig. S3). In the AP task,
participants listened to sentences of neutral content that
differed in prosody. The participants had to verbally identify
the emotion (happy, fearful, sad, or angry) of the voice they
heard. Both tasks are fully described elsewhere (Oerlemans
et al., 2014).
2.2.2. Intelligence
An estimate of the Full Scale Intelligence Quotient (FSIQ)
was derived from two subtests of the Wechsler Intelligence
Scale for Children version III (WISC-III; Wechsler, 2002), for
participants younger than 16 years, or the Wechsler Adult
Intelligence Scale version III (WAIS-III; Wechsler, 2005) Vocabulary (Vo) and Block Design (BD), for participants 16
years or older.

2.3.

Procedure

The tasks described were part of the broader assessment
batteries used in the BOA and NeuroIMAGE cohorts. Testing
was conducted in quiet rooms with minimal distractions.
Participants were asked to withhold use of psychoactive
drugs for at least 24 hours before measurement. During the
testing day, participants were motivated with short breaks
and at the end of the day, the participants were rewarded.
Both studies were approved by the appropriate medical
ethics boards. Written informed consent was obtained from
all participants and their parents (parents signed informed
consent for participants under 12 years of age).

2.4.

Statistical analyses

SPSS version 22 was used for the analysis of the data. Less
than 5% of the data was missing. Data was imputed for each
cohort separately using SPSS based on the data from the IFE
and AP tasks as well as gender, age, IQ, family and diagnostic
status. The measures for both cohorts together were normalised and standardized using Van der Waerden transformation, and the IQ scoring was reversed. Consequently, all
of the variables had scores on the same z-scale, with lower
scores implying better performance (fewer errors, faster reaction times, and a higher IQ).
An exploratory factor analysis on the 14 dependent measures (mean reaction time and percentage of errors of the
administered emotions of the IFE and AP tasks, as applied
in previous studies: (Oerlemans et al., 2014; De Sonneville
et al., 2002; Njiokiktjien et al., 2001) in the ﬁrst cohort
(NeuroIMAGE) was performed using MPlus version 6 (Muthén
& Muthén, 2010) to examine the underlying dimensions of
emotion recognition performance. Robustness of this factor
structure was then tested using Conﬁrmatory Factor Analysis (CFA) in the second cohort (BOA). When the CFA provided
an adequate ﬁt, further analyses were performed combining
both cohorts. In all models, family was included as a random
effect in order to account for familial relatedness of participants. For both EFA and CFA, model ﬁt was assessed on the
basis of Akaike Information Criteria (AIC), Bayesian Information Criteria (BIC), Satorra-Bentler adjusted Chi-square

p-value, Root Mean Square Error of Approximation (RMSEA),
Comparative Fit Index (CFI) and Tucker-Lewis Index (TLI).
Linear mixed models including diagnosis, age, and diagnosis x age ﬁxed effects were used to assess the differences between the diagnostic groups (with age) on emotion
recognition factor scores. Effects of gender and IQ were examined. Multiple comparisons were corrected for using the
false discovery rate (FDR) controlling procedure, with the
q-value set at .05. Post-hoc contrasts were performed on
factors with signiﬁcant diagnosis x age interactions. Median
split was used to deﬁne groups of younger and older children.

3.
3.1.

Results
Descriptives

Table 1 shows the characteristics of the participants
analysed in the current study. There were no signiﬁcant differences in the mean age (F(5, 653.38)=0.33,
p = 57), but there were signiﬁcant differences in IQ
(F(5, 663.44)=62.18, p < 001) and proportion of males
(X2 (5)=63.32, p < 001) between the six groups (see
Table 1). Therefore, results are presented with and without accounting for effects of sex, IQ, and age.
Emotion-speciﬁc analyses were not the main aim of this
study, but were performed for reference purposes, and results are shown and described in the Supplement.

3.2. Underlying factor structure of emotion
recognition
The EFA in the ﬁrst cohort (NeuroIMAGE) indicated that a
four-factor solution provided a good ﬁt, and this was conﬁrmed using a CFA in the second (BOA) cohort (see Tables S2
and S3). The four factors represented (1) accuracy of identiﬁcation of facial emotional expressions, (2) speed of identiﬁcation of facial emotional expressions, (3) accuracy of auditory emotion recognition, and (4) speed of auditory emotion recognition. These emotion recognition factors formed
the basis for a comparison of the performance ASD, ADHD,
and ASD+ADHD probands, the unaffected siblings, and the
controls.
3.2.1. Group differences regarding underlying
dimensions of emotion recognition performance
Please see Fig. 1 for the results. An overall linear effect of diagnosis was present on three out of four factors
(speed of visual emotion recognition F(5, 594.78) = 3.41,
p = 007, d = 0.23; accuracy of visual emotion recognition F(5, 558.40)=4.57, p < 001, d=0.27; speed of auditory emotion recognition F(5, 592.00) = 10.24, p < 001,
d = 0.52; accuracy of auditory emotion recognition F(5,
590.58) = 1.23, p = 29, d = 0.05). Pairwise comparisons
(shown in Table S5) indicated that the ASD-only, ADHD-only,
and ASD+ADHD probands performed similarly on the individual emotion recognition factors (p’s = 09-.91, d’s=0.02–
0.27). The ASD+ADHD probands were found to perform signiﬁcantly worse than the controls on three out of four factors (speed of visual emotion recognition p=.007, d = 0.39;
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Fig. 1 Group performance on the emotion recognition factors. Mean factor scores (− SE) for each emotion recognition factor.
Values are means corrected for age and within family correlations.

accuracy of visual emotion recognition p = 03, d = 0.31;
speed of auditory emotion recognition p < 001, d=0.77;
accuracy of auditory emotion recognition p = 75, d=.05).
However, when the effects of sex and IQ were accounted for,
the effect of accuracy of visual recognition was no longer
signiﬁcant (p = 33, d = 0.14), whereas the other factor effects (speed of visual emotion recognition and speed and
accuracy of auditory emotion recognition) remained signiﬁcant. The ASD-only probands were found to perform significantly worse than the controls on accuracy of visual emotion recognition and speed of auditory emotion recognition
(p’s ≤ 034, d’s = 0.23–0.59), but not for speed of visual
recognition (p’s = 10, d’s = 0.21) and accuracy of auditory
recognition (p = 81, d = 0.03). Furthermore, when the effects of sex and IQ were accounted for, the effect of accuracy of visual recognition was no longer signiﬁcant (p = 33,
d’s = 0.12). The ADHD-only probands were found to perform signiﬁcantly worse than the controls on accuracy of
visual recognition (p = 002, d = 0.36) and speed of auditory
recognition (p < 001, d = 0.49), regardless of co-varying for
sex and IQ.
The ASD(+ADHD) unaffected siblings group’s performance was between ASD-only probands and controls, not
differing signiﬁcantly from ASD-only probands on any of the
factors (p’s = 25-.79, d’s = 0.04–0.16) nor from controls on
three out of four factors (p’s = 30–.79, d’s=0.03–0.12), except for speed of auditory recognition (p < 001, d = 0.40).
None of these results changed, when sex and IQ were accounted for. ASD+ADHD probands and ASD(+ADHD) unaffected siblings were only signiﬁcantly different on accuracy
of auditory recognition (p = 035, d = 0.33). However, this
effect was not signiﬁcant when sex and IQ were accounted
for. Similarly, the ADHD-only unaffected siblings group’s performance was in between that of the ADHD-only probands

and controls, not differing from ADHD-only probands on
three out of four factors (p’s = 18–.44, d’s = 0.12–0.21), except for accuracy of visual recognition (p = .023, d = 0.19),
and not differing from controls on any of the four factors
(p’s = .06-1, d’s = 0-0.26). Neither of these results changed
when sex and IQ were accounted for. The performance of
the ASD(+ADHD) and ADHD-only unaffected sibling groups
also did not signiﬁcantly differ on any factor (p’s = .34–.91,
d’s = 0.02–0.14), regardless of co-varying for sex and IQ.
An age x diagnosis interaction was found for speed
of visual recognition (F(5, 655.33) = 3.51, p = .016,
d = 0.24), but not for any of the other factors (accuracy of visual recognition (F(5, 663.23) = 1.00, p = .54,
d = 0.12); speed of auditory recognition (F(5, 669.98)=1.12,
p = .54, d = 0.17); accuracy of auditory recognition (F(5,
660.71) = 0.82, p = .54, d = 0.04); see Fig. 2).
Post-hoc analyses of speed of visual recognition were carried out with age groups based on a median split. These
indicated that both ASD+ADHD probands and ADHD-only
probands versus controls contrasts were larger for adolescents (≥13 years: ASD+ADHD probands (n = 25) versus controls (n = 125), p < .001; ADHD-only probands
(n = 56) versus controls, p = .001) than for children
(<13 years: ASD+ADHD probands (n = 39) versus controls
(n = 95), p=.07; ADHD-only probands (n = 55) versus controls, p = .77; see Fig. 2). The ASD-only probands did not
show signiﬁcant differences in contrasts compared to controls (ASD-only children (n = 55): p=.06; ASD-only adolescents (n = 34): p = .20) nor ADHD-only probands (children:
p = .15; adolescents: p = .16). Furthermore, only adolescent ASD-only and ASD+ADHD probands differed signiﬁcantly (children: p = .53; adolescents: p = .042). However,
ADHD-only and ASD+ADHD probands were not signiﬁcantly
different (children: p = .50; adolescents: p = .33).
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Fig. 2 Effect of age on visual and auditory emotion recognition abilities across childhood (participants <13 years old) and adolescence (participants ≥13 years old). Mean factor scores (− SE) for A= speed of visual emotion recognition; B= accuracy of visual
emotion recognition; C= speed of auditory emotion recognition; D= accuracy of auditory emotion recognition.

Emotion recognition in ASD & ADHD
3.2.2. Relationship between behaviour and emotion
recognition factors
Correlation analyses between the emotion recognition factors and behavioural symptoms (ASD, ADHD, and comorbidities) were performed. For the ASD core items on the CSBQ,
we found speed and accuracy of visual emotion recognition
as well as speed and accuracy of auditory emotion recognition to have positive correlations with symptom levels (Visual Speed: r = .18, p < .001; Visual Accuracy: r = .15,
p < .001; Auditory Speed: r = .23, p<.001; Auditory Accuracy: r = .11; p = .008).
For the Conners Parents (CPRS) and Teachers (CTRS)
scales, accuracy of visual and auditory emotion recognition correlated positively with hyperactivity and inattention levels (Visual Accuracy – Hyperactivity CPRS: r = 0.17,
p < .001; Hyperactivity CTRS: r = 0.10, p = .015; Inattention CPRS: r = 0.14, p < .001; Inattention CTRS: r = 0.14,
p = .001; Auditory Accuracy – Hyperactivity CPRS: r = 0.12,
p = .004; Hyperactivity CTRS: r = 0.10, p = .02; Inattention CPRS: r = 0.10, p = .01; Inattention CTRS: r = 0.10,
p = .02). Speed of visual and auditory emotion recognition
positively correlated with hyperactivity and inattention on
the CPRS only (Visual Speed – Hyperactivity CPRS: r = 0.12,
p = .004; Inattention CPRS: r = 0.13, p = .002; Auditory
Speed – Hyperactivity CPRS: r = 0.17, p < .001; Inattention CPRS: r = 0.17, p < .001), and speed of auditory emotion recognition positively correlated with inattention on
the CTRS only ( r = 0.13, p = .002).
Anxiety levels and oppositional behaviour from CPRS and
CTRS did correlate positively with the accuracy of visual
emotion recognition (Anxiety CPRS: r = 0.08, p = .03; CTRS:
r = 0.09, p = .02; Oppositional behaviour CPRS: r = 0.16,
p < .001; CTRS: r = 0.10, p = .01). Speed of visual emotion
recognition positively correlated with anxiety only (CPRS:
r = 0.11, p = .004). Speed of auditory emotion recognition positively correlated with anxiety and oppositional behaviour (CPRS - Anxiety: r = 0.18, p < .001; Oppositional behaviour: r = 0.12, p = .002), whereas the accuracy of auditory emotion recognition did not correlate with either anxiety or oppositional symptom levels (Anxiety CPRS: r = 0.04,
p = .27; CTRS: r = 0.03, p = .39; Oppositional behaviour
CPRS: r = 0.06, p = .14; CTRS: r = 0.07, p = .12).

4.

Discussion

The current study is the ﬁrst to directly compare visual and
auditory emotion recognition performance in a large sample
of children and adolescents with pure and comorbid ASD and
ADHD and in their unaffected siblings. This study also extends previous work by determining underlying dimensions
of emotion recognition abilities. Further, by including unaffected siblings of youth with ADHD and youth with ASD,
the extent to which these features can be seen as familial vulnerability traits (endophenotypes) was investigated.
Results revealed a clear factor structure in both investigated cohorts, indicating that emotion recognition is best
understood in terms of speed and accuracy in the visual
and auditory domain. Results further indicated that emotion recognition problems of youth with ADHD-only are as
severe as those observed in youth with ASD-only with both
ASD and ADHD symptoms correlating with this deﬁcit. This
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illustrates that emotion recognition problems are as integral to ADHD as they are to ASD. Observed group differences
were not moderated by age, except for speed of visual
emotion recognition, where emotion recognition problems
were –unexpectedly- somewhat more pronounced in adolescents than in children with ADHD-only and ASD+ADHD, but
not ASD-only probands. Unaffected siblings of ASD(+ADHD)
and ADHD-only probands performed intermediate between
probands and controls.
The ASD+ADHD, ASD-only, and ADHD-only groups did not
signiﬁcantly differ from each other on emotion recognition
factors, but the ASD+ADHD more strongly deviated from
the controls than the non-comorbid groups. This – to some
extent - corroborates previous ﬁndings that ASD+ADHD
probands have greater emotion recognition problems than
ASD-only or ADHD-only probands (Oerlemans et al., 2014;
Sinzig et al., 2008; Van der Meer et al., 2012). Moreover,
the results are also in line with a recent meta-analysis describing facial emotion recognition problems in ADHD (Bora
& Pantellis, 2016). Our study adds to these ﬁndings by showing the importance of speed of emotion recognition in ASD
and ADHD: in comparison to controls, probands had more
pronounced impairments in regard to speed of identifying
visual and auditory emotions, rather than accuracy. This potentially has clinical relevance in that the social interactions of patients may be signiﬁcantly hampered by their inability to quickly identify emotions. Moreover, we demonstrate that both facial and auditory emotion recognition
problems are present in ADHD, and that these do not seem
to attenuate with age in ADHD, as was previously suggested
(Bora & Pantellis, 2016). If anything, emotion recognition
problems appeared most pronounced in adolescents with
ASD+ADHD or ADHD-only. This may suggest that ADHD symptoms are contributing to emotion recognition problems in
ASD+ADHD more than ASD symptoms. However, it is plausible that in our sample the children with ADHD did not
display emotion recognition deﬁcits as strong as the adolescents with ADHD, which creates the impression that emotion
recognition deﬁcits worsen from childhood to adolescence.
Nonetheless, if emotion recognition problems do not attenuate during adolescence in ADHD or ASD+ADHD as seems
to be the case for probands with ASD, this would tentatively suggest that there is a difference in the developmental trajectory of emotion recognition problems in ASD versus
ADHD. However, our study is cross-sectional and therefore
ﬁrm conclusions regarding the effects of age should await
validation from longitudinal studies.
Whether emotion recognition deﬁcits are cause or consequence in ASD and ADHD needs to be determined. Many
studies have highlighted links of hyperactivity and inattention with social cognition problems in ADHD and ASD (Bora
& Pantellis, 2016; Chronaki et al., 2015; Demopoulos et
al., 2013; Oerlemans et al., 2014; Sinzig et al., 2008). The
current study extends on these ﬁndings by demonstrating
that both speed and accuracy of visual and auditory emotion recognition is positively –albeit modestly- correlated
with hyperactivity, inattention and ASD symptoms. The relatively small correlations likely illustrate the heterogeneity of emotion recognition difﬁculties in relation to ASD and
ADHD symptoms. Previous studies have also demonstrated
that there is a functional dependency between the development of executive functioning and social interaction: the
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development of executive functioning facilitates the maturation of cognitive skills that are important for social interaction, and probably also vice versa (Baribeau et al., 2015;
Hartman, Geurts, Franke, Buitelaar & Rommelse, 2016; Van
der Meer et al., 2012). This illustrates that problems may
result from impairments in executive functioning and social
cognition, and that there are multiple ways as to how executive functioning and social cognition impairments may
link to the behaviours that deﬁne both ASD and ADHD. We
hypothesize that this association is bi-directional, such that
symptoms of ASD and ADHD also hinder the development
of emotion recognition. Consequently, emotion recognition
may be more important to our understanding of ADHD than
previously considered.
The current study supports the notion that emotion
recognition problems can be seen as a familial vulnerability
marker (i.e. endophenotype) for ASD and ADHD and their
comorbidity. The unaffected sibling groups performed intermediate between their relatives with the full disorder
and control participants. These ﬁndings are in line with previous behavioural and neuroimaging studies. In ASD, studies have demonstrated that unaffected relatives of ASD
probands have difﬁculties recognising emotions (Wallace,
Sebastian, Pellicano, Parr & Bailey, 2010) and display activation patterns during emotion recognition tasks (Spencer
et al., 2011). Although emotion recognition studies of ADHD
and their unaffected relatives are lacking, there are studies investigating other domains relevant to social cognition,
such as response inhibition, that have found ADHD probands
and their unaffected siblings to demonstrate poor response
inhibition (Schachar et al., 2005; Slaats-Willemse et al.,
2003) and atypical neural activation patterns in the prefrontal cortex and the cerebellum during go/no-go tasks
(Mulder et al., 2008). Combining the evidence suggests that
emotion recognition ability is a familial (potentially heritable) vulnerability trait that could increase the risk of developing a neurodevelopmental disorder of any type. Notably
though, the unaffected siblings of ASD(+ADHD) probands
were signiﬁcantly slower at auditory emotion recognition
than controls, whereas the unaffected siblings of ADHD-only
probands did not differ from controls. This may indicate
that ADHD is a milder expression of a similar overarching
disorder as proposed by the overarching disorder hypothesis
(Rommelse et al., 2011; Taurines et al, 2012; Van der Meer
et al., 2012). Alternatively, the aetiology of this deﬁcit may
not only differ in ASD and ADHD, but comorbid ASD+ADHD
may also have a different aetiology relative to the pure disorders, though further studies with genetic or longitudinal
designs are required to further understand the aetiology.
This may also suggest that emotion recognition problems
are causal in ASD, yet more a consequence in ADHD. To
ascertain this, a more detailed study of the developmental trajectory of emotion recognition in these disorders is
necessary. For example, the symptoms of ASD and ADHD,
and emotion recognition problems could be studied in children from early childhood to young adulthood at multiple
time points to ascertain when symptoms or emotion recognition deﬁcits are ﬁrst present as well as how the symptoms and emotion recognition problems may interact overtime and if these trajectories differ for children who are
given a diagnosis of ASD, ADHD and ASD+ADHD during their
childhood.
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The results of the emotion-speciﬁc analyses were not disparate to those of the factor analysis. The ASD and/or ADHD
probands had difﬁculties in quickly and accurately identifying all emotions and were not dissimilar in these deﬁcits.
As expected, the controls were accurate in the identiﬁcation of emotional expressions and prosody. On average, ASD
and/or ADHD probands were slower than controls in recognising prosody, with the exception of fear. This suggests general, rather than emotion-speciﬁc, deﬁcits being present,
which further strengthens the value of utilising factor analysis.
Further strengths of the study are the large sample size
for each group, the well-phenotyped groups, the direct
comparison between probands with ASD-only, ADHD-only,
and ASD+ADHD, the inclusion of unaffected siblings, the inclusions of children as well as adolescents, and the assessment of emotion recognition problems across various emotions and sensory domains. Limitations of the current study
include the exclusion of low functioning individuals with ASD
or ADHD (IQ lower limit was set at 70), thereby preventing generalisation of the results to the lower end of the IQ
spectrum. Furthermore, data on recognition of sad facial
expressions was not collected due to time limitations. However, this is unlikely to have negatively impacted the study
results, as the identiﬁed factors were not emotion-speciﬁc.
Finally, only group averages were presented, thereby ignoring the heterogeneity within groups. However, the main
aim of this study was to examine the overall association
between ADHD and emotion recognition problems in comparison to those found in ASD. Other methods, like factor
mixture modelling, will allow more insight to be gained into
inter-individual variability in the future.
Over the last decade the classiﬁcation of ASD and
ADHD has been debated and their comorbidity has now
been acknowledged in the DSM5 (Casey, Oliveri & Insel,
2014). An alternative to this categorical system is the
Research Domains Criteria (RDoC) approach (Insel et al.,
2010). This approach promotes the use of dimension-based
taxonomy rather than the current categorical systems,
which may be arbitrary and hindering our knowledge of the
psychopathology of these disorders. Such a dimensional system is also thought to provide greater insight into brainbehaviour associations throughout typical and atypical development (Casey, Oliveri & Insel, 2014). The current study
also has implications for the diagnosis of ASD, ADHD and
their comorbidity. Although emotion recognition is not the
sole deﬁning feature of either ASD nor ADHD, the presence
of this deﬁcit across both disorders and the declining trend
of emotion recognition problems from probands, to unaffected siblings and controls suggests that this is a dimensional feature that could provide insight into our understanding of these disorders.

4.1.

Conclusion

The current study emphasises that emotion recognition
problems are as integral to ADHD as they are to ASD, that
they form a familial cognitive deﬁcit in ADHD and do not
appear to attenuate in adolescence. As these ﬁndings suggest that emotion recognition is an overlapping feature for
ASD and ADHD, this supports the RDoC approach and the
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potential to develop a dimension-based taxonomy. A direct
clinical implication of this study is that emotion recognition
problems speciﬁcally -and social cognition problems more
generally- should also be assessed in clinical practice for
ADHD and treatment plans developed accordingly. For further insight, longitudinal studies assessing emotion recognition, executive functions, and heterogeneous ASD and ADHD
symptoms levels throughout development are necessary. If
(partly) causal to ADHD/ASD symptoms, changes in emotion
recognition will have an impact on the co-occurrence patterns of ADHD and ASD across the lifespan (Hartman et al.,
2016).
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