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Autism Spectrum Disorder (ASD) and Attention-Deficit/Hyperactivity Disorder (ADHD) represent two common neurodevelopmental disorders with considerable co-occurrence. Their comorbidity (ASD + ADHD) has been included in the latest diagnostic guidelines (DSM-V, 2013). The present study focuses on social visual attention that i) is a main aspect of social attention reflecting social cognition and ii) its atypicalities have been suggested as a potential biomarker for ASD. Considering the possible shared background of both disorders and their comorbidity, it is important to compare such traits directly. Here, 73 children and adolescents paired for age and IQ diagnosed with ASD (N = 12), ADHD (N = 21), comorbid ASD + ADHD (N = 15), and “typically developing” (TD) controls (N = 25), were shown static real-life social scenes while their gaze movements were recorded with eye-tracking. Scenes with two levels of social complexity were presented: low complexity (one person depicted) and high (four interacting individuals). Gaze fixation variables were investigated. Fixation duration on faces was significantly reduced only in ASD + ADHD which also required longer time to fixate all faces at least once. Fixation duration on faces in ASD was reduced, compared to TD, only when looking at scenes with high versus low social complexity. ADHD individuals did not differ from TD. Concluding, the observed alterations of social visual attention support the existence of possible dysfunctional particularities differentiating ASD, ADHD, and ASD + ADHD, which can be revealed with the new method of eye-tracking technique. The objective gaze measurements provided contribute to the development of biomarkers enabling early diagnosis, amelioration of care and further interventions specified for each group.
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Introduction

Autism Spectrum Disorder (ASD) and Attention-Deficit/Hyperactivity Disorder (ADHD) are two of the most studied Neurodevelopmental Disorders (1). The main diagnostic criteria of autism include qualitative impairments in social communication and interaction, restricted repetitive patterns of behavior and hyper- or hyporeactivity to sensory aspects of the environment, while those of ADHD consist mainly of inattention, impulsivity and hyperactivity (2). The prevalence of both disorders has risen both in industrial and in low-income countries to a globally estimated 1% or higher for ASD and 2%–7% for ADHD (3–5). Interestingly, ASD and ADHD are frequently co-occurring with an estimated 30%–80% of ADHD in the autistic population and 20%–50% of ASD in the ADHD population (6). Importantly, the latest diagnostic criteria of DSM-V have allowed their simultaneous diagnosis (2).

This co-occurrence has been under discussion both for clinicians and researchers even before DSM-V implemented the changes, in relation to symptom manifestation, both of autistic traits in ADHD individuals (7) and vice versa (8), as well as comparisons of the two disorders concerning their social deficits (9, 10), their neurophysiological similarities and the potential aetiological and biological overlap (11, 12). However, for the most part, research studies of the ASD samples have not controlled for comorbidity with ADHD. This ambiguity in sample definitions might have resulted in misinterpretations of ASD or ADHD traits and in reduced awareness of the specific characteristics of the comorbid population (from now on referred to as ASD + ADHD). Particularly, social cognition traits that highly affect the quality of life of both ASD and ADHD (13, 14) are thought to be more severely impaired in comorbid ASD + ADHD cases (15). Also, comorbid individuals seem to respond differently to existing interventions as they cause challenges in medical treatment (16) and may benefit less from social skills trainings (17). Finally, comorbid cases have been proposed to present a more complex phenotype with more severe deficits in the clinical and cognitive domains, including social deficits (18). Taken together, there is a need for valid biomarkers characterizing and differentiating ASD, ADHD, and ASD + ADHD groups (19).

Social cognition traits represent a main domain of shared and unique characteristics in ASD and ADHD (12). The two disorders share similar social cognitive deficits (9, 10), but their comorbidity may also reflect representative social features of each disorder (20). Interestingly, the link between social ineptness and inattention has been suggested as a pathway which could explain the co-occurrence of ASD and ADHD (21). Under this perspective, the functions combining these elements, such as attention to social information, are worth investigating. Concretely, as defined in a recent conceptual review, visual social attention composes together with social motivation and social behavior, the three core aspects of social attention (22) and can be examined with the eye tracking technique (23). Due to its non-invasiveness and suitability for testing young and/or intellectually impaired individuals, this technique has been applied in neurophysiologic and psychiatric research (24–26). The Free Viewing Task is one of the basic eye-tracking paradigms in social cognition, where the participant is viewing social scenes without specific instructions while his/her gaze is recorded.

In ASD research, various eye-tracking studies including participants from infancy until adulthood exist (27–30). Particularly, in children or adolescents, some studies report that ASD participants look less to the faces of social scenes compared to Typically Developing (TD) peers (31, 32), whereas other studies report similar performance of TD and ASD (33, 34). In some such cases, the ASD participants, however, needed longer to fixate on faces (35). These inconsistencies are addressed by seminal review articles, concluding that social attention in ASD participants is most impacted when stimuli have a high social content, namely, when stimuli show more than one person (33, 34) and human interactions (36). Importantly, this criterium is proposed as a discriminating factor differentiating ASD from TD and is referred to as social complexity (37). The level of social complexity of the depicted scenes is thus defined as the number of people in the scene and the degree of social interaction between them. Accordingly, higher social complexity of a scene should reveal atypical visual attention in ASD participants in terms of reduced attention at social elements.

Compared to the ASD literature, a limited number of studies have emerged regarding ADHD and social visual attention (38). The few existing studies focus mainly on isolated face pictures and report deficits in facial emotion recognition (39) or reduced looking preferences for the eye region (40). Moreover, in non-eye tracking studies, ADHD shows deficits in theory of mind, prosody perception, and empathy (41) and it is reported that deficits in social cognition may impact their symptomatology altogether (42). However, others suggest that children with ADHD are not as impaired as children with ASD on theory of mind tasks (43). Thus, there is not enough evidence that social attention deficits occur when looking at real-life social scenes.

Even less is known about participants with comorbid ASD and ADHD and to the best of our knowledge, there have been no eye-tracking studies about the visual exploration of social scenes in this group. However, it has been reported that ASD + ADHD participants showed deficits in attentional orienting as measured with Event-Related Potentials of face and gaze processing (44). Moreover, a behavioral social cognition study without eye-tracking suggested that children with comorbid ASD + ADHD are at highest risk for emotion recognition problems in comparison with TD, ASD, and ASD-unaffected siblings (45). Interestingly, the scope of this approach was to investigate whether emotion recognition may represent an endophenotypic candidate for ASD while evaluating the impact of comorbid ADHD (45).

Eye tracking measurements represent accurate, reproduceable measures that might serve as potential objective indications of medical states in order to predict the incidence and early diagnosis of a disorder as well as monitor outcomes of interventions (46). Regarding ASD, visual attention to social relevant stimuli has been recently suggested as a promising early behavioral biomarker (47). In addition, considering the high comorbidity of the ASD and ADHD and their suggested aetiological and biological overlap (48), comparisons between all respective clinical groups are necessary for the development of such valid biomarkers.

The present study sets out to fill the described gap by directly comparing the ASD, ADHD, and comorbid ASD + ADHD groups in social visual attention to real-life scenes with different levels of social complexity. The study design enables us to differentiate the following scenarios: whether altered social visual attention measures are (a) specific to ASD and thus absent in those with ADHD symptoms; (b) present in ASD and more pronounced in comorbid cases; (c) a shared feature of these neurodevelopmental disorders. Additionally, interactions with the level of social complexity, early gazing behavior, and latencies until first facial fixations are explored.



Material and Methods


Participants

Children and adolescents were recruited from four predefined groups: TD, ADHD, ASD, and ASD + ADHD. Inclusion criteria were normal or corrected-to-normal vision, intelligence quotient (IQ) ≥70, native-speaker level in the local language and age between 10 and 14 years. The minimum required age was chosen, since participants had to read for one of the overall study’s tasks, while the age span was kept relatively short in order to reduce the developmental bias. Subjects with strabismus, clinical diagnoses of Tourette syndrome, specific reading disorder, epilepsy, schizophrenia, depression or any known specific genetic syndrome associated with ASD or ADHD were explicitly excluded. Finally, 73 out of the 89 recruited children and adolescents aged 10–14 years were included (TD: N = 26; ADHD: N = 26; ASD: N = 16; and ASD + ADHD: N = 21; see Results), paired for age and IQ [for power calculations see (49)].

TD participants were recruited from local schools, sports groups and the institutional database including children or adolescents that had participated in previous unrelated neuropsychological studies and had expressed interest in participating in further studies. Participants for the clinical groups were recruited from the department database. The diagnoses were made prior to the study by three experienced child- and adolescent psychiatrists (with 22, 16, and 14 years of experience) and three clinical psychologists (with 19, 12, and 10 years of experience) based on the ICD-10 criteria (in our study F84.0, childhood autism; F84.1, atypical autism; F84.5, Asperger’s syndrome; F90.0, predominantly inattentive type ADHD; F90.1, predominantly hyperactive type ADHD). Diagnoses were verified before recruitment.

ASD was diagnosed based on the gold standard for autism diagnosis, namely, the self-rated Autism Diagnostic Observation Schedule [ADOS (50)] and the parent-rated semi-structured Autism Diagnostic Interview [ADI-R (51)]. These measures, especially in combination, are suggested to have the largest sensitivity and specificity (52). Status of previously accomplished social competence training, consisting of 12 hourly modules, was extracted from the database of our department for the ASD and ASD + ADHD groups (53). Particularly, the social competence training used, the so-called “Theory-of-Mind-Training in Autism Spectrum” [TOMTASS (54)], is an established method based on behavioral therapy and specified autistic intervention, namely, the program “Treatment and Education of Autistic and Related Communication Handicaped Children” [TEACCH, (55)]. In our study, it was applied in local language, in a time period of five months, in small groups of three participants. The diagnosis of ADHD was based on: i) the Conner’s parent and teacher rating scales (56); ii) comprehensive interviews and history with the child’s adult caregivers; iii) comprehensive interviews and behavioral observation of the child. This diagnostical procedure is in alignment with recommendations for reliability of diagnosis (57).

For the purpose of this study, assessments of general and specific symptomatology in native language were applied additionally, characterizing the semiology of each group. Assessment of general emotional and behavioral problems was realized for all participants with the parent-rated Child Behavior Checklist (CBCL/6-18) (58), which has been proved valid in screening of ADHD (59). Specific assessment of autistic semiology was performed across all participants using the school-age Social Responsiveness Scale (SRS), a quantitative measure of autistic traits applicable in both clinical settings and large-scale research studies of ASD conditions (60). For assessment of ADHD semiology, the established parent-rated external assessment questionnaire (EAQ) and the self-assessment questionnaire (SAQ) questionnaires based on the ICD-10 and the DSM-IV were used in native language (61). All participants were asked to be medication-free from psycho-stimulants for at least 24 h before testing (62). Medication intake of the clinical groups is listed in Table 1.


Table 1 | Demographics, assessment and diagnostic scoring of the distinct groups.



The local institutional ethics committee approved the study protocol, which was conducted in accordance with the Declaration of Helsinki (63). All participants and their parents/legal guardians were comprehensively informed about the purpose and the procedures of the study and gave their written consent before participating.



Procedure

The experimental procedure was composed of two sessions, for the majority of the participants in following order: in the first session (60 min, including breaks) an IQ test was performed [Culture Fair Intelligence Test 20, CFT 20-R; (64)] and previously distributed questionnaires were collected. The second session (a battery of six eye-tracking tasks totalling 90 min, including breaks) was conducted in a sound-attenuated Faraday cage, while an experimenter provided instructions and observed the participants from a lateral-rear position. A second experimenter monitored the gaze attention and eye trackability of the participant throughout the whole experiment. Participant-screen distance was 70 cm. Participants were instructed to avoid unnecessary head movements or speaking during the task and a comfortable position was ensured without chin-/forehead rest. The various tasks of the experiment, including the Free Viewing task, were presented in counterbalanced order across participants of each group. After successful calibration, as described below, participants were presented with static stimuli of different social complexities in fixed order with a run duration of 2 min. These consisted of four original pictures of real-life scenes, two with one person and two with four people interacting, representing low versus high social complexity stimuli, respectively (see Figure 1). Their content and scenery was developed based on existing literature and the International affective picture System (IAPS) (65) with participation of professional actors. For both levels of social complexity, the scenes take place both indoors and outdoors. All scenes represent everyday situations: i) the social interactions of four individuals show people sitting and discussing, and ii) the single-person scenes show an individual from a frontal or side view. Details regarding selection criteria and scene content are listed in Supplementary Materials S1. In order to minimize the effects of workload and fatigue, participants were mostly tested on weekends or during school holidays and had adequate breaks between tasks, if needed.




Figure 1 | Heatmaps representing the amount of fixation duration for each group and stimuli of high and low social complexity. The warmer the color of the superimposed heatmap, the higher the fixation duration, while the scale is common for all subfigures. The ASD + ADHD group looks on average less at faces in both levels of social complexity, while ASD participants look less at faces when looking at the social complex picture with four interacting people rather than in the picture of low social complexity with one face only. The ADHD participants look at faces similar to TD. Abbreviations: TD, Typically Developing; ADHD, Attention-Deficit/Hyperactivity Disorder; ASD, Autism Spectrum Disorder; ASD + ADHD, Autism Spectrum Disorder with comorbid Attention-Deficit/Hyperactivity Disorder.



Eye tracking stimuli were presented on a 24”-TV Monitor (screen resolution of 1,920 × 1,080 pixels and screen refresh rate of 60 Hz) with the Presentation® software (Version17.2, Neurobehavioral Systems, Inc., Berkley, CA). For data recording the iView RED250 remote eye tracker (SensoMotoric Instruments GmbH, SMI) was used with a sampling frequency of 120 Hz and a visual angle of 20° and binocular tracking mode. Preceding each task, a standard five-point calibration and four-point validation was conducted, as suggested by the software’s manufacturer, which was considered as successful if the deviance was lower than 0.5° (66). Event classification in fixations, saccades or blinks and data export was accomplished with the SMI software BeGaze 3.7, excluding off-screen fixations and/or blinks. The default software thresholds for identification of fixations, defined as a gaze event of minimum 60 ms and a maximum dispersion of 2°, were applied (67).

In addition to the above-mentioned selection criteria, data were examined separately in real time speed and only data fulling following thresholds were included: tracking ratio >75% (percentage of non-zero gaze positions divided by sampling frequency multiplied by run duration) and/or a total fixation duration ratio >50% (percentage of total fixation duration divided by run duration), as previously described (68, 69).



Data Analysis

Areas of Interest (AOIs) were delineated for every picture annotating the whole image and differentiating the following categories: face, body and non-social, the latter including all non-social elements of the stimulus (i.e., objects). This categorization on naturalistic scenes, including images of people during an interaction, has been used in previous studies (70). Eye tracking measurements were exported for each subject and AOI from the SMI Software and heatmaps of fixation duration were generated for quality control. Fixation data were further processed with MATLAB (R2018b, The MathWorks, Natick, MA, USA) for the calculations described below.


Fixation Durations

Two basic types of fixation duration variables were calculated (in seconds, s) for each participant: i) total fixation duration representing the sum of fixation durations over one stimulus, irrespective of AOI and ii) fixation durations for each AOI category, defined as the sum of fixation durations for each stimulus and representing the total fixation duration spent respectively in the three AOI categories. For the face AOIs, the analysis was additionally conducted for the first 5 and 10 seconds, representing the early gazing behavior of the visual exploration (33).



Latencies to Face Fixations

Additionally, two latency variables were investigated for the face AOIs (in seconds) (70). Firstly, the “latency to first face fixation”, defined as the time required until the first fixation to a face AOI. Secondly, only for the stimuli of high social complexity, the “latency to completion of face fixations” was defined as the time period required until all four interacting faces were fixated for the first time. Former variable has been used before (70), while latter was introduced here in order to capture the time required for visually exploring all faces and not only one of them.




Statistical Analysis

Statistical analysis was conducted with the statistical software R (R Core Team, v3.6.1). Linear mixed effects models were implemented for the analysis of the interaction between fixation duration and clinical groups with the “lme4” library (v1.1-19) (71), while p-values were obtained by the “lmertest” library with a significance threshold defined as p-value < 0.05. In general, small sample sizes are tolerated with linear mixed effects models, as this type of linear regression accounts both for by-item and by-subject variation in a single model (fixed and random effects, respectively), the latter also being an important advantage when applying to psychiatric populations. Based on the described benefits, linear mixed effects analyses are strongly recommended and their application is rapidly increasing (72), while they have been recently introduced in eye-tracking data analysis (40) and neurophysiological studies (73).

Firstly, total fixation duration was examined and following fixed effects were entered into the model: i) group of participants (TD, ADHD, ASD, ASD + ADHD), ii) level of social complexity (high, low), iii) interaction term between group of participants and level of social complexity, and iv) status of previous social training (yes, no). A random intercept was used for each subject. Secondly, the fixation duration of each of the three AOI-categories (face, body, and non-social elements) was examined with separate linear mixed effects models, structured accordingly. Here, the same explanatory variables as above were introduced as fixed effects, while individual total fixation duration for the respective stimulus was added as a covariate, in order to limit the effect of inter-individual differences in total fixation duration. Finally, similarly to the analysis of the whole run duration, the fixations to the faces were analysed separately for the first 5 and 10 s with total duration of fixations in the respective timespan as a covariate.

For the latency variables two-way analysis of variance (ANOVA) was implemented, with the group of participants as the between-subject factor and stimuli as the within-subject factor. As only one value is available per stimulus, mixed effects models cannot be applied. For the statistical analysis of demographics, an ANOVA was used for continuous variables and a chi-square (χ2) with Yates’ continuity correction for categorical variables.




Results

From the recruited participants three did not complete all sessions (1 ADHD, 2 ASD + ADHD), three did not fulfil the IQ criterion (1 ADHD, 1 ASD, and 1 ASD + ADHD) and one ADHD patient had not discontinued medication, leading to their exclusion from the analysis. Datasets of further nine participants with subthreshold values of tracking ratio and/or total fixation duration ratio (1 TD, 2 ADHD, 3 ASD, 3 ASD + ADHD) were excluded. Finally, datasets from n = 73 participants were included in this present study. Groups did not differ in age and IQ (mean ± standard deviation for age: 12.1 ± 1.5, 12.6 ± 0.9, 12.3 ± 1.1, 12 ± 1.0, p-value 0.48; and for IQ: 110 ± 17, 102 ± 13, 103 ± 21, 96 ± 15, p-value 0.07 for TD, ADHD, ASD, ASD + ADHD, respectively). There was a male predominance in the clinical groups (sex-ratio 52%, 76%, 83%, 93%, respectively). Previously accomplished social training in the ASD groups was equally balanced (50% and 40% for ASD and ASD + ADHD, respectively). In the ADHD group both main types were represented (N = 13 with F90.0 and 8 with F90.1). In the ASD group childhood autism and Asperger’s syndrome were the main diagnoses (N = 3 with ICD-10 F84.0 and N = 8 with F84.5, respectively), while 1 subject was diagnosed with atypical autism (F84.1). In the ASD + ADHD group the distribution was similar (N = 4 with F84.0, N = 9 with F84.5 and N = 2 with F84.1) and regarding comorbidity, either it was diagnosed as such, or the criteria for both ASD and ADHD were fulfilled (for those diagnosed before the introduction of DSM-V). Confirmed diagnoses, as well as ADOS and ADI-R, are listed at the bottom of Table 1. Reported comorbidities of included participants are listed in the Supplementary Table 1.

Descriptive statistics of diagnostic tests, questionnaire scoring results and results of statistical inference, as well as sociodemographic variables are shown in Table 1. TD participants showed T-scores inside the reference range (values below 60 are categorized as normal) in the CBCL-total problems (50 ± 6.6) and the SRS-total score (44.2 ± 8.7). Clinical groups showed average T-scores above the cut-off in the CBCL-total and SRS-total scoring (values above are categorized as borderline or clinical see Table 1). Specifically, concerning the scoring of autistic symptomatology, the ASD and ASD + ADHD groups did not differ significantly but showed a statistically significant higher SRS-total score (76.6 ± 13.4 and 77.0 ± 8.4, respectively, values above 75 indicate severe social impairment) compared to the TD and ADHD group (44.2 ± 8.7, p-value < 0.001 and 66.6 ± 10, p-value < 0.05, respectively). Finally, in the scoring of ADHD symptomatology, the ADHD and ASD + ADHD groups did not differ statistically in the Stanine-scores (7.1 ± 1.1 and 7.2 ± 0.9, respectively), which were above average (meaning a Stanine > 7) in the EAQ total score and showed lower values in the competence scores compared to the ASD (3.4 ± 1.2 vs. 4.8 ± 1.6, p-value < 0.02).


Total Fixation Duration

For the stimuli with low social complexity, the control group showed a total fixation duration of 109 ± 7.1 s (mean ± standard deviation, SD), while the clinical groups showed lower total fixation durations: the ADHD group 104 ± 11.6 s, the ASD group 103 ± 12 s and the ASD + ADHD group 103 ± 10.6 s. For the two stimuli with high social complexity, the control group showed a mean total fixation duration of 104 ± 9.8 s, while the ADHD group spent 103 ± 7.6 s fixating, the ASD 100 ± 12.3 and the ASD + ADHD 98 ± 13.1 s. Boxplots did not show any extreme outliers.

In the respective mixed effects analysis, the total fixation duration was significantly longer by 3.6 s for all groups at the stimuli with low socially complexity (F-value = 15.5, p-value of post-hoc test < 0.001). For the ASD + ADHD group and both levels of social complexity, total fixation duration was significantly lower by 6.2 s (F-value = 1.7, p-value of post-hoc test = 0.038, see Supplementary Table 2). There was no significant interactive effect between social complexity of stimuli and group of participants or effect of previous training of social competence on total fixation duration. Inspection of residual plots did not reveal any obvious deviations from homoscedasticity or normality.



Fixation Duration on Faces

Across all groups the average of total fixation duration on faces was 21 ± 9.9 s for low social-complexity stimuli and 7.1 ± 4.7 s for high social-complexity stimuli, as in the latter stimuli the fixation duration was distributed among the four depicted face AOIs. Figure 1 shows fixation distribution representations (heatmaps) for participants of all groups in two levels of social complexity.

In the mixed effects analysis, only the comorbid group showed significantly lower fixation durations on faces irrespective of social-complexity, with 2.3 s less (F-value = 4.65, p-value of post-hoc test = 0.032), while the two other groups did not differ compared to TD (see Table 2). For the ASD group there was a significant interaction with social-complexity, with 4.9 s shorter fixation durations to faces in stimuli with high social-complexity (F-value = 4.75, p-value of post-hoc test = 0.001, see Table 2). Previous training of social competence did not affect fixation duration on the face AOIs. Fixation estimates are visualized in Figure 2.


Table 2 | Fixed effects parameter estimates for fixation duration on faces from 73 subjects.






Figure 2 | Results of the mixed effects analysis for the region of faces. Mean estimates of the fixed effects with 95% confidence interval are shown as center and border lines of each box, respectively. Their position on the x-axis (in seconds) relative to 0 is a measure of the statistical effect on the fixation duration to faces. Two fixed effects significantly reduce the fixation duration to faces, namely, the ASD + ADHD and the interaction term of ASD x high social complexity. Color coding is explained in the legend. *p < 0.05, **p < 0.01. Abbreviations: TD, Typically Developing; ADHD, Attention-Deficit/Hyperactivity Disorder; ASD, Autism Spectrum Disorder; ASD + ADHD, Autism Spectrum Disorder with comorbid Attention-Deficit/Hyperactivity Disorder; hsc, high social complexity; x, interaction between two effects.



For the first 5 and 10 s, analogous mixed effects analysis of fixations on faces was implemented. For the first 5 s, no group difference was evident. At 10 s, the total fixation duration on face AOIs across all groups was on average 2.6 ± 1.3 s for low versus 0.9 ± 0.7 s for high social-complexity stimuli. In the ASD + ADHD, the fixation duration on faces was significantly lower for both social-complexities by 0.3 s compared to the TD group (F-value = 4.1, p-value of post-hoc test = 0.015). Consistent with the results for the total run duration, the other clinical groups did not show any significant differences. The interaction observed between social-complexity and the ASD group for the total run duration, was at trend level at early gazing (F-value = 2.1, p-value of post-hoc test = 0.051). Tabular results of fixed effects parameter estimates for 5 and 10 s can be found in Supplementary Tables 3 and 4.



Fixation Duration on Bodies and on Non-Social Elements

No significant group effects and no interactive effects were observed for the AOIs of bodies. Similar to the face AOI the fixation duration on high social complexity stimuli was distributed among the bodies of the four depicted persons (F-value = 173.9, p-value of post-hoc test < 0.001). The mixed effects analysis with the non-social elements AOI category did not show any group differences or any interactions of group with social complexity. There was a significant effect of social complexity, with participants fixating more on non-social elements in low social complexity stimuli (F-value = 118.3, p-value of post-hoc test < 0.001). Detailed fixed effects parameter estimates can be found in Supplementary Tables 5 and 6.



Latency to First Face Fixation and Completion of Face Fixations

All four groups showed similar latencies to first face fixation (Group F(3,283) = 1.0, p = 0.392; all contrasts versus TD: p-values non-significant) and no interactive effects with social complexity. By contrast, the latency to completion of face fixations was 5.7 s higher in the ASD + ADHD compared to the TD group (Group F(3,141) = 3.49, p = 0.017, p-value of contrast 0.003). The other two clinical groups did not show prolonged latencies compared to the TD group.




Discussion

The present study set out to investigate social visual attention in the neurodevelopmental disorders ASD, ADHD, and their comorbidity ASD + ADHD applying objective gaze measurements which are proposed to contribute to the development of valid biomarkers. To our knowledge, this is the first eye tracking study comparing social visual attention directly in all three clinical groups and TD controls.

In summary, the comorbid group showed significantly reduced social visual attention to faces in comparison to the control group. This effect was consistent across different levels of social complexity and after correction for their reduced total fixation duration and was detected using two representative eye tracking variables. Firstly, the fixation duration on faces was significantly reduced. Secondly, the time needed for the completion of face fixations was significantly prolonged, possibly reflecting a latency in the perception of the social configuration of interacting faces. Moreover, the significant effect of reduced fixation duration on faces was also evident at the early gaze behavior. Interestingly, there was an effect of social complexity on facial fixation duration in the ASD group but not in TD controls; ASD individuals looked less at faces in the socially complex images compared to the socially simple ones. Finally, participants with ADHD did not differ from controls in any of the gaze behavior parameters investigated. Taken together, reduced social visual attention was present in the comorbid group ASD + ADHD, while in the ASD group, it was reduced compared to TD controls when looking at scenes with high as opposed to low social complexity.

The present findings for the comorbid group are new, given that ASD cases have not been previously differentiated from the comorbidity cases in eye-tracking. Our findings are in line with recent non-eye-tracking studies of social cognition that consider this differentiation. Namely, in a study of visual and auditory emotion recognition, the comorbid group found to be somewhat more impaired than the “pure” groups in the speed of emotion recognition in both modalities (74). Elsewhere, autistic symptomatology, based on SRS and ADI-R, was found to be more pronounced in the ASD + ADHD in comparison to ASD and particularly regarding the social interaction subscale (ADI-R) (75). Such effects have been proposed to describe a more severe phenotype in ASD + ADHD (76). Other scenarios refer to comorbidity as a separate nosology (77) or propose the existence of subtypes of these two neurodevelopmental disorders (78). However, given their evolution of symptomatology across developmental ages (79), their genetic origins (80) and the recency of this discussion, more research directly investigating the comorbid ASD + ADHD group is needed to clarify this topic and replicate and extend our findings.

As highlighted in recent reviews on eye-tracking in ASD, social complexity is crucial for the performance of ASD subjects in social visual attention (37). However, only a handful of studies clearly report coexisting ADHD diagnosis. Therefore, findings from such samples should be interpreted with certain caution. Here, subjects with ASD-only were studied at different levels of social complexity and indeed there was a significant interaction between the ASD group and social complexity. This signifies that ASD participants spent less time on faces of people interacting with each other rather than on isolated faces. Yet, the time spent on faces across levels of social complexity was similar to the TD group, which replicates previous findings, where autistic children had the same fixation behavior, in terms of fixation time at faces, as TD children (33). Consequently, the conclusions concerning the importance of social complexity are partially replicated here. Moreover, adding to the existing conclusions, this study suggests that apart from social complexity, the existing comorbidity of ADHD could also play a crucial role in the performance of ASD in social visual attention. Thus, the timely need for reporting ADHD comorbidity as common practice in ASD research is underlined (81).

In the current analysis, latency to isolated faces in ASD participants was similar to TD, replicating previous findings. Particularly, in a comparable study including social images of different social complexity, children with ASD spent a similar amount of time as TD to first fixate to the face AOI (70). In our study, the latency of attention to a group of faces was additionally investigated and also introduced as a new measurement. Interestingly, the ASD + ADHD group required significantly longer until all four interacting faces were fixated for the first time when contemplating the socially complex scenes, suggesting they may have required longer in order to conceive the configuration of interacting people. Thus, the latency of attention to a group of faces, as presented here, could be meaningful for studying the apprehension of complex social interactions. Thus, it remains to be validated in future studies as a possible sensitive indicator of social visual attention deficits.

Apart from the clinical and theoretical implications of this study discussed above, the data analysis in this eye-tracking study offers various methodological advantages. Firstly, the type of linear regression model used allows for a modularly expandable introduction of explanatory variables, such as the status of previous social competence training and the covariate of total fixation duration. Secondly, with the mixed effects model, the impact of the explanatory variables on the fixation data is differentiated from the inter-individual gazing traits. This approach is essential in psychiatric research even more in the era of the dimensionality of disorders. (82). Thirdly, repeated measures, from two stimuli each, were nested in the two levels of social complexity (83). Finally, eye tracking offers measurable variables that are promising in social attention and are related to real-life social behaviors of neurodevelopmental disorders (84). In conjunction with robust statistical methods, here we compare objective eye tracking measurements for ASD, ADHD, and ASD + ADHD that could eventually provide potential candidates of valid biomarkers for differentiating these disorders. Recently, patterns of visual social attention which were obtained through gaze behavior were associated with caregiver-reported measures of social communication used in clinical trials (19). Thus, gaze measurements, as presented in our study, could serve as biomarkers for early diagnosis, monitoring and further care interventions as recommended (47).

Limitations of this study include moderate participant and stimulus sample sizes, which were partially addressed with the application of mixed effects models. Especially recruitment of ASD-only participants proved challenging. Applying thorough inclusion criteria on datasets, on the one hand ensured good data quality, on the other side caused additional exclusion of participants. Therefore, our study could be considered as a pilot study. In order to reduce the number of comparisons for the eye-tracking variables, the clinical groups were only compared to the control group. Nevertheless, these limitations call for independent replications with different participant and stimulus samples. The original stimuli will be made available upon request. Additionally, there was a male predominance in the clinical samples, which is yet in accordance with the known prevalence of ASD and ADHD.

In conclusion, to the best of our knowledge, this study investigates for the first time social visual attention using the eye tracking method to compare groups of ADHD, ASD, ASD + ADHD and TD participants. Our findings underscore the timely need to investigate social attention in the comorbid group in alignment with the current DSM-V guidelines. In addition, we emphasize that the existence of ADHD comorbidity should be considered as a crucial factor having impact on social visual attention in ASD and therefore its reporting should be a common practice in ASD research. Eye tracking measurements and Free Viewing of real-life social scenes as here presented, could contribute to the investigation of social attention, differentiation of ASD, ADHD, and ASD + ADHD and lead to the development of valid biomarkers. In this way, research on these neurodevelopmental disorders could enable an early diagnosis, gradually allow a thorough understanding of their social challenges, and promote an efficacious assistance to the population, with accurate monitoring and care interventions that will improve their quality of life.



Data Availability Statement

All results presented in this study are included in the article/Supplementary Material.



Ethics Statement

The studies involving human participants were reviewed and approved by Ethik-Kommission der Albert- Ludwigs-Universität Freiburg Freiburg, Germany. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin. Written informed consent was obtained from the individuals for the publication of any potentially identifiable images or data included in this article.



Author Contributions

CI: data collection, data analysis, statistical analyses, and manuscript writing. DS: study design and data collection. MS: statistical analyses and manuscript writing. AR: manuscript writing. LT: manuscript writing. NS: manuscript writing. CF: manuscript writing. MB-S: study design and manuscript writing. GB: statistical analyses and manuscript writing. CK: study design and manuscript writing. All authors contributed to the article and approved the submitted version.



Funding

This research was supported by a grant of the Research Commission of the Medical Faculty of the University of Freiburg (KLE1076/16) and the State Funded Doctoral Scholarship of Baden-Wuerttemberg. The article processing charge was funded by the University of Freiburg in the funding programme Open Access Publishing.



Acknowledgments

The authors would like to thank the parents and children taking part in the study.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2020.545567/full#supplementary-material



References

1. Bishop DVM. Which neurodevelopmental disorders get researched and why? PLoS One (2010) e15112. doi: 10.1371/journal.pone.0015112

2. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. Arlington, VA: American Psychiatric Association (2013). doi: 10.1176/appi.books.9780890425596

3. Bitta M, Kariuki SM, Abubakar A, Newton CRJC. Burden of neurodevelopmental disorders in low and middle-income countries: A systematic review and meta-analysis. Wellcome Open Res (2018) 2:121. doi: 10.12688/wellcomeopenres.13540.3

4. Baio J, Wiggins L, Christensen DL, Maenner MJ, Daniels J, Warren Z, et al. Prevalence of autism spectrum disorder among children aged 8 Years -Autism and developmental disabilities monitoring network, 11 Sites, United States, 2014. MMWR Surveill Summ (2018) 67(No. SS-6):1–23. doi: 10.15585/mmwr.ss6706a1

5. Sayal K, Prasad V, Daley D, Ford T, Coghill D. ADHD in children and young people: prevalence, care pathways, andservice provision. Lancet Psychiatry (2018) 5:175–86. doi: 10.1016/S2215-0366(17)30167-0

6. Stevens T, Peng L, Barnard-Brak L. The comorbidity of ADHD in children diagnosed with autism spectrum disorder. Res Autism Spectr Disord (2016) 31:11–8. doi: 10.1016/j.rasd.2016.07.003

7. Grzadzinski R, Di Martino A, Brady E, Mairena MA, O’Neale M, Petkova E, et al. Examining autistic traits in children with ADHD: does the autism spectrum extend to ADHD? J Autism Dev Disord (2011) 41:1178–91. doi: 10.1007/s10803-010-1135-3

8. Taurines R, Schwenck C, Westerwald E, Sachse M, Siniatchkin M, Freitag C. ADHD and autism: differential diagnosis or overlapping traits? A selective review. ADHD Atten Deficit Hyperact Disord (2012) 4:115–39. doi: 10.1007/s12402-012-0086-2

9. Demopoulos C, Hopkins J, Davis A. A Comparison of Social Cognitive Profiles in children with Autism Spectrum Disorders and Attention-Deficit/Hyperactivity Disorder: A Matter of Quantitative but not Qualitative Difference? J Autism Dev Disord (2013) 43:1157–70. doi: 10.1007/s10803-012-1657-y

10. Bora E, Pantelis C. Meta-analysis of social cognition in attention-deficit/hyperactivitydisorder (ADHD):Comparison with healthy controls and autistic spectrum disorder. Psychol Med (2016) 46:699–716. doi: 10.1017/S0033291715002573

11. Rommelse NNJ, Geurts HM, Franke B, Buitelaar JK, Hartman CA. A review on cognitive and brain endophenotypes that may be common in autism spectrum disorder and attention-deficit/hyperactivity disorder and facilitate the search for pleiotropic genes. Neurosci Biobehav Rev (2011) 35:1363–96. doi: 10.1016/j.neubiorev.2011.02.015

12. van der Meer JMJ, Oerlemans AM, van Steijn DJ, Lappenschaar MGA, de Sonneville LMJ, Buitelaar JK, et al. Are Autism Spectrum Disorder and Attention-Deficit/Hyperactivity Disorder Different Manifestations of One Overarching Disorder? Cognitive and Symptom Evidence From a Clinical and Population-Based Sample. J Am Acad Child Adolesc Psychiatry (2012) 51:1160–72.e3. doi: 10.1016/j.jaac.2012.08.024

13. Ikeda E, Hinckson E, Krägeloh C. Assessment of quality of life in children and youth with autism spectrum disorder: A critical review. Qual Life Res (2013) 23:1069–85. doi: 10.1007/s11136-013-0591-6

14. Wehmeier PM, Schacht A, Barkley RA. Social and Emotional Impairment in Children and Adolescents with ADHD and the Impact on Quality of Life. J Adolesc Heal (2010) 46:209–17. doi: 10.1016/j.jadohealth.2009.09.009

15. Leitner Y. The Co-Occurrence of Autism and Attention Deficit Hyperactivity Disorder in Children - What Do We Know? Front Hum Neurosci (2014) 8:268. doi: 10.3389/fnhum.2014.00268

16. Santosh PJ, Singh J. Drug treatment of autism spectrum disorder and its comorbidities in children and adolescents. BJPsych Adv (2016) 22:151–61. doi: 10.1192/apt.bp.115.014597

17. Antshel KM, Polacek C, McMahon M, Dygert K, Spenceley L, Dygert L, et al. Comorbid ADHD and Anxiety Affect Social Skills Group Intervention Treatment Efficacy in Children With Autism Spectrum Disorders. J Dev Behav Pediatr (2011) 32:439–46. doi: 10.1097/DBP.0b013e318222355d

18. Cooper M, Martin J, Langley K, Hamshere M, Thapar A. Autistic traits in children with ADHD index clinical and cognitive problems. Eur Child Adolesc Psychiatry (2014) 23:23–34. doi: 10.1007/s00787-013-0398-6

19. Murias M, Major S, Davlantis K, Franz L, Harris A, Rardin B, et al. Validation of eye-tracking measures of social attention as apotential biomarker for autism clinical trials. Autism Res (2018) 11:166–74. doi: 10.1002/aur.1894

20. Mikami AY, Miller M, Lerner MD. Social functioning in youth with attention-deficit/hyperactivity disorder and autism spectrum disorder: transdiagnostic commonalities and differences. Clin Psychol Rev (2019) 68:54–70. doi: 10.1016/j.cpr.2018.12.005

21. Sokolova E, Oerlemans AM, Rommelse NN, Groot P, Hartman CA, Glennon JC, et al. A causal and mediation analysis of the comorbidity between attention deficit hyperactivity disorder (ADHD) and autism spectrum disorder (ASD). J Autism Dev Disord (2017) 47:1595–604. doi: 10.1007/s10803-017-3083-7

22. Salley B, Colombo J. Conceptualizing Social Attention in Developmental Research. Soc Dev (2016) 25:687–703. doi: 10.1111/sode.12174

23. Boraston Z, Blakemore SJ. The application of eye-tracking technology in the study ofautism. J Physiol (2007) 581:893–8. doi: 10.1113/jphysiol.2007.133587

24. Karatekin C. Eye tracking studies of normative and atypicaldevelopment. Dev Rev (2007) 27:283–348. doi: 10.1016/j.dr.2007.06.006

25. Rommelse NNJ, Van der Stigchel S, Sergeant JA. A review on eye movement studies in childhood and adolescent psychiatry. Brain Cognit (2008) 68:391–414. doi: 10.1016/j.bandc.2008.08.025

26. Klein C, Seernani D, Ioannou C, Schulz-Zhecheva Y, Biscaldi M, Kavšek M. “Typical and Atypical Development of Eye Movements”. In:  Klein  C, Ettinger  U, editors. Eye Movement Research: An Introduction to its Scientific Foundations and Applications. Berlin: Springer Publishers (2020). p. 635–701. doi: 10.1007/978-3-030-20085-5_15

27. Falck-Ytter T, Bölte S, Gredebäck G. Eye tracking in early autism research. J Neurodev Disord (2013) 5:28. doi: 10.1186/1866-1955-5-28

28. Jones W, Carr K, Klin A. Absence of preferential looking to the eyes of approaching adults predicts level of social disability in 2-year-old toddlers with autism spectrum disorder. Arch Gen Psychiatry (2008) 65:946–54. doi: 10.1001/archpsyc.65.8.946

29. Klin A, Jones W, Schultz R, Volkmar F, Cohen D. Visual fixation patterns during viewing of naturalistic social situations as predictors of social competence in individuals with autism. Arch Gen Psychiatry (2002) 59:809–16. doi: 10.1001/archpsyc.59.9.809

30. Hanley M, McPhillips M, Mulhern G, Riby DM. Spontaneous attention to faces in Asperger syndrome using ecologically valid static stimuli. Autism (2012) 17:754–61. doi: 10.1177/1362361312456746

31. Rice K, Moriuchi JM, Jones W, Klin A. Parsing Heterogeneity in Autism Spectrum Disorders: Visual Scanning of Dynamic Social Scenes in School-Aged Children. J Am Acad Child Adolesc Psychiatry (2013) 51:238–48. doi: 10.1016/j.jaac.2011.12.017.Parsing

32. Elison JT, Sasson NJ, Turner-Brown LM, Dichter GS, Bodfish JW. Age trends in visual exploration of social and nonsocial information in children with autism. Res Autism Spectr Disord (2012) 6:842–51. doi: 10.1016/j.rasd.2011.11.005

33. Van Der Geest JN, Kemner C, Verbaten MN, Van Engeland H. Gaze behavior of children with pervasive developmental disorder toward human faces: a fixation time study. J Child Psychol Psychiatry (2002) 43:669–78. doi: 10.1111/1469-7610.00055

34. Fletcher-Watson S, Leekam SR, Benson V, Frank MC, Findlay JM. Eye-movements reveal attention to social information in autism spectrum disorder. Neuropsychologia (2009) 47:248–57. doi: 10.1016/j.neuropsychologia.2008.07.016

35. Freeth M, Chapman P, Ropar D, Mitchell P. Do Gaze Cues in Complex Scenes Capture and Direct the Attention ofHigh Functioning Adolescents with ASD? Evid Eye-tracking (2009) 40:534–47. doi: 10.1007/s10803-009-0893-2

36. Frazier TW, Strauss M, Klingemier EW, Zetzer EE, Hardan AY, Eng C, et al. A Meta-Analysis of Gaze Differences to Social and Nonsocial Information Between Individuals With and Without Autism. J Am Acad Child Adolesc Psychiatry (2017) 56:546–55. doi: 10.1016/j.jaac.2017.05.005

37. Chita-Tegmark M. Attention Allocation in ASD: a Review and Meta-analysis of Eye-Tracking Studies. Rev J Autism Dev Disord (2016) 3:209–23. doi: 10.1007/s40489-016-0077-x

38. Karatekin C, Asarnow RF. Exploratory Eye Movements to Pictures in Childhood-Onset Schizophrenia and Attention-Deficit / Hyperactivity Disorder (ADHD ). J Abnorm Child Psychol (1999) 27:35–49. doi: 10.1023/A:1022662323823

39. Serrano VJ, Owens JS, Hallowell B. Where Children With ADHD Direct Visual Attention During Emotion Knowledge Tasks: Relationships to Accuracy, Response Time, and ADHD Symptoms. J Atten Disord (2015) 22:752–63. doi: 10.1177/1087054715593632

40. Muszkat M, De Mello CB, Muñoz POL, Lucci TK, David VF, Siqueira JO, et al. Face scanning in autism spectrum disorder and attention deficit/hyperactivity disorder: Human versus dog face scanning. Front Psychiatry (2015) 6:150. doi: 10.3389/fpsyt.2015.00150

41. Uekermann J, Kraemer M, Abdel-Hamid M, Schimmelmann BG, Hebebrand J, Daum I, et al. Social cognition in attention-deficit hyperactivity disorder (ADHD). Neurosci Biobehav Rev (2010) 34:734–43. doi: 10.1016/j.neubiorev.2009.10.009

42. Santosh P, Mijovic A. Social impairment in Hyperkinetic Disorder. Eur Child Adolesc Psychiatry (2004) 13:141–50. doi: 10.1007/s00787-004-0372-4

43. Baribeau DA, Doyle-Thomas KAR, Dupuis A, Iaboni A, Crosbie J, McGinn H, et al. Examining and comparing social perception abilities acrosschildhood-onset neurodevelopmental disorders. J Am Acad Child Adolesc Psychiatry (2015) 54:479–86. doi: 10.1016/j.jaac.2015.03.016

44. Tye C, Asherson P, Ashwood KL, Azadi B, Bolton P, McLoughlin G. Attention and inhibition in children with ASD, ADHD and co-morbid ASD + ADHD: an event-related potential study. Psychol Med (2014) 44:1101–16. doi: 10.1017/S0033291713001049

45. Oerlemans AM, Van Der Meer JMJ, Van Steijn DJ, De Ruiter SW, De Bruijn YGE, De Sonneville LMJ, et al. Recognition of facial emotion and affective prosody in children withASD (+ADHD) and their unaffected siblings. Eur Child Adolesc Psychiatry (2014) 23:257–71. doi: 10.1007/s00787-013-0446-2

46. Strimbu K, Tavel J. The maturometer - Instrumental test and redesign. Curr Opin HIV AIDS (2010) 5:463–6. doi: 10.1097/COH.0b013e32833ed177.What

47. Frye RE, Vassall S, Kaur G, Lewis C, Karim M, Rossignol D. Emerging biomarkers in autism spectrum disorder: a systematicreview. Ann Transl Med (2019) 7:792–792. doi: 10.21037/atm.2019.11.53

48. Rommelse NNJ, Franke B, Geurts HM, Hartman CA, Buitelaar JK. Shared heritability of attention-deficit/hyperactivity disorder and autism spectrum disorder. Eur Child Adolesc Psychiatry (2010) 19:281–95. doi: 10.1007/s00787-010-0092-x

49. Seernani D, Ioannou C, Damania K, Spindler K, Hill H, Foulsham T, et al. Studying global processing in autism andattention-deficit/hyperactivity disorder with gaze movements: The example of a copying task. PLoS One (2020) 15:﻿e0224186. doi: 10.1371/journal.pone.0224186

50. Rühl D, Bölte S, Feineis-Matthews S, Poustka F. Diagnostische Beobachtungsskala für Autistische Störungen(ADOS). Zeitschrift für Kinder- und Jugendpsychiatrie und Psychotherapie (2004). 32:45–50.

51. Bölte S, Rühl D, Schmötzer G, Poustka F. Diagnostisches interview für autismus - revidiert. German version of the autism diagnostic interview - revised (ADI-R). Bern: Huber (2005).

52. Falkmer T, Anderson K, Falkmer M, Horlin C. Diagnostic procedures in autism spectrum disorders: A systematic literature review. Eur Child Adolesc Psychiatry (2013) 22:329–40. doi: 10.1007/s00787-013-0375-0

53. Biscaldi M, Paschke-Müller M, Rauh R, Schaller UM. Evaluation des Freiburger TOMTASS. Z für Psychiatr Psychol und Psychother (2016) 64:269–75. doi: 10.1024/1661-4747/a000288

54. Paschke-Müller MS, Biscaldi M, Rauh R, Fleischhaker C, Schulz E. TOMTASS - Theory-of-Mind-Training bei Autismusspektrumstörungen. Springer Berlin Heidelberg: Berlin, Heidelberg (2017). doi: 10.1007/978-3-662-53216-4

55. Virues-Ortega J, Julio FM, Pastor-Barriuso R. The TEACCH program for children and adults with autism: Ameta-analysis of intervention studies. Clin Psychol Rev (2013) 33:940–53. doi: 10.1016/j.cpr.2013.07.005

56. Conners C. Conners 3rd edition: Manual. Canada Multi-Health Syst: Toronto, Ontario (2008).

57. Marshall P, Hoelzle J, Nikolas M. Diagnosing Attention-Deficit/Hyperactivity Disorder (ADHD) in young adults: a qualitative review of the utility of assessment measures and recommendations for improving the diagnostic process. Clin Neuropsychol (2019) 2:1–34. doi: 10.1080/13854046.2019.1696409

58. Achenbach T, Rescorla L. Manual for the ASEBA school-age forms & profiles: Child behaviorchecklist for ages 6-18, teacher’s report form, youth self-report. Burlington, VT: University of Vermont (2001).

59. Raiker JS, Freeman AJ, Perez-Algorta G, Frazier TW, Findling RL, Youngstrom EA. Accuracy of Achenbach Scales in the Screening of Attention-Deficit/Hyperactivity Disorder in a Community Mental Health Clinic. J Am Acad Child Adolesc Psychiatry (2017) 56:401–9. doi: 10.1016/j.jaac.2017.02.007

60. Constantino JN, Davis SA, Todd RD, Schindler MK, Gross MM, Brophy SL, et al. Validation of a brief quantitative measure of autistic traits: Comparison of the social responsiveness scale with the Autism Diagnostic Interview-Revised. J Autism Dev Disord (2003) 33:427–33. doi: 10.1023/A:1025014929212

61. Döpfner M, Görtz-Dorten A, Lehmkuhl G, Breuer D, Goletz H. Diagnostik-System für psychische Störungen nach ICD-10 und DSM-IV für Kinder und Jugendliche. Bern: Huber (2008).

62. Klein C, Fischer B, Fischer B, Hartnegg K. Effects of methylphenidate on saccadic responses in patients with ADHD. Exp Brain Res (2002) 145:121–5. doi: 10.1007/s00221-002-1105-x

63. World Medical Association declaration of Helsinki. Ethical principles for medical research involving human subjects. JAMA - J Am Med Assoc (2013) 310:2191–4. doi: 10.1001/jama.2013.281053

64. Weiß R. Grundintelligenztest Skala 2—Revision (CFT 20-R) [Culture Fair Intelligence Test 20-R—Scale 2]. Göttingen: Hogrefe (2006).

65. Lang PJ, Bradley MM, Cuthbert BN. International Affective Picture System (IAPS): Affective Ratings of Pictures and Instruction Manual. Report No.: Technical Report A-6. Gainesville, FL: University of Florida.

66. Holmqvist K, Nyström M, Andersson R, Dewhurst R, Jarodzka H, van de Weijer J. Eye tracking: a comprehensive guide to methods and measures. Oxford: Oxford University Press (2017).

67. SensoMotoric Instruments. BeGaze Manual version 3.1. SensoMotoric Instruments. Teltow (2012).

68. Grossman RB, Zane E, Mertens J, Mitchell T. Facetime vs. Screentime: Gaze Patterns to Live and Video Social Stimuli in Adolescents with ASD. Sci Rep (2019) 9:12643. doi: 10.1038/s41598-019-49039-7

69. Shi L, Zhou Y, Ou J, Gong J, Wang S, Cui X, et al. Different visual preference patterns in response to simple andcomplex dynamic social stimuli in preschool-aged children with autism spectrum disorders. PLoS One (2015) 10:e0122280. doi: 10.1371/journal.pone.0122280

70. Sumner E, Leonard HC, Hill EL. Comparing Attention to Socially-Relevant Stimuli in Autism SpectrumDisorder and Developmental Coordination Disorder. J Abnorm Child Psychol (2018) 46:1717–29. doi: 10.1007/s10802-017-0393-3

71. Bates D, Mächler M, Bolker BM, Walker SC. Fitting linear mixed-effects models using lme4. J Stat Softw (2015) 67:1–48. doi: 10.18637/jss.v067.i01

72. Boisgontier MP, Cheval B. The anova to mixed model transition. Neurosci Biobehav Rev (2016) 68:1004–5. doi: 10.1016/j.neubiorev.2016.05.034

73. Anagnostou E, Skarlatou V, Mergner T, Anastasopoulos D. Idiothetic signal processing and spatial orientation in patientswith unilateral hippocampal sclerosis. J Neurophysiol (2018) 120:1256–63. doi: 10.1152/jn.00016.2018

74. Waddington F, Hartman C, de Bruijn Y, Lappenschaar M, Oerlemans A, Buitelaar J, et al. Visual and auditory emotion recognition problems as familial cross-disorder phenomenon in ASD and ADHD. Eur Neuropsychopharmacol (2018) 28:994–1005. doi: 10.1016/j.euroneuro.2018.06.009

75. Sprenger L, Bühler E, Poustka L, Bach C, Heinzel-Gutenbrunner M, Kamp-Becker I, et al. Impact of ADHD symptoms on autism spectrum disorder symptomseverity. Res Dev Disabil (2013) 34:3545–52. doi: 10.1016/j.ridd.2013.07.028

76. Antshel KM, Russo N. Autism Spectrum Disorders and ADHD: Overlapping Phenomenology,Diagnostic Issues, and Treatment Considerations. Curr Psychiatry Rep (2019) 21:34. doi: 10.1007/s11920-019-1020-5

77. Chantiluke K, Christakou A, Murphy CM, Giampietro V, Daly EM, Ecker C, et al. Disorder-specific functional abnormalities during temporal discounting in youth with Attention Deficit Hyperactivity Disorder (ADHD), Autism and comorbid ADHD and Autism. Psychiatry Res Neuroimaging (2014) 223:113–20. doi: 10.1016/j.pscychresns.2014.04.006

78. Rommelse N, Buitelaar JK, Hartman CA. Structural brain imaging correlates of ASD and ADHD across the lifespan: a hypothesis-generating review on developmental ASD-ADHD subtypes. J Neural Transm (2017) 124:259–71. doi: 10.1007/s00702-016-1651-1

79. Hartman CA, Geurts HM, Franke B, Buitelaar JK, Rommelse NNJ. Changing ASD-ADHD symptom co-occurrence across the lifespan withadolescence as crucial time window: Illustrating the need to go beyond childhood. Neurosci Biobehav Rev (2016) 71:529–41. doi: 10.1016/j.neubiorev.2016.09.003

80. Hellmer K, Nyström P. Infant acetylcholine, dopamine, and melatonin dysregulation: Neonatal biomarkers and causal factors for ASD and ADHD phenotypes. Med Hypotheses (2017) 100:64–6. doi: 10.1016/j.mehy.2017.01.015

81. Gillberg C, Fernell E. Autism Plus Versus Autism Pure. J Autism DevDisord (2014) 44:3274–6. doi: 10.1007/s10803-014-2163-1

82. Hengartner MP, Lehmann SN. Why Psychiatric Research Must Abandon Traditional Diagnostic Classification and Adopt a Fully Dimensional Scope: Two Solutions to a Persistent Problem. Front Psychiatry (2017) 8:101. doi: 10.3389/fpsyt.2017.00101

83. Judd CM, Westfall J, Kenny DA. Treating stimuli as a random factor in social psychology: A new andcomprehensive solution to a pervasive but largely ignored problem. J Pers Soc Psychol (2012) 103:54–69. doi: 10.1037/a0028347

84. van Rijn S, Urbanus E, Swaab H. Eyetracking measures of social attention in young children: How gazepatterns translate to real-life social behaviors. Soc Dev (2019) 28:564–80. doi: 10.1111/sode.12350



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Ioannou, Seernani, Stefanou, Riedel, Tebartz van Elst, Smyrnis, Fleischhaker, Biscaldi-Schaefer, Boccignone and Klein. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Comorbidity Matters: Social Visual Attention in a Comparative Study of Autism Spectrum Disorder, Attention-Deficit/Hyperactivity Disorder and Their Comorbidity

      

        		

          Introduction

        



        		

          Material and Methods

        

          		

            Participants

          



          		

            Procedure

          



          		

            Data Analysis

          

            		

              Fixation Durations

            



            		

              Latencies to Face Fixations

            



          



          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Total Fixation Duration

          



          		

            Fixation Duration on Faces

          



          		

            Fixation Duration on Bodies and on Non-Social Elements

          



          		

            Latency to First Face Fixation and Completion of Face Fixations

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Fixed effect

Group.

Group x social complexity

Social complexity
Total fixation duration
Provious social training

Falve.

65

475

66208
260
150

Eflect

(teccep)

- ADHDvs. TD
-ASDS.TD
~ASD + ADHD v5. TO

ADHD s, TD x high vs.low
ASDVS. TO x highvs.low
ASD + ADHD s, TD x hights. bow
highvs. low,

(covarite)

yos V5.0

Estimate

144

03
2
23

09
9
10
187
01
13

os%cl
Lower  Upper
185 153
14
3
02
a4 18
78 19
18 37
47 o126
01 02
o7 34

se

05

09
12
10

13
15
14
05
003
el

pvalue

<001

o717
0102
0032

0498
0001
080
<00t
<00t
0212

70, Typicaly Dovloing; ADHD, Atenton-DecMyperacity Dsora; ASD, Autism Spectum Dicrder: ASD + ADHD, comorti group wih ASD and ADHD G, Confdnce vt
pap gt m il bt ey dany





OEBPS/Images/logo.jpg
, frontiers
in Psychiatry





OEBPS/Images/fpsyt-11-545567-g001.jpg





OEBPS/Images/fpsyt.2020.545567_cover.jpg
, frontiers
in Psychiatry

Comorbidity Matters: Social Visual
Attention in a Comparative Study
of Autism Spectrum
Disorder, Attention-Deficit/Hyperactivity
Disorder and Their Comorbidity





OEBPS/Images/fpsyt-11-545567-g002.jpg
- [
R s =00
o
e
o -
L

5 [ 5
Ecthmatas and 955% corfidence itenal





OEBPS/Images/table1.jpg
Variable

Number of partipants
Mas (1 %)

pgo i yes
o

coucaton ot
1,2a,20, 2¢ (n %"
Social training in %)
CECL ot prtiams
et

ADHD symptomatoiogy
EAQ o

EAQ-Competence’
sAQ-total
SAQ-Competence’
ADOS tota soor0
ADLR iteraction
ADLR communicaton

ADIR resticted and rpeiv betiavior
Pemanent madcation (cours)

™

2
52

21215

(106-136)
110217
96-122)

8.0.40.52

50366
(16-55)
42287
(w0-48)

ADHD.

2
7

126209
(19131
102213
o211

010,76, 14

649279
(89-72)
66210
€571

71511
©57)
sax12
[
63:18
58
49:18
36

WP 12!

2
&

123x1.1

17130
108221
(8-114)

8254225

EY

681283
(64-72)
7662134
6759

66211
©87)
48116
58
55216
@
58211
6863
126249(10-17)
126243 (10-17)
138251 (11-14)
52+29(8-13
ap1

ASD + ADHD.

15
%

2210
4128
%215
84109
0.7.7.68

o

64785
(270
770284
278

72209
€979
a1:14
@3-5)
68213
©8
53:17
6
102+43(7-13)
12649 (10-17)
156+76(10-22)
4823106
2P 2, MPH '

‘Statisticalinference.

Hypothesis

testing

-0
p-002

p=007

=002
=089
<001

<00l

p=0z8
p=002
p=013

p=02

contrasts.

D < ADHD, ASD,
S0+ AOHD
D < ADHD < ASD,
S0+ AOHD

A0HD < ASD

Vaues conespond 10 goup meen 1 standard raton, i 25 pecent an 75” parcentioa nside parheses, f ot staed olheuiss. A1 30res (o CBCL and SRS ao T-
ores, whio af score for EAQ and SAQ aro Stanin sces, "Eccation i categorcal1: primary scho, 2-: saconcay el onest 0 hhast subior). Highercompotenco
scores ar assochted with pomal fxctoing. 'Medication ha been scontiued at 1y of the expecment, Abbrevatons: TD, Typicaly Deveoping: ADHD, Attenton Def
Fhpecactity Dscro; ASD, Auts Spectm Disrd; ASD + ADHD, GO group wilh ASD ant ADHD £, Chs5ured p. i “<*and ™* Symoos e tatscaly
spicantcontasts; CBCL, Chi Baaior Chockst; SRS, Socal Rasponsivonas Scak: EAQnd SAQ, Etomaanl So.assassmend Questonnaes ox ADHD, espoctvoly, basodon
-0 DLV 508 ADDRE: Author Clainastls Chairinitn Sehathaic AR Aol BEoAG itsndus Andbac-MOFC s bAstchas AAD: stk adtstihonts.





