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                    Abstract
This study examined identification of emotional information in facial expression, prosody, and their combination in 23 adult patients with combined attention deficit-hyperactivity disorder (ADHD) versus 31 healthy controls (HC) matched for gender, age, and education. We employed a stimulus set which was carefully balanced for valence as well as recognizability of the expressed emotions as determined in an independent sample of HC to avoid potential biases due to different levels of task difficulty. ADHD patients were characterized by impaired recognition of all employed categories (neutral, happiness, eroticism, disgust, anger). Basic cognitive functions as assessed by neuropsychological testing, such as sustained attention, constancy of alertness, and verbal intelligence partially explained lower recognition rates. Removal of the correlated variance by means of regression analyses did not abolish lower performance in ADHD indicating deficits in social cognition independent of these neuropsychological factors (p < 0.05). Lower performance correlated with self-rated emotional intelligence (r = 0.38, p < 0.05) indicating that adults with ADHD are aware of their problems in emotion perception. ADHD patients could partly compensate their deficit in unimodal emotion perception by audiovisual integration as revealed by larger gains in emotion recognition accuracy during bimodal presentation (p < 0.05) as compared to HC. These behavioral results can serve as foundation for future neuroimaging studies and point rather towards sensory-specific regions than audiovisual integration areas in perception of emotional information in adult ADHD.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The positive aspects of attention deficit hyperactivity disorder: a qualitative investigation of successful adults with ADHD
                                        
                                    

                                    
                                        Article
                                         Open access
                                         29 October 2018
                                    

                                

                                Jane Ann Sedgwick, Andrew Merwood & Philip Asherson

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        An overview on neurobiology and therapeutics of attention-deficit/hyperactivity disorder
                                        
                                    

                                    
                                        Article
                                         Open access
                                         05 January 2023
                                    

                                

                                Bruna Santos da Silva, Eugenio Horacio Grevet, … Claiton Henrique Dotto Bau

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The global prevalence of ADHD in children and adolescents: a systematic review and meta-analysis
                                        
                                    

                                    
                                        Article
                                         Open access
                                         20 April 2023
                                    

                                

                                Nader Salari, Hooman Ghasemi, … Masoud Mohammadi

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	American Psychiatric A (2000) Diagnostic and statistical manual of mental disorders, 4th edn, text revision (DSM-IV-TR). American Psychiatric Association. doi:10.1176/appi.books.9780890423349
                        

	Aspan N, Bozsik C, Gadoros J, Nagy P, Inantsy-Pap J, Vida P, Halasz J (2014) Emotion recognition pattern in adolescent boys with attention-deficit/hyperactivity disorder. Biomed Res Int 2014:761340
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Barkley RA (1997) Behavioral inhibition, sustained attention, and executive functions: constructing a unifying theory of ADHD. Psychol Bull 121(1):65–94
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Barkley RA, Murphy KR (2010) Deficient emotional self-regulation in adulds with attention-deficit/hyperactivity disorder: the relative contributions of emotional impulsiveness and ADHD symptoms to adaptive impairments in major life activities. J ADHD Relat Disord 1(4):5–28

                    Google Scholar 
                

	Barkley RA, Fischer M, Smallish L, Fletcher K (2006) Young adult outcome of hyperactive children: adaptive functioning in major life activities. J Am Acad Child Adolesc Psychiatry 45(2):192–202
Article 
    PubMed 
    
                    Google Scholar 
                

	Beck AT, Steer RA (1987) Beck depression inventory—manual. The Psychological Association, San Antonio

                    Google Scholar 
                

	Beyer von Morgenstern S, Becker I, Sinzig J (2014) Improvement of facial affect recognition in children and adolescents with attention-deficit/hyperactivity disorder under methylphenidate. Acta Neuropsychiatrica 26(4):202–208
Article 
    PubMed 
    
                    Google Scholar 
                

	Blaha L, Pater W (1979) Zur Stabilität und Wiederholbarkeit (Reliabilität) des Intelligenz-Kurztestes MWT-B bei Langzeithospitalisierten. Der Nervenarzt 50(3):196–198
CAS 
    PubMed 
    
                    Google Scholar 
                

	Boakes J, Chapman E, Houghton S, West J (2008) Facial affect interpretation in boys with attention deficit/hyperactivity disorder. Child Neuropsychol 14(1):82–96
Article 
    PubMed 
    
                    Google Scholar 
                

	Buitelaar JK, van der Wees M, Swaab-Barneveld H, van der Gaag RJ (1999) Verbal memory and Performance IQ predict theory of mind and emotion recognition ability in children with autistic spectrum disorders and in psychiatric control children. J Child Psychol Psychiatry 40(6):869–881
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bunford N, Evans SW, Langberg JM (2014) Emotion dysregulation is associated with social impairment among young adolescents with ADHD. J Atten Disord 18:1–17

                    Google Scholar 
                

	Cadesky EB, Mota VL, Schachar RJ (2000) Beyond words: how do children with ADHD and/or conduct problems process nonverbal information about affect? J Am Acad Child Adolesc Psychiatry 39(9):1160–1167
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chronaki G, Garner M, Hadwin JA, Thompson MJ, Chin CY, Sonuga-Barke EJ (2015) Emotion-recognition abilities and behavior problem dimensions in preschoolers: evidence for a specific role for childhood hyperactivity. Child Neuropsychol 21(1):25–40
Article 
    PubMed 
    
                    Google Scholar 
                

	Corbett B, Glidden H (2000) Processing affective stimuli in children with attention-deficit hyperactivity disorder. Child Neuropsychol 6(2):144–155. doi:10.1076/chin.6.2.144.7056
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ethofer T, Bretscher J, Gschwind M, Kreifelts B, Wildgruber D, Vuilleumier P (2012) Emotional voice areas: anatomic location, functional properties, and structural connections revealed by combined fMRI/DTI. Cereb Cortex 22(1):191–200
Article 
    PubMed 
    
                    Google Scholar 
                

	Ethofer T, Bretscher J, Wiethoff S, Bisch J, Schlipf S, Wildgruber D, Kreifelts B (2013) Functional responses and structural connections of cortical areas for processing faces and voices in the superior temporal sulcus. Neuroimage 76:45–56
Article 
    PubMed 
    
                    Google Scholar 
                

	Geisser S, Greenhouse SW (1958) An extension of Box’s results on the use of the F distribution in multivariate analysis. Ann Math Statist 29:885–891
Article 
    
                    Google Scholar 
                

	Grabemann M, Mette C, Zimmermann M, Heinrich V, Uekermann J, Wiltfang J, Abdel-Hamid M, Zepf FD, Kis B (2013) No clear effects of acute tryptophan depletion on processing affective prosody in male adults with ADHD. Acta Psychiatr Scand 128(2):142–148
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kochel A, Schongassner F, Feierl-Gsodam S, Schienle A (2015) Processing of affective prosody in boys suffering from attention deficit hyperactivity disorder: a near-infrared spectroscopy study. Soc Neurosci 10(6):583–591
Article 
    PubMed 
    
                    Google Scholar 
                

	Kreifelts B, Ethofer T, Grodd W, Erb M, Wildgruber D (2007) Audiovisual integration of emotional signals in voice and face: an event-related fMRI study. Neuroimage 37(4):1445–1456
Article 
    PubMed 
    
                    Google Scholar 
                

	Lambrecht L, Kreifelts B, Wildgruber D (2012) Age-related decrease in recognition of emotional facial and prosodic expressions. Emotion (Washington, DC) 12(3):529–539

	Lambrecht L, Kreifelts B, Wildgruber D (2014) Gender differences in emotion recognition: impact of sensory modality and emotional category. Cogn Emot 28(3):452–469
Article 
    PubMed 
    
                    Google Scholar 
                

	Lehrl S (1977) Mehrfachwahl-Wortschatz-Intelligenztest: MWT-B. Perimed-Verlag Straube, Erlangen

                    Google Scholar 
                

	Lehrl S, Triebig G, Fischer B (1995) Multiple choice vocabulary test MWT as a valid and short test to estimate premorbid intelligence. Acta Neurologica Scandinavia 91(5):335–345
Article 
    CAS 
    
                    Google Scholar 
                

	Michalek AM, Watson SM, Ash I, Ringleb S, Raymer A (2014) Effects of noise and audiovisual cues on speech processing in adults with and without ADHD. Int J Audiol 53(3):145–152
Article 
    PubMed 
    
                    Google Scholar 
                

	Miller M, Hanford RB, Fassbender C, Duke M, Schweitzer JB (2011) Affect recognition in adults with ADHD. J Atten Disord 15(6):452–460
Article 
    PubMed 
    
                    Google Scholar 
                

	Murphy K, Barkley RA (1996) Attention deficit hyperactivity disorder adults: comorbidities and adaptive impairments. Compr Psychiatry 37(6):393–401
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Noordermeer SDS, Luman M, Buitelaar JK, Hartman CA, Hoekstra PJ, Franke B, Faraone SV, Heslenfeld DJ, Oosterlaan J (2015) Neurocognitive deficits in attention-deficit/hyperactivity disorder with and without comorbid oppositional defiant disorder. J Atten Disord. doi:10.1177/1087054715606216
                        
PubMed 
    
                    Google Scholar 
                

	Oerlemans A, van der Meer JJ, van Steijn D, de Ruiter S, de Bruijn YE, de Sonneville LJ, Buitelaar J, Rommelse NJ (2014) Recognition of facial emotion and affective prosody in children with ASD (+ADHD) and their unaffected siblings. Eur Child Adolesc Psychiatry 23(5):257–271
PubMed 
    
                    Google Scholar 
                

	Oldfield RC (1971) The assessment and analysis of handedness: the Edinburgh inventory. Neuropsychologia 9(1):97–113
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Pelc K, Kornreich C, Foisy M-L, Dan B (2006) Recognition of emotional facial expressions in attention-deficit hyperactivity disorder. Pediatr Neurol 35(2):93–97
Article 
    PubMed 
    
                    Google Scholar 
                

	Rapport LJ, Friedman SL, Tzelepis A, Van Voorhis A (2002) Experienced emotion and affect recognition in adult attention-deficit hyperactivity disorder. Neuropsychology 16(1):102–110
Article 
    PubMed 
    
                    Google Scholar 
                

	Retz-Junginger P, Retz W, Blocher D, Stieglitz RD, Georg T, Supprian T, Wender PH, Rösler M (2003) Reliabilität und Validität der Wender-Utah-Rating-Scale-Kurzform. Der Nervenarzt 74(11):987–993
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rösler M, Retz W, Retz-Junginger P, Thome J, Supprian T, Nissen T, Stieglitz RD, Blocher D, Hengesch G, Trott GE (2004) Instrumente zur Diagnostik der Aufmerksamkeitsdefizit-/Hyperaktivitätsstörung (ADHS) im Erwachsenenalter. Der Nervenarzt 75(9):888–895
Article 
    PubMed 
    
                    Google Scholar 
                

	Salovey P, Mayer JD, Goldman SL, Turvey C, Palfai TP (1995) Emotional attention, clarity, and repair: exploring emotional intelligence using the trait meta-mood scale. In: Emotion, disclosure, and health. American Psychological Association, Washington, DC, US, pp 125–154

	Schlipf S, Batra A, Walter G, Zeep C, Wildgruber D, Fallgatter A, Ethofer T (2013) Judgment of emotional information expressed by prosody and semantics in patients with unipolar depression. Front Psychol 4:461
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Schmidt S, Schussler G, Petermann F (2012) ADHD across the lifespan—an update on research and practice. Z Psychosom Med Psychother 58(3):236–256
PubMed 
    
                    Google Scholar 
                

	Schutte NS, Malouff JM, Hall LE, Haggerty DJ, Cooper JT, Golden CJ, Dornheim L (1998) Development and validation of a measure of emotional intelligence. Personal Individ Differ 25(2):167–177
Article 
    
                    Google Scholar 
                

	Schwenck C, Schneider T, Schreckenbach J, Zenglein Y, Gensthaler A, Taurines R, Freitag CM, Schneider W, Romanos M (2013) Emotion recognition in children and adolescents with attention-deficit/hyperactivity disorder (ADHD). Atten Defic Hyperact Disord 5(3):295–302
Article 
    PubMed 
    
                    Google Scholar 
                

	Serrano VJ, Owens JS, Hallowell B (2015) Where children with ADHD direct visual attention during emotion knowledge tasks: relationships to accuracy, response time, and ADHD symptoms. J Atten Disord. doi:10.1177/1087054715593632
                        
PubMed 
    
                    Google Scholar 
                

	Shapiro EG, Hughes SJ, August GJ, Bloomquist ML (1993) Processing of emotional information in children with attention-deficit hyperactivity disorder. Dev Neuropsychol 9(3–4):207–224
Article 
    
                    Google Scholar 
                

	Shaw P, Stringaris A, Nigg J, Leibenluft E (2014) Emotion dysregulation in attention deficit hyperactivity disorder. Am J Psychiatry 171(3):276–293
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Singh SD, Ellis CR, Winton ASW, Singh NN, Leung JP, Oswald DP (1998) Recognition of facial expressions of emotion by children with attention-deficit hyperactivity disorder. Behav Modif 22(2):128–142
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sinzig J, Morsch D, Lehmkuhl G (2008) Do hyperactivity, impulsivity and inattention have an impact on the ability of facial affect recognition in children with autism and ADHD? Eur Child Adolesc Psychiatry 17(2):63–72
Article 
    PubMed 
    
                    Google Scholar 
                

	Sjowall D, Roth L, Lindqvist S, Thorell LB (2013) Multiple deficits in ADHD: executive dysfunction, delay aversion, reaction time variability, and emotional deficits. J Child Psychol Psychiatry 54(6):619–627
Article 
    PubMed 
    
                    Google Scholar 
                

	Sobanski E, Alm B (2004) Attention deficit hyperactivity disorder in adults. An overview. Nervenarzt 75(7):697–715
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sobanski E, Bruggemann D, Alm B, Kern S, Deschner M, Schubert T, Philipsen A, Rietschel M (2007) Psychiatric comorbidity and functional impairment in a clinically referred sample of adults with attention-deficit/hyperactivity disorder (ADHD). Eur Arch Psychiatry Clin Neurosci 257(7):371–377
Article 
    PubMed 
    
                    Google Scholar 
                

	Uekermann J, Kraemer M, Abdel-Hamid M, Schimmelmann BG, Hebebrand J, Daum I, Wiltfang J, Kis B (2010) Social cognition in attention-deficit hyperactivity disorder (ADHD). Neurosci Biobehav Rev 34(5):734–743
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Vuilleumier P, Armony JL, Driver J, Dolan RJ (2001) Effects of attention and emotion on face processing in the human brain: an event-related fMRI study. Neuron 30(3):829–841
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wagner HL (1993) On measuring performance in category judgment studies of nonverbal behavior. J Nonverbal Behav 17(1):3–28
Article 
    
                    Google Scholar 
                

	Wender PH, Wolf LE, Wasserstein J (2001) Adults with ADHD. An overview. Ann N Y Acad Sci 931:1–16
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Williams LM, Hermens DF, Palmer D, Kohn M, Clarke S, Keage H, Clark CR, Gordon E (2008) Misinterpreting emotional expressions in attention-deficit/hyperactivity disorder: evidence for a neural marker and stimulant effects. Biol Psychiatry 63(10):917–926
Article 
    PubMed 
    
                    Google Scholar 
                

	Yuill N, Lyon J (2007) Selective difficulty in recognising facial expressions of emotion in boys with ADHD. General performance impairments or specific problems in social cognition? Eur Child Adolesc Psychiatry 16(6):398–404
Article 
    PubMed 
    
                    Google Scholar 
                

	Zimmermann P, Fimm B (2009) Testbatterie zur Aufmerksamkeitsprüfung (TAP) Version 2.2. Psytest, Herzogenrath

	Zoromski A, Owens J, Evans S, Brady C (2015) Identifying ADHD symptoms most associated with impairment in early childhood, middle childhood, and adolescence using teacher report. J Abnorm Child Psychol 43(7):1243–1255
Article 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgments
This study was supported by the University of Tübingen (Fortüne 2000-0-0) and the Deutsche Forschungsgemeinschaft (DFG ET 112/5-1).


Author information
Authors and Affiliations
	Department of General Psychiatry, University of Tübingen, Calwer Straße 14, 72076, Tübingen, Germany
Jeanne Bisch, Benjamin Kreifelts, Johannes Bretscher, Dirk Wildgruber, Andreas Fallgatter & Thomas Ethofer

	Department of Biomedical Magnetic Resonance, University of Tübingen, Tübingen, Germany
Thomas Ethofer


Authors	Jeanne BischView author publications
You can also search for this author in
                        PubMed Google Scholar



	Benjamin KreifeltsView author publications
You can also search for this author in
                        PubMed Google Scholar



	Johannes BretscherView author publications
You can also search for this author in
                        PubMed Google Scholar



	Dirk WildgruberView author publications
You can also search for this author in
                        PubMed Google Scholar



	Andreas FallgatterView author publications
You can also search for this author in
                        PubMed Google Scholar



	Thomas EthoferView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Thomas Ethofer.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Bisch, J., Kreifelts, B., Bretscher, J. et al. Emotion perception in adult attention-deficit hyperactivity disorder.
                    J Neural Transm 123, 961–970 (2016). https://doi.org/10.1007/s00702-016-1513-x
Download citation
	Received: 16 October 2015

	Accepted: 20 January 2016

	Published: 05 February 2016

	Issue Date: August 2016

	DOI: https://doi.org/10.1007/s00702-016-1513-x


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	ADHD
	Attention
	Audiovisual integration
	Emotional intelligence
	Facial expression
	Prosody








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					18.207.127.179
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    