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Empathy: 

Sharing  others’ 

emotional  state

BackgroundS m i t h  2 0 1 6 ,  2 0 1 7 ,  2 0 2 1 ,  P M I D s  2 7 7 7 4 5 1 2 ,  2 8 7 8 5 7 2 7 ,  3 3 4 1 4 2 1 6 ;  W a l c o t t  2 0 1 8 ,  P M I D  

2 9 5 6 4 9 7 2 ;  R e i n … S m i t h  2 0 2 2 ,  2 0 2 4   P M I D  3 6 2 2 7 7 4 2 ,  3 8 6 5 7 0 5 7
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Evolutionarily conserved  “levels” of Empathy



Emotional contagion, observational fear, behavior 
matching, social buffering, social transfer of sickness 
behavior, “Helping” behavior and consolation behavior

(Langford et. al. 2006; Chen et. al. 2009; Jeon et. al. 2010; Davitz & Mason, 1955; Fanslow 1985, Bartal, Decetey, Mason, 2011; Alves, Ribeiro, & Palermo-Neto, 
2012; Jennings, Okine, Roche, & Finn, 2014; Raber & Devor, 2000; Baptista-de-Souza et al., 2015; Burkett et al 2016)

Mimicry and
Emotional contagion

Consolation

Helping Behavior



Bystander

Primary

Bystander Primary

Control

Control

Pain State Matching

Pain  +  Bystander  

Bystander

Control  +  Control  

Bystander displays 

pain

1hr 
social 

interaction

STATE 

MATCHING

Postdoc, Ongoing
S m i t h  2 0 1 6 ,  2 0 1 7 ,  2 0 2 1 ,  P M I D s :  2 7 7 7 4 5 1 2 ,  2 8 7 8 5 7 2 7 ,  3 3 4 1 4 2 1 6  

R e i n … S m i t h  2 0 2 2 ,  2 0 2 4 ,  P M I D :  3 6 2 2 7 7 4 2 ,  3 8 6 5 7 0 5 7
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S m i t h  2 0 2 1 ,  P M I D :  3 3 4 1 4 2 1 6  
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Control Control

Pain

Pain State Matching

Control Bystander

▪ Negative Affect
▪ Thermal Aversion
▪ Hyperalgesia
▪ Facial Grimace
▪ Behavioral Despair

▪ Anhedonia
▪ Anxiety
▪ Stress Responsivity
▪ Auditory Reactivity
▪ HPA Axis Activation

▪ Inflammation
▪ Gut Microbiome

…Rats, Prairie Voles
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Postdoc, OngoingS m i t h  2 0 2 1 ,  P M I D :  3 3 4 1 4 2 1 6  
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Neural

Mechanisms

STATE 
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Of pain and empathy

Anterior Cingulate

Anterior Insula

Thalamus

Receive electric 
shock

Watching loved one 
receive electric shock

Singer et. al (2004)

Somatosensory Cortex



State Matching Activates Regions Important for 

Pain and Empathy

Postdoc, Ongoing

Important for human empathy and 
prosocial behavior in humans!

S m i t h  2 0 2 1 ,  P M I D :  3 3 4 1 4 2 1 6
R e i n … S m i t h  2 0 2 2 ,  2 0 2 4 ,  P M I D :  3 8 6 5 7 0 5 7
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Neural Circuit for Pain State Matching

Postdoc, Ongoing
S m i t h  2 0 2 1 ,  P M I D :  3 3 4 1 4 2 1 6
R e i n … S m i t h  2 0 2 2 ,  2 0 2 4 ,  P M I D :  3 8 6 5 7 0 5 7
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Neural Circuit for Pain State Matching

Cingulate → Accumbens

Necessary and sufficient for state 

matching for pain and pain relief

Postdoc, Ongoing

Pain, 
Relief

S m i t h  2 0 2 1 ,  P M I D :  3 3 4 1 4 2 1 6
R e i n … S m i t h  2 0 2 2 ,  2 0 2 4 ,  P M I D :  3 8 6 5 7 0 5 7
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Pain

Pain-Relief

Fear

Neural Circuit for State Matching Depends on the 

Type of Social Information

ACC→BLA

Necessary for state matching for 

fear, but not pain

Postdoc, Ongoing

Pain, 
Relief

Fear

S m i t h  2 0 2 1 ,  P M I D :  3 3 4 1 4 2 1 6
R e i n … S m i t h  2 0 2 2 ,  2 0 2 4 ,  P M I D :  3 8 6 5 7 0 5 7
  



Emotional contagion
and prosocial

Pain and fear use 
distinct neural pathways

Same brain regions in mice 
and humans



www.smithlab.ucsd.edu



www.smithlabucsd.edu



Neural mechanisms of empathy
 -behav ioral a nd molecular charac teriza t ion

-serotonin,  oxytoci n & neurom odulators
-dis ordered em pathy (ASD, dem entia)

Brai n-body interactions during soc ial communi cation
-ca rdi ac res piratory  synchrony,  m icrobiome changes  (G il bert 

Lab)

Soc ial in fluences on B irth In jury
-mat ernal,  soci al par tner and off spring  out comes fo l low ing 

mat ernal birth  i n jury  (Burnett  Lab)
-model s o f caregiver burden and earl y l i fe  a dvers ity



Empathy

Affect

PainEmotion



Empathy

Adopting a sensory or emotional state that is more appropriate 
to another’s situation than one’s own. 

(Hoffman, 1975, Preston & De Waal, 2002; Panksepp & Lahvis) 

‘I feel 
your pain’
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