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Loneliness and isolation are increasing in societies 
all around the world1-2. 

Adolescents may be particularly sensitive to the 
effects of isolation3-5. 

Social isolation during adolescence has been found 
to increase anxiety behaviours in animal models6. 

In rodents, social isolation in adolescence has 
been associated with a significant deficit in the 
extinction of the conditioned threat response7.

Research Question
How does social isolation affect threat learning in 
human adolescents?

 3 experimental sessions

40 participants  
(Age 16-19 years; 18 male)

3-4 hours in isolation

Loneliness increased across duration 
of isolation in both sessions (p < .01).

Loneliness increased more in the ISO 
Total than the ISO Media condition.

There was a 2-way interaction such that the threat cue (CS+) was rated significantly 
more anxiety provoking (p < .01) and unpleasant (p < .01) compared to the safety cue 
(CS-) in both isolation sessions compared to baseline.

There was a 3-way interaction such that higher levels of loneliness after social isolation 
were associated with rating the threat cue (CS+) more anxiety provoking (p < .05) and 
unpleasant (p < .01) compared to the safety cue.

Threat Rating ~ Sex + Age + IQ + Session*Cue + (Session*Cue | Participant)

Threat Rating ~ Sex + Age + IQ + Session*Cue*Loneliness + (Session*Cue*Loneliness | Participant)

Even brief periods of social isolation can increase 
behavioural markers of threat learning in human 
adolescents, and virtual social interactions do not 
fully remediate these effects.

Heightened threat learning could be one 
mechanism by which social isolation and loneliness 
increase anxiety6.

Loneliness has been linked to mental health 
problems in adulthood13, and this experimental 
evidence suggests that heightened threat learning 
might be a pathway by which social isolation 
exerts long term negative effects on well-being 
during development.

“How anxious does this  
shape make you feel?”  

[1] not at all anxious - [9] very anxious 

“How unpleasant/pleasant  
do you find this shape?”  

[1] very pleasant - [9] very unpleasant

average reconstructed response 
amplitude per condition
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“How lonely do you feel right now?”
[0] not at all - [100] extremely
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Recent advances in neuroimaging have allowed the 
automatic segmentation of the human amygdala 
into distinct subnuclei10.

We used Freesurfer to segment the amygdala into 
9 subnuclei (quantified as volume in mm3).

Functional imaging studies have shown the 
centromedial amygdala (CMA) as responsive 
to aversive outcomes, while implicating the 
basolateral amygdala (BLA) in the encoding of 
predictive aversive cues11-12.

Discussion

Threat Rating ~ Sex + Age + IQ + 
Session*Cue*Amygdala Volume + 

(Session*Cue | Participant)

Analysis Plan

Outstanding Questions/Issues
SCR data - outlier exclusion, physiological  
non-responders, peak scoring method, SCR 
frequency, SCL (skin conductance level - tonic)

sMRI data - multicollinearity of subnuclei, 
lateralization, multiple comparison correction, 
sample size
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