
Activation of the default-mode 
network (DMN) — brain areas that 
are active during wakeful rest and 
the activity of which decreases dur-
ing task performance — has been 
proposed to reflect ‘mind-wandering’. 
Karen Davis and her trainees Aaron 
Kucyi and Tim Salomons now show 
that the DMN remains active during 
spontaneous mind-wandering away 
from pain, and that this activity 
is associated with structural and 
functional connectivity between the 
DMN and a key opiate-rich region of 
the pain-modulation system. 

Although pain is a highly salient 
stimulus, the experience of pain 
varies from moment to moment 
and among individuals. Specific 
cognitive strategies can reduce pain 
experience, but the authors focused 
on spontaneously occurring pain 
reductions by investigating whether 
they could be linked to DMN activ-
ity — for example, through con-
nections between DMN areas and 
pain-modulation areas. 

Volunteers received painful 
stimuli while fixating on a cross on 
a screen in a functional MRI (fMRI) 
scanner. After each stimulus they 
indicated the extent to which their 
thoughts and feelings had been 
focused on the pain or on something 
else, and whether that ‘something 
else’ was an external distraction 
(such as a sound), a task-related 
thought (such as what answer to 
give) or nothing in particular (that is, 
mind-wandering). 

Trials in which attention was 
directed towards pain (P trials) were 
associated with activation of pain- and 
salience-related brain areas and, as 
expected, with deactivation in the 
DMN. If attention was somewhere else 
(SE trials), some of the same pain- and 
salience-related areas showed weaker 
activation, and there was no DMN 
deactivation. The difference between 
DMN activation in P trials versus SE 
trials correlated with the degree to 
which the volunteers had attributed 
their ‘something else’ thought to mind-
wandering, suggesting that greater 
DMN activation during pain was 
associated with a tendency to mind-
wander away from pain. 

SE trials were also associated with 
increased functional connectivity 
between DMN areas (including the 
medial prefrontal cortex (mPFC)) 
and the periaqueductal grey 
(PAG) — an antinocicep-
tive area — during pain. 
Moreover, an individual’s 
proportion of SE trials 
over P trials correlated 
both with structural 
connectivity between 
the mPFC and PAG 
and with the vari-
ability in resting-state 
functional connectivity 
between these areas. In 
other words, people who 
had a low intrinsic attention 
to pain had greater structural 
and more dynamic functional 
mPFC–PAG connectivity.

This study could not correlate 
actual pain ratings with DMN 
activity, as such ratings would have 
directed attention to the pain stimu-
lus. Nevertheless, its findings suggest 
that sustained DMN activity during 
a painful stimulus may influence 
activity in pain-reducing areas such 
as the PAG.
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