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Abstract: Pain processing and attention have a bidirectional interaction that depends upon one’s

relative ability to use limited-capacity resources. However, correlations between the size of

limited-capacity resources and pain have not been evaluated. Working memory capacity, which is a

cognitive resource, can be measured using the reading span task (RST). In this study, we hypothesized

that an individual’s potential working memory capacity and subjective pain intensity are related. To

test this hypothesis, we evaluated 31 healthy participants’ potential working memory capacity using

the RST, and then applied continuous experimental heat stimulation using the listening span test

(LST), which is a modified version of the RST. Subjective pain intensities were significantly lower

during the challenging parts of the RST. The pain intensity under conditions where memorizing tasks

were performed was compared with that under the control condition, and it showed a correlation

with potential working memory capacity. These results indicate that working memory capacity

reflects the ability to process information, including precise evaluations of changes in pain

perception.

Perspective: In this work, we present data suggesting that changes in subjective pain intensity are

related, depending upon individual potential working memory capacities. Individual working

memory capacity may be a phenotype that reflects sensitivity to changes in pain perception.
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S
ubstantial evidence exists that pain is closely related
to cognitive function.1,2,18,19 The perception of pain
requires attention to noxious stimuli. Changing the

focus of attention away from noxious stimuli has been
shown to effectively reduce pain.50 Pain is perceived as
less intense when a person is distracted from the pain
by a challenging cognitive task,4,6,22,35,47 such as a

working memory task.27 However, pain increases when
it is the focus of attention.36

Working memory designates a system involved in
the temporary storage and processing of information.
Working memory tasks have been used not only as an
evaluation tool of memory functions but also as an
attention control task.27

There are many kinds of working memory tasks, and
each task requires various types of brain functions,
including executive function. Executive function is an
umbrella term for many cognitive processes, including
maintenance of long-term goals, planning, the ability
to ignore distracting information, and the ability to
suppress inappropriate responses. As such, executive
control is an important part of the working memory
system and is responsible for maintaining relevant
items in short-term memory storage, removing relevant
items from short-term memory storage, removing items
no longer needed, and ignoring items that are not
relevant to the task at hand. Brain imaging studies
have demonstrated that activity evoked by pain and
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attention-demanding tasks are typically located in
similar regions,44 leading to the hypothesis that these
regions play a role in general salience detection.14,17

Moreover, previous studies have shown that patients
with chronic pain have poor executive functioning.1

The reading span task (RST) is a commonmemory span
task in which participants are required to read a few
sentences and remember a target word in each
sentence.13 It can used to analyze individual differences
in working memory capacity, which is a cognitive
resource. The RST is a complex verbal test because it
draws upon storage and processing, which are elements
of working memory. In contrast, simple verbal tests such
as a word span test require only storage.28 The listening
span test (LST) is a variant of the RST inwhich participants
are required to listen to a few sentences and remember
the last words in each sentence. In an imaging study,
we previously showed that individuals with a higher
working memory capacity had higher connectivity
between the anterior cingulate cortex (ACC) and
prefrontal cortex (PFC) while performing an RST used
to evaluate executive functioning.33 However, no studies
on experimental pain using the RSTor on the correlation
between pain and working memory capacity as
evaluated by the RST have been conducted.
In the present study, we hypothesized that an

individual’s potential working memory capacity and
subjective pain intensity are related.

Methods

Participants
The participants were 31 healthy volunteers with

normal or corrected-to-normal vision; no history of
neurologic, psychiatric, or chronic pain disorders; and
no current psychotropic or analgesic drug use. All
31 patients (mean age, 23.67 6 2.31 years; 9 women)
were recruited for the experiment. Participants provided
written informed consent. The experimental procedures
were approved by the local ethics committee.

Stimuli
We employed graded heat as the noxious stimulus and

applied themaximum temperature that each participant
could endure. Thermal stimuli were delivered in a highly
accurate fashion to the ventral surface of the nondomi-
nant forearm via a 30 � 30 mm2 Peltier device (Pathway;
Medoc Ltd, Ramat Yishai, Israel). This device was
attached to the forearm with a strap, moved to an
adjacent area after the presentation of every third
stimulus to avoid habituation or sensitization to
repeated stimulation, and maintained at a baseline
temperature of 32�C. Stimulus temperatures were
delivered with rise and fall rates of 8�C/second and
were feedback controlled.
To avoid a floor effect, we set the stimulation tempera-

ture during the working memory task to the maximum
temperature that the participants could endure and
that was within the safety settings of the stimulator. The
participants underwent a trial stimulation (15-second

plateau stimulation and 60-second rest [32�C] at
5 temperatures: 40�C, 42�C, 44�C, 46�C, and 48�C) in
ascending order and evaluated the pain intensity using
a continuous visual analog scale (VAS) evaluation system
(CoVAS; Medoc Ltd). Then, to evaluate the pain intensity
when the subjects were not engaged in the task and to
determine the actual stimulation temperature, 3
different stimuli were applied randomly and repeatedly
(30-second plateau stimulation and 60-second rest
[32�C], 4 repetitions) across temperatures varying by
1�C. These temperatures were determined in the initial
test using the maximum temperature at which the
participants reported a pain intensity of less than
80/100.39 For example, if the participants described their
maximum pain intensity as 90/100 at 48�C, the next
stimulation temperatures were 45�C, 46�C, and 47�C.
The stimulation temperature was established as the
maximum temperature at which the participants
evaluated their pain intensity as less than 80/100. For
safety, the stimulation temperature was maximally
limited to 48�C when we applied the 60-second
tonic stimulation. Thus, if the participants felt pain
under 80 mm at 48�C, the stimulation temperature was
set at 48�C.

Working Memory Task

RST
To evaluate working memory capacity, all participants

performed the RST. This test is an established method of
assessing baseline working memory capacities that has
been confirmed to predict reading efficiencies in a
similar way to the Carnegie-Mellon University version
developed by Daneman and Carpenter13 and to be sensi-
tive to individual differences.31,32 As shown in Fig 1, this
task required that participants read aloud sets of senten-
ces and remember a targetword (written and underlined
in red ink) in each sentence. After reading aloud the last
sentence of each set, the participants were asked to
recall the series of target words. The number of
sentences in a set (ie, set size) increased over time from
1 to 5 sentences. Each sentence set size was presented
in 5 trials, but with different sentences comprising the
set in each trial. All participants completed the 5 trials
for each set size. In terms of performance, we evaluated
the proportion of words, which was the average
proportional recall in each sentence condition, and the
span score, which was the highest level at which a

Figure 1. Sample sentences for the reading span test:
The participants read 5 sentences loudly and memorized
the words that were written and underlined in red ink.
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