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Abstract

Background: Chronic pain is one of the most common health conditions among
older adults, triggering various disruptions in information processing across at-
tentional, emotional, and somatosensory domains. However, there is insufficient
information about how these aspects interact and their potential contribution to
the vulnerability of older adults to chronic pain. This study aimed to investigate
potential alterations induced by chronic pain during aging in attentional aspects
of tactile stimulation and to observe the influence of affective context.

Method: Twenty-six older adults with chronic pain (70.00 + 5.07 years; 11 males),
28 pain-free older adults (69.57 +3.96 years; 13 males) and 27 healthy younger
adults (21.48 +1.80years; 14 males) participated in the study. We compared the
somatosensory evoked potentials elicited by frequent and deviant stimulation
(probability 14%) applied when participants were viewing blocks of pleasant, un-
pleasant, and neutral images from the International Affective Picture System.
Results: During frequent stimulation, older adults with chronic pain showed
higher P50 and N100 amplitudes compared to pain-free older adults and younger
individuals. Furthermore, the older group with pain exhibited higher P300 am-
plitude during emotional contexts compared to neutral scenarios. During devi-
ant stimulation, older adults with chronic pain exhibited higher P50 and N100
amplitudes compared to pain-free older adults but displayed typical age-related
flattening during P300.

Conclusions: These findings indicate that chronic pain leads to a decline in the
ability to habituate to non-painful irrelevant somatosensory stimuli, especially
when it is presented in an emotional context.

Significance Statement: In the present study, we have observed how older indi-
viduals suffering from chronic pain exhibit a decline in the habituation capacity
of irrelevant somatosensory information. Furthermore, we have observed how
the affective context in which these individuals are situated leads to an exacerba-
tion of this deficit. Enhancing our comprehension of how aging and chronic pain
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interact to impact somatosensory processing could facilitate the tailoring of novel

intervention strategies.

1 | INTRODUCTION

Epidemiological studies suggest that more than 50%
of older adults over 65years suffer from chronic pain
(Dahlhamer et al., 2018), provoking disturbances in the
processing of information at the cognitive, affective,
and sensory levels (Domenichiello & Ramsden, 2019).
However, there is no information about how these distur-
bances interact in aging, and their contribution to vulner-
ability to chronic pain in older adults.

The oddball paradigm is a key experimental method
that examine habituation and attention capability, which
consist in presenting mostly identical stimuli (frequent)
with occasional deviant stimuli. Healthy individuals ex-
hibit enhanced cortical activation during deviant stimula-
tion (Sitges et al., 2010) while demonstrating pronounced
habituation during frequent stimulation (Montoya &
Sitges, 2006). These attentional deflections are reflected in
augmentations and reductions, respectively, of both early
(P50, N100) and late (P300) evoked potentials, which are
related to initial stimulus processing and attentional ori-
entation (Freedman et al., 1987; Nddtinen & Picton, 1987),
and stimulus evaluation (Picton, 1992).

Interestingly, during this task, individuals with
chronic pain and aging populations show similar alter-
ations. Chronic pain patients exhibit reduced habituation
during frequent stimulation, as seen in enhanced N100
across sensory domains (Choi et al., 2015, 2016; Coppola
et al., 2013). Likewise, an age-related augmentation of the
N100 has been observed during somatosensory (Bolton &
Staines, 2012), and visual (Czigler et al., 2006) stimulation.

Conflicting results exist regarding deviant stimulation
in chronic pain patients. One study reported a reduced
P300 response to auditory stimuli (Gubler et al., 2021),
while another found no changes during somatosensory
stimulation (Sitges et al., 2010). Nevertheless, chronic
pain patients are assumed to have impaired attentional
processes due to pain's demand for cognitive resources
(Eccleston & Crombez, 1999). Older adults demonstrate a
similar decline in attentional response, reflected in reduced
P300 across sensory domains (Bolton & Staines, 2012;
Polich, 1996), typically interpreted as a marker of dimin-
ished cognitive processing.

Furthermore, research shows that affective context
influence attentional processing during the oddball par-
adigm, indicating that Somatosensory Evoked Potentials
(SEPs) are diminished during an unpleasant context,
underscoring the competition for attentional resources

(Montoya & Sitges, 2006). Indeed, it is well-known that
chronic pain patients exhibit a negativity bias (Duschek
et al., 2014), leading to an abnormal processing of somato-
sensory information when somatic signals arise from the
body within an aversive context (Montoya et al., 2005).
Affective modulation during oddball paradigms hasn't
been studied in aging. However, the “positivity effect” is
well-established in older individuals, involving a tendency
to prioritize positive stimuli over negative ones (Mikels
et al., 2014).

Therefore, the present study aims to investigate the
interaction between aging and chronic pain in SEPs, and
their modulation during an oddball paradigm with dif-
ferent affective contexts, among older with chronic pain
(POA), pain-free older (OA), and healthy younger (YA).
We expect POA to show decreased habituation, as seen in
increased N100 during frequent stimulation. Additionally,
we hypothesize POA will show reduced P300 during de-
viant stimulation. Lastly, due to chronic pain's affective
symptomatology, POA may lack the positivity effect, dis-
playing heightened attentional bias to unpleasant contexts.

2 | METHODS AND MATERIALS

2.1 | Participants

Eighty-seven volunteers were initially recruited for the
study. Younger participants were mainly recruited from
the University of the Balearic Islands, while older adults
were recruited from a senior program of the same uni-
versity and from different senior citizen associations in
Mallorca. However, 6 participants had to be excluded
either because of technical problems during the electro-
encephalography (EEG) session (1 POA) or due to exces-
sive artefacts in EEG recordings (>30% rejected trials after
preprocessing; 2 POA, 3 YA). Therefore, the final sam-
ple was composed of 26 older adults with chronic pain
(POA) (70.00 +£5.07years; 11 males), 28 pain-free older
adults (OA) (69.57 £ 3.96 years; 13 males), and 27 healthy
younger adults (YA) (21.48 +£1.80years; 14 males) (see
Table 1).

Participants were invited to the EEG session, on con-
dition that they did not present with: (1) any psychiatric
or neurological condition (including having a score >9 on
PHQ-9 or >11 on GAD-7); (2) uncontrolled hypertension,
heart failure, or history of acute myocardial infarction; (3)
systemic rheumatic disorders (i.e., rheumatoid arthritis,
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TABLE 1 Sociodemographic, clinical and self-reported data.

Age

Male n (%)

Female n (%)
PANAS-positive
PANAS-negative
PCS-Rumination
PCS- Magnification
PCS-Helpless

Younger

Mean + SD (range)
21.48+1.80 (18-25)
14 (51.8)

13 (48.2)
37.88+3.87 (28-47)
13.96 +4.30 (10-25)
2.11+2.25 (0-16)
2.69+4.13 (0-10)
3.14+3.64 (0-17)

Pain-free older

Mean + SD (range)
69.57 +3.96 (62-77)
13 (46.4)

15 (53.6)
40.75+5.59 (32-50)
12.35+3.25 (10-21)
0.82+1.44 (0-7)
0.42+1.37 (0-5)
0.64+1.41 (0-5)

Older with chronic
pain

Mean + SD (range)
70.00+5.07 (62-82)
11 (42.3)

15 (57.7)
38.03+6.69 (27-49)
13.50+5.10 (10-27)
2.24+2.53 (0-16)
3.60+4.83 (0-8)
3.68+4.74 (0-16)

m

Statistics

F(2,78)=1419.502, p<0.001*"
74(2,81)=0.488, p=0.783

F(2,78)=2.363, p=0.101
F(2,78)=1.035, p=0.360
F(2,77)=3.753, p=0.028°
F(2,77)=5.162, p=0.008°
F(2,77)=5.825, p=0.004"¢

PHQ-9 4.25+2.63 (0-9) 1.75+2.48 (0-7) 3.96+3.16 (0-9) F(2,78)=6.734, p=0.002%¢

GAD-7 4.74+2.75 (0-11) 1.57+2.16 (0-7) 3.65+3.09 (0-11) F(2,78)=9.887, p <0.001*°

Medication
Cholesterol N=0 N=2 N=3 A(2,81)=3.11, p=0.211
Hyperthension N=0 N=6 N=12 £4(2,81)=16.340, p<0.001*°
Anxiolytic N=0 N=1 N=3 74(2,81)=3.927, p=0.140
Antidepressant N=0 N=4 N=5 7(2,81)=5.40, p=0.067
Anti-inflammatory N=0 N=0 N=5 24(2,81)=11.27, p=0.004>*
Others N=1 N=11 N=12

Note: Means, standard deviation and range values are displayed for younger and older participants with and without chronic pain. Statistical values and

significance of group differences are shown.

Abbreviations: PANAS, Positive and Negative Affect Schedule; PCS, Pain Catastrophizing Scale; PHQ-9, Patient Health Questionnaire; GAD-7, Generalized

Anxiety Disorder Assessment.
*Differences between Younger adults and Pain-free older adults.

"Differences between Younger adults and Older adults with chronic pain.

“Differences between Older adults with chronic pain and Pain-free older adults.

systemic lupus, fibromyalgia); (4) chronic opioid use; (5)
suffered cancer or undergoing treatment in the last 5years;
(6) suffered COVID in the last 3 months; (7) having under-
gone a surgical intervention in the last 6 months; (8) cog-
nitive impairment (Mini Mental State Examination <27
(Lobo et al., 1999)); (9) left-handedness and; (10) acute or
chronic pain (only for OA and YA). Inclusion in the POA
group required self-reported suffering from chronic mus-
culoskeletal pain, defined as the presence of pain in at
least 1 location of moderate or severe intensity (minimum
rating of 3 out of 10) in the previous 6 months, some, most,
or all the time (Buckalew et al., 2010; Ezzati et al., 2014;
McCarthy et al., 2009). These criteria are consistent with
the definition of chronic pain issued by the International
Association for the Study of Pain (Nicholas et al., 2019).
Regarding clinical features of pain, participants in the
POA group reported as their worst pain zone the upper or
lower back (n=11), shoulders/neck (n=5), knee (n=56),
or other zones (hip, hand, and abdomen) (n=4). The
mean age of pain onset was 58.48 +13.70years and the
mean pain duration was 11.51+12.79years. Maximum,

mean and minimum clinical pain intensity measured
with a numerical rating scale (NRS, ranging from 0 to 10)
during the week prior to the experiment reported by the
participants were 5.76 +2.17, 4.57 +1.36, and 2.11+1.86,
respectively.

2.2 | Procedure

Prior to the EEG recording day, all participants un-
derwent an initial assessment session. This labora-
tory appointment started with a semi-structured
interview regarding the medical and psychological his-
tory (see information about medication in Table 1). In
addition, anxiety and depression were evaluated by the
Spanish versions of the Generalized Anxiety Disorder
Assessment (GAD-7) (Garcia-Campayo et al., 2010) and
the Patient Health Questionnaire (PHQ-9) (Kroenke
et al., 2001), respectively. Chronic pain patients also
completed a pain history interview (location, duration,
intensity, daily interference of pain, etc.) as well as the
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Spanish version of the Brief Pain Inventory (BPI) (de
Andrés Ares et al.,, 2015). Handedness laterality was
evaluated with the Edinburgh Handedness Inventory
(Oldfield, 1971).

Participants were requested not to take analgesics or
anti-inflammatory drugs on the day of the EEG session.
On arrival in the laboratory, and prior to the EEG re-
cording, they completed the Positive and Negative Affect
Schedule (PANAS) (Watson et al., 1988) to assess their
mood. Finally, after the EEG recording (to avoid gener-
ating possible expectancies), participants completed the
Spanish version of the Pain Catastrophizing Scale (PCS)
(Sullivan & Pivik, 1995).

All individuals were naive to the experiment and gave
written informed consent prior to participating. The study
was conducted in accordance with the Declaration of
Helsinki (1991) and was approved by the Ethics Committee
of the Balearic Islands (IB 4281/20).

2.3 | Somatosensory stimulation

SEPs elicited on tactile stimulation were recorded follow-
ing an oddball paradigm, adapting the used by Montoya
et al. (2005, 2006). During this experimental task, two
types of stimuli were presented in a random series such
that one of them occurs infrequently (oddball or deviant
stimuli). In the present experiment, 630 (86%) stimuli
were applied to the right hand (frequent stimuli) and 105
(14%) stimuli were applied to the left hand (infrequent
stimuli). All stimuli were delivered using a pneumatic
stimulator consisting of a small membrane attached to
the index finger by a plastic clip. Participants received
three stimulation blocks in counterbalanced order, during
which they viewed either pleasant, unpleasant, or neutral
images from the International Affective Picture System
(IAPS) (Lang et al., 2008). Therefore, in each block 35
pictures of the same affective context were presented for
6s followed by a 500-millisecond blank screen. One devi-
ant and six frequent tactile stimuli were delivered during
each picture. Thus, a total of 245 tactile stimuli (210 even,
35 odd) of 100 ms duration with a constant pressure of
two bar and a variable interstimulus interval of 925 ms
(£50ms) were presented during each emotional condi-
tion. Pneumatic stimulation was pseudorandomized; odd
stimuli never appeared first in the sequence to avoid coin-
ciding with the appearance of a new image from the IAPS.
This was done to ensure that the presence of the new vis-
ual stimulus would not affect the amplitude of the deviant
somatosensory stimulus. Moreover, two odd stimuli were
never presented successively. None of the participants re-
ported discomfort associated with the tactile stimulation.

At the end of the EEG session, participants were asked to
rate IAPS images regarding valence (from 1 = very un-
pleasant to 9 = very pleasant) and arousal (1= very low to
9 = very high) using a Self-Assessment Manikin (SAM).
The images were selected based on adaptations for the
Spanish and older population (Molté et al., 2013). Arousal
ratings for images presented in the pleasant and unpleas-
ant blocks were matched (see Data S1 for the code of the
images used and their valence and arousal values accord-
ing to the norms). During the experiment, participants
were instructed to ignore the tactile stimulation, to pay
attention to the images, and to try and imagine experienc-
ing themselves in the situations portrayed in the pictures.
They were seated in front of a computer screen in a sound-
attenuated room.

2.4 | EEG recording

EEG signals were recorded using a QuickAmp amplifier
(BrainProducts GmbH, Munich, Germany) from 60 scalp
electrodes placed according to the International 10/20
System. Electrode signals were recorded using an average
reference calculated by the amplifier. An electrooculo-
gram (EOG) signal was obtained by placing one electrode
above and another below the right eye. Electrode imped-
ance was kept below 10K Q. EEG and EOG signals were
recorded with a sampling rate of 1000 Hz using Brain
Vision Recorder software (BrainProducts GmbH, Munich,
Germany).

EEG signals were further processed offline using Brain
Vision Analyser (BrainProducts GmbH). Due to the per-
sistent presence of artefacts in frontopolar (Fpl, Fpz,
Fp2) and antero-frontal (AF3, AF1, AF2, AF4) electrodes,
these electrodes were excluded from the analyses, result-
ing in a total of 53 electrodes. A frequency band-pass fil-
ter of 0.1 to 35 Hz was applied. Eye movement artefacts
were corrected using the Gratton et al. (1983) (Gratton
et al., 1983). For analyses of evoked potentials elicited by
tactile stimuli, EEG waveforms were segmented in ep-
ochs of 900 ms duration (-100 to 800 ms relative to stim-
ulus onset) and baseline corrected (from -100 to 0 ms).
Thereafter, an artefact rejection protocol with the follow-
ing criteria was applied: maximal allowed voltage step/
sampling point=75mV, minimal allowed amplitude =
-75mV, maximal allowed amplitude=75mV, and max-
imal allowed absolute difference in the epoch=75mV.
Afterwards, EEG waveforms elicited by the tactile stimuli
were averaged separately for the type of stimulus (deviant
and frequent) and the emotional block (pleasant, unpleas-
ant and neutral) during which the stimulus occurred. All
average waves were digitally filtered (30 Hz low pass) and
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baseline-corrected before statistical measures of compo-
nent amplitude were computed. Peak amplitudes were
computed for the following SEP components: P50 (30-70
ms after stimulus onset) (Montoya & Sitges, 2006), N100
(60-110 ms) (Montoya & Sitges, 2006), and P300 (160-320
ms) (Picton, 1992).

Specifically, both P50 and N100 are typically located
primarily in centroparietal electrodes in the contralat-
eral hemisphere where the stimulation was received
(Montoya & Sitges, 2006). On the other hand, P300 is
usually observed bilaterally at the centroparietal elec-
trodes (Polich, 2007). In addition, visual evoked poten-
tials (VEP) elicited by pleasant, unpleasant and neutral
pictures were also analysed. The averaged window
spanned 700 ms from 100 ms prior to picture onset. P1
(80-130ms), N1(130-170 ms), P3 (280-380ms) and LPP
(300-600ms) (Hajcak et al., 2010; Olofsson et al., 2008)
were determined.

2.5 | Data analysis

Analyses were conducted using SPSS (IBM SPSS Statistics
for Windows, Version 23.0. Armonk, NY, USA: IBM
Corp). Sex distribution in the sample was analysed with
Chi-Square Tests. Age and questionnaire responses were
analysed with one-way ANOVAs with the factor GROUP
(OA, YA, POA). Valence and arousal ratings from the
IAPS evaluation were analysed with repeated meas-
ures ANOVAs with the within-subject factor EMOTION
(pleasant, unpleasant, neutral) and the between-subject
factor GROUP (OA, YA, POA).

For the SEPs analysis, we calculated a pool of left
frontal (F3, F5), right frontal (F4, F6), left frontocentral
(FC3, FC5), right frontocentral (FC4, FC6), left central
(C3, C5), right central (C4, C6), left centroparietal (CP3,
CP5), right centroparietal (CP4, CP6), left parietal (P3,
P5) and right parietal (P4, P6) electrodes. Furthermore,
we took into consideration whether the activity was lo-
cated on the contralateral or ipsilateral side of the tactile
stimulation. For deviant stimulation (left hand), activity
in electrodes located on the right side was considered
contralateral, and ipsilateral in the left hemisphere. The
opposite applied for frequent stimulation (right hand).
Taking this into consideration, SEP amplitudes were
statistically analysed using repeated measures ANOVAs
with the within-subject factors EMOTION (unpleas-
ant vs. neutral vs. pleasant), CONDITION (frequent vs.
deviant), ZONE (contralateral to the stimulation side
vs. ipsilateral), BRAIN (frontal, frontocentral, central,
centroparietal, parietal) and the between-subject factor
GROUP (OA, YA, POA).

m

VEPS amplitudes were statistically analysed for the Oz
electrode (Dan et al., 2020) using a multivariate ANOVA
for repeated measures with the factors EMOTION (un-
pleasant vs. neutral vs. pleasant pictures) as within-subject
factor, and GROUP (OA, YA, POA) as between-subject
factor.

All ANOVAs were adjusted using Greenhouse-Geisser
corrections for the degrees of freedom, and Bonferroni
corrections were applied when necessary.

Finally, Spearman’s correlations were computed to
investigate if P50, N100 and P300 amplitudes showing
significant differences between groups were associated
with valence and arousal ratings, PHQ-9 and GAD-7.
Bonferroni correction using as criteria the number of IAPS
ratings and questionnaires was applied, setting the new
p=0.012 (0.05/4). Additionally, in the POA group correla-
tions with the characteristics of clinical pain (pain inten-
sity and pain duration) were also performed.

3 | RESULTS

3.1 | Self-report measures

Regarding PCS scale, POA reported higher Rumination
and Magnification and Helpless scores than OA. YA re-
ported higher Helpless scores than OA (see Table 1 for
statistics, means and standard deviations). OA showed re-
duced scores in GAD-7 and PHQ-9 than POA and YA. No
other significant differences between groups were found
(see Table 1 for description and statistics).

3.2 | IAPS evaluation

The ANOVA for valence ratings showed a main ef-
fect of EMOTION (F(2, 136)=1051,291, p<0.001)
and a significant EMOTION*GROUP interaction (F(4,
136)=7.297, p<0.001). Post-hoc analyses showed that
POA rated pleasant pictures as more positive than YA
(p=0.022). Moreover, OA and POA rated unpleasant
pictures as more negative than YA (p=0.004, p <0.001,
respectively). Furthermore, all groups considered un-
pleasant pictures as the most negative stimuli, followed
by neutral and pleasant pictures (all ps<0.001) (see
Figure 1).

The ANOVA for arousal ratings showed a main ef-
fect of EMOTION (F(2, 136)=199.898, p<0.001) and
a significant EMOTION*GROUP interaction (F(4,
136)=8.869, p<0.001). Post-hoc analysis showed that
POA and OA perceived unpleasant images as more
arousing than YA (p <0.001, p=0.003, respectively). OA
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older adults with chronic pain (green) (¥*<0.05).

also perceived neutral images as more arousing than YA
(p=0.001). In addition, both groups of older adults rated
unpleasant images as the most arousing, followed by
pleasant, and finally neutral images (all ps <0.001). YA
rated pleasant and unpleasant pictures as more arousing
than neutral ones (all ps<0.001), while no differences
were found between pleasant and unpleasant images
(p=0.121) (see Figure 1).

3.3 | EEG analyses

3.3.1 | SEPs

SEP waveforms generated by both stimulus types exhib-
ited a positive peak (P50), succeeded by a negative peak
(N100) and a subsequent positive peak (P300) (refer to
Figure 2). The scalp topography of P50 and N100 com-
ponents indicated that brain activity evoked by tactile
stimulation was more pronounced over centroparietal
regions, and over electrodes contralateral to the site of
stimulation in comparison to ipsilateral ones. P300 ex-
hibited a centroparietal-dominant scalp distribution, ob-
served across both contralateral and ipsilateral areas. For
simplicity purposes, we will report our results focusing on
the type of stimulation (deviant and frequent) for each of
the components comprising the SEPs and limit ourselves
to reporting the post-hoc comparisons of interactions that
involve the GROUP factor. For more details on the topo-
graphic characteristics of the potentials and to verify all
post-hoc effects obtained from our ANOVAs, please con-
sult Data S2.

Arousal ratings (mean)

*
10

[

Neutral

Unpleasant Pleasant

[ Younger

[ Pain-free Older
[ Older with Chronic Pain

IAPS evaluation. Valence and arousal ratings of IAPS pictures from younger adults (red), pain-free older adults (blue) and

The multivariate ANOVA on P50 ampli-
tudes revealed significant main effects of ZONE
(F(1,78)=17.051, p<0.001), BRAIN (F(4,312)=21.026,
p<0.001), CONDITION (F(1,78)=36.400, p<0.001)
and GROUP (F(2,78)=6.281, p=0.003), as well as,
significant CONDITION*GROUP  (F(8,78)=3.557,
p <0.033), ZONE*BRAIN (F(4,312)=19.878, p <0.001),
ZONE*BRAIN*GROUP (F(8,312)=2.473, p=0.032)
and BRAIN*CONDITION*GROUP (F(8,312)=2.592,
p=0.026) interactions. The examination of the
BRAIN*CONDITION*GROUP interaction showed that
during deviant stimulation OA participants showed
reduced amplitudes in SEPs in comparison to POA
and YA at centroparietal (p=0.044, p=0.007, respec-
tively) and parietal (p=0.038, p=0.040, respectively)
electrodes. During frequent stimulation, POA showed
larger amplitudes than OA at central (p =0.012), centro-
parietal (p=0.009) and parietal (p=0.006) electrodes.
Furthermore, YA showed higher amplitudes than OA
at frontocentral (p=0.024) electrodes. No significant
differences between POA and YA were observed (all
ps>0.05) (see Figure 2).

The multivariate ANOVA on N100 ampli-
tudes displayed significant main effects of ZONE
(F(1,78)=52.212, p<0.001), BRAIN (F(4,312)=4.976,
p=0.006), CONDITION (F(1,78)=97.116, p<0.001)
and GROUP (F(2,78)=5.442, p=0.006). Furthermore,
a significant BRAIN*CONDITION (F(4,312)=3.543,
p=0.008), ZONE*BRAIN (F(4,312)=6.930, p<0.001),
CONDITION*GROUP (F(2,78)=3.186, p=0.047),
ZONE*BRAIN*CONDITION (F(4,312)=3.908, p=0.004),
and ZONE*CONDITION*GROUP  (F(2,78)=9.714,
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FIGURE 2 Somatosensory evoked potentials (SEPs). Grand averages of SEPs elicited by frequent and infrequent stimulation in their
contralateral centroparietal electrodes for younger adults (red lines), pain-free older adults (blue lines) and older adults with chronic pain
(green lines). Inverted triangle shows stimulation onset. Circles and grey areas underlie time windows showing statistically significant
differences between groups. Maps represent the scalp distribution at each peak (P50, N100, P300). *Differences between Younger adults and
Pain-free older adults (p <0.05). EDifferences between Younger adults and Older adults with chronic pain (p <0.05). CDifferences between

Older adults with chronic pain and Pain-free older adults (p <0.05).

p=0.010) interactions were found. The examination of
ZONE*CONDITION*GROUP showed that during devi-
ant stimulation POA showed higher amplitudes than OA
contralaterally (p =0.033), while YA showed higher ampli-
tudes than POA ipsilaterally. During frequent stimulation,
POA showed higher amplitudes than OA (p=0.005) and
YA (p=0.005) contralaterally. No significant differences
between groups were observed ipsilaterally (all ps>0.05)
(see Figure 2).

The multivariate ANOVA on P300 amplitudes re-
vealed main effects and interactions of BRAIN
(F(4,312)=10.479, p<0.001), CONDITION (F(1,78)=9.331,

p=0.003), BRAIN*GROUP (F(8,312)=3.404,
p=0.013), ZONE*BRAIN (F(4,312)=8.367, p<0.001),
ZONE*BRAIN*GROUP  (F(8,312)=4.094,  p=0.003),
BRAIN*CONDITION  (F(4,312)=17.830,  p<0.001),

BRAIN*CONDITION*GROUP (F(8,312) =8.940, p <0.001),
ZONE*CONDITION*BRAIN*GROUP  (F(8,312)=2.848,
p=0.021). Post-hoc analyses of ZONE*CONDITION
*BRAIN*GROUP revealed that during deviant stimulation,
YA displayed higher amplitudes than OA and POA at cen-
troparietal (p=0.011, p=0.002, respectively) and parietal
(p<0.001) contralateral electrodes. YA also showed larger
amplitudes than OA (p=0.018) and POA at frontal ipsilat-
eral electrodes (p=0.004) (see Figure 2). Finally, a signifi-
cant CONDITION*EMOTION*GROUP (F(4,156)=4.183,

p=0.007) interaction was also found. Post-hoc analyses
showed that during frequent stimulation, POA displayed
higher amplitudes during the unpleasant (p=0.030) and
pleasant (p=0.011) context in comparison to the neutral
context, while no differences in OA and YA were found (all
ps>0.05) (see Figure 3). No significant differences between
groups were observed when considering the emotional con-
text (all ps>0.05).

3.4 | VEPs

The multivariate ANOVA for P3 amplitudes revealed a
GROUP*EMOTION (F(4,156)=2.547, p=0.043) interac-
tion, indicating that POA showed higher amplitudes dur-
ing unpleasant (p=0.009) and pleasant (p=0.05) pictures in
comparison to neutral pictures (see Figure 4). No significant
differences regarding the affective context in YA and OA
groups neither between groups were found. No significant
differences in P1, N1 and LPP were found (all ps>0.05).

3.4.1 | Correlation analyses

We found no significant correlations between any ERP
(SEPs and VEPs) amplitudes and SAM ratings (valence
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and arousal), or with clinical pain characteristics in the
POA group (all ps>0.012).

4 | DISCUSSION

This study aimed to explore alterations in somatosen-
sory processing during an oddball paradigm in older
adults with chronic pain, to understand how brain
changes caused by chronic pain and aging combine to
modify somatosensory function and attentional pro-
cesses. Furthermore, we wanted to explore how affec-
tive context modulates somatosensory processing in
older adults with chronic pain. We found that, for fre-
quent stimuli, POA showed higher SEP amplitudes than
OA and YA, specifically for the P50 (OA) and N100 (OA
and YA). These results, as we hypothesized, may reflect
that chronic pain in older adults leads to an enhanced
habituation impairment. Second, during deviant stim-
ulation, OA exhibited lower amplitudes in early SEPs
compared to both POA and YA, specifically for the P50
(POA and YA) and N100 (POA), reflecting the expected
age-related decline in SEPs. This age-related decline was
not evident in POA during early latencies; it became
prominent in later latencies, with significantly reduced
P300 responses in both older adult groups (POA, OA)
compared to YA. Third, differences in affective modu-
lation were observed. Specifically, only the POA group
showed higher P300 amplitudes during pleasant and un-
pleasant contexts compared to neutral in P300 during
frequent stimulation. In summary, our results suggest
that chronic pain during aging exacerbates the habitu-
ation deficit typically reported in aging studies. This
inhibition deficit of irrelevant somatosensory informa-
tion coexists with the general cognitive deficit in aging,
reflected in reduced P300 to deviant stimulation. These
alterations can be particularly pronounced under affec-
tive demands. These findings have important implica-
tions for the characterization and treatment of pain in
aging, as discussed below.

Regarding frequent stimulation, POA displayed higher
P50 amplitude than OA and higher N100 than OA and YA.
As hypothesized, our findings suggest that the POA group
is unable to engage in inhibitory responses to sensory rep-
etition. Habituation is the capability of the central nervous
system to disregard unimportant sensory information,
marked by a decrease in neural activity after repeated ex-
posure to identical stimuli (Ndédtinen & Picton, 1987). This
phenomenon is seen as the brain's protective mechanism
against sensory overload. Dysfunction in this mechanism
is attributed to an overwhelmed higher-order system for
sensory perception and cognition (Freedman et al., 1987).
Different studies have shown that a habituation deficit is

m

common in patients with different chronic pain modali-
ties (Choi et al., 2016; Coppola et al., 2013; De Tommaso
etal., 2011, 2014; Lowén et al., 2015). Although similar re-
sults regarding habituation have also been found in aging
(Bolton & Staines, 2012), our results suggest that chronic
pain causes deficits in habituation capacity that exceed
those produced by the aging process.

During deviant stimulation, POA and YA showed
higheramplitudesin an early potential than OA. P50isan
early cortical response to somatic stimulation in the pri-
mary somatosensory cortex (Hari & Reinikainen, 1984).
Despite cognitive and affective influences on P50
(Montoya & Sitges, 2006; Yee & White, 2001), it is
linked to initial somatosensory encoding. On the other
side, N100 is linked to attention allocation (N&ditdnen
& Picton, 1987). In this sense, our results showed that
chronic pain in aging enhances early processing during
deviant simtuli, achieving the same amplitude as YA,
not showing the typical age-related flattening. These
results suggest that POA exhibited increased atten-
tional processing of somatosensory stimuli, consistent
with the literature indicating that chronic pain patients
generally show a heightened attentional focus on their
bodily sensations (Horsburgh et al., 2024). Moreover,
classic studies demonstrate how chronic pain is related
to this increased attentional focus on somatosensory
processing (Eccleston et al., 1997). However, this con-
clusion contrasts with the results for the P300, where
we observed the typical bilateral flattening associated
with aging in both groups of older adults, compared
to YA. This reflects an aging effect on the attentional/
evaluative somatosensory processing, aligning with
the existing literature (Bolton & Staines, 2012; Fjell &
Walhovd, 2004; Kamp, 2020). Therefore, our hypothesis
positing reduced somatosensory processing in the POA
compared to the OA, attributed to resource consump-
tion by pain according to Gubler et al. (2021), is not sup-
ported by our findings. Our results are more in line with
those observed by Sitges et al. (2010), where no effect on
P300 was observed due to the presence of chronic pain.
Indeed, we observed an increase in early latencies and a
reduction in later latencies, that may indicate an initial
attentional bias toward somatosensory stimuli that di-
minishes as their harmlessness is recognized. This pat-
tern suggests that when pain accompanies aging, there
may be a combination of reduced habituation, charac-
teristic of chronic pain, and an age-related flattening of
the P300 response to somatosensory stimuli.

Regarding the affective context effect on attentional
demand in the oddball paradigm, our results partially
support our hypothesis. We observed affective modula-
tion of SEPs only in POA. Specifically, during frequent
stimulation, POA showed higher P300 amplitudes
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for both pleasant and unpleasant contexts compared
to neutral, contrary to our expectation of a negative
context impact only. These results align with stud-
ies involving healthy participants showing an in-
creased P300 in response to emotionally salient stimuli
(pleasant or unpleasant) compared to neutral stimuli
(Carretié et al., 2003; Cuthbert et al., 2000; Schliiter &
Bermeitinger, 2017). The theoretical explanation for this
phenomenon is that highly activating stimuli mimic
biological arousal, increasing their attentional salience
(Polich, 2007). These conclusions align with VEPs re-
sults, where we found affective modulation (higher P300
amplitudes in pleasant and unpleasant conditions) only
in POA. This suggests that older adults with chronic pain
are more sensitive activating affective contexts, leading
to an increased deterioration of habituation capacity to
irrelevant stimulation.

Our results contrast with previous findings in healthy
young individuals showing SEPs modulation in affective
contexts (Montoya & Sitges, 2006). In those studies, SEPs
exhibited reduced amplitude during unpleasant contexts
compared to pleasant scenarios. This difference may
stem from using adapted images based on older popula-
tion norms, (Molto et al., 2013), generally making them
less impactful. Support for this hypothesis comes from
participants’ ratings of IAPS images. Both older groups
rated unpleasant images more negatively than YA. This is
consistent with the suggestion that adaptation has made
the images less attentionally salient, preventing affective
modulation from taking place in the YA group.

Despite insights from this study, acknowledging and
addressing limitations is crucial for interpreting findings.
First, although one strength of this study is having a sec-
ond control group consisting of healthy younger individ-
uals, having a sample of younger individuals with chronic
pain could have enriched our results. However, our main
objective is to observe how chronic pain combines with
the aging process, rather than exploring the differences
in experiencing chronic pain across the lifespan. Second,
due to the clinical characteristics of the pain group, the
two groups of older adults differed in anti-inflammatory
medication intake, which can influence affective states
(Husain et al., 2017). Nonetheless, participants were in-
structed not to take pain relievers or anti-inflammatories
before the EEG session. Moreover, although GAD-7 and
PHQ-9 scores obtained for all the participants are con-
sidered normative (Kroenke & Spitzer, 2002; Spitzer
et al., 2006), we found that OA showed better mood states
(reduced GAD-7, PHQ-9 and Helpless scores) than the
other groups. These differences can be explained by the
aforementioned “positivity effect” present in the older
population (Mikels et al., 2014), and did not affect our

results as shown by the ANCOVA performed controlling
by these scores (Data S3). Third, we found no signifi-
cant correlations between ERPs and IAPS evaluations,
or between ERPs and other clinical data, such as mood,
pain-related cognitions, or clinical pain characteristics
in POA. This limits the clinical interpretation of our re-
sults. Finally, we conducted an extensive topographic
analysis of our data (see Data S2). Although this analysis
may have reduced our statistical power, it has enhanced
the robustness of our results. Furthermore, our find-
ings indicate that in POA, changes during somatosen-
sory processing are observed in centro-parietal regions,
which are commonly associated with this type of stim-
ulation. Therefore, our study does not support the well-
documented compensatory over-recruitment of frontal
brain areas observed in aging (Li et al., 2018; Spreng &
Turner, 2019), possibly because this phenomenon was ob-
served during higher-order cognitive tasks, whereas our
study focuses on most basic attentional processes during
somatosensory processing.

In conclusion, we have found that POA exhibits an in-
crease in the amplitude of early SEPs during the process-
ing of frequent stimuli. These results suggest that chronic
pain leads to a deterioration in the habituation capacity to
non-painful somatosensory stimulation, which surpasses
that produced by aging alone. On the other hand, POA
shows similar cognitive-related alterations (reduced P300
during deviant stimuli) as observed in OA. Furthermore,
our findings indicate that alterations in somatosensory
processing among POA may be amplified in affective con-
texts, likely due to eliciting greater activation within this
group. This enhanced activation could in turn heighten
the evaluative processing of otherwise neglected somato-
sensory stimuli. A better understanding of how aging and
chronic pain combine in influencing somatosensory pro-
cessing may also help to adapt new intervention protocols,
considering the heightened vigilance toward bodily sensa-
tions and sensitivity to affective contexts in older individ-
uals suffering from chronic pain.
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