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Cortical Thickness Mediates the Association
Between Self-Reported Pain and Sleep Quality in
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Introduction: Musculoskeletal pain is prevalent in older adults representing the leading
cause of disability in this population. Similarly, nearly half of older adults complain of
difficulty sleeping. We aimed to explore the relationship between sleep quality with self-
reported musculoskeletal pain, somatosensory and pain thresholds in community-dwelling
older adults and further explore brain regions that may contribute to this association.
Methods: Older adults (>60 years old, n=69) from the NEPAL study completed demo-
graphic, pain and sleep assessments followed by a quantitative sensory testing battery.
A subset (n=49) also underwent a 3T high-resolution, T1-weighted anatomical scan.
Results: Poorer sleep quality using the Pittsburgh Sleep Quality Index was positively
associated with self-reported pain measures (all p’s >0.05), but not somatosensory and
pain thresholds (all p’s >0.05). Using a non-parametric threshold-free cluster enhancement
(TFCE) approach, worse sleep quality was significantly associated with lower cortical
thickness in the precentral, postcentral, precuneus, superior parietal, and lateral occipital
regions (TFCE-FWE-corrected at p <0.05). Further, only postcentral cortical thickness sig-
nificantly mediated the association between sleep quality and self-reported pain intensity
using bootstrapped mediation methods.

Conclusion: Our findings in older adults are similar to previous studies in younger
individuals where sleep is significantly associated with self-reported pain. Specifically, our
study implicates brain structure as a significant mediator of this association in aging. Future
larger studies are needed to replicate our findings and to further understand if the brain can
be a therapeutic target for both improved sleep and pain relief in older individuals.
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Introduction

Chronic pain is highly prevalent in older adults and represents the leading cause of
disability in this cohort. Similarly, nearly half of older adults complain of difficulty
sleeping.’ Studies have confirmed that several psychological and physical changes
occur with normal aging. While older adults experience changes in sleep architecture,
age itself does not result in disturbed sleep.” However, the ability to get needed sleep
does decrease with age." Age-related risk factors for poor sleep include psychiatric
illnesses, life changes (eg, retirement, bereavement, decreased social interactions),
environmental changes (eg, placement in a nursing home) and polypharmacy.' In
turn, poor sleep quality is considered a risk factor for age-related morbidity (eg,
cardiovascular disease, diabetes, dementia, depression, pain) and rnortality.}5
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Sleep disorders and chronic pain are both tied to sig-
nificant reductions in quality of life in older adults.
A recent meta-analysis estimated the pooled prevalence
of sleep disorders to be 44% among adults with chronic
pain.® Although the link between sleep and pain has been
widely established,”® the mechanisms underlying this rela-
tionship have yet to be fully elucidated. Different reports
have pointed toward the potential role of endogenous pain
modulation, inflammation, affect, mood and other states
such as emotional distress or catastrophizing as possible
mediators.” A growing literature has identified brain mor-
phometric changes in chronic pain'®"'’ Among these,
Alshuft and colleagues assessed cortical thickness in per-
sons with chronic knee osteoarthritis and found a negative
association between pain duration and cortical thickness
mainly in fronto-temporal areas.'' Further, studies report-
ing brain changes in people with sleep disorders'® 2> are
increasing. For example, in a longitudinal analysis in cog-

nitively normal older adults,*®

those participants who
reported average sleep duration <7 h exhibited higher
rates of subsequent thinning in the superior temporal sul-
cus and gyrus, inferior and middle frontal gyrus, and
superior frontal sulcus of the left hemisphere, and in the
superior frontal gyrus of the right hemisphere. Similar
results were reported by Suh and colleagues”’ where com-
pared to good sleepers, cortical thinning was found in
persistent insomnia symptoms in the anterior cingulate
cortex, precentral cortex, and lateral prefrontal cortex.
Given the evidence of the independent impact of both
conditions on cortical thickness, we propose the brain is
an important mediator of the sleep-pain relationship (see
Figure 1). To our knowledge, only one study to date has
reported how acute sleep deprivation negatively impacts
pain sensitivity specifically via its impact on brain function

Older Adults

/ey \
Sleep Quality «—?—»

Brain Structure

Figure | Mechanistic working model.

in younger individuals.”® However, similar relationships
have not been examined in older adults.

Therefore, the aim of the present study was to explore
the relationship between sleep quality and clinical pain, as
well as somatosensory and pain threshold measures in
community-dwelling older adults. Further, we explored
brain cortical structures that may contribute to this asso-
ciation. We employed quantitative sensory testing (QST)
to complement the subjective self-reported pain experience
and to noninvasively assess sensory and pain perception
pathway function that may help us understand potential
pathophysiological mechanisms. The primary hypothesis
of the present study was that sleep quality, as measured
with the Pittsburgh Sleep Quality Index (PSQI),* would
be significantly associated with measures of self-reported
pain as well as experimental somatosensory and pain
threshold measures using quantitative sensory testing.
Based on previous studies, we also hypothesized that
cortical thickness would be negatively correlated with
pain and PSQI, specifically in the fronto-temporal and
somatosensory regions.

Materials and Methods

Participants

Older adults (age >60 years) who were native English
speakers were recruited as part of an ongoing study at
the University of Florida (NEPAL: Neuromodulatory
Examination of Pain and Mobility Across the Lifespan).
Recruitment of participants was accomplished using news-
paper and flyers at UF and around the Gainesville com-
munity soliciting older participants to study how the brain
changes with age. Interested individuals were screened
over the phone and again in person to establish prelimin-
ary eligibility. Participants were excluded for any of the
following conditions: 1) serious psychiatric conditions (eg,
schizophrenia, major depression, bipolar disorder); 2) self-
reported history of alcohol or drug abuse in the past; 3)
Alzheimer’s, Parkinson’s, Epilepsy and other known intra-
cerebral pathology; 4) significant cognitive impairment as
evidenced by the Modified Mini-Mental State Examination
[3 MS] score <77; 5) hospitalizations for mental health
reasons in the past year; 6) chronic or current use of
narcotic medications; 7) serious systemic (uncontrolled
diabetes self-reported HbA1C >7), neurological, or cardi-
ovascular disease (uncontrolled hypertension >155/90 mm
Hg); 8) systemic rheumatic disorders (ie, rheumatoid
arthritis, systemic lupus erythematosus, fibromyalgia); 9)
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self-reported HIV or AIDS; 10) MRI contraindications (eg,
aneurysm clip, cardiac pacemaker, implanted cardioverter
defibrillator (ICD), electronic implant or device, magneti-
cally activated implant or device; artificial or prosthetic
limb, metallic stent, filter, or coil, any metallic fragment or
foreign body, wire mesh implant, surgical staples, clips, or
metallic sutures, joint replacement (hip, knee, etc.); 11)
excessive anxiety regarding protocol procedures; and 12)
inability to consent for study participation. All procedures
were conducted in accordance with the declaration of
Helsinki and reviewed and approved by the University of
Florida’s Institutional Review Board; in addition, all parti-
cipants provided informed consent prior to undergoing
further screening and any experimental procedures.
attended
(health assessment session (HAS), quantitative sensory

Participants separate experimental sessions

testing (QST) and neuroimaging). Only measures relevant
to the study hypotheses are included and presented below.
This is a secondary data analysis as we have previously
from

reported  detailed information

30,31

our Nepal

participants.

Health Assessment Session

A clinical research coordinator obtained written informed
consent followed by demographic and general health and
pain history information containing non-pathological per-
sonal history (ie, diet, exercise and toxic habits like smok-
ing, alcohol, and caffeine use) and personal pathological
history (ie, existing systemic diseases, existing sleep dis-
orders like obstructive sleep apnea, restless legs syndrome,
narcolepsy and insomnia; previous surgeries or hospitali-
zations and all medications taken). For the present study,
participants that reported any medical condition in the
health history questionnaire related to any sleep disorder
were excluded. During this session, we also assessed the
following constructs of interest: self-reported pain, global
cognition, depression and sleep quality.

Participants were categorized as having chronic pain if
they reported pain on most days during the preceding 3
months. When pain was reported during the clinical pain
history interview, participants drew in a validated body
manikin®* the anatomical pain regions where they had
experienced pain (head/face, neck, shoulders, arms,
hands, chest, stomach, upper and lower back, legs, knees,
and feet) including ratings of their worst pain intensity on
average using a numerical rating scale (NRS) and their
pain duration. We also assessed pain interference during

walking, using stairs, in bed, sitting or lying, and
standing.*

Global Cognition

The Montreal Cognitive Assessment (MoCA)** was admi-
nistered to assess global cognitive abilities including short-
term memory, orientation, executive function, language
abilities, animal naming, abstraction, attention, clock-
drawing test. Scores on the MoCA range from zero to
30, with a score of 26 and higher generally considered
normal global cognition.

Depressive Symptoms

The Center for Epidemiologic Studies Depression Scale
(CES-D)*° includes twenty items comprising six scales
reflecting major facets of depression: depressed mood,
feelings of guilt and worthlessness, feelings of helpless-
ness and hopelessness, psychomotor retardation, loss of
appetite, and sleep disturbance.

Sleep Quality

At the end of the session, subjects were provided with
a copy of the PSQI questionnaire, for them to complete at
their convenience and return at their next visit. The instru-
ment is used to measure the quality and patterns of sleep in
seven domains: Cl: subjective sleep quality, C2: sleep
latency (ie, the time it takes to fall asleep), C3: sleep
duration, C4: habitual sleep efficiency (the ratio of total
sleep time to time in bed), C5: sleep disturbances, C6: the
use of sleep-promoting medication (ie, prescribed or over-
the-counter), and C7: daytime dysfunction over the last
month. Each of the seven domains is a 0 to 3 scale. The
sum of the components produces a global score ranging
from 0 to 21, where a higher score indicates worse sleep
quality. For the present study, those participants who
checked question 5j of the PSQI questionnaire because
they reported trouble sleeping due to sleep apnea or the
use of machine for apnea were excluded (n=1).

Quantitative Sensory Testing (QST)

Session

As previously reported,’*'!

all QST procedures were
performed in a quiet room (temperature 21°C-23°C)
with subjects seated in a comfortable chair with armrests
and a semi-reclining back. An overview of the testing
procedures was explained to the subject and for each
different modality, specific instructions were delivered
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immediately before beginning the test. Measurement of
each threshold type was first demonstrated, and at least
one practice trial was conducted to ensure that subjects
understood the testing procedures. Vibratory and thermal
detection and pain threshold measurements were
obtained with the TSA-II Neurosensory Analyzer and
accompanying software (Medoc Ltd., Ramat Yishai,
Israel) tested at the thenar eminence of the hand and at
the first metatarsal head of the foot. The method of limits

was used to obtain all detection thresholds.

Vibration Detection Thresholds

The handheld VSA-3000 circular probe (contact tip = 1.22
cm?) of the Medoc system was used to measure vibratory
thresholds for a 100 Hz stimulus frequency. Subjects were
asked to indicate as soon as they felt the vibratory sensa-
tion. Three trials, separated by ~10 sec each, began at 0 pm
at a rate of 0.5 um/sec and increased until the subject
indicated that the stimulus was felt or until the maximum
amplitude of 130 um was reached. The mean value across
the three trials was calculated as the vibratory detection
threshold for each site.

Thermal Detection Thresholds

A 30 mm x 30 mm thermode connected to the TSA-II
Neurosensory Analyzer was used to deliver thermal sti-
muli. Each trial began at 32°C, and the temperature
decreased (for cool) or increased (for warm) at a rate of
1°C/second until the subject perceived the stimulus or until
the stimulus reached the cutoff value (0°C for cool and 50°
C for warm). Each trial was separated by approximately 10
seconds. The average of threshold temperatures across 4
trials was calculated as the thermal detection threshold for
each modality and test site.

Thermal Pain Thresholds

Subjects were instructed to indicate as soon as the sensa-
tion changed from “just being cold to being painfully
cold” or from “just being hot to being painfully hot.”
Each trial began at 32°C and was either decreased (for
cold pain) or increased (for heat pain) at a rate of 1°C/sec
until pain threshold was reached or the cutoff value was
reached (0°C for cold pain and 50°C for heat pain). Each
trial was separated by at least 20 sec. The mean across
three trials at each test site was calculated for both the heat
and cold pain detection threshold.

Pressure Pain Thresholds

An AlgoMed computerized pressure algometer (Medoc
Ltd., RamatYishai, Isracl) was used to deliver calibrated
pressure through a 10mm rubber tip. Testing was done on
the right trapezius and right quadriceps muscles with the
order of testing sites randomized and counter-balanced.
Pressure applied to each site was increased at a constant
rate of 1kg/s until participants clicked a button to indicate
when the stimulus “first became painful” and the threshold
was recorded. This procedure was repeated 3 times to
obtain an average pressure pain threshold for each test site.

Neuroimaging Session

Neuroimaging data were collected at the University of
Florida’s McKnight Brain Institute on the Advanced
Magnetic  Resonance Imaging and Spectroscopy
(AMRIS) facility’s Philips (Best, the Netherlands)
3-Tesla scanner using a 32-channel radiofrequency coil.
A high-resolution, T1-weighted, turbo field echo, anatomi-
cal scan was collected using the following parameters:
repetition time = 7.1 ms, echo time = 3.2 ms, 170 slices
acquired in a sagittal orientation, flip angle = 8 deg.,
resolution = 1 mm isotropic. Head movement was mini-
mized via cushions positioned inside the head coil and
instructions to participants.

MRI Data Preprocessing

The structural MRI data preprocessing was performed using
the CAT12 Toolbox (http://dbm.neuro.uni-jena.de/cat/) in
SPM12 (Wellcome Trust Centre for Neuroimaging, http://

www.fil.ion.uclL.ac.uk/spm/), and was implemented on
MATLAB software (MathWorks, Natick, Massachusetts,
USA). Preprocessing was performed by the CAT 12
Toolbox under the default settings. Firstly, all the T1-

weighted anatomical images were manually reoriented in

order to place the anterior commissure at the origin of the
3D Montreal Neurological Institute (MNI) space. The
images were then segmented into gray matter, white matter,
and cerebrospinal fluid.*® Next, they were normalized to the
MNI space by using a diffeomorphic non-linear registration
algorithm (diffeomorphic anatomical registration through
exponentiated lie algebra toolbox-DARTEL).*” The final
resulting voxel size was 1.5 mm x 1.5 mm x 1.5 mm. For
quality assurance, the resulting images were checked for
homogeneity. Given the high correlation values (>0.85) of

every image, none were discarded.
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Data and Statistical Analysis

Data were entered by one experimenter and checked for
accuracy by a blinded experimenter. Quantitative sensory
testing data were z-transformed for each modality at each
test site and then combined for analysis because of the multi-
collinearity within mechanical, thermal and pain modalities.
Thus, 4 standardized Z-scores were created for vibratory
detection, thermal detection, thermal pain, and pressure
pain thresholds and used for further statistical analysis. The
combination of these modalities is appropriate based on the
physiological properties of sensory channels. To compare the
clinical and demographic characteristics between subjects
with chronic pain and without chronic pain, we used
Student’s t-tests for continuous variables, and Chi-square
test for categorical variables. Spearman rank correlations
were used to examine pair-wise associations between PSQI
variables given the ordinal nature of the PSQI total and
individual component scores. We explored pair-wise associa-
tions between the individual PSQI subscales because of the
limited existing literature using the PSQI in relatively healthy
community-dwelling older samples like participants in the
present study. Since global cognition (ie, MoCA scores) were
significantly different between the groups, it was included as
a covariate in all subsequent analyses. We performed
a logistic regression using maximum likelihood estimates to
determine which PSQI components were significantly pre-
dictive of self-reported pain (dichotomous dependent vari-
able) adjusted for global cognition (ie, MoCA). To facilitate
variable selection, we employed the automatic forward step-
wise procedure, which starts with no variables in the model
and each step, the most significant variable is entered. At
each step the procedure examines the variables included for
entry and removal until all variables in the model fulfill the
criteria for retention (alpha level = 0.10). The regression
coefficient is represented as log odds ratio per unit change
of a particular variable, where an odds ratio (OR) indicates
the probability of being in the chronic pain group versus
being in the non-pain group. Finally, partial correlations
adjusting for global cognition (ie, since MoCA scores were
significantly different between the groups) were used to
examine the associations between total PSQI and individual
component scores with clinical pain, somatosensory and pain
threshold variables. All tests were two-tailed and we report
both uncorrected (i.e, p = 0.05) as well as corrected prob-
ability values (ie, corrected p = 0.05) accounting for multiple
comparisons applying the Holm-Bonferroni method*® using
the calculator by Gaetano.*

Cortical Thickness Analysis

Surface-based analysis was performed using the CAT12
Toolbox using a fully automated method that allows for
the measurement of cortical thickness.*” To repair the
topological defects, a spherical harmonic method*' was
used to reparametrize the cortical surface mesh on the
basis of an algorithm that reduces area distortions.*
Prior to the statistical analyses, the individual cortical
thickness maps were smoothed by using a Gaussian filter
with full-with a half-maximum of 15 mm. In addition,
vertex-wise general linear models were fitted to the indi-
vidual maps, and a multiple regression analysis was
performed on the individual cortical thickness maps.
The PSQI total score was then included in the design
matrix. For the regression analyses, a non-parametric
permutation test with 10,000 random permutations was
Threshold-Free  Cluster
(TFCE)* was used to identify the brain regions signifi-

performed. Enhancement
cantly correlated with PSQI total score. The statistical
significance threshold was set at p < 0.05, FWE-
corrected, which is a conservative procedure that reduces
false positives, allowing for correction for multiple com-
parisons across space using permutation testing. The
anatomical locations of the significant clusters were
determined with reference to the Desikan-Killiany
atlas.**

Mediation Analysis

A mediation analysis was conducted to test the total indir-
ect effect of sleep quality on pain through cortical thick-
ness measures. To control Type I error only the cortical
thickness regions that were statistically significant in the
TFCE analyses were included in the mediation. Given that
global cognition (ie, MoCA) was significantly different
between the pain groups, the mediation analysis also con-
trolled for MoCA scores. We used bootstrapping proce-
dures (n=5000) to obtain estimates and confidence
intervals around the indirect effects to overcome potential
problems caused by unmet assumptions in mediation
analysis.*> We used the Hayes PROCESS macro
model4® that provides modern methods for inference
about indirect effects including bootstrapped confidence
intervals. Given our small sample size for estimating clas-
sical mediation effects, we used the percentile boot-
strapped confidence intervals for inference about the
indirect effects, as its performance is relatively invulner-
able to small sample sizes and potential outliers.
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Table | Demographic and Clinical Characteristics of the Sample (n=69)

Chronic Pain (n = 46) No Chronic Pain (n = 23) P-value (Statistic)
Age, mean * SD 7241 £ 6.96 73.30 £ 7.07 0.622 (t-test)
Sex, no. (%) 0.116 (X3
Male 15 (32.60%) 12 (52.17%)
Female 31 (67.39%) Il (47.82%)
Race, no. (%) 0.547 (X3
Caucasian 42 (91.30%) 23(100%)
Asian/Pacific Islander 2 (4.34%) 0 (0%)
Hispanic 1 (2.17%) 0 (0%)
Other 1 (2.17%) 0 (0%)
BMI, mean * SD 29.85+9.32 26.50+4.66 0.062 (t-test)
Education Level, no (%) 0.135 (X3
High School Degree 13 (28.26%) 3 (13.04%)
Two-year college degree 8 (17.39%) | (4.34%)
Four-year college degree 9 (19.56%) 4 (17.39%)
Master’s degree 11(23.91%) 9 (39.13%)
Doctoral degree 5 (10.86%) 6 (26.08%)
CES-D, mean * SD 6.45+5.04 5.08+4.53 0.260 (t-test)
MoCA, mean * SD 25.93+3.05 27.39%1.72 0.014 (t-test)
Total PSQI, mean + SD 6.59£3.62 4.39£2.73 0.007 (t-test)

Note: Bold values represent probability less than 0.05.

Results

Clinical and Demographic Characteristics
A total of 186 individuals were screened over the
telephone, and ultimately 85 individuals underwent
structural neuroimaging (T1). Of those participants,
a subset (n=69) completed the PSQI questionnaire and
comprise the present study sample. As shown in Table
1, 60.86% of participants were female and 66.6%
reported chronic musculoskeletal pain (ie, pain on
most days during the past 3 months). Our participants
reported worst pain locations most likely of musculos-
keletal origin in the upper and lower back (39%), in
the legs, knees, and feet (26%), in the arms and hands
(17%), in the neck and shoulders (13%). Two partici-
pants reported pain in the head and chest/frontal region
of the body (5%). Most pain participants (41%)
reported 3 or more pain problems, while 30% and
28% reported two and one pain problems, respectively.
There were no significant differences regarding demo-
graphic characteristics between participants with and
without chronic musculoskeletal pain. MoCA scores
were significantly lower among individuals reporting
chronic pain (M = 2593, SD = 3.06) compared to

those not reporting chronic pain (M = 27.39, SD =
1.72; t (67) = 2.12, p = 0.038 two-tailed).

PSQI Characteristics

Table 2 shows the descriptive PSQI information for our
sample. Table 3 summarizes associations between individual
PSQI component scores and their associations with the total
PSQI score. As expected, total PSQI score was significantly
associated with each of the component scores, albeit weakly
with component C5, and there were less consistent associa-
tions between the individual component scores.

Table 2 Descriptive Statistics of the PSQI and Its Component
Scores in Our Study Sample

PSQI Component Mean * SD Min-Max
Cl: Sleep Quality 0.75 + 0.6 0-2.00
C2: Sleep Latency 1.00 = 1.0 0-3.00
C3: Sleep Duration 0.36 + 0.7 0-3.00
C4: Habitual Sleep Efficiency 1.06 + 1.2 0-3.00
C5: Sleep Disturbances 1.39 £ 0.6 0-3.00
Cé: Use of Sleep Medication 0.61 + 1.1 0-3.00
C7: Daytime Dysfunction 0.65 *+ 0.6 0-2.00
PSQI Total Score 585 %35 1-17.00
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Table 3 Intercorrelation Matrix Among the PSQI Components (n=69)

Spearman’s Rho Cc2 C3 C4 C5 Cé C7 PSQI Total

Cl r = 0.390% r=0.413% r=0.154 r = 0.424* r=0.222 r=0.225 r = 0.588*
p = 0.001 p = 0.000 p = 0.207 p = 0.000 p = 0.067 p = 0.063 p = 0.000
p’ = 0.004 p’ = 0.000 p’ = 0.207 p’ = 0.000 p’=0.189 p’=0.189 p’ = 0.000

2 r = 0.270%* r=0.117 r=0.23I r=0212 r=10.310% r = 0.580%*
p = 0.025 p =0.337 p = 0.056 p = 0.080 p =0.010 p = 0.000
p’=0.100 p’ = 0.337 p’=0.168 p =0.168 p’=0.150 p’ = 0.000

C3 r=0.296* r=0.269* r=0.375% r=0.131 r = 0.590%
p=0.014 p = 0.026 p = 0.002 p = 0.284 p = 0.000
p’ = 0.042 p’ = 0.052 p’ = 0.008 p’=0.284 p’ = 0.000

C4 r=0.105 r=0.263* r =0.081 r=0.631%
p = 0.390 p = 0.029 p = 0.508 p = 0.000
p’ = 0.780 p’ = 0.087 p’ = 0.780 p’ = 0.000

C5 r =—0.047 r =0.092 r=0.366*
p =0.701 p = 0.452 p = 0.002
p’ = 0.904 p’ = 0.904 p’ = 0.006

Cé r=20.132 r=0.563%
p = 0.279 p = 0.000
p’ =0.279 p’ = 0.000

Cc7 r = 0.426*
p = 0.000
p’ = 0.000

Notes: *Correlation is significant at the 0.05 level (two-tailed). p’ = corrected probability value applying the Holm-Bonferroni method. Cl: sleep quality; C2: sleep latency; C3:
sleep duration; C4: habitual sleep efficiency; C5: sleep disturbances; Cé: use of sleep medication; C7: daytime dysfunction. Bolded values reflect a probability of less than 0.05.

PSQI Components and Presence of Pain
We performed a stepwise logistic regression to deter-
mine which of the seven PSQI components (ie, C1 to
C7) were significantly predictive of self-reported pain
during the past 3 months (ie, dichotomous dependent
variable) while controlling for MoCA score given the
significant group differences in MoCA reported above.
The final model was statistically significant, y* (8df, n =
69) = 21.4, p = 0.006. The model as a whole explained
between 26.8% (Cox and Snell R?) and 37.2%
(Nagelkerke R?) of the variance in self-reported pain
status, and correctly classified 78.3% of cases. For this
model, C5 (ie, Sleep disturbance) was the only indepen-
dent variable statistically significant (exp(B) = 5.3,
p=0.027) suggesting participants with sleep disturbances
had 5 times higher odds to report pain during the past 3
months compared to those who did not report sleep
disturbance (ie, per unit increase in C5).

PSQI Components and Clinical Pain

Severity

Partial correlations adjusted for MoCA were performed to
examine the association between sleep quality with clinical
pain measures. Total PSQI and the PSQI component scores
(ie, C2, C3, C5, C7) were significantly correlated with self-
reported pain measures (see Table 4). These results did not
change significantly after correcting for multiple comparisons.

PSQI Components and Somatosensory
and Pain Thresholds

Partial correlations adjusted for MoCA were performed to
examine the association between sleep quality with soma-
tosensory and pain thresholds. Total PSQI and the PSQI
component scores (ie, C2, C3, C5, C7) were not signifi-
cantly correlated with these experimental measures (see
Table 4).
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p-value

Figure 2 Cortical thickness was negatively associated with total PSQI scores (FWE-corrected values after applying threshold-free cluster enhancement (TFCE, p < 0.05)).
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c =c'+ (axb)
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Figure 3 Postcentral cortical thickness mediated the association between PSQI
total and worst pain intensity.

Total PSQI and Brain Cortical Thickness

A subset of our participants who returned the PSQI ques-
tionnaire also completed a structural MRI (n=49). Using
a non-parametric threshold-free cluster enhancement
(TFCE) approach, higher PSQI total scores reflective of
worse sleep quality were significantly associated with lower
cortical thickness in the precentral, postcentral, precuneus,
superior parietal, and lateral occipital regions (TFCE FWE-
corrected at p <0.05, Figure 2). Further, the indirect effect of
PSQI and self-reported pain through cortical thickness was
tested using a percentile bootstrap estimation approach with
5000 samples (Shrout & Bolger, 2002), while controlling for
MoCA (see Figure 3). These results indicated that only the

indirect coefficient (axb) for the postcentral cortical thick-
ness was significant, B = —0.089, SE = 0.05, CI = —0.170,
—0.004; with total effect ¢ (B = 8.45, SE = 4.6, CI = 0.757,
16.14) and direct effect ¢’ (B =0.275, SE=0.12, CI=0.071,
0.478) also being significant, although the latter total and
direct effects were not of interest in the present study.

Discussion
The present study sought to elucidate the association of
sleep quality with self-reported pain and somatosensory
and pain thresholds in older adults and further explore the
potential mediating role of the brain in this association. As
hypothesized, overall sleep quality was significantly asso-
ciated with self-reported pain intensity, but not laboratory
measures. In addition, reduced cortical thickness in fronto-
temporal brain regions was negatively associated with
overall sleep quality. Further, reduced cortical thickness
in the primary somatosensory cortex (ie, postcentral gyrus)
mediated the association between sleep quality and pain.
In our sample of community-dwelling older adults, we
found that sleep quality was associated with self-reported
pain measures. Specifically, our results revealed that those
participants reporting trouble getting to sleep, sleeping less
than usual, reporting restless sleep and a greater daytime
dysfunction also reported greater pain severity, a greater num-
ber of painful sites (ie, multisite pain) and more pain while
performing daily activities (ie, walking, using stairs, while in
bed, sitting or lying, and standing on a daily basis). This is
consistent with previous studies in the older population,*®
including a recent systematic review where worse sleep was

Journal of Pain Research 2020:13

submit your manuscript

2397

Dove


http://www.dovepress.com
http://www.dovepress.com

Montesino-Goicolea et al

Dove

associated with an increased risk of developing a pain condi-
tion and worse physical functioning.*’ One of the major
insights from a recent longitudinal study was that sleep defi-
ciency predicted any pain, multiple pain locations, and pain-
related disability, independent of known risk factors for pain.**
Contradictory to studies in younger samples,”* we did not find
any significant associations between sleep and somatosensory
and pain threshold measures. Besides age, it is possible that the
low levels of pain and sleep dysfunction in our sample may
explain our findings. For example, QST has been examined in
individuals with diagnosed insomnia and/or reporting severe
chronic pain, while our sample is from the community mostly
experiencing mild-to-moderate pain severity and without
a diagnosed sleep condition. Future work is needed to examine
laboratory somatosensory and pain measures and sleep in
various samples to replicate these findings.

Our study also aimed to explore potential associations
between cortical thickness and sleep quality. We found that
worse sleep quality was associated with lower cortical thick-
ness in the precentral, postcentral, precuneus, superior parietal,
and lateral occipital brain regions. These findings are consis-
tent with the emerging literature where evidence of changes in
the brain’s gray matter were related to the presence of sleep
disorders.?"***7%° Still, we cannot directly compare results
from previous studies including samples with diagnosed sleep
disorders to our generally healthy individuals without any
sleep disorder diagnoses. In general, there is a paucity of
studies in the literature showing an association between sleep
quality and cortical thickness in healthy older individuals.
However, our aim was to examine cortical thickness as
a potential mechanism linking self-reported pain and sleep
quality. Only primary somatosensory cortical thickness signif-
icantly mediated the association between sleep quality and
self-reported pain. Our findings are consistent with results
from the only study to date that has examined the underlying
brain and behavioral mechanisms explaining the sleep-pain
association.”® Although using fMRI during pain stimulation,
Krause and colleagues found that acute sleep deprivation sig-
nificantly increased pain-evoked activation within the primary
somatosensory cortex in healthy younger individuals without
chronic pain. Further, both results are consistent with the idea
that brain areas involved in somatosensation and pain proces-
sing are more tightly linked with sleep than other areas like
those involved in movement or reasoning. This makes beha-
vioral sense given our need to wake up to a sensory stimulus
(eg, an alarm clock or pain that is potentially dangerous).
Indeed, there is mechanistic evidence both in animals>® and
humans®' linking somatosensory cortex function with sleep

regulation and deprivation. Thus, it is plausible that nervous
system changes along the nociceptive pathway including the
somatosensory cortex”' and sensory thalamus,*® underlie the
bidirectional interaction between chronic pain and sleep dys-
function. Future mechanistic investigations are needed both in
animals and humans to replicate our findings and systemati-
cally evaluate these associations.

The present findings should be interpreted in light of some
study limitations. First, our observational, cross-sectional
study design does not support conclusions regarding temporal
directionality or causality; thus, future intervention studies are
needed. Second, evaluation of sleep in this study was based on
self-report, and this may differ from findings using objective
sleep measures, such as polysomnography or actigraphy,
which would provide a more sensitive exploration of the
reciprocal relationship between pain and sleep. Third, our
sample consisted of healthy older adults reporting very good
sleep quality, on average 5 out 17 on PSQI, where scores below
5 are considered good sleep quality. Thus, future work should
include older individuals with worse sleep quality. Fourth, our
sample size in those with chronic pain is nearly double that
without chronic pain and this could represent a potential selec-
tion bias. To decrease this bias in our study, most of our study
advertisements were specifically geared towards the study of
brain aging processes over time in younger and older adults.
Indeed, pain categorization occurred in a post-hoc fashion and
participants were informed that the Nepal study was aimed to
examine the brain, thinking and memory function, pain sensi-
tivity and walking ability, without giving a special emphasis to
pain. Despite these limitations, our study provides novel evi-
dence about the inherent role of the brain in the interaction

between sleep and chronic pain in older adults.

Conclusion

To our knowledge, this is the first investigation implicating
cortical thickness as a mediator of the association between
sleep quality and chronic pain in older individuals. Further
mechanistic understanding of the complex, bidirectional
relationship between sleep and pain may provide alternative
therapeutic targets for treating sleep dysfunction and/or
chronic pain conditions, which are both highly prevalent in
our aging population. Given that a recent study found sleep
improvements after a cognitive behavioral therapy targeted
to insomnia in patients with fibromyalgia was associated
with increased cortical thickness in several frontal brain
regions,>> our findings may have potential clinical implica-
tions that are worth exploring in older samples.
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