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Abstract: Depression commonly co-occurs with chronic pain and can worsen pain outcomes.
Recent theoretical work has hypothesized that pain localized to the left hemibody is a risk factor
for worse depression due to overlap in underlying neural substrates. This hypothesis has not been
tested a priori. Using a large sample of treatment-seeking adults with mixed-etiology chronic pain
(N = 1,185), our cross-sectional study tested whether patients with left-sided pain endorse worse
depressive symptoms. We also examined differences in other pain-related functioning measures.
We tested 4 comparisons based on painful body areas using the CHOIR body map: 1) only left-sided
(OL) versus any right-sided pain; 2) only right-sided (OR) versus any left-sided pain; 3) OL versus OR
versus bilateral pain; and 4) more left-sided versus more right-sided versus equal-sided pain.
Analysis of variance models showed OL pain was not associated with worse depression (F = 5.50,
P =.019). Any left-sided pain was associated with worse depression, though the effect was small
(F =8.58, P =.003, Cohens d = .29). Bilateral pain was associated with worse depression (F = 8.05,
P < .001, Cohens d = .24-.33). Regardless of pain location, more body areas endorsed was asso-
ciated with greater depression. Although a more rigorous assessment of pain laterality is needed,
our findings do not support the hypothesis that left-lateralized pain is associated with worse
depression.

Perspective: Pain lateralized to the left side of the body has been hypothesized as a risk factor for
worse depression in chronic pain, despite never being tested in a large, real-world sample of patients
with chronic pain. Findings showed that more widespread pain, not pain laterality, was associated
with worse depression.
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ental health is an essential component of the
M biopsychosocial model of chronic
pain." Depression, in particular, frequently
co-occurs with chronic pain.? Patients with chronic pain
are nearly three times more likely to have a diagnosis of
major depression compared to patients without chronic
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pain,® and half of all patients seeking pain treatment
have elevated depressive symptoms.”> Likewise, over
60% of patients seeking outpatient treatment for de-
pression report having chronic pain.*”’ Worse depres-
sion is associated with greater pain intensity, pain
interference, pain-related disability, and health care
costs.>®'3 Prior longitudinal research has also demon-
strated a bidirectional relationship between pain and
depression, such that worsening pain predicted wor-
sening depression, and vice versa, over the course of 12
months.'* Co-occurring chronic pain and depression are
associated with less benefit from medical treatment,
including epidural steroid injections,’” lumbar spine
surgery,'® spinal cord stimulation,’” and antidepressant
medications.> & "?
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Recently, the side of the body pain localizes, referred to
as pain laterality, has been hypothesized as a potential risk
factor for worse depression in individuals with chronic pain.
Maallo and colleagues™ reviewed the literature and pro-
posed that chronic pain and depression may frequently co-
occur due to overlap in their underlaying neural substrates,
primarily in the forebrain. Specifically, their literature re-
view indicated that the right-sided thalamus, insula, and
anterior cingulate cortex were responsive to pain and de-
monstrated strong associations with depressive symptoms,
though there was no preference for activation of one side
or the other. Thus, in their review, they put forth a later-
alized pain and depression model, which posits that left-
sided body pain, processed in the right hemisphere, is as-
sociated with more severe depression. The review identi-
fied 11 clinical studies in humans supporting that left-sided
chronic pain is associated with worse measures of psycho-
logical distress.”'*° Of these 11 studies, however, only 5
utilized depression severity scales,”***?*3° and only 4 made
a comparison between patients with left-sided versus right-
sided pain.””?*?® Nevertheless, Maallo and colleagues™
concluded that chronic left-sided body pain is more likely to
present with greater psychological distress and that the
lateralized pain and depression model may provide a fra-
mework for identifying those at risk of depression with
chronic pain. This hypothesis is contradictory to findings in
the literature that suggest patients with multiple pain
conditions or widespread pain (regardless of lateralization)
have higher odds of comorbid depression, compared to
patients with a single pain area or no pain at all.>'=*

If a substantial link between left-sided pain and de-
pression can be confirmed in a large, real-world popu-
lation, then clinicians can be alerted to this risk factor
and offer mental health resources at an earlier stage of
treatment—potentially enhancing treatment success
and reducing health care utilization.>* Yet, to date, the
lateralized pain and depression model has yet to be
examined a priori with preregistered datasets and out-
comes. Additionally, there is a paucity of studies that
examine depression severity associated with left-sided
versus right-sided pain in a mixed population of pa-
tients with varying chronic pain disorders.*”

Based on these considerations, our current study aims to
determine whether patients with left-sided chronic pain
have more severe symptoms of depression in a real-world,
clinical population of adults with chronic pain of varying
etiologies. Using rigorous methods of preregistered data-
sets and outcomes, we tested the following prespecified
hypotheses with and without average pain intensity and
pain interference as a covariate: 1) having any left-sided
chronic pain (as opposed to exclusively right-sided pain) is
associated with more severe depression symptoms and 2)
having more left-sided body regions affected by chronic
pain (as opposed to more right-sided regions) is associated
with more severe depression symptoms. As an exploratory
aim, we will also examine if having any left-sided chronic
pain is associated with worse severity of several other pain-
related functioning measures (pain catastrophizing, pain
interference, pain behavior, fatigue, anxiety, sleep dis-
turbance, anger, emotional support, social satisfaction, so-
cial isolation, and mobility).

Pain Laterality and Depression

Methods
Study Design

The Stanford University institutional review board ap-
proved this study under a retrospective chart review pro-
tocol. The requirement for written patient consent was
waived as this project uses existing deidentified data in a
retrospective study design. We employed a prespecified
cross-sectional study design that examined 2 factors: de-
pression severity by pain laterality, without stratification.
An exploratory dataset was first analyzed to calculate the
minimum sample size needed in the confirmatory analysis
using a separate, independent dataset (see Sample Size
Rationale). This study’'s aims, hypotheses, and statistical
analysis plan were preregistered and posted on the Open
Science Framework website on March 14, 2022 (https:/osf.
io/sycvg/). Exploratory data analyses occurred prior to the
preregistration in September 2021, and the confirmatory
data analyses occurred following preregistration in
July 2022.

Data Collection

We extracted data from the Stanford University
learning health system, the Collaborative Health
Outcomes Information Registry (CHOIR; http:/choir.
stanford.edu), which contains detailed demographic in-
formation and patient-reported outcomes from treat-
ment-seeking individuals with chronic pain.*® All data for
this study were obtained via secure, online surveys com-
pleted voluntarily, without financial compensation, be-
fore a patient’s initial appointment at the Stanford Pain
Management Clinic. CHOIR uses both traditional long-
form assessments and item response theory-based assess-
ments from the Patient-Reported Outcomes Measure-
ment Information System (PROMIS) item banks developed
by the National Institutes of Health.

Participants

For the exploratory dataset (n = 1,717), we used a con-
venience sample of all patients who completed a CHOIR
survey at their initial visit between July 1, 2018 and
December 31, 2018. Patients in the confirmatory dataset
(n = 1,635) completed a CHOIR survey at their initial visit
between January 1, 2019 and June 30, 2019. Patients were
eligible for inclusion if they 1) completed the CHOIR survey
at their initial clinical visit at Stanford Pain Management
Center, 2) selected at least 1 affected body area on the
CHOIR body map, and 3) completed the PROMIS depres-
sion assessment. Exclusion criteria included pain duration
<3 months (since chronic pain is typically defined as pain
lasting =3 months®’) and average pain intensity <3 out of
10 on the numerical rating scale (NRS). Participants were
also excluded if their pain was limited to the face, head and
neck, since sensory afferents from these areas have both
contralateral and ipsilateral projections to both hemi-
spheres.®® Of the 1,635 patients in the confirmatory da-
taset, we excluded 81 patients for a pain duration of <3
months, 299 patients were excluded for pain limited to the
head and neck, and 70 patients were excluded for
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reporting an average pain intensity of <3 out of 10 on the
NRS. Data from 1,185 patients were retained for analysis.

Measures
Demographics

Participants reported demographic information, in-
cluding age, sex (male, female), race, -ethnicity
(Hispanic/Latino or Not Hispanic/Latino), marital status,
and education level. Pain duration reported in months
and years was also collected. Patients could also select
“unknown” or “prefer not to respond” for each de-
mographic question besides age.

Pain Location Groups

The CHOIR body map is a validated, electronic, visual
representation of the human body that allows partici-
pants to indicate their location(s) of pain.?**° Using a
computer mouse or touch screen device, participants
select the body areas affected by pain in response to the
instructions (see Fig 1 for the body map and instruc-
tions). If the participant does not have any pain, they
can select the response, “I have no pain.” There are 74
numbered areas on the CHOIR body map, adapted from
previously published body maps and designed to reflect
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areas commonly described in chronic pain disorders. The
CHOIR body map has demonstrated validity and relia-
bility in several published studies of chronic pain out-
comes.>*#%%* since not all patients have pain that is
restricted to only one side of the body, we tested our
hypotheses using four pain location groups. Pain loca-
tion groups were assigned based on the endorsement of
pain areas on the body map, such that participants were
assigned to 1 of 2 or 3 groups for each comparison: 1)
only left-sided (OL) pain versus any right-sided pain; 2)
only right-sided (OR) pain versus any left-sided pain; 3)
OL pain versus OR pain versus bilateral pain; and 4)
more left-sided pain versus more right-sided pain versus
equal numbers of pain areas on both sides.

Depression Severity

CHOIR uses computerized adaptive testing instru-
ments from the PROMIS. Depression severity was mea-
sured by the PROMIS depression assessment, which has
demonstrated validity and reliability across diverse
clinical populations, including individuals with chronic
pain.*™*’ Items in the PROMIS depression assessment
use a 7-day time frame and a 5-point rating scale that
ranges from 1 (“Never”) to 5 (“Always"”); the questions
focus on affective and cognitive symptoms of

pain”

I had no pain

Select the areas where you have had pain or tenderness over the past 7 days. Include all
areas you had pain or tenderness, not just the body areas that you are seeking treatment.
If you had no pain in the past 7 days then leave the map blank and check the box “I had no

Figure 1. CHOIR body map. This digital body figure has 36 anterior segments and 38 posterior segments for patients to indicate
areas of pain. Patients can also indicate that they have no pain. There are 2 versions of the body map representing male and female
anatomy. Participants who identified as male or female were shown the corresponding body map, while those who chose “other”

or preferred not to answer were provided the female body map.
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depression rather than somatic symptoms such as fa-
tigue and appetite changes. The PROMIS depression
assessment generates a T-score, where a score of 50
indicates the mean (standard deviation [SD] 10), and
higher scores indicate more severe depression
symptoms.

Pain Intensity

Pain intensity was measured in CHOIR by using an 11-
point NRS ranging from 0 (“no pain”) to 10 (“pain as
bad as it can be"”). Participants were asked to rate their
average pain intensity over the past 7 days, and this
measure was used as a prespecified covariate in the
analysis. NRS measures have been extensively used and
demonstrate validity and reliability in chronic pain po-
pulations.”®

Exploratory Pain-Related Functioning Measures

For exploratory analyses, the following PROMIS mea-
sures were included for their relevance to the pain ex-
perience: pain interference, pain behavior, fatigue, anxiety,
sleep disturbance, anger, emotional support, social sa-
tisfaction, social isolation, and mobility. Computer
Adaptive Testing administration was used to administer
the PROMIS measures. This strategy utilizes the Computer
Adaptive Testing item banks for each measure and uses
information from prior questions to select future ones,
which reduces administration time while increasing relia-
bility and validity. T-scores are calculated and normed
based on the U.S. population (M =50, SD=10). Higher
scores indicate worse functioning, except for mobility and
satisfaction with social roles, in which lower scores indicate
worse functioning. All PROMIS item banks have been
tested extensively in several chronic pain samples.**° The
Pain Catastrophizing Scale (PCS) was also included for ex-
ploratory analyses; the PCS is a 13-item self-report measure
of pain catastrophizing, which refers to the tendency to
magnify, ruminate over, and feel helpless in response to
pain sensations.”” Higher scores on the PCS indicate more
pain catastrophizing. The PCS has demonstrated sound
psychometric properties in chronic pain samples.>*>">®

Statistical Analysis

Descriptive analyses were conducted using SPSS (version
26.0; IBM Corp, Armonk, NY)*° and all other analyses were
conducted using RStudio (version 4.0.3; Posit, Boston,
MA).?° First, because the CHOIR body map automatically
defaults to a female body map when the patient's sex is
missing or reported as “unknown” or “prefer not to an-
swer,” we examined whether this feature may have influ-
enced any key study variables. We used chi-square and
analysis of variance (ANOVA) tests to determine if miss-
ingness, selecting unknown, or preferring not to respond
was associated with differences in depression, average pain
intensity, or pain location group. Significance tests were
Bonferroni-corrected for multiple comparisons (P=.008). As
a post hoc analysis, we also examined potential differences
in demographic factors by pain laterality group to de-
termine if there may be additional demographic
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confounders using ANOVA and chi-square tests, and sig-
nificance tests were Bonferroni-corrected for multiple
comparisons (P=.0125). Any demographic factors that are
significant will be included as a covariate in the sensitivity
analyses.

To examine whether depression varied as a function
of pain location, a 2-way (Pain location group x PROMIS
depression score) fixed ANOVA was used. Assumptions
were assessed, including testing for variance homo-
geneity using Levene’s test. Post hoc tests were used
when examining >2 groups. Cohen’s d was calculated
to measure the effect size (small=.2, medium=.5,
large=.8).°" An analysis of covariance (Pain location
group x PROMIS depression score) with average pain
intensity, pain interference, and any significant demo-
graphic factors as covariates to examine their poten-
tially confounding impact on pain laterality and
depression. Partial eta-squared was calculated as a
measure of effect size (small=.01, medium=.09,
large =.25).°> A Bonferroni-corrected P-value of .00625
(.05/8) was used to determine statistical significance for
the ANOVA and analysis of covariance. Next, within
each pain location group, Pearson r correlations were
conducted between the number of body regions en-
dorsed on the CHOIR body map and the PROMIS de-
pression score. A Bonferroni-corrected P-value of .00625
was used for Pearson’s r.

For exploratory purposes, we ran four 11-way (Pain lo-
cation groupx 11 pain-related measures) multivariate
analysis of variance to see if pain laterality may vary by
other important physical, psychological, or social func-
tioning measures. Partial eta-squared was used to measure
of effect size. The Bonferroni-corrected P=.0015 (.05/33).

Sample Size Rationale

We justified the sample size for the confirmatory ana-
lysis based on the variance in the exploratory dataset. The
SD of the PROMIS depression score in the exploratory
dataset was 9.9 points, consistent with the SD of 10 in the
general population for which this instrument is scaled on.
In the exploratory dataset, 121 patients (10%) had pain
restricted to the left side of the body, and 140 patients
(12%) had pain restricted to the right side of the body.
Using an allocation ratio of 1:10, a SD of 9.9 points for the
outcome, a minimally important difference of 3
points,"® and a 2-sided significance level of .05, we esti-
mated that a minimum sample size of 950 is needed to
achieve 80% power for the confirmatory analysis.

Results

Sample Characteristics

Sensitivity analyses showed no differences in study
variables between those who had missing sex or se-
lected unknown or prefer not to respond (and were
thus automatically assigned the female body map;
n=57) compared to those who had selected male or
female (y*'s < .22, P's > .80). The sample was primarily
middle-aged (M =52.5, SD=17.1 years), female (65%),
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Differences in Depression by Pain
Location

Results examining depression by pain location group are
presented in Table 3, and the same models controlling for
age, average pain intensity, and pain interference are
presented in Supplementary Table 2. All Levene's tests
were nonsignificant indicating homogeneity of variance
across pain location groups. In comparison 1, we found no
significant difference in depression scores between those
with any right-sided pain (M =53.3, SD=9.8) and OL pain
(M =51.1, SD = 11.6). The effect size of this mean difference
was small (Cohen's d=.20). When controlling for age,
average pain intensity and pain interference, the pattern
of results remained the same, and greater pain inter-
ference was associated with greater depression. Pearson r
correlations indicated that a greater number of pain re-
gions was associated with significantly greater depression
scores among those with OL pain (r=.27, P=.002) and
those with any right-sided pain (r=.21, P < .001).

In comparison 2, we found that those with any left-sided
pain (M=53.3, SD=10.1) had significantly worse depres-
sion than those with OR pain (M =50.6, SD=9.1). The ef-
fect size of this mean difference was small (Cohen's d = 29).
When controlling for age, average pain intensity, and pain
interference, there was no longer a significant difference
between the groups, and greater pain interference was
associated with greater depression. Pearson r correlations
indicated that a greater number of pain regions was as-
sociated with significantly greater depression scores among
those with any left-sided pain (r=.21, P < .001), though it
was not significant among those with OR pain (r=.06,
P=.43).

In comparison 3, those with bilateral pain (M=53.7,
SD=9.9) had significantly higher depression scores than
those with OR pain (M=50.6, SD=9.1, P=.004). The dif-
ference between those with OL pain did not survive the
Bonferroni correction (M=51.1, SD=11.6, P=.02). There
were no significant differences in depression score be-
tween those with OL or OR pain (P=.99, Cohen's d=.05).
The overall effect size was small (3,° =.02). There was a
small effect between bilateral pain and OR pain groups

Pain Laterality and Depression

(Cohen's d=.33) and between bilateral pain and OL pain
(Cohen's d=.24). When controlling for age, average pain
intensity, and pain interference, there was no longer a
significant difference between groups and greater pain
interference was associated with greater depression.
Pearson r correlations indicated that a greater number of
pain regions was associated with significantly greater de-
pression scores among those with bilateral pain (r=.20,
P < .001).

In comparison 4, there were no differences in de-
pression scores between those with more left-sided
pain, more right-sided pain, and equal numbers of pain
regions on both sides. The overall effect size of this
difference was negligible (3,> < .01). When controlling
for age, average pain intensity, and pain interference,
the pattern of results remained the same, and greater
pain interference was associated with greater depres-
sion. Pearson r correlations indicated that greater
number of pain regions was associated with sig-
nificantly greater depression scores among those with
more left-sided pain (r=.22, P < .001), more right-sided
pain (r=.25, P < .001), and equal number of pain re-
gions on both sides (r=.19, P < .001).

Differences in Other Pain-Related
Functioning Outcomes

To assess whether pain laterality was associated with
other important physical, psychological, or social factors,
we conducted 4 11-way multivariate analysis of variances
(Table 4). In comparison 1, we found that those with any
right-sided pain had greater fatigue and sleep disturbance
than those with OL pain. No significant differences in the
other 9 functioning measures. In comparison 2, we found
that those with any left-sided pain had greater fatigue,
anxiety, sleep disturbance, and social isolation than those
with OR pain. No significant differences in the other 6
functioning measures.

In comparison 3, we found the overall models for pain
interference, pain behavior, fatigue, anxiety, sleep dis-
turbance, and social isolation were significant. Post hoc

Table 3. Results of ANOVA Between Pain Location Groups and Depression Score

EFFECT SIZE'

COMPARISON SUM OF SQUARES  DF MEAN SQUARE  F P
Comparison 1: Only left vs Any right Between 553.85 1 553.85 5.50 .019 d=.20
Within 119,052.95 1,183  100.64
Total 119,606.81 1,184
Comparison 2: Only right vs Any left Between 861.57 1 861.57 8.58 .003* d=.29
Within 118,745.24 1,183 100.38
Total 119,606.81 1,184
Comparison 3: Only left vs Only right vs Mixed Between 1,608.09 1 804.04 8.05 <.001* p,%=.01
Within 117,998.72 1,183 99.83
Total 119,606.81 1,184
Comparison 4: More left vs More right vs Equivalent sides Between 25.36 1 12.68 13 .88 ”pz < .01
Within 119,581.45 1,183 101.17
Total 119,606.81 1,184

“Significance based on P < .00625.

TSmall effect size is d > .2 or 8 > .01, and medium effect size is d > .5 or 75 >

.09.
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and exploratory analyses showed that bilateral pain was
associated with several worse pain-related functioning
measures, including pain interference, social isolation,
fatigue, and sleep.

Noting the results of the first 3 comparisons were
potentially affected by the differences in the number of
patients in each group, comparing those with more left-
sided body regions versus more right-sided versus
equivalent-sided pain generated fairly equal size groups
(n=364, n=391, n=430, respectively). Consistent with
prior study findings, depression scores did not differ
between these groups, nor were there significant dif-
ferences in any other pain-related functioning mea-
sures. Together, these findings do not support the pain
and depression laterality model proposed by Maallo
and colleagues,”® and instead suggest that having
widespread, bilateral pain may contribute to worse
depression.

To test the second hypothesis, that more left-sided
body regions affected by chronic pain are associated
with more severe depression symptoms, we conducted
correlation analyses within the various groupings be-
tween the number of regions in pain and depression
scores. Across all analyses, the number of pain regions
was associated with worse depression symptoms
(r's=.19-.27), except among those with exclusively
right-sided pain (r=.06, P=.48). Apart from this group,
the correlation coefficients were fairly stable (averaging
at r=.22). These results refute the proposition made by
Maallo and colleagues®® that left-lateralized pain would
be associated with more depression. Again, this is in line
with evidence in the literature that a more widespread
pain distribution over the body is associated with a
more severe clinical picture and worse prognosis.>**'™**

Overall, results do not reveal a consistent pattern to
support the lateralized pain-depression dyad model®°
and contribute further evidence to the mixed literature
on laterality. Prior work on pain conditions that involve
lateralized symptom presentation shows equal fre-
quency of pain occurring on either side, such as in mi-
graine’ and chronic regional pain syndrome.®'° These
findings, in concert with the current work, suggest that
pain in either the left or right side of the body can occur
at the same rate and without significant differences in
mental health symptoms. Finally, as cited by Maallo and
colleagues, a literature review of “psychogenic pain”""
(ie, pain without an identifiable medical cause) revealed
the frequency of left-sided functional and motor
symptoms was higher only in studies where references
to laterality were featured in the title, and otherwise,
laterality was not supported.

When we examined differences in other pain-related
symptoms, including physical, psychological, and social
factors, the findings were variable and did not evidence
a consistent pattern with respect to laterality. Overall,
bilateral pain evidenced worse pain interference, social
isolation, fatigue, and sleep, although left-sided pain
did not differ significantly on depression, pain inter-
ference, and social isolation. Patients with exclusively
right-sided pain appeared to have the least functioning
impairments, as evidenced by lower pain interference
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scores than those with only left or bilateral pain.
However, all effect sizes across these comparisons and
variables were negligible to small suggesting spurious
results with very low clinical relevance. In our sensitivity
analyses, across all pain location groups, higher pain
interference was associated with worse depression
consistent with prior work.®® Although differences in
age emerged by pain location group, age was not a
significant predictor of depression scores.

Despite evidence from the experimental neuroimaging
literature supporting potential shared laterality in the
context of pain and depression,’ clinical and experimental
pain do not always share the same neural substrates,'°
and the same could be true of lateralization. This may be
due in part to the emotional and autonomic reactions
that are salient in pain conditions, which complicate the
clinical presentation, and may also be associated with re-
latively small sample sizes in experimental and clinical
studies. In addition, this heterogeneity may result from
individual differences in the manifestations of pathology,
in contrast to the controlled conditions of an experiment.

Our study has several limitations. First, the CHOIR body
map may not accurately capture pain laterality. Prior ex-
amination of the body map psychometric properties® de-
monstrated excellent interclass correlations with other
body map measurements and patient self-report, and ex-
cellent 1-week test-retest reliability (r=.93). While right
and left labels were included (see Fig 1), it is possible that
participants may have mislabeled right and left-sided pain
locations contributing to potential measurement error.
Additionally, the CHOIR body map does not assess pain
severity in each location, which may be an important
consideration when determining pain laterality. Future
research using a more rigorous assessment of pain laterality
that integrates pain frequency, intensity, and duration of
each location is needed to confirm the current findings.
Depression scores were self-reported and ranged mostly
from minimal to moderate, suggesting a restricted range
of scores potentially limiting the ability to detect differ-
ences between groups. However, a recent study found >53
on the PROMIS measure had good sensitivity and specificity
in identifying those with a depressive disorder diagnosis as
per the Diagnostic and Statistical Manual of Mental Dis-
orders, Fifth Edition (DSM-5).** The current sample had an
average PROMIS depression score of 53 (SD=10.1), and
despite scores being in the mild range, this suggests that,
on average, participants had a probable presence of de-
pressive disorder diagnosis. The collection of objective
measures and clinical diagnostic interviews should be con-
sidered in future studies. Additionally, while not examined
in the current study, it is possible that pain laterality may be
associated with specific depression symptom clusters, and
should be explored in future research.

Regarding generalizability, the study sample consisted
predominantly of well-educated White women, limiting
the findings applicability to other diverse patient groups
and geographic locations. The current study also utilized
cross-sectional data. It is possible that longitudinal associa-
tions between pain laterality, depression, and other func-
tioning measures may exist and were not captured in our
findings. Finally, while we did not find differences in pain
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laterality assignment and sex, which is its own topic in the
pain literature,’””'? future studies should further explore
the role of sex in pain laterality.”®

Conclusions

In sum, the present work is the first study to examine the
potential associations between pain laterality and depres-
sion within a large sample of real-world, treatment-
seeking, mixed-etiology patients. A rigorous study design
was used, which included preregistered hypotheses and
analysis plan, replicating findings in exploratory and con-
firmatory datasets, and comprehensively grouping patients
based on their individualized pattern of body regions in
pain. Findings clearly indicate that the severity of depres-
sion and other pain-related outcomes is not dependent or
associated with pain laterality, but rather, is more closely
associated with a widespread distribution of pain across
the body.

Disclosures

Research reported in this work was supported by the
National Institutes of Health under Award numbers: NIDA
T32DA035165 (K.A.E., T.L.), NIDA K23DA047473 (M.S.Z.),
NINDS K24NS126781, NINDS R61NS11865 (S.C.M.), and

References

1. Gatchel RJ: Comorbidity of chronic pain and mental
health disorders: The biopsychosocial perspective. Am
Psychol 59:795-805, 2004. https://doi.org/10.1037/0003-
066X.59.8.795

2. Bair MJ, Robinson RL, Katon W, Kroenke K: Depression
and pain comorbidity: A literature review. Arch Intern Med
163:2433-2445, 2003. https:/doi.org/10.1001/archinte.163.
20.2433

3. Goral A, Lipsitz JD, Gross R: The relationship of chronic pain
with and without comorbid psychiatric disorder to sleep dis-
turbance and health care utilization: Results from the Israel
National Health Survey. J Psychosom Res 69:449-457, 2010.
https://doi.org/10.1016/j.jpsychores.2010.05.012

4. Aguera-Ortiz L, Failde I, Mico JA, Cervilla J, Lopez-lbor JJ:
Pain as a symptom of depression: Prevalence and clinical cor-
relates in patients attending psychiatric clinics. J Affect Disord
130:106-112, 2011. https://doi.org/10.1016/j.jad.2010.10.022

5. Bair MJ, Robinson RL, Eckert GJ, Stang PE, Croghan TW,
Kroenke K: Impact of pain on depression treatment re-
sponse in primary care. Psychosom Med 66:17-22, 2004.
https://doi.org/10.1097/01.PSY.0000106883.94059.C5

6. Ohayon MM, Schatzberg AF: Chronic pain and major
depressive disorder in the general population. J Psychiatr
Res 44:454-461, 2010. https://doi.org/10.1016/j.jpsychires.
2009.10.013

7. Husain MM, Rush AJ, Trivedi MH, et al. Pain in depres-
sion: STAR*D study findings. J Psychosom Res 63:113-122,
2007. https://doi.org/10.1016/j.jpsychores.2007.02.009

8. Rayner L, Hotopf M, Petkova H, Matcham F, Simpson A,
McCracken LM: Depression in patients with chronic pain

The Journal of Pain 9

NIDA K24DA053564 (B.D.D.). Additional funding support
from PCORI #PCS_2021C1_22347 (B.D.D.) and the Golda
Meir Fellowship Fund (G.G.).

Dr. Darnall is Chief Science Advisor at AppliedVR and
she receives consulting fees for this role. Dr. Darnall
receives royalties for 4 pain treatment books she has
authored or coauthored. She is the principal in-
vestigator for 2 pain research awards from the Patient-
Centered Outcomes Research Institute. Dr. Darnall is
principal investigator for 2 NIH grants. Dr. Darnall serves
on the Board of Directors for the American Academy of
Pain Medicine, is on the Board of Directors for the
Institute for Brain Potential, and is on the Medical
Advisory Board for the Facial Pain Association. Dr.
Darnall is a scientific member of the NIH Interagency
Pain Research Coordinating Committee, a former
member of the Centers for Disease Control and
Prevention Opioid Workgroup (2020-2021), and a cur-
rent member of the Pain Advisory Group of the
American Psychological Association. All other authors
have no conflicts of interest to disclose.

Appendix A. Supplementary Data

Supplementary data related to this article can be
found at doi:10.1016/j.jpain.2024.02.004.

attending a specialised pain treatment centre: Prevalence
and impact on health care costs. Pain 157:1472-1479, 2016.
https://doi.org/10.1097/j.pain.0000000000000542

9. Raftery MN, Ryan P, Normand C, Murphy AW, de la
Harpe D, McGuire BE: The economic cost of chronic non-
cancer pain in Ireland: Results from the PRIME study, part 2.
J Pain 13:139-145, 2012. https:/doi.org/10.1016/).jpain.
2011.10.004

10. Ritzwoller DP, Crounse L, Shetterly S, Rublee D: The
association of comorbidities, utilization and costs for pa-
tients identified with low back pain. BMC Musculoskel
Disord 7:72, 2006. https://doi.org/10.1186/1471-2474-7-72

11. Arnow BA, Blasey CM, Lee J, et al. Relationships among
depression, chronic pain, chronic disabling pain, and med-
ical costs. Psychiatr Serv 60:344-350, 2009. https:/doi.org/
10.1176/ps.2009.60.3.344

12. Bao Y, Sturm R, Croghan TW: A national study of the
effect of chronic pain on the use of health care by de-
pressed persons. Psychiatr Serv 54:693-697, 2003. https:/
doi.org/10.1176/appi.ps.54.5.693

13. Outcalt SD, Kroenke K, Krebs EE, et al. Chronic pain and
comorbid mental health conditions: independent associa-
tions of posttraumatic stress disorder and depression with
pain, disability, and quality of life. J Behav Med 38:535-543,
2015. https://doi.org/10.1007/s10865-015-9628-3

14. Kroenke K, Wu J, Bair MJ, Krebs EE, Damush TM, Tu W:
Reciprocal relationship between pain and depression: A 12-
month longitudinal analysis in primary care. J Pain
12:964-973, 2011. https://doi.org/10.1016/j.jpain.2011.03.
003

15. Bahar-Ozdemir Y, Sencan S, Ercalik T, Kokar S, Gunduz
OH: The effect of pre-treatment depression, anxiety and
somatization levels on transforaminal epidural steroid



10 The Journal of Pain

injection: A prospective observational study. Pain Phys
23:E273-E280, 2020.

16. Schoell K, Wang C, D'Oro A, et al. Depression increases
the rates of neurological complications and failed back
surgery syndrome in patients undergoing lumbar spine
surgery. Clin Spine Surg 32:E78-E85, 2019. https://doi.org/
10.1097/BSD.0000000000000730

17. Sparkes E, Raphael JH, Duarte RV, LeMarchand K,
Jackson C, Ashford RL: A systematic literature review of
psychological characteristics as determinants of outcome
for spinal cord stimulation therapy. Pain 150:284-289, 2010.
https://doi.org/10.1016/j.pain.2010.05.001

18. DeVeaugh-Geiss AM, West SL, Miller WC, Sleath B,
Gaynes BN, Kroenke K: The adverse effects of comorbid
pain on depression outcomes in primary care patients:
Results from the Artist Trial. Pain Med 11:732-741, 2010.
https://doi.org/10.1111/j.1526-4637.2010.00830.x

19. Roughan WH, Campos Al, Garcia-Marin LM, et al.
Comorbid chronic pain and depression: Shared risk factors and
differential antidepressant effectiveness. Front Psychiatry
12:643609, 2021. https:/doi.org/10.3389/fpsyt.2021.643609

20. Maallo AMS, Moulton EA, Sieberg CB, Giddon DB,
Borsook D, Holmes SA: A lateralized model of the pain-
depression dyad. Neurosci Biobehav Rev 127:876-883, 2021.
https://doi.org/10.1016/j.neubiorev.2021.06.003

21. Levine JB, Weisgerber K, Nehme AM, Mitra N: Symptom
laterality and psychological presentation in chronic pain
syndrome. Stress Med 10:197-202, 1994. https://doi.org/10.
1002/smi.2460100310

22. Gagliese L, Schiff BB, Taylor A: Differential consequences
of left- and right-sided chronic pain. Clin J Pain 11:201-207,
1995. https://doi.org/10.1097/00002508-199509000-00007

23. Schiff BB, Gagliesei L: The consequences of experi-
mentally induced and chronic unilateral pain: Reflections of
hemispheric lateralization of emotion. Cortex 30:255-267,
1994. https://doi.org/10.1016/50010-9452(13)80197-9

24. Cologno D, Buzzi MG, Carlesimo GA, et al. Psychiatric
disorders and pain location in unilateral migraineurs. J
Headache Pain 6:227-230, 2005. https://doi.org/10.1007/
$s10194-005-0192-z

25. McNamara P, Stavitsky K, Harris E, Szent-Imrey O, Durso
R: Mood, side of motor symptom onset and pain complaints
in Parkinson’s disease. Int J Geriatr Psychiatry 25:519-524,
2010. https://doi.org/10.1002/gps.2374

26. Wasan AD, Anderson NK, Giddon DB: Differences in
pain, psychological symptoms, and gender distribution
among patients with left vs. right-sided chronic spinal pain.
Pain Med 11:1373-1380, 2010. https:/doi.org/10.1111/].
1526-4637.2010.00922.x

27. Fouché JJ, Van Loghem JAJ, Thuis J, De Heer LM, van
Oijen MGH: Left/right pain asymmetry with injectable cos-
metic treatments for the face. Aesth Surg J 37:708-714,
2017. https://doi.org/10.1093/asj/sjw214

28. Langguth B, Hund V, Landgrebe M, Schecklmann M:
Tinnitus patients with comorbid headaches: The influence of
headache type and laterality on tinnitus characteristics. Front
Neurol 8:440, 2017. https://doi.org/10.3389/fneur.2017.00440

29. Kim S, Lee HY, Kim NK, Yook TH, Seo ES, Kim JU: The
association between paralytic side and health-related

Pain Laterality and Depression

quality of life in facial palsy: A cross-sectional study of the
Korea National Health and Nutrition Examination Survey
(2008-2012). Health Qual Life Outcomes 16:213, 2018.
https://doi.org/10.1186/s12955-018-1038-0

30. Naidoo P, Patel C j: Stress, depression and left-sided
psychogenic chest pain. Acta Psychiatr Scand 88:12-15,
1993. https://doi.org/10.1111/j.1600-0447.1993.tb03406.x

31. McWilliams LA, Goodwin RD, Cox BJ: Depression and
anxiety associated with three pain conditions: Results from
a nationally representative sample. Pain 111:77-83, 2004.
https://doi.org/10.1016/j.pain.2004.06.002

32. Nicholl BI, Mackay D, Cullen B, et al. Chronic multisite
pain in major depression and bipolar disorder: Cross-sec-
tional study of 149,611 participants in UK Biobank. BMC
Psychiatry 14:350, 2014. https://doi.org/10.1186/s12888-014-
0350-4

33. Gilam G, Cramer EM, Webber KA, Ziadni MS, Kao MC,
Mackey SC: Classifying chronic pain using multidimensional
pain-agnostic symptom assessments and clustering analysis.
Sci Adv 7:eabj0320, 2021. https://doi.org/10.1126/sciadv.
abj0320

34. Caudill M, Schnable R, Zuttermeister P, Benson H,
Friedman R: Decreased clinic use by chronic pain patients:
Response to behavioral medicine intervention. Clin J Pain
7:305, 1991.

35. Hall W, Hayward L, Chapman CR: On “the lateralization
of pain”. Pain 10:337-351, 1981. https:/doi.org/10.1016/
0304-3959(81)90094-4

36. Salmasi V, Terkawi AS, Mackey SC: Pragmatic com-
parative effectiveness trials and learning health systems in
pain medicine: Opportunities and challenges. Anesthesiol
Clin 41:503-517, 2023. https://doi.org/10.1016/j.anclin.2023.
03.010

37. Treede RD, Rief W, Barke A, et al. Chronic pain as a
symptom or a disease: the IASP Classification of Chronic
Pain for the International Classification of Diseases (ICD-
11). Pain 160:19, 2019. https:/doi.org/10.1097/j.pain.
0000000000001384

38. Nash PG, Macefield VG, Klineberg 1J, Gustin SM, Murray
GM, Henderson LA: Bilateral activation of the trigemi-
nothalamic tract by acute orofacial cutaneous and muscle
pain in humans. Pain 151:384-393, 2010. https://doi.org/10.
1016/j.pain.2010.07.027

39. Scherrer KH, Ziadni MS, Kong JT, et al. Development
and validation of the Collaborative Health Outcomes
Information Registry body map. Pain Rep 6:€880, 2021.
https://doi.org/10.1097/PR9.0000000000000880

40. Cramer E, Ziadni M, Scherrer KH, Mackey S, Kao MC:
CHOIRBM: An R package for exploratory data analysis and
interactive visualization of pain patient body map data.
PLOS Comput Biol 18:21010496, 2022. https://doi.org/10.
1371/journal.pcbi.1010496

41. Barad MJ, Sturgeon JA, Hong J, Aggarwal AK, Mackey
SC: Characterization of chronic overlapping pain conditions
in patients with chronic migraine: A CHOIR study.
Headache: J Head Face Pain 61:872-881, 2021. https:/doi.
org/10.1111/head.14129

42. Aivaliotis VI, Hah JM, Pirrotta L, Nguyen LA: 485
Evaluation of somatic pain distribution using body maps
for patients with chronic abdominal pain syndromes. Off J



Edwards et al

Am Coll Gastroenterol 114:5281, 2019. https://doi.org/10.
14309/01.a2jg.0000591472.97066.0c

43. Hah JM, Aivaliotis VI, Hettie G, Pirrotta LX, Mackey SC,
Nguyen LA: Whole body pain distribution and risk factors
for widespread pain among patients presenting with ab-
dominal pain: A retrospective cohort study. Pain Ther
11:683-699, 2022. https://doi.org/10.1007/s40122-022-
00382-0

44. Alter BJ, Anderson NP, Gillman AG, Yin Q, Jeong JH,
Wasan AD: Hierarchical clustering by patient-reported pain
distribution alone identifies distinct chronic pain subgroups
differing by pain intensity, quality, and clinical outcomes.
PLOS One 16:€0254862, 2021. https://doi.org/10.1371/
journal.pone.0254862

45, Schalet BD, Pilkonis PA, Yu L, et al. Clinical validity of
PROMIS depression, anxiety, and anger across diverse clin-
ical samples. J Clin Epidemiol 73:119-127, 2016. https:/doi.
org/10.1016/j.jclinepi.2015.08.036

46. Kroenke K, Stump TE, Chen CX, et al. Minimally im-
portant differences and severity thresholds are estimated
for the PROMIS depression scales from three randomized
clinical trials. J Affect Disord 266:100-108, 2020. https:/doi.
org/10.1016/j.jad.2020.01.101

47. Swanholm E, McDonald W, Makris U, Noe C, Gatchel R:
Estimates of minimally important differences (MIDs) for
two Patient-Reported Outcomes Measurement Information
System (PROMIS) computer-adaptive tests in chronic pain
patients. J Appl Biobehav Res 19:217-232, 2014. https:/doi.
org/10.1111/jabr.12026

48. Farrar JT, Young JPJ, LaMoreaux L, Werth JL, Poole MR:
Clinical importance of changes in chronic pain intensity
measured on an 11-point numerical pain rating scale. Pain
94:149, 2001. https://doi.org/10.1016/50304-3959(01)
00349-9

49. Broderick JE, DeWitt EM, Rothrock N, Crane PK, Forrest
CB: Advances in patient-reported outcomes: The NIH
PROMIS(®) measures. EBEMS 1:1015, 2013. https:/doi.org/
10.13063/2327-9214.1015

50. Cella D, Yount S, Rothrock N, et al. The Patient-
Reported Outcomes Measurement Information System
(PROMIS). Med Care 45:53-S11, 2007. https:/doi.org/10.
1097/01.mIr.0000258615.42478.55

51. Cella D, Riley W, Stone A, et al. Initial adult health item
banks and first wave testing of the Patient-Reported
Outcomes Measurement Information System (PROMIS™)
network: 2005-2008. J Clin Epidemiol 63:1179-1194, 2010.
https://doi.org/10.1016/j.jclinepi.2010.04.011

52. Cook KF, Jensen SE, Schalet BD, et al. PROMIS measures
of pain, fatigue, negative affect, physical function, and
social function demonstrated clinical validity across a range
of chronic conditions. J Clin Epidemiol 73:89-102, 2016.
https://doi.org/10.1016/j.jclinepi.2015.08.038

The Journal of Pain 11

53. Gershon R, Rothrock NE, Hanrahan RT, Jansky LJ,
Harniss M, Riley W: The development of a clinical outcomes
survey research application: Assessment CenterSM. Qual
Life Res: Int J Qual Aspects Treat Care Rehabil 19:677, 2010.
https://doi.org/10.1007/s11136-010-9634-4

54. Riley WT, Rothrock N, Bruce B, et al. Patient-Reported
Outcomes Measurement Information System (PROMIS) do-
main names and definitions revisions: Further evaluation of
content validity in IRT-derived item banks. Qual Life Res
19:1311-1321, 2010. https://doi.org/10.1007/s11136-010-
9694-5

55. Rothrock NE, Hays RD, Spritzer K, Yount SE, Riley W,
Cella D: Relative to the general US population, chronic
diseases are associated with poorer health-related quality
of life as measured by the Patient-Reported Outcomes
Measurement Information System (PROMIS). J Clin
Epidemiol 63:1195-1204, 2010. https:/doi.org/10.1016/].
jclinepi.2010.04.012

56. Kadri O, Jildeh TR, Meldau JE, et al. How long does it
take for patients to complete PROMIS scores?: An assess-
ment of PROMIS CAT questionnaires administered at an
ambulatory sports medicine clinic. Orthop J Sports Med
6:2325967118791180, 2018. https://doi.org/10.1177/
2325967118791180

57. Sullivan MIL, Bishop SR, Pivik J: The Pain Catastrophizing
Scale: Development and validation. Psychol Assess 7:524-532,
1995. https://doi.org/10.1037/1040-3590.7.4.524

58. Cella D, Riley W, Stone A, et al. The Patient-Reported
Outcomes Measurement Information System (PROMIS) devel-
oped and tested its first wave of adult self-reported health
outcome item banks: 2005-2008. J Clin Epidemiol 63:
1179-1194, 2010. https://doi.org/10.1016/}.jclinepi.2010.04.011

59. IBM Corp: IBM SPSS Statistics for Windows. SPSS version
26.0. Armonk, NY, IBM Corp; 2018

60. RStudio Team: RStudio: Integrated Development for R.
RStudio version 4.0.3. Boston, MA, RStudio Team; 2020

61. Cohen J: Statistical Power Analysis for the Behavioral
Sciences. 2nd ed. New York, Routledge; 1988

62. Olejnik S, Algina J: Measures of effect size for com-
parative studies: Applications, interpretations, and limita-
tions. Contemp Educ Psychol 25:241-286, 2000. https:/doi.
org/10.1006/ceps.2000.1040

63. Fishbain DA, Cutler R, Rosomoff HL, Rosomoff RS:
Chronic pain-associated depression: Antecedent or con-
sequence of chronic pain? A review. Clin J Pain 13:116-137,
1997. https://doi.org/10.1097/00002508-199706000-00006

64. Cheng AL, Downs DL, Brady BK, et al. Interpretation of
PROMIS depression and anxiety measures compared with
DSM-5 diagnostic criteria in musculoskeletal patients. JBJS
Open Access 8:€22.00110, 2023. https://doi.org/10.2106/
JBJS.OA.22.00110



	Is There an Association Between Lateralization of Chronic Pain in the Body and Depression?
	Methods
	Study Design
	Data Collection
	Participants
	Measures
	Demographics
	Pain Location Groups
	Depression Severity
	Pain Intensity
	Exploratory Pain-Related Functioning Measures

	Statistical Analysis
	Sample Size Rationale

	Results
	Sample Characteristics
	Differences in Depression by Pain Location
	Differences in Other Pain-Related Functioning Outcomes

	Discussion
	Conclusions
	Disclosures
	Appendix A. Supplementary Data
	References




