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Abstract: Recent studies suggest that the COVID-19 pandemic can serve as a unique psychosocial stressor

that can negatively impact individuals with chronic pain. Using a large online sample in the U.S., the present

study sought to investigate the impact of the pandemic on the trajectories of pain severity and interference,

emotionaldistress (ie, anxietyanddepressive symptoms), andopioidmisusebehaviors acrossoneyear. Poten-

tial moderating effects of socio-demographic factors and individual differences in pain catastrophizing, pain

acceptance, and sleep disturbance on outcome trajectories were also examined. Adults with chronic pain

were surveyed three times across 1 year (April/May 2020 [N = 1,453]; June/July 2020 [N = 878], andMay 2021

[N = 813]) via Amazon’s Mechanical Turk online crowdsourcing platform. Mixed-effects growth models

revealed that pain severity and interference, emotional distress, and opioid misuse behaviors did not signifi-

cantly deteriorate across one year during the pandemic. None of the socio-demographic factors, pain cata-

strophizing, or sleep disturbance moderated outcome trajectories. However, individuals with higher pain

acceptance reported greater improvement in pain severity (P< .008, 95% CI: -.0002, -.00004) and depressive

symptoms (P< .001, 95%CI: -.001, -.0004) over time.Ourfindings suggest that thenegative impact of thepan-

demiconpain, emotional distress, andopioidmisusebehaviors is quite small overall. Theoutcome trajectories

were also stable across different socio-demographic factors, as well as individual differences in pain cata-

strophizing and sleep disturbance. Nevertheless, interventions that target improvement of pain acceptance

mayhelp individualswith chronic painbe resilient during thepandemic.

Perspective: Individuals with chronic pain overall did not experience significant exacerbation of

pain, emotional distress, and opioid misuse across one year during the COVID-19 pandemic. Individu-

als with higher pain acceptance showed greater improvement in pain severity and depressive symp-

toms over time during the pandemic.
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Introduction
Chronic pain is a major public health concern that

impacts one third of American adults.18 In addition to
physiological factors, pain is modulated by various psy-
chosocial stressors.19 The COVID-19 pandemic, which
has resulted in more than 4.5 million deaths across the
world (as of September 2021) and unprecedented socio-
economic consequences (eg, social distancing, stay-at-
home orders, financial instability), is considered a novel
and on-going psychosocial stressor.25,29 A few cross-
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sectional studies that were conducted in the early phase
of the pandemic demonstrated that individuals with
chronic pain reported significant elevation of pain expe-
rience (ie, pain severity and interference), emotional dis-
tress (ie, anxiety and depressive symptoms), and/or
opioid use.16,25,29 The impact of the pandemic on long-
term trajectories of pain-related outcomes (ie, pain
severity and interference, emotional distress, and opioid
misuse), however, is currently unknown.
To identify individuals who may be at risk for

experiencing difficulty in coping with pain during the
pandemic, it is imperative to examine socio-demographic
correlates of pain-related outcome trajectories. Recent
studies found that women, racial/ethnic minorities, and
individuals with a low socio-economic status (SES) were
more likely to report worse pain during the pandemic
compared to their counterparts.16,29 Some evidence also
suggests that women, younger adults, and those who
have lost their job due to the pandemic are more likely
to experience emotional distress.17,44 In terms of opioid
use, one study reported that Black individuals were at
greater risk of non-fatal opioid overdose during the pan-
demic.33 Investigating potential socio-demographic dis-
parities of pain-related outcome trajectories may provide
important information for our collective effort to elimi-
nate disparities and improve equity in chronic pain care.
It is also critical to examine modifiable individual dif-

ference factors to effectively treat or prevent worsening
pain, emotional distress, and opioid misuse during the
pandemic. Pain acceptance (ie, individuals’ willingness
to stay with pain and engage in meaningful activities),27

pain catastrophizing (ie, a dysfunctional cognitive-affec-
tive reaction to pain),42 and sleep disturbance have con-
sistently been found to be associated with pain,27,30,39

emotional distress,12,28,39 and prescription opioid
use.21,26,30 Additionally, these factors are some of the
key targets for first-line evidence-based psychological
interventions for chronic pain, such as Acceptance and
Commitment Therapy (ACT) and Cognitive Behavioral
Therapy (CBT).11,43 Investigating whether pain accep-
tance, pain catastrophizing, and sleep disturbance mod-
erate trajectories of pain-related outcomes will provide
insight regarding which factors to target in treatment
for those who are adversely impacted by the pandemic.
The present study addressed several aims using a large

(N = 1,453) online sample of individuals with chronic pain
in the U.S. who were assessed three times across one year.
First, we examined the trajectories of pain severity, pain
interference, depressive and anxiety symptoms, and pre-
scription opioid misuse. Second, we investigated whether
socio-demographic factors moderate these outcome trajec-
tories. Lastly, we examined whether individual differences
in pain acceptance, pain catastrophizing, and sleep distur-
bance moderate the outcome trajectories.
Methods

Participants
Participants were recruited from Amazon Mechanical

Turk (MTurk) three times during the study: Time 1 (04/22/
2020−05/15/2020), Time 2 (07/29/2020−08/05/2020), and
Time 3 (05/07/2021−05/26/2021). Cloud Research, a third-
party data collection company, was used to recruit MTurk
“workers” for the survey. Note that studies have shown
that MTurk responses have overall good validity and reli-
ability.5 Based on a study by Johannes and colleagues,18

we oversampled individuals who identified as women,
Black/African American race, and Hispanic ethnicity to
achieve a sample representative of the chronic pain popu-
lation in the U.S. in terms of gender, race, and ethnicity.
Workers who responded affirmatively to an initial

screening item that asked whether they had pain more
than half of the week over the past 3 months were
invited to complete an additional screener to fully
determine study eligibility. Inclusion criteria were: (a)
age ≥18 years; (b) average past week pain severity of
≥3/10; (c) U.S. residence; (d) English proficiency; and (e)
willingness to participate in follow-up assessments. To
maximize the quality and reliability of survey responses,
we also applied data quality standards. First, only work-
ers with ≥95% approval ratings from other MTurk
requesters were invited. Second, we excluded data from
participants who failed one or more attention check
items (out of three). Third, data were excluded from
participants who took substantially greater (>60
minutes) or less than (<16 minutes) the average comple-
tion duration of 35 minutes based upon pilot data.
A total of 30,096 workers responded to the initial

one-item screening question. Among these workers,
10,308 (34.3%) indicated the presence of chronic pain.
Of these, 2,153 met the inclusion criteria, and 1,809
(84.0%) initiated the survey. A total of 1,484 (82%) peo-
ple passed the data quality standards. Of these, we iden-
tified 31 duplicate cases. As a result, the final Time one
sample size was 1,453. These participants were invited
to participate in Time two and three follow-up assess-
ments. Among 1,453 participants, 878 (60%) were
retained in Time 2 and 813 were retained in Time 3
(56%). The retention rates were overall slightly higher
than those of other longitudinal MTurk studies.41
Procedures
MTurkworkers whomet study eligibility received a link to

the main survey, which included self-report questionnaires.
Participants were compensated $5 for their participation for
each time point. All study procedures were approved by the
Johns Hopkins School of Medicine (JHSOM) Institutional
Review Board. In accordance with the JHSOM IRB policy for
exemptapplications,whereby the identityofhumansubjects
cannot be readily ascertained, each participantwas provided
with an overview of the study, the contact information of
the principle investigator, and the JHSOM IRB number prior
to agreeing toparticipate.
Measures

Socio-Demographics

Participants provided information about their age,
gender, race, ethnicity, education, income, marital
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status, impact on their employment status due to the
pandemic, and duration of chronic pain. Note that the
present study focused on the gender binary (ie, male
and female) for a group comparison, as a very small pro-
portion (.5%) of individuals indicated the non-binary/
genderqueer category.
Pain Severity and Interference

The Brief Pain Inventory−Short Form7 was used to
assess pain severity and pain interference. For pain
severity, participants rated their current pain, as well as
least, worst, and average pain in the prior 24 hours
based upon a scale ranging from 0 (no pain) to 10 (pain
as bad as you can imagine). For pain interference, partic-
ipants were asked to indicate the extent to which pain
interfered with general activity, mood, walking ability,
work, relations with others, sleep, and enjoyment of life
based up on a scale ranging from 0 (does not interfere)
to 10 (complete interferes). We computed mean scores
for pain severity and interference. Cronbach’s alphas
across Time one and three ranged from .71 to .92 for
pain severity, and .91 to .93. for pain interference.
Emotional Distress

The 4-item PROMIS Emotional Distress-Depression/
Anxiety scales22 assessed participants’ past 7-day severity
of emotional distress. Each of the items were rated on a
scale ranging from 1 (never) to 5 (always). Total scores
were transformed into T-scores with a score of 50
reflecting the average for the general U.S. population.
These scales have demonstrated good internal reliability
and convergent validity among individuals with chronic
pain. Cronbach’s alphas ranged from .89 to .93 across
the three time points.
Prescription Opioid Misuse

The well-validated 7-item PROMIS Prescription Pain
Medication Misuse scale35 measured prescription opioid
misuse behaviors during the past 7 days. Total scores
were converted to T-scores, with higher scores indicat-
ing more misuse problems. Cronbach’s alphas ranged
from .90 to .93 across the three time points.
Pain Catastrophizing

The 13-item Pain Catastrophizing Scale (PCS)42

assessed the extent to which people feel helpless, rumi-
nate about, and magnify their pain experience. Each
item is rated on a scale ranging from 0 (not at all) to 4
(all the time). A total sum score was computed, with
higher scores indicating greater pain catastrophizing.
Cronbach’s alpha was .95 for all time points.
Pain Acceptance

The psychometrically well-validated 8-item Chronic
Pain Acceptance Questionnaire (CPAQ-8) 13 assessed the
extent which individuals are willing to engage in mean-
ingful daily activities while experiencing pain and trying
not to control or avoid their pain. Items were rated on a
scale ranging from 0 (never) to 6 (always true). Higher
sum scores indicate greater pain acceptance. Cronbach’s
alphas for CPAQ-8 ranged from .82 to .85 across the
time points.
Sleep Disturbance

The Insomnia Severity Index (ISI)3 assessed perceived
severity of sleep disturbance. Each of the seven items is
rated on a scale ranging from 0 (not at all) to 4 (very
much). Cronbach’s alphas ranged from .89 to .90 across
the time points.
Power Analysis
We computed the sensitivity to detect an interaction

effect in a mixed-effects model based upon the Time 1
sample size. A sample of 1,453 with three assessment
points and an alpha level of .05 (two-tailed) can produce
a power of .80 to detect small effects (Cohen’s f = .04).
Note that Cohen’s f values of .10, .25, and .40 indicate
small, medium, and large effect sizes, respectively.
Data Analytic Strategy
Mixed-effects growth modeling was conducted to

assess the outcome trajectories. First, we conducted a
series of unconditional growth models including only a
time variable to evaluate the average trajectories of the
study outcomes. For each outcome, we started with
adding a fixed slope of time. Then, we tested a fixed
slope of quadratic term to incorporate a non-linear tra-
jectory of the outcome by using the likelihood ratio test
(LRT). Lastly, LRT was also used to test whether adding a
random slope of time is necessary in the model. When
adding a random slope resulted in a model convergence
issue, we only included fixed slope of time.

Next, we included a set of socio-demographic varia-
bles and their interactions with the time variable. We
then tested whether trajectories of outcomes are mod-
erated by person-means of pain catastrophizing, pain
acceptance, and sleep disturbance measured across
three time points. Note that this model adjusts for
socio-demographic variables that were significantly
associated with outcomes. For all analyses, we used the
‘lme4’ package from R. For measuring effect sizes in
mixed-effects models, the proportion of the variance
reduction (ie, pseudo R2) was computed for each out-
come. Missing data were handled by the maximum like-
lihood estimation based upon the missing at random
(MAR) assumption. As we were testing five different
outcome variables, we set the alpha level to .01 (two-
tailed) based upon a Bonferroni adjustment.
Results

Sample Characteristics
Table 1 presents a summary of the participant charac-

teristics at Time one. The mean age of participants was



Table 1. Characteristics of the Study Sample at
Time 1

VARIABLES M (SD) OR N (%)

Age (years) 41.7 (13.1)

Gender

Female 968 (65.2%)

Male 498 (34.3%)

Other (Non-binary/genderqueer) 7 (0.5%)

Race

White 1189 (81.9%)

Black/African American 99 (6.8%)

Asian/Asian American 50 (3.4%)

American Indian/Alaska Native 13 (0.9%)

Native Hawaiian/Pacific Islander 0 (0%)

Mixed Race 67 (4.6%)

Other Race 28 (1.9%)

Prefer not to answer 5 (0.3%)

Don’t know 1 (0.1%)

Ethnicity

Hispanic 144 (9.9%)

Non-Hispanic 1297 (89.4%)

Prefer not to answer 7 (0.5%)

Don’t know 3 (0.2%)

Education

Less than high school diploma 9 (0.6%)

GED or high school diploma 168 (11.6%)

Some college, no degree 402 (27.7%)

Associate’s degree (2-year degree) 224 (15.4%)

Bachelor's degree/college degree 399 (27.5%)

Beyond college education 250 (17.2%)

Prefer not to answer 1 (0.1%)

Employment Status

Working full-time 694 (47.8%)

Working part-time 209 (14.4%)

Unemployed or laid off 176 (12.1%)

Looking for work 49 (3.4%)

Keeping house or raising children full-time 110 (7.6%)

Retired 103 (7.1%)

Other 112 (7.7%)

Income

Less than $5,000 45 (3.1%)

$5,000-$11,999 67 (4.6%)

$12,000-$15,999 54 (3.7%)

$16,000-$24,999 148 (10.2%)

$25,000-$34,999 211 (14.5%)

$35,000-$$49,999 224 (15.4%)

$50,000-$74,999 310 (21.3%)

$75,000-$99,999 177 (12.2%)

$100,000 and greater 201 (13.8%)

Prefer not to answer 8 (0.5%)

Don’t know 7 (0.5%)

Marital Status

Married 663 (45.7%)

Divorced 198 (13.6%)

Separated 29 (2.0%)

Widowed 32 (2.2%)

Single 517 (35.6%)

Prefer not to answer 13 (0.9%)

Changes in employment status due to COVID-19

Yes 620 (42.7%)

Chronic Pain Duration (years) 10.9 (9.1)

Pain Severity (0-10 NRS) 4.2 (1.6)

Pain Interference (0-10 NRS) 4.9 (2.4)

(continued on next page)

Table 1. Continued

VARIABLES M (SD) OR N (%)

Depressive Symptoms (T-score) 58.0 (10.1)

Anxiety Symptoms (T-score) 59.3 (9.7)

Prescribed Opioids

Yes 467 (32.1%)

Prescription Opioid Misuse Behaviors (T-score) 44.2 (8.4)
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41.7 years, and the majority of them were women
(65.2%), White (81.9%), had at least some college edu-
cation (87.8%), were working part- or full-time (62.2%),
and were married (45.7%). The median income category
range was $50,000-$74,999. Close to half (42.7%) of the
sample reported experiencing an impact in their
employment due to the pandemic at Time 1. In terms of
the clinical characteristics, participants reported on
average 10.9 years of experiencing chronic pain. They
reported an overall moderate level of pain severity
(M = 4.2), pain interference (M = 4.9), and depressive
(M = 58.0) and anxiety (M = 59.3) symptoms. A total of
467 (32.1% of the sample) participants reported using
prescription opioids. Among them, the level of opioid
misuse behaviors was overall low (M = 44.2). In terms of
self-reported positive COVID-19 cases, there were nine
and 48 positive cases at Time one and three, respec-
tively.
Attrition Analyses
We conducted a series of attrition analyses (ie, t-tests

for continuous variables and chi-square tests for cate-
gorical variables). Results showed that participants of a
younger age (P< .001), men (P< .001), those who identi-
fied as Hispanic (P< .001), had a lower education level
(P< .01), experienced a negative job impact (P= .01),
exhibited greater depressive (P= .01) and anxiety (P=
.04) symptoms, as well as greater opioid misuse behav-
iors (P= .01) were more likely to drop out at one-year
follow-up. These results provide further support that
the missingness in the present study may meet the MAR
assumption, which indicates that there is a systematic
association between the missingness and some observed
data.
Trajectories of Pain Severity and
Interference, Emotional Distress, and
Opioid Misuse
Table 2 provides the detailed parameter estimates of

all unconditional growth models.
Pain severity and interference trajectories. Change in

pain severity across time is best captured by a quadratic
model (Fig 1A). The model is characterized by an initial
decrease in pain severity followed by a slight incline.
Pain interference change is also best captured by a qua-
dratic model (Fig 1B). Inclusion of time predictors
reduced within-person level variances by 4.9% and
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1.8%, respectively, from null models that do not include
any predictors.

Emotional distress trajectories. While depressive
symptom trajectory is best captured by a quadratic
model (Fig 1C), anxiety symptom trajectory is best cap-
tured by a linear model (Fig 1D) with a slight decrease in
anxiety symptoms over time. Inclusion of time predictor
(s) reduced within-person level variances by 1.7% and
13.2%, respectively, from null models.

Prescription opioid misuse trajectory. The prescription
opioid misuse trajectory (Fig 1E) showed overall no sig-
nificant changes across one year. Inclusion of the time
predictor did not reduce within-person level variance
from a null model.
Moderating Effects of Socio-
Demographic Cactors

Detailed fixed effect parameter estimates are dis-
played in Table 3. None of the socio-demographic fac-
tors significantly moderated any outcome trajectories.
In terms of main effects, older age was associated with
overall lower emotional distress and opioid misuse
behaviors during the pandemic. Women reported over-
all greater pain severity and interference, greater anxi-
ety symptoms, but lower opioid misuse behaviors.
Although there were no significant racial differences in
outcomes, those of Hispanic ethnicity reported an over-
all greater level of pain interference and opioid misuse
behaviors compared to those who identified as non-His-
panic. Lower income level was associated with overall
higher pain severity and interference, and depressive
symptoms. Lower education level was associated with
greater pain severity. Negative job impact due to the
pandemic was not significantly associated with any out-
comes. Inclusion of socio-demographic predictors
reduced between-person level variances by 1.5% (pain
severity), 4.1% (pain interference), 12.9% (depressive
symptoms), 12.0% (anxiety symptoms), and 12.6% (opi-
oid misuse) from the unconditional growth models that
only included time predictor(s).
Moderating Effects of Pain Acceptance,
Pain Catastrophizing, and Sleep
Disturbance

Detailed fixed effect parameter estimates are dis-
played in Table 4. Pain catastrophizing and sleep distur-
bance did not significantly moderate any of the
outcome trajectories. However, pain acceptance signifi-
cantly moderated trajectories of pain severity and
depressive symptoms. As shown in Fig 2A and B, individ-
uals with higher pain acceptance levels during the pan-
demic reported greater reduction in pain severity and
depressive symptoms over time. In terms of main effects,
both pain catastrophizing and sleep disturbance were
associated with overall higher pain severity and interfer-
ence, and emotional distress. Higher pain catastrophiz-
ing was associated with overall greater opioid misuse
behaviors. Inclusion of pain acceptance, pain



Figure 1. (A-E). Overall trajectories of study outcomesNote. “4/5, 2020” = April/May 2020; “7/8, 2020” = July/August 2020; “5,
2021” = May 2021. Grey bands indicate 95% confidence intervals.
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catastrophizing, and sleep disturbance, in addition
to socio-demographic covariates further reduced
between-person level variances by 30.7% (pain severity),
63.9% (pain interference), 50.2% (depressive symp-
toms), 50.0% (anxiety symptoms), and 8.7% (opioid mis-
use) from the models that included both time and socio-
demographic predictors.
Discussion
To our knowledge, this is the first study to investigate

one-year trajectories and their individual differences in
pain severity and interference, emotional distress, and
opioid misuse behaviors during the COVID-19 pandemic.
On average, these pain-related outcomes did not signifi-
cantly increase during the pandemic. None of the socio-
demographic factors moderated the outcome trajecto-
ries. However, pain acceptance significantly moderated
pain severity and depressive symptom trajectories, such
that individuals who reported greater pain acceptance
during the pandemic showed greater reduction in pain
severity and depressive symptoms over time.
Contrary to some cross-sectional studies reporting an

adverse impact of the pandemic on pain-related
outcomes,16,25 individuals with chronic pain during the
pandemic overall did not show significant exacerbation
of these outcomes across one year. These findings are
largely in line with those from a study by Lassen and col-
leagues who found that there were no significant
changes in pain experience, depression, anxiety, and
stress before and during the early phase (May-July 2020)
of the pandemic,23 as well as from a study by Reed and
colleagues that also revealed that pain-related disability
slightly improved among individuals with chronic pain
during the early phase (May 2020) of the pandemic
when compared to pre-pandemic (January 2020).37 Our
previous study, based upon Time one data, also demon-
strated that the majority (> 60%) of individuals with
chronic pain did not perceive any changes in their pain
severity and pain interference during the early phase
(April/May 2020) of the pandemic.29 These findings are
consistent with the broader literature suggesting that
catastrophic events or disasters do not necessarily cause
exacerbation of pain or related health outcomes. For
instance, a previous study indicated that residents of
New York City and New Jersey with fibromyalgia-like
pain symptoms reported no significant changes in their
pain symptoms after the 9 of 11 terrorist attacks.36 Simi-
larly, Lerman and colleagues24 found that patients with
chronic pain who were exposed to 3-week missile
attacks in the Southern region of Israel did not show sig-
nificant changes in affective pain, depression, and anxi-
ety levels. As suggested previously,6,10 we speculate that
daily hassles that directly interfere with one’s psychoso-
cial functioning may be more likely to deteriorate
health outcomes than a catastrophic event that can
impact individuals on a less personal level. We would
also like to note that there has been some speculation
on the potential benefits of societal restrictions (eg,



Table 3. Mixed-Effects Growth Models With Socio-Demographic Moderators

PAIN SEVERITY PAIN INTERFERENCE DEPRESSIVE SYMPTOMS ANXIETY SYMPTOMS OPIOID MISUSE BEHAVIORS

PREDICTORS B 95% CI P B 95% CI P B 95% CI P B 95% CI P B 95% CI P

Intercept 3.78 3.30 − 4.27 < .001 4.53 3.85 − 5.21 <.001 63.07 60.26 − 65.89 <.001 63.06 60.36 − 65.75 <.001 49.45 46.01 − 52.88 <.001
Linear Time �.09 �.13 − �.05 < .001 �.10 �.16 − �.03 .002 �.28 �.49 − �.07 .009 .04 �.21 − .28 .777 .36 .01 − .72 .046

Curvature Time .003 �.00 − .01 .209 �.00 �.01 − .01 .744 .02 �.01 − .04 .231 �� �� �� �� �� ��
Age .01 �.00 − .01 .087 .00 �.01 − .01 .661 �.19 �.23 − �.15 <.001 �.17 �.20 − �.13 <.001 �.09 �.14 − �.04 .001

Women .34 .15 − .53 < .001 .37 .10 − .64 .006 1.22 .12 − 2.33 .030 2.62 1.56 − 3.67 <.001 �2.79 �4.26 − �1.32 <.001
White (vs Black) �.35 �.71 − .01 .054 �.38 �.88 − .13 .146 .50 �1.63 − 5.37 .643 .53 �1.48 − 2.54 .604 �.49 �2.85 − 1.87 .686

Asian (vs Black) �.14 �.74 − .46 .649 .06 �.79 − .90 .898 1.87 �2.39 − 3.73 .295 .72 �2.62 − 4.07 .671 4.99 1.09 − 8.90 .012

Other (vs Black) �.35 �.87 − .18 .198 �.42 �1.16 − .32 .268 .67 �1.60 − 2.59 .668 �1.09 �4.01 − 1.84 .467 �2.50 �6.25 − 1.24 .190

Hispanic .14 �.18 − .46 .398 .63 .18 − 1.09 .006 .86 �1.03 − 2.74 .372 2.25 .46 − 4.05 .014 3.53 1.34 − 5.73 .002

Income .30 .08 − .51 .008 .66 .36 − .97 <.001 3.22 1.95 − 4.49 <.001 1.54 .33 − 2.76 .013 �.41 �2.05 − 1.23 .625

Education .39 .12 − .66 .005 .34 �.04 − .72 .079 1.69 .12 − 3.26 .035 .70 �.80 − 2.20 .361 �1.29 �3.49 − .92 .254

Job Impact .04 �.14 − .23 .630 .21 �.05 − .46 .111 1.13 .07 − 2.18 .036 1.31 .30 − 2.32 .011 .28 �1.10 − 1.65 .692

Time x Age .000 �.000 − .000 .440 .000 �.000 − .000 .213 �.000 �.000 − .000 .840 �.003 �.01 − .00 .066 �.01 �.01 − �.00 .021

Time x Women .001 �.001 − .002 .313 .002 �.000 − .004 .059 �.000 �.01 − .01 .975 �.04 �.14 − .05 .383 �.03 �.18 − .12 .680

Time x White �.001 �.003 − .002 .634 .002 �.002 − .006 .296 �.000 �.01 − .01 .945 .001 �.18 − .18 .988 �.06 �.30 − .17 .594

Time x Asian .003 �.002 − .008 .265 �.001 �.008 − .006 .801 �.009 �.03 − .02 .474 .04 �.28 − .37 .786 �.25 �.72 − .22 .294

Time x Other .000 �.004 − .004 .893 .004 �.002 − .01 .158 .007 �.01 − .03 .452 .06 �.20 − .32 .665 �.02 �.37 − .33 .914

Time x Hispanic .002 �.001 − .002 .202 .001 �.003 − .004 .793 .003 �.01 − .02 .679 �.07 �.25 − .11 .452 .14 �.12 − .39 .296

Time x Income .001 �.001 − .002 .252 .000 �.002 − .002 .831 .001 �.01 − .01 .723 �.002 �.11 − .10 .970 .07 �.09 − .23 .384

Time x Education .001 �.001 − .003 .217 .001 �.001 − .004 .298 .003 �.01 − .01 .514 .06 �.07 − .19 .339 �0.01 �.22 − .20 .934

Time x Job Impact .001 �.000 − .003 .080 .002 �.000 − .004 .076 .000 �.01 − .01 .978 .02 �.07 − .11 .610 �0.05 �.19 − .09 .442

Note. ‘Time’ indicates either linear or curvature time depending on each outcome. ‘��’ indicates that the predictor was not included in the model.
P < .01 (Bonferroni adjustment of 5 outcomes) are indicated as bold.
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stay-at-home orders, social distancing, and remote
working) on lifestyle and activity pacing,29,37 successful
adjustment to a new normal,37 and hope for COVID-19
vaccines1, as potential explanations for the neutral or
paradoxical effects of the pandemic on pain-related
outcomes.
The present findings did not demonstrate that certain

socio-demographic subgroups are more likely to experi-
ence worse pain-related outcomes as the pandemic per-
sists. However, consistent with the extant
literature,2,34,40 we found that older age serves as a pro-
tective factor for emotional distress and opioid misuse,
whereas women in general reported greater pain sever-
ity and interference, and anxiety symptoms, but lower
opioid misuse behaviors. In line with previous studies,9

we also found significant SES disparities in pain severity
and interference, and depressive symptoms, alerting
that it is a societal priority to address structural inequal-
ity, such as limited access to resources, which signifi-
cantly hinders individuals’ effective management of
chronic pain. Contrary to previous studies suggesting
that individuals of Hispanic origin report overall lower
levels of pain interference15 and problematic opioid
use,38 we found that this demographic group reported
greater pain interference and opioid misuse during the
pandemic than those who are non-Hispanic. These dif-
ferences may stem from disparate COVID-19 financial
impact on the Hispanic group in particular,14 which may
have adversely affected their access to resources for
managing pain.
Notably, individuals with higher pain acceptance

showed greater improvement in pain severity and
depressive symptoms over time. These findings are quite
consistent with those from a recent study showing that
pain acceptance significantly buffered the effects of
COVID-19 fear and avoidance on pain-related disability
and depressive symptoms.46 Pain acceptance is an
important resilience resource that can help individuals
with chronic pain continuously engage in important
daily activities and goals in the face of pain, which facili-
tates better adjustment to persistent pain.28 Evidence-
based interventions, such as ACT, that directly strives to
augment pain acceptance may serve as a particularly
useful chronic pain self-management approach in the
context of the COVID-19 pandemic.
As with literature both prior to and during the pan-

demic indicating that pain catastrophizing and sleep
disturbance are important risk factors for maladaptive
pain coping,12,16,29,39 higher pain catastrophizing and
sleep disturbance were associated with overall greater
pain severity and interference, and emotional distress
over and above the effects of socio-demographic fac-
tors. Higher pain catastrophizing was also associated
with greater opioid misuse behaviors. It is also notewor-
thy that these factors quite largely explained each out-
come’s variance. Highly accessible, affordable, and
scalable interventions, such as a single-session treatment
for pain catastrophizing and the Brief Behavioral Treat-
ment for Insomnia, are showing promising results in tar-
geting pain catastrophizing and sleep disturbance.4,8

Future studies that investigate whether these brief,



Figure 2. (A,B). Trajectories of pain severity and depressive symptoms with different pain acceptance levelsNote. Median split was
used to create ‘high’ and ‘low’ pain acceptance levels. “4/5, 2020” = April/May 2020; “7/8, 2020” = July/August 2020; “5,
2021” = May 2021. Grey bands indicate 95% confidence intervals.
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targeted interventions can effectively help individuals
with chronic pain improve their experience of pain and
emotional distress and prevent opioid misuse behaviors
are warranted.
The present study had several strengths including a

large sample size, a 1-year follow-up assessment, and
comprehensive chronic pain outcome assessments. How-
ever, there were also a number of limitations. First, as
participants were recruited post-pandemic, we could
not measure outcomes at baseline. Hence, our data
does not allow for comparing changes in outcomes
before and during the pandemic. Second, participants’
geographical location data was not collected. It is possi-
ble that those residing in certain areas in the U.S. may
be more negatively influenced by the pandemic. Third,
we did not measure the extent to which individuals felt
lonely or socially isolated during the pandemic, which
could have provided us with further insight as to who
may have been at risk for experiencing worsening pain-
related outcomes over time. Indeed, emerging evidence
suggests that a significant elevation of loneliness and
social isolation is due to the pandemic,31,32 and such
elevation is associated with greater pain severity,45

pain interference,15 and chronic inflammation20
cross-sectionally. Future studies that longitudinally exam-
ine the effect of increased loneliness and social isolation
on pain-related outcomes during the pandemic are
strongly warranted. Fourth, although we had an overall
better retention rate than other longitudinal MTurk stud-
ies, a substantial proportion of the sample was missing at
follow-up assessments. Lastly, we only had three mea-
surement timepoints across one year. More frequent
assessment of outcomes could have allowed us to evalu-
ate more nuanced outcome trajectory patterns.

In conclusion, our study suggests that individuals with
chronic pain overall did not experience a significant
exacerbation of pain, emotional distress, or opioid misuse
across one year during the pandemic. There was also no
specific socio-demographic subgroup of individuals that
was more negatively impacted. Greater pain acceptance,
however, facilitated improvement of pain and depressive
symptoms over time. Interventions that target pain
acceptance (eg, ACT) may be particularly helpful for indi-
viduals effectively self-manage chronic pain during the
present pandemic. More longitudinal studies are needed
to better understand the multi-faceted impact of the
pandemic and COVID-19 infection on development,
maintenance, and exacerbation of chronic pain.
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