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Abstract

Background: Despite a known relationship between attention-deficit hyperactivity disorder
(ADHD) and chronic pain, the association between ADHD symptoms and pain interference has
not been prospectively investigated.

Methods: Young adults were recruited following receipt of a prescription opioid from
ambulatory surgery clinics, outpatient clinics and emergency departments as part of a larger
study. Participants completed measures of ADHD symptoms, depression, pain catastrophizing,
adverse childhood experiences and pain interference at enrolment and 6 months later. Logistic
regression was used to examine the relationship between ADHD symptoms and covariates on
moderate-to-severe pain interference at 6 months.

Results: Participants were 116 young adults who completed the baseline ADHD symptoms
measure; 71 completed the 6-month timepoint. Moderate-to-severe pain interference was present
among 89.7% at baseline and 52.3% at 6 months. ADHD symptoms (OR [odds ratio] = 1.42,
95% ClI [confidence interval] = 1.05-1.93), depression (OR = 1.08, 95% CI = 1.02-1.14) and
pain catastrophizing (OR = 1.06, 95% CI = 1.01-1.12) were significantly associated with odds of
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moderate-to-severe pain interference at 6 months. In multivariable regression, ADHD symptoms
(OR =1.52, 95% CI = 1.09-2.12) and pain catastrophizing (OR = 1.07, 95% CI = 1.01-1.13) were
significant predictors of moderate-to-severe pain interference at 6 months.

Conclusions: Participants with more ADHD symptoms were at greater risk for chronic pain
interference. This is consistent with prior studies examining the role of attention in chronic pain.
Individuals with ADHD symptoms may be at greater risk for chronic pain and future research
should investigate tailored prevention and treatment approaches.
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1| Introduction

Chronic pain, the most prevalent cause of global disability and a major precipitant of the
United States opioid overdose crisis, is a leading public health concern (GBD 2017 Disease
and Injury Incidence and Prevalence Collaborators 2018). Though the prevalence of chronic
pain increases with age, it is common among young adults, those aged 18 t0.29 years
(estimates typically range from 5%-30%), and a number of biopsychosocial factors can
cause chronic pain to worsen over time, making the negative impact lifelong (Dahlhamer

et al. 2018; Brown et al. 2021; Arendt-Nielsen et al. 2018; Woolf 2011). Therefore, the
prediction and prevention of chronic pain in the developmental period of young adulthood
hold enormous promise for long-term societal benefit.

Psychosocial problems, including depression, pain catastrophizing and social support, are
consistently found to be reliable predictors of transition to chronic pain following an

injury or surgery (Mills, Nicolson, and Smith 2019; Edwards et al. 2016; Hruschak

and Cochran 2018). Interdisciplinary, multimodal approaches that consider pain in the
psychosocial context are central to the successful treatment of chronic pain (Nijs et al. 2019;
Flynn 2020; Cheatle 2016). Psychotherapeutic interventions employed in these approaches
such as cognitive behavioural therapy (CBT) skills and mindfulness focus on modifying
attention towards and appraisal of pain. Evidence suggests that people with chronic pain
exhibit selective attention towards pain-related stimuli (Todd et al. 2018; Broadbent, Liossi,
and Schoth 2021). This selective attention is closely linked to pain catastrophizing, an
important risk factor for poor pain outcomes, which comprises rumination, magnification
and helplessness related to pain (Ranjbar et al. 2020; Lee et al. 2018). Pain catastrophizing is
suspected to increase attentional focus on painful or pain-related stimuli and is increased in
states of diminished attentional control such as sleep deprivation (Gerhart et al. 2017; Wlad
and Nilsson 2017).

Despite a clear role for attention in shaping pain experience, little is known about the role

of attentional capacity in the persistence of pain. The intersection between ADHD and
chronic pain has been identified as a clinically important and underresearched area (Wlad
and Nilsson 2017). The increased risk of chronic pain for children with ADHD may begin in
childhood; a recent review demonstrates that ADHD co-occurs with a range of chronic pain
conditions in youth (Battison et al. 2023). ADHD is consistently associated with paediatric
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migraine, with a meta-analysis of mostly adolescent samples demonstrating 32% increased
odds of migraine among subjects with ADHD compared to those without ADHD (Salem
et al. 2018). Childhood, but not adult, ADHD symptoms are significantly associated with
fibromyalgia impact scores among adult women with fibromyalgia (Karas et al. 2020).
Among the general population, adults with elevated ADHD symptoms have increased odds
of high levels of pain interference (the degree to which pain interferes with life enjoyment
and activities across numerous domains), adjusted for co-occurring psychiatric conditions
(Stickley et al. 2016). Among adult women, ADHD is associated with three times the
prevalence of chronic pain when compared with women without ADHD (Fuller-Thomson,
Lewis, and Agbeyaka 2016). Among adult women, ADHD is associated with a greater risk
of endometriosis than other common psychiatric conditions in sibling-matched analysis
(Gao et al. 2020). In a longitudinal cohort of youth with and without ADHD, those

with ADHD were at significantly greater risk of chronic single-site and multisite at each
timepoint over a 9-year period (Mundal et al. 2023).

Co-occurring deficits in attention are also common in chronic pain populations. People with
chronic pain perform worse on sustained attention and attention switching tasks than healthy
controls, and fibromyalgia is associated with poorer performance across cognitive domains
including attention (Oosterman et al. 2012; Moore et al. 2019; Galvez-Sanchez, Reyes Del
Paso, and Duschek 2018). ADHD symptoms are overrepresented in patients with chronic
nonspecific lower back pain, with nearly one third demonstrating ADHD symptoms on
self-report and observer rating scales (Kasahara et al. 2021).

Although there is mounting evidence for overlap between chronic pain and attention deficits,
causality and directionality in these relationships are unclear due to the lack of prospective
studies examining the development of chronic pain. Cross-sectional studies are unable to
distinguish between ADHD as a risk factor for chronic pain versus ADHD symptoms as a
consequence of distraction by painful stimuli (Gatzounis et al. 2018). Co-occurring ADHD
may have important treatment implications for pain, and a better mechanistic understanding
of how attentional capacity and pain interact is essential for treatment development. The
association between ADHD and chronic pain is also of grave concern in the context of
prescription opioids for pain, as ADHD co-occurs frequently with substance misuse (van de
Glind et al. 2020).

This study aimed to investigate the role of ADHD symptoms in the development of chronic
pain interference following an episode of significant, acute pain among young people.

Pain interference importantly captures functional impairment and the quality-of-life impact
of pain (Karayannis et al. 2017). Research measuring pain interference has identified
associations with reduced physical function and increased healthcare utilization. It was
hypothesized that greater ADHD symptoms would predict the presence of pain interference
at 6-month follow-up, which was considered chronic pain interference.

As several other psychosocial factors have been associated with chronic pain and

related disability, we also included measures of depression and adverse childhood events

in analyses. Data were collected as part of an ongoing longitudinal cohort study
(3RO1DA044778-02S1) of young adults recruited following receipt of a prescription opioid
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for acute pain in outpatient medical settings (e.g., due to an injury or ambulatory surgery).
This prospective design allows ADHD symptoms to be examined as a risk factor for
chronic pain interference, and not just a co-occurring condition, while controlling for known
psychosocial risk factors.

Methods

Participants

Eligible participants (1) were young adults, defined as ages 19 to 26 at enrolment; (2) spoke
English fluently; and (3) received a prescription opioid for acute pain in an outpatient
medical setting. Potential participants were excluded if they (1) had any chronic pain
condition, (2) had cancer in the past 12 months, (3) had a child cognitive impairment

or developmental disability impacting their ability to read and write, (4) were admitted

to the hospital at the time of prescription opioid receipt or (5) had received another
prescription opioid in the last 3 months. Participants were recruited from three clinical
settings (emergency department, ambulatory surgery and outpatient clinics) at an academic
medical centre in a major metropolitan area (Portland, Oregon, U.S.A.).

Between May 2020 and July 2021, 158 eligible participants were identified; 116 enrolled
and completed baseline data collection including the ADHD measure. Of these, 71
completed the pain interference measure at 6-month follow-up.

Procedures

IRB approval was obtained for all procedures. Participants were identified through manual
chart review and automated electronic medical record alerts and were contacted in the 72

h following receipt of a prescription opioid as part of a larger, ongoing study. Recruitment
sources included outpatient surgery, outpatient clinics (primary care, specialty care and
dental clinics) and an emergency department. Potential participants were contacted by phone
or text by a research assistant. Participants were informed about the nature and details of the
study via phone and signed consent forms electronically. Study measures were completed
via REDCap (Vanderbilt University, Nashville, USA) (Harris et al. 2009; Harris et al.

2019) shortly after study enrolment, and again 6 months after the baseline assessment.
Participants were compensated at each study timepoint, with a total of $105 received if all
study timepoints were completed.

Measures

2.3.1| ADHD Symptoms—-Participants completed the six-item Adult ADHD Self-
Report Scale (ASRS) Screener (v1.1), which assesses the frequency with which ADHD
symptoms are present, ranging from 1 (never) to 5 (very often) (Kessler et al. 2005). The
ASRS Screener is used to clinically screen for ADHD and includes the six most predictive
items from the longer ASRS measure (Kessler et al. 2005). Each item has a defined cutoff
at which a symptom is considered clinically significant. Total scores (humber of ADHD
symptoms above the cut-off) range from 0 to 6, and this score was treated as a continuous
variable in the analysis after confirming its linearity with the outcome and the absence of
multicollinearity and outliers. Total scores greater than 3 indicate that further evaluation for
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ADHD is needed. The ASRS Screener was used due to its low response burden and potential
for use in time-limited clinical settings; it demonstrates greater sensitivity and specificity
than the 18-item ASRS from which it is derived (Kessler et al. 2005). ADHD symptoms
were analysed as a continuous variable.

2.3.2| Depression—Participants completed the PROMIS Depression Short Form,
which assesses depression severity and includes eight items rated from 1 (never) to 5
(always). Raw scores are 7 score standardized to national data (A/= 50, SD = 10) (Pilkonis
et al. 2014). Higher scores represent greater depression severity. Depression was analysed as
a continuous variable.

2.3.3| Pain Catastrophizing—~Participants completed the Pain Catastrophizing Scale,
which assesses subjective magnification and rumination about pain. The measure includes
11 items (two items with low variability were removed from the original measure) rated
from 0 (not at all) to 4 (all the time) (Pielech et al. 2014). Higher scores represent more pain
catastrophizing. A score > 15 corresponds to moderate-to-severe pain interference and was
considered clinically significant (Pielech et al. 2014). Pain catastrophizing was analysed as a
continuous variable.

2.3.4| Adverse Childhood Experiences (ACEs)—The ACEs questionnaire assesses
a history of potentially traumatic experiences in childhood and includes 10 items that

are answered “Yes’ or “‘No’. An ACEs’ score of 4 or greater is associated with multiple
adverse medical and psychological outcomes (Felitti et al. 1998). ACEs was analysed as a
continuous variable.

2.3.5| Pain Interference—Participants completed the PROMIS Pain Interference—Short
Form 6b, a six-item questionnaire assessing the interference with daily activities caused

by pain in the past 7 days (Cella et al. 2014). Responses range from 1 (rot at all) to 5

(very much). Scores were standardized to national data (M =50, SD = 10). A T score

> 55 corresponds to moderate-to-severe pain interference and was used as the cutoff in

this analysis, where the presence of moderate-to-severe pain interference was analysed as a
categorical, binary variable (Rothrock, Amtmann, and Cook 2020).

Data Analysis

All analyses were conducted in R (R Foundation for Statistical Computing, Vienna, Austria)
(R Core Team 2017). Descriptive analyses were performed for participant demographics,
baseline psychosocial characteristics and pain interference at baseline and 6 months.
Baseline characteristics were compared between participants with and without 6-month
follow-up data using independent-measures two-tailed #tests and Fisher’s exact tests to
ascertain whether participants lost to follow-up differed from those enrolled. One-sample
two-tailed ¢tests were performed to compare PROMIS measures to the population mean of
50. A paired-samples two-tailed ¢test was performed to test differences in pain interference
at baseline and at 6 months.

Multivariable logistic regression was used to test the association between number of ADHD
symptoms at baseline and moderate-to-severe pain interference ( 7 score = 55) at 6 months,
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reported as an odds ratio (OR), while adjusting for possible confounders of the association.
Logistic regression was used to analyse this continuously measured variable because the
values were highly zero inflated with over one third of participants reporting no pain
interference at 6 months. Possible covariates were identified via literature review of known
chronic pain risk factors and investigator hypotheses and included assigned sex at birth,
depression, pain catastrophizing, ACEs and baseline pain interference. All covariates were
continuous variables except for assigned sex at birth. Covariates with a significant univariate
association with the outcome were added to the logistic regression model sequentially

and retained if their inclusion changed the beta coefficient (the change in log odds of
moderate-to-severe pain interference at 6 months associated with a one-unit increase in the
total number of ADHD symptoms) for ADHD symptoms by 10% or greater and did not
detract from model fit (defined as increasing the Akaike Information Criterion [AIC] by 2
or more). This method was used rather than a p value—based method in order to focus the
model on the factors affecting the relationship of interest. Baseline pain interference was not
included in the multivariate model as pain interference was a repeated measure that violated
the independence assumption of generalized linear regression. Excluding baseline measures
of a study outcome has been shown to be statistically acceptable when the correlation of
baseline and follow-up measures is low (Vickers 2001). Scatter plots of included variables
were assessed for linearity with the predicted log odds to ensure the final model met the
assumptions of logistic regression. Spearman correlation coefficients were calculated for
univariable relationships among predictors and between predictors and pain interference at 6
months. The alpha value used for all tests was 0.05.

Results

Participant Characteristics

The sample included A= 116 young adults who had received a prescription opioid to
treat acute pain. Baseline characteristics did not differ significantly between participants
with (71/116; 61.2%) and without (45/116; 38.8%) complete PROMIS Pain Interference
follow-up data (Table 1). Participant assigned sex at birth was 66% female and 34% male.
Mean participant age was 22.2 years (SD = 2.0; range = 19-26); 72% of participants were
non-Hispanic White, and 13% were Hispanic (Table 1).

Compared with PROMIS reference populations (representative of the United States adult
population), participants reported higher levels of depression at baseline (55.5 vs. 50, p
< 0.001), and pain interference at both baseline (63.0 vs. 50, p < 0.001) and 6-month
follow-up (52.8 vs. 50, p=0.007). Mean pain interference was significantly lower at 6
months than at baseline (52.9 vs. 63.03, p < 0.001). Participants reported high rates of
clinically significant ADHD symptoms (a positive result on the ASRS Screener; 32.8%),
pain interference (moderate-to-severe; 90.4%), pain catastrophizing (moderate-to-severe;
38.8%) and ACEs (= 4 ACEs; 30.2%) (Table 1).

In univariable regressions (Table 2), female assigned sex at birth, ACEs and baseline pain
interference were not significantly associated with odds of persistent moderate-to-severe
pain interference at 6 months. Number of ADHD symptoms was associated with higher odds
of moderate-to-severe pain interference at 6 months (OR = 1.42, 95% CI = 1.05-1.93), as
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was PROMIS Depression score (OR = 1.08, 95% CI = 1.02-1.14) and pain catastrophizing
score (OR =1.06, 95% CI = 1.01-1.12).

The final model (Table 2) included main effects for ADHD symptoms (OR = 1.52, 95%

Cl =1.09-2.12) and pain catastrophizing (OR = 1.07, 95% CI = 1.01-1.13), which were
statistically significant. For each additional ADHD symptom a participant had, their odds
of moderate-to-severe pain interference increased by 52%. For each additional point on the
pain catastrophizing scale, odds of moderate-to-severe pain interference increased by 7%.
ADHD symptoms and pain catastrophizing were weakly associated (= 0.052).

Discussion

These findings demonstrate a previously unreported significant prospective association
between ADHD symptoms and the presence of moderate-to-severe pain interference at 6
months following acute pain in young adults receiving medical care. Pain catastrophizing
was also a significant predictor. Surprisingly, ACEs, which have previously shown a dose-
dependent relationship to chronic pain in both paediatric and adult populations, were not

a significant predictor of moderate-to-severe pain interference in this sample (Brown et

al. 2018; Groenewald, Wright, and Palermo 2015). In multivariable analyses, only ADHD
symptoms and pain catastrophizing predicted moderate-to-severe pain interference over the
6 month window for this sample of young people.

Interestingly, baseline pain interference was not significantly associated with pain
interference at 6 months, suggesting that the psychological factors investigated in this study
may contribute more to chronic pain and related pain interference than degree of initial
injury, consistent with prior studies on traumatic injury (Castillo et al. 2006; Harris et al.
2007).

These results suggest that ADHD symptoms place young adults at risk for chronic pain
interference following an acute injury or surgery and precede differences in pain experience.
Individuals with ADHD symptoms are likely at greater risk for both pain and opioid
prescription throughout adulthood due to their relatively high rate of injury (Brunkhorst-
Kanaan et al. 2021). This is consistent with our sample, in which more participants

had elevated scores on the ASRS Screener (32.8%) than nontreatment seeking normative
cohorts of young adults (17.3%-26.0%) (Chamberlain, Cortese, and Grant 2021). ADHD
has already been established as a risk factor for being prescribed opioids and onset of
prescription opioid misuse, and chronic pain interference following prescription opioid
receipt may be an important mechanism of increased risk of later prescription opioid misuse
(Emmerik-van Oortmerssen et al. 2012; Quinn et al. 2018). Further research in this cohort
will establish whether chronic pain interference is implicated as a mediator between ADHD
symptoms and prescription opioid misuse outcomes in the larger parent study.

ADHD has previously shown a complex and variable relationship with pain sensitivity. In

prior studies, youth with ADHD demonstrate mixed abnormalities in pain sensitivity. Bruton
et al. (2023) found associations between heightened pain sensitivity and both emotional and
conduct problems in this population. In another sample, ADHD severity was associated with
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increased pain sensitivity, and severity comorbid conduct disorder was negatively correlated
(Northover et al. 2015). One study has found reduced pain perception among youth with
ADHD, though this is refuted by the findings of this study and the larger body of literature
(Wolff et al. 2016).

The heightened risk for chronic pain interference for youth with greater ADHD symptoms
suggests a need for investigation of treatment approaches in this at-risk population.
Treatment of ADHD with psychostimulants normalizes pain perception thresholds in both
studies showing increased and decreased pain perception among youth with ADHD (Wolff
et al. 2016; Treister et al. 2015; Bozkurt and Balta 2023). Northover et al. (2015) found

no relationship between pain perception and medication for ADHD but notably required
participants to discontinue medication 24 h prior to pain testing. In adults with low back
pain, ADHD is associated with poorer treatment outcomes in CBT, a cornerstone of chronic
pain (Shimizu et al. 2021). This suggests that a focus on treating underlying ADHD and
perhaps tailored approaches to chronic pain may be needed for the treatment of chronic pain
individuals with ADHD. This study was not powered to examine the role of medication as
only five participants endorsed taking ADHD medication during the study. A prospective
study of an ADHD cohort at risk for chronic pain is an important next step to examine the
effect of pain and ADHD treatment approaches on the development of chronic pain.

These findings have important clinical and public health implications. They underscore the
necessity of early screening for pain interference in young adults with ADHD and suggest
that integrating pain management strategies with ADHD treatment could be beneficial.
Conversely, the brief ASRS screener could be a valuable tool in the evaluation of young
adults with acute pain, especially in settings where opioids are prescribed. Early screening
for pain interference in patients with ADHD could lead to interventions that mitigate
long-term physical and behavioural disability and improve quality of life. From a public
health perspective, ADHD should be treated not only as a neuropsychiatric concern, but

an important risk factor for chronic pain and opioid misuse around which preventative
strategies can be developed. Educational programmes that increase awareness about the links
between ADHD, chronic pain and opioid use among clinicians, patients and caregivers could
be pivotal in changing improving outcomes for patients with ADHD.

Although this study has several strengths, limitations of this study include that baseline
characteristics were assessed in the acute pain period. Pain experience might influence
reporting of ADHD symptoms; the ASRS has shown mixed validity across populations
with a range of potentially co-occurring conditions (Daigre Blanco et al. 2009; Carlucci

et al. 2017; Weibel et al. 2018). However, baseline ADHD symptoms and baseline pain
interference did not predict or correlate well with each in this study, so this is unlikely to be
an important source of confounding. Attention was also treated as a unitary construct in this
analysis.

The role of attentional capacity is complex, with components having conflicting effects on
pain experience (Wauters et al. 2021). Prospective data collection including more nuanced
measures of attention will be needed to investigate this possibility. Recent research suggests
that insomnia may mediate the relationship between ADHD and pain interference, which
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we were unable to investigate in this study but will be an important future direction (Wiwe
Lipsker et al. 2018). Finally, much of the data collection in this study occurred in the

first year of the COVID-19 pandemic; the psychological impact of the pandemic may have
influenced variables in this study. Significant loss to follow-up occurred in our study, with
only 71 of 116 completing the pain interference measure at the 6-month timepoint. However,
these participants did not differ in characteristics analysed, and follow-up data were treated
as missing completely at random.

In sum, these results raise concerns for poor pain outcomes among patients with ADHD
symptoms. Conversely, those with few or no symptoms of ADHD may be protected from
ongoing pain. The ASRS is a brief measure and may have clinical utility in the assessment
of patients with pain.
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Summary

. ADHD symptoms significantly correlate with chronic pain interference,
highlighting the need for targeted management strategies.

. Co-occurring psychological characteristics such as depression and pain
catastrophizing are also associated with increased odds of moderate-to-severe
pain interference.

. The study supports previous research emphasizing attention’s role in chronic
pain, suggesting individuals with ADHD are at higher risk.
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