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Abstract

Objective: To investigate the associations between current chronic pain and cognition and
current chronic head pain and cognition in individuals with traumatic brain injury (TBI).

Setting: Community.

Participants: A total of 1762 participants from the TBI Model Systems who endorsed
experiencing current chronic pain and who completed the Current Chronic Pain survey.

Design: Secondary analysis of a subset of data collected through a multi-site, cross-sectional
observational cohort study.
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Main Outcome Measures: Cognition as measured by the Brief Test of Adult Cognition by
Telephone (BTACT).

Results: Individuals with TBI who reported current chronic pain exhibited lower cognitive
performance compared to those who reported no pain. Among individuals who reported pain,
greater pain intensity and pain interference were negatively associated with cognition, resulting
in poorer cognitive performance. The negative association was even greater for individuals
acknowledging chronic head pain compared to pain from other body locations.

Conclusion: The negative association between current chronic pain and cognition for individuals
with TBI indicates the need to consider pain intensity and pain interference as factors possibly
influencing cognitive ability.
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INTRODUCTION

Chronic pain, defined as any pain that lasts for more than 3 months, has been shown to
negatively impact cognition and memory in various patient populations.1:2 Melzack and
Casey’s early conceptual model of pain describes chronic pain as much broader than a
sensory experience. Rather, pain is an experience characterized by a sensorially, physically,
and emotionally disruptive phenomenon that influences individual perception, motivation,
and affect. Pain models hypothesize that chronic pain negatively impacts attention, decision-
making, and cognitive flexibility,3 and recent literature supports that, in otherwise healthy
individuals, chronic pain significantly correlates with attention, memory, learning, and
executive function deficits.34 In individuals with traumatic brain injury (TBI), studies
indicate that those who report current chronic pain 1-30 years after injury also report
significantly worse physical and cognitive function outcomes,® which suggests that these
individuals are impacted by pain for years after injury and likely endure the symptoms with
limited medical support.6

TBI itself is associated with cognitive changes, motor deficits, and sensory abnormalities;
however, there is evidence that over 50% of persons with moderate-to-severe TBI also
develop debilitating chronic pain that may additively affect long-term daily function and
health-related quality of life.” Headache is one of the most common pain locations after
TBI, with 71% of individuals reporting it 1 year post-injury and 33% reporting it 5

years post-injury.® Further, migraine-like symptoms are often reported by individuals with
TBI who experience chronic head pain,® and migraine pain is associated with poorer
verbal comprehension, complex attention, immediate memory, and spatial cognition.10
Musculoskeletal pain, neuropathic pain, and pain related to mobility impairment are also
common after TBI and negatively impact quality of life.11

Thus, individuals with moderate-to-severe TBI experience high rates of chronic cognitive
deficits and chronic pain, both of which negatively impact functional outcomes. Emerging
evidence suggests a complex and multifaceted relationship between pain and cognitive
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function after TBI that, to date, is not well understood.1213 Consequently, it is difficult to
develop or identify existing interventions to treat pain and/or cognitive deficits after TBI. To
address this knowledge gap in individuals with moderate-to-severe TBI, our study objective
is twofold: to examine the associations between (1) cognition and features of chronic pain,
including pain intensity and pain interference; and (2) cognition and chronic head pain.

This study is a secondary analysis of a project entitled, “The Characterization and Treatment
of Chronic Pain after Moderate to Severe Traumatic Brain Injury” (referred to as the
Chronic Pain Study or CPS), a multicenter, cross-sectional, observational cohort study of
individuals with moderate-to-severe TBI participating in the National Institute on Disability,
Independent Living, and Rehabilitation Research (NIDILRR) Traumatic Brain Injury Model
Systems (TBIMS).14 TBIMS is a national longitudinal study that tracks outcomes after TBI
across the lifespan to inform clinical practices and advance standards of care.

The inclusion criteria of the CPS were also used for this study. Participants were enrolled in
the TBIMS at 1 of the 18 participating rehabilitation centers, including one Veterans Health
Administration TBIMS center, and completed at least one routine follow-up interview at any
of the post-injury time points occurring at years 1, 2, 5, or at 5-year intervals thereafter.
TBIMS participants who required a proxy to complete the scheduled follow-up or who
were non-English speaking were excluded. The additional CPS inclusion criteria have

been previously published.> The CPS sample is comprised of 3804 participants; 1762 with
current chronic pain, 525 with past chronic pain, and 1517 with no pain. Small effect-size
differences in sociodemographic (eg, age, sex, race, employment status, military status,
living situation) and injury characteristics (injury cause and post-traumatic amnesia [PTA])
were previously reported, suggesting little clinical difference between these groups. These
results can be found in Supplemental Digital Content (available at: http://links.lww.com/
JHTR/A924).

The final sample for this analysis objective part (1) included 1762 CPS participants who
reported having current chronic pain. Current chronic pain was defined as, “Persistent or
recurring pain that lasts longer than 3 months. It includes headaches or pain anywhere in
the body which occurs on more than half of the days over a 3-month period.”® The sample
for objective part (2) included 828 of the current chronic pain participants who also reported
experiencing head pain, such as headache or migraine. CPS participants with head pain
responded to a series of separate headache-related questions!® with the goal of gaining a
heightened understanding of the relationship between head pain/migraines and functional
disability.

During TBIMS follow-up interviews, participants were educated about the CPS, asked
about their willingness to participate, and verbally consented if willing. Participants were
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then provided the standard definition of chronic pain as stated above. They were then
asked, Are you experiencing chronic pain? 1f they endorsed current chronic pain, the
participant completed the Current Chronic Pain survey. Participants had an 8-week window
to complete their assigned survey. The survey platform used was based on personal
preference: telephone, mail, or an emailed survey link.

Data for this analysis were collected from the TBIMS database and the CPS. This survey
consists of a variety of previously validated pain measures, including measures for headache
which are described in Pain characteristics below.

Demographics. Sociodemographic variables included age, sex, race/ethnicity, marital
status, level of education, employment status, body mass index (BMI), past mental health
interventions, controlled substance use, and medication/opioid use. Controlled substance use
is defined as a person having either taken illicit drugs in the past 12 months, consumed 5
or more alcoholic drinks in one sitting within the past month, or consumed greater than

14 drinks in a week for males or 7 drinks for females in the past month. Opioid use

was defined as having ever used prescribed opioid medication in the past or having used
prescribed opioid medication in the past year that was not prescribed. Injury characteristics
included injury etiology, time since injury, and days of PTA, (injury severity). Functional
outcomes like communication ability, motor response, cognitive ability to complete daily
living activities, and employability were measured using the Disability Rating Scale.16

Cognition. Cognition was assessed using the Brief Test of Adult Cognition by Telephone
(BTACT).1” The BTACT is a 15- to 20-minute brief measure of global cognitive function
validated for telephone administration. The BTACT was administered to participants within
8 weeks prior to completing the CPS. The subscales include episodic verbal memory,
working memory, verbal fluency, inductive reasoning, processing speed. For analyses, the
three Midlife in the United States (MIDUS)18:19 standardized BTACT composite scores2?
were selected as the primary outcomes. The MIDUS BTACT scores include an overall
composite score and two subscales for episodic verbal memory and executive functioning.
All scores were standardized based on the participant’s age, sex, and education level.

Pain characteristics. The Brief Pain Inventory (BPI) was used to collect data regarding
pain location, intensity, and interference. The BPI assesses the severity of pain, impact of
pain on daily function, location of pain, pain interference, and pain relief. Responses are
made on a Likert scale of 0 (no pain or interference) to 10 (pain as bad as you can imagine
or completely interferes).2!

The Headache Impact Test (HIT-6) is a self-report measure used to assess the impact of
headaches on daily function. The items cover severe pain, pain-related functional limitation,
tiredness, feelings of irritation, and concentration difficulties. Responses are made on a
5-point Likert scale of never to always.2? The HIT-6 was only asked of those participants
who reported head pain.
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The Lucas and colleagues’ headache characterization strategy?3 was used to classify
headache type. Headaches were classified into migraine, probable migraine, tension-type
headache, and cervicogenic headache (a symptom-defined secondary headache). If head pain
did not fit into these categories, it was characterized as unclassifiable. For this analysis, a
participant was considered to have “migraine features” if they were classified into migraine
or probable migraine. Decisions for headache classification were made based on the
responses to the headache questionnaire, International Classification of Headache Disorders,
2nd edition (ICHD-2) criteria, and expert review using a decision tree. A headache was
classified as a migraine if it was reported as moderate-to-severe and met at least two of the
following criteria: (1) The headache had a significant disabling impact; (2) The headache
was unilateral; (3) The headache was throbbing/pulsating; (4) The headache was worsened
by movement or physical activity.

Psychosocial outcomes. Sleep data were collected using the Pittsburgh Sleep Quality
Index (PSQI).2% The PSQI is a self-report measure designed to measure overall sleep quality
that is a combination of open-ended and Likert scale questions. Respondents indicate how
frequently they experience sleep difficulties and rate their overall sleep quality. The PSQI
total score ranged from 0 to 21 with higher scores indicating worse sleep quality.

Post-Traumatic Stress Disorder (PTSD) symptomology was assessed using the PTSD
Checklist for DSM-5 (PCL-5).2526 The PCL-5 is a 20-item self-report measure that assesses
20 DSM-5 symptoms of PTSD. Responses are made on a Likert scale of O (not at all) to

4 (extremely). The PCL-5 ranged from 0 to 80 with higher scores indicating worse PTSD
symptomology.

Depression severity was measured using the Patient Health Questionnaire (PHQ-9),2 a self-
report measure of depression symptoms. Respondents indicate how often they experience
symptoms of depression from 0 (not at all) to 3 (nearly every day). PHQ-9 scores range from
0 to 27 with higher scores indicating worse depression symptoms.

Anxiety severity was measured by the Generalized Anxiety Disorder-7 (GAD-7),28 a self-
report measure of anxiety symptoms. Respondents indicate how often they experience
symptoms of anxiety from 0 (not at all) to 3 (nearly every day). GAD-7 scores range from 0
to 21 with higher scores indicating worse anxiety.

Primary insurance. The primary insurance provider was hierarchically ordered as
Veterans Affairs (VA), private insurance, Medicare, and Medicaid. If participants reported
two or more coverage sources, their primary insurance source was determined based on this
order.

Analytic plan

All statistical analyses were performed using SAS v9.429 assuming a significance level

of 0.05 unless otherwise stated. Sample characteristics included all demographic, injury-
related, psychosocial, cognitive, and pain items. The continuous variables were summarized
using means and standard deviations (SDs) and frequency counts and percentages were
used for the categorical variables. Medians and interquartile ranges described any skewed
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variables. All characteristics were summarized for both the current chronic pain and current
chronic head pain samples.

BTACT scores were compared between the current chronic pain sample and those
participants without chronic pain using two-sided #tests and Cohen’s D effect sizes (ESS).
Associations between pain and cognition were assessed for the current chronic pain sample
using correlations, ESs, and both unadjusted and adjusted linear regression models. All
three BTACT scores were used as cognitive outcomes, and pain was represented by the
combination of mean BPI pain intensity and mean BPI pain interference, and head pain
location (Y/N).

All adjusted models controlled for age, level of education, GAD-7, PSQI, PTA duration,
primary insurance provider, and opioid use. Due to the high correlations between the
GAD-7, PHQ-9, and PCL-5, only one of these psychosocial variables could be included
within the multivariate models to avoid multicollinearity. Preliminary analyses revealed that
the GAD-7 had the strongest association with cognition within our sample and therefore
was included in our models. For analytic reasons, PTA duration was normalized using a
log-transformation and a Bonferroni correction was assessed when necessary. All regression
model results were summarized using mean estimate change, a 95% confidence interval, and
significance levels. ESs were calculated using model estimates divided by the root mean
square error of the respective model.

For those with current chronic head pain, the associations between pain and cognition were
analyzed using the same methods previously described. All BTACT scores were used as
outcomes, and the HIT-6 represented head pain. Consistent covariates were controlled for in
adjusted models with the addition of migraine classification.

Sample description

The current chronic pain sample consisted of 1762 participants with an average age of 46
years. The majority were male (73%), white (66%), had greater than a high school diploma
(60%), and had private insurance (37%). The sample has a median of 5.4 years for time
since injury and PTA duration ranged from 0 to 441 days with a median of 16 days. Chronic
head pain was reported in 47% of the sample, and the majority reported the use of opioids
(60%), having a vehicular etiology (53%), no use of controlled substances (70%), and

no pre-injury history of mental health treatment (69%). The majority of participants with
current chronic head pain reported having migraine features (81%).

Median scores for depression and anxiety were 7 and 5, respectively. Average sleep quality
scores were 8.6 and median PTSD scores were 19. Average cognitive outcomes were below
the mean standardized score of 0. The BTACT composite score had a mean of —0.5 and
ranged from —3.4 to 1.6. The average BTACT executive function was —0.4 with a range

of —3.6 to 2.3, and the average BTACT episodic verbal memory was —0.7 with a range of
-3.0 to 3.4. Table 1 summarizes all characteristics for both the current chronic pain and the
current chronic head pain samples.
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Current chronic pain associations with cognition

Cognitive scores were significantly worse for those with current chronic pain compared to
those with no pain. The unadjusted associations were statistically significant for all pain
predictors with all cognitive outcomes and small ESs were identified in both analyses.
BTACT scores decreased on average between 0.10 and 0.14 SDs for every one-point
increase in a participant’s pain intensity. Increases in pain interference demonstrated a
similar relationship with cognitive scores decreasing between 0.07 and 0.10 SDs. Those
participants who reported current chronic head pain also showed worse cognitive outcomes
compared to those who did not. See Tables 2 and 3 respectively for results.

After adjusting for relevant characteristics that could impact cognition, significant
relationships remained between all pain predictors and the BTACT composite and executive
functioning scores. Pain intensity was the only variable found to significantly impact
BTACT episodic verbal memory. Pain intensity and interference negatively impacted each of
the cognitive outcomes and those with current chronic head pain had worse BTACT scores.
All adjusted associations between pain and cognition revealed small ESs and correlations.

Controlling for pain intensity and pain interference, significant relationships were also seen
with injury severity, level of education, primary insurance provider, opioid use, age, and
anxiety. Participants with longer durations in PTA, less education, and those who did not
report opioid use demonstrated lower cognitive scores for all outcomes. Participants with
either Medicare or Medicaid as their primary insurance provider also had worse cognitive
scores for each outcome when compared to those with private insurance. Increased age was
associated with better cognition (BTACT composite scores) while anxiety was negatively
related to episodic verbal memory.

Similar associations were seen in the adjusted models controlling for head pain location.
Injury severity, level of education, and insurance provider were significantly related to

all three cognitive outcomes. Lack of opioid use and anxiety were negatively related to
BTACT composite and episodic verbal memory scores and those who reported poorer
sleep quality demonstrated significantly worse cognition (BTACT composite and executive
function scores). The full results for all adjusted models with the current chronic pain
sample are shown in Table 4.

Chronic head pain associations with cognition

Unadjusted model results revealed a negative association between chronic head pain and
cognition. For every one-point increase in the HIT-6, all BTACT scores decreased by 0.02
SDs on average for those who reported current chronic head pain. The HIT-6 maintained

a significant relationship with the BTACT composite and executive function scores after
adjusting for additional model covariates. All unadjusted and adjusted associations between
the HIT-6 and cognition revealed small ESs and correlations. Significant associations

were also seen between all BTACT outcomes and insurance provider; injury severity was
significantly associated with BTACT composite and episodic verbal memory; and level of
education was significantly associated with BTACT composite and executive functioning
while opioid use was significantly associated with episodic verbal memory. Post hoc
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analysis evaluating pain intensity, pain interference, and head pain revealed no confounding
impact with the model results. The complete unadjusted and adjusted model results for the
current chronic head pain sample are described in Tables 3 and 4.

DISCUSSION

This study examined the association between chronic pain and cognition within the largest
prospective cohort of persons surviving moderate-to-severe TBI to date. Individuals who
reported chronic pain had worse cognitive scores compared to individuals who denied

pain (n=1517). Greater pain severity (intensity and interference) was associated with
poorer cognition. Additionally, in an unadjusted comparison, individuals with head pain
showed worse cognitive outcomes compared to those who denied head pain. Significant
associations were observed for PTA duration, primary insurance provider, and opioid

use across all three BTACT outcomes. The association with PTA duration was expected
given that is the most robust clinical measure of TBI severity and overall functional
prognosis,2%-31 and individuals in this sample who took longer to emerge from PTA had
worse cognition. Worse cognition was also found for non-opioid users when compared to
opioid users. Similar covariate associations were observed for our subgroup analyses on
head location pain. Worse cognition for non-opioid users is difficult to reconcile with the
literature, but may represent selection bias for those prescribed opioids, or an avoidance of
opioids by individuals with limited cognitive ability, substance abuse histories, or mental
health conditions. Data collection included medications prescribed regardless of long-term
scheduled daily use or occasional as-needed use, so this does not provide insights into actual
use patterns.

Individuals with private insurance scored higher on BTACT than those with Medicare

or Medicaid which is consistent with prior studies of long-term cognitive and physical
functional outcomes in the TBIMS cohort.32-34 Though increased age relating to better
cognition was a surprising result, it may be associated with higher levels of education
reported by this sample and warrants further investigation. Anxiety was also found to
negatively impact BTACT composite and episodic verbal memory scores, but not scores of
executive function.

All of the above relationships remained significant after adjusting for other factors

in multivariable regression analyses. Although associations were statistically significant,
standardized ESs were found to be small indicating these differences in cognition may

be of limited clinical significance. However, there is no literature yet to guide clinical
interpretation of BTACT scores. Overall, these findings provide preliminary evidence for
the impact of comorbid pain on cognition following TBI.35-37 As expected, the mean

and median BTACT scores for our sample with chronic pain were below those found in
normative data as full cognitive recovery after moderate-to-severe TBI is atypical.3>-37 Our
findings that individuals without pain after TBI had better cognitive scores than those who
reported pain, had greater pain intensity or greater perceived effects of pain, or had greater
impact of headache on daily life is consistent with general population data.3 The study
data further indicate that individuals with TBI and chronic pain whose pain is located in
the head are at greatest risk for reduced cognition. This suggests that scores on cognitive
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testing derived from individuals with TBI may not accurately reflect true cognitive ability
when chronic pain is present, especially with higher pain intensity and/or head pain. Our
findings support a holistic approach to clinical care, with the inclusion of pain screening and
treatment or referral pathways for individuals with TBI and cognitive difficulties. Individuals
with TBI and chronic pain should be counseled, along with their families, that pain may be
contributing to their day-to-day cognitive symptoms, difficulties, or challenges. Cognitive-
behavioral therapy may be beneficial in this regard, along with other potential behavioral
strategies for minimizing the pain experience, such as biofeedback, controlled breathing, or
meditation.38

LIMITATIONS

Several limitations may be considered for this analysis. First, the sample analyzed may not
represent all individuals with TBI due to the exclusion criteria for the CPS.® The results may
not apply to those who experienced past chronic pain with resolution as the pain sample
included only those who endorsed current chronic pain. Further, the use of self-report
surveys is inherently biased as respondents may be prone to socially desirable responses,
may not understand the questions, may be untruthful, may be influenced by the proctor, or
may not be adept at using the survey delivery platform.3° Those who completed the survey
over the phone (79% of respondents who reported current pain; 77% of respondents who
reported current head pain) may have disclosed more or less information compared to those
who completed the survey online or on paper. Analytically, all sample sizes for our study
were quite large and may have resulted in inflated significance levels. All model results
should be interpreted cautiously with an emphasis on the ESs as these are standardized
measures of change. Clinical interpretation of BTACT scores has not yet been established
which may limit clinical translation. Lastly, given the nature of survey-based data collection,
the relationship between TBI, chronic pain, and cognition beyond the Likert-scale responses
could not be explored, and further research in this area is warranted. A future study that
employs a mixed-methods approach may further elucidate the complex relationship between
cognitive deficits and chronic pain after TBI.

CONCLUSION

In conclusion, this study suggests that chronic pain negatively impacts cognition after TBI
above and beyond other factors including TBI severity, especially among individuals who
experience greater pain intensity and/or head located pain. Future studies of cognition after
TBI should include pain intensity and location as possible mediating or moderating factors.
Clinically, these findings suggest that pain management should be addressed as part of a
holistic approach to cognitive rehabilitation after TBI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 August 16.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Peckham et al.

Page 10

Acknowledgements

James A. Haley Veteran’s Administration: The views expressed in this manuscript are those of the authors

and do not necessarily represent the official policy or position of the Defense Health Agency, Department of
Defense, or any other U.S. government agency. This work was prepared under Contract HT0014-22-C-0016 with
DHA Contracting Office (CO-NCR) HT0014 and, therefore, is defined as U.S. Government work under Title 17
U.S.C.8101. Per Title 17 U.S.C.8105, copyright protection is not available for any work of the U.S. Government.
For more information, please contact dha. TBICOEinfo@health.mil.

Other Contributions:

The study authors would like to acknowledge staff at the following study sites for their efforts in recruitment, data
collection, project management, and study design:

. James A. Haley Veteran’s Administration: Amanda Tweed, BA, Bridget A. Cotner, PhD, George
Rocek, MS, Jennifer L. Murphy, PhD, Erin Brennan, MS, Deveney Ching, MA, Jordan Moberg,
MPH, Danielle R. O’Connor, MA, Curtis Takagishi, PhD, Georgia Kane, MD

. Craig Hospital: Clare Morey, MA, CCC-SLP, Dave Mellick PhD, Stephanie Agtarap, PhD, William
Williams, MS, Wendy Beukelman, BS, Selena Cruz, MS

. University of Washington: Silas James, MPA

. Indiana University School of Medicine: Amanda Melton, Christina Miller, Darby Dyar, Victoria
Hammond, Grace Brackemyre

. Spaulding Rehabilitation Hospital: Ross Zafonte, DO

. Wayne State University School of Medicine: Carole Koviak, Renee Sun, and Robert Kotasek

. Mayo Clinic College of Medicine and Science: Dmitry Esterov, DO

. Rusk Rehabilitation: Tamara Bushnik, PhD, Michelle Smith, MPH, CHES, Alejandro Zarate, BS

. Baylor Scott and White Institute for Rehabilitation: Simon Driver, PhD, Cynthia Dunklin, BS, Aimee
Muir, MBA, Stephanie Calhoun, BS

. Virginia Commonwealth University: Karen Brooke, MT, Laura Boylan, BS, Laura Albert Suarez, BA

. Moss Rehabilitation Research Institute: Kelly McLaughlin, BA

. University of Alabama at Birmingham: Mitchell Drew Mauldin, BS, Kay Canupp, MSN, CRNP

. TIRR Memorial Herman: Jay Bogaards, MA

. The Ohio State University: John D. Corrigan, PhD, Jennifer Bogner, PhD, Michael MaHaffey, BS,
Shivangi Bhardwaj, BS, Ally Guiher, BS, Nathaniel Dusseau Il, BS

. Kessler Foundation: Nancy Chiaravalloti, PhD, Jean Lengenfelder, PhD

. Carolinas Rehabilitation: Shanti Pinto, MD, Tami Pringnitz Guerrier, CBIST, CRA, Kimberly S.

Welsh, BS, CBIS, Kelly Crawford, MD
. JFK Johnson Rehabilitation Institute: Yelena Goldin, PhD, ABPP-CN, Monique Tremaine, PhD

Research reported in this article was funded through the National Institute on Disability, Independent Living,

and Rehabilitation (NIDILRR), a Center within the Administration for Community Living (ACL), Department of
Health and Human Services (HHS) Collaborative Grant Award (90DPTB0017) which leveraged the infrastructure
of the NIDILRR and the Department of Veterans Affairs (VA) TBI Model Systems programs of research:

James A. Haley Veterans Hospital TBI Model Systems, IRB PR0O0000094; see additional acknowledgement,
Characterization and Treatment of Chronic Pain after TBI, 90DPTB0017, IRB PR00039496; Craig Hospital,
Rocky Mountain Regional TBI Model System, 90DPTB007 (2017-2022) and 90DPTB0020 (2022-2027), IRB
231 579, Characterization and Treatment of Chronic Pain after TBI, 90DPTB0017, IRB 1 335 849; Craig

Hospital TBI Model Systems National Data and Statistical Center, 90DP0084 (2016-2021) and 90DPTB0018
(2021-2026), IRB 231 626; University of Washington School of Medicine, University of Washington TBI Model
System, 90DPTB0008 (2017-2022) and 90DPTB0024 (2022-2027), IRB STUDY00001788; Indiana University
School of Medicine, Indiana TBI Model System, 90DPTB0002 (2017-2022) and 90DPTB0022 (2022-2027), IRB
1211010085R006; Spaulding Rehabilitation Hospital, Harvard Medical School, Spaulding-Harvard TBI Model
System, 90DPTB0011 (2017-2022) and 90DPTB0027 (2022-2027), IRB 2012P002476; Wayne State University
School of Medicine, Southeastern Michigan TBI System, 90DPTB006 (2017-2022) and 90DPTB0030 (2022—
2027), IRB 102908B3E; Mayo Clinic College of Medicine and Science, Mayo Clinic TBI Model System,
90DPTB0012 (2017-2022) and 90DPTB0031 (2022-2027), IRB 69-03; NYU Langone Health, Rusk Rehabilitation

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 August 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Peckham et al.

Page 11

TBI Model System at NYU and Bellevue, 90DPTB0010 (2017-2022) and 90DPTBO0034 (2022-2027), IRB
13-00056; Baylor Scott and White Institute for Rehabilitation, North Texas TBI Model System, 90DPTB0013
(2017-2022) and 90DPTB0023 (2022-2027), IRB 002-212; Virginia Commonwealth University, The Virginia TBI
Model System (VTBIMS), 90DP0033 (2017-2022) and 90DBTB0021 (2022-2027), IRB PR00039496; Thomas
Jefferson University, Moss Rehabilitation Research Institute, Moss TBI Model Systems 90DPTB0004 (2017-
2022) and 90DPTBO001 (2022-2027), IRB; University of Alabama at Birmingham, UAB TBI Model System,
90DPTB0015 (2017-2022) and 90DPTB0029 (2022-2027), IRB 980 904 002; TIRR Memorial Hermann, Texas
TBI Model System at TIRR, 90DPTB0016 (2017-2022) and 90DPTB0025 (2022-2027), IRB H-21 935; The
Ohio State University College of Medicine, Ohio Regional TBI Model System, 90DPTB0001 (2017-2022) and
90DPTB0026 (2022-2027), IRB 1993H0142; Kessler Foundation, Northern New Jersey TBI System, 90DPTB0003
(2017-2022) and 90DPTB0032 (2022-2027), IRB R-597-07; Carolinas Rehabilitation, TBI Model System Follow-
Up Center, TBI Model Systems National Data and Statistical Center, 90DP0084 (2017-2022) and 90DPTB0018
(2021-2026), IRB PR00022242; Icahn School of Medicine at Mount Sinai, The New York TBI Model System

at Mount Sinai, 90DPTB0009 (2017-2022) and 90DPTB0028 (2022-2027), IRB 11-01799, IRB 22-0700;
Hackensack Meridian JFK Johnson Rehabilitation, TBI Model System Projects at JFK Johnson Rehabilitation
90DPTB0014 (2017-2022), IRB CR00005522. The views expressed in this manuscript are those of the authors
and do not necessarily represent the official policy or position of NIDILRR, ACL, HHS; Defense Health Agency,
Department of Army/Navy/Air Force, Department of Defense (DOD); Veterans Health Administration (VHA), or
any other U.S. government agency. No official endorsement should be inferred.

REFERENCES

1. Khera T, Rangasamy V. Cognition and pain: a review. Front Psychol. 2021;12:673962. doi:10.3389/
fpsyg.2021.673962 [PubMed: 34093370]

2. Moriarty O, McGuire BE, Finn DP. The effect of pain on cognitive function: a review of clinical and
preclinical research. Prog Neurobiol. 2011;93(3):385-404. doi:10.1016/j.pneurobio.2011.01.002
[PubMed: 21216272]

3. Phelps CE, Navratilova E, Porreca F. Cognition in the chronic pain experience: preclinical insights.
Trends Cogn Sci. 2021;25(5):365-376. d0i:10.1016/j.tics.2021.01.001 [PubMed: 33509733]

4. Smith BH, Elliott AM, Chambers WA, Smith WC, Hannaford PC, Penny K. The impact of chronic
pain in the community. Fam Pract. 2001;18(3):292-299. doi:10.1093/fampra/18.3.292 [PubMed:
11356737]

5. Harrison-Felix C, Sevighy M, Beaulieu CL, et al. Characterization and treatment of chronic pain
after traumatic brain injury—comparison of characteristics between individuals with current pain,
past pain, and no pain: a NIDILRR and VA TBI Model Systems Collaborative Project. J Head
Trauma Rehabil. 2024;39(1):5-17. doi:10.1097/htr.0000000000000910 [PubMed: 38167715]

6. Andelic N, Soberg HL, Berntsen S, Sigurdardottir S, Roe C. Self-perceived health care needs and
delivery of health care services 5 years after moderate-to-severe traumatic brain injury. Pm R.
2014;6(11):1013-1021. doi:10.1016/j.pmrj.2014.05.005 [PubMed: 24844444]

7. Williamson ML, Elliott TR, Berry JW, Underhill AT, Stavrinos D, Fine PR. Predictors of
health-related quality-of-life following traumatic brain injury. Brain Inj. 2013;27(9):992-999.
doi:10.3109/02699052.2013.801512 [PubMed: 23781905]

8. Moshourab RA, Schéfer M, Al-Chaer ED. Frontiers in Neuroengineering Chronic Pain in
Neurotrauma: implications on Spinal Cord and Traumatic Brain Injury. Kobeissy FH. ed.. Brain
Neurotrauma: Molecular, Neuropsychological, and Rehabilitation Aspects. CRC Press/Taylor &
Francis; 2015.

9. Chen MH, Sung YF, Chien WC, Chung CH, Chen JW. Risk of migraine after traumatic brain injury
and effects of injury management levels and treatment modalities: a nationwide population-based
cohort study in Taiwan. J Clin Med. 2023;12(4):1530. [PubMed: 36836064]

10. Begasse de Dhaem O, Robbins MS. Cognitive impairment in primary and secondary headache
disorders. Curr Pain Headache Rep. 2022;26(5):391-404. d0i:10.1007/s11916-022-01039-5
[PubMed: 35239156]

11. Hoffman JM, Pagulayan KF, Zawaideh N, Dikmen S, Temkin N, Bell KR. Understanding
pain after traumatic brain injury: impact on community participation. Am J Phys Med Rehabil.
2007;86(12):962-969. doi:10.1097/PHM.0b013e31815b5ee5 [PubMed: 18090437]

12. Sander AM, Williams M, Loyo K, et al. Disparities in chronic pain experience and
treatment history among persons with traumatic brain injury: a Traumatic Brain Injury Model

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 August 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Peckham et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Page 12

Systems Study. J Head Trauma Rehabil. 2023;38(2):125-136.d0i:10.1097/htr.0000000000000870
[PubMed: 36883895]

Gorgoraptis N, Zaw-Linn J, Feeney C, et al. Cognitive impairment and health-related quality
of life following traumatic brain injury. Neuro Rehabilitation. 2019;44(3):321-331.d0i:10.3233/
nre-182618 [PubMed: 31177238]

Traumatic Brain Injury Model Systems National Database. doi:10.17605/OSF.1I0/A4XZB. http://
www.thindsc.org

Renjith V, Pai MS, Castelino F, Pai A, George A. Clinical profile and functional
disability of patients with migraine. J Neurosci Rural Pract. 2016;7(2):250-256.
doi:10.4103/0976-3147.176188 [PubMed: 27114657]

Rappaport M, Hall KM, Hopkins K, Belleza T, Cope DN. Disability rating scale for severe head
trauma: coma to community. Arch Phys Med Rehabil. 1982;63(3):118-123. [PubMed: 7073452]

Tun PA, Lachman ME. Telephone assessment of cognitive function in adulthood: the Brief Test
of Adult Cognition by Telephone. Age Ageing. 2006;35(6):629-632. doi:10.1093/ageing/afl095
[PubMed: 16943264]

Brim OG, Ryff CD, Kessler RC. The MIDUS National Survey: an overview. How healthy are we?:
A national study of well-being at midlife. In: John D, and Catherine T, MacArthur Foundation
Series on Mental Health and Development. Studies on Successful Midlife Development, The
University of Chicago Press; 2004: 1-34.

Ryff C, Lachman M. Midlife in the United States (MIDUS 2): cognitive project, 2004—-2006.
Inter-university Consortium for Political and Social Research, Ann Arbor, MI; 2017.

DiBlasio CA, Sima A, Kumar RG, et al. Research letter: performance of the Brief Test of

Adult Cognition by telephone in a national sample. J Head Trauma Rehabil. 2021;36(4):E233—
€239.d0i:10.1097/htr.0000000000000664 [PubMed: 33656486]

Tan G, Jensen MP, Thornby JI, Shanti BF. Validation of the Brief Pain Inventory for
chronic nonmalignant pain. J Pain. 2004;5(2):133-137. doi:10.1016/j.jpain.2003.12.005 [PubMed:
15042521]

Yang M, Rendas-Baum R, Varon SF, Kosinski M. Validation of the Headache Impact
Test (HIT—6TM) across episodic and chronic migraine. Cephalalgia. 2011;31(3):357-367.
doi:10.1177/0333102410379890 [PubMed: 20819842]

Lucas S, Hoffman JM, Bell KR, Walker W, Dikmen S. Characterization of headache

after traumatic brain injury. Cephalalgia. 2012;32(8):600-606. doi:10.1177/0333102412445224
[PubMed: 22623761]

Fictenberg NL, Putnam SH, Mann NR, Zafonte RD, Millard AE. Insomnia screening in postacute
traumatic brain injury: utility and validity of the Pittsburgh Sleep Quality Index. Am J Phys Med
Rehabil. 2001;80(5):339-345. doi:10.1097/00002060-200105000-00003 [PubMed: 11327555]
Weathers FW, Litz BT, Keane TM, Palmieri PA, Marx BP, Schnurr PP. The PTSD Checklist

for DSM-5 (PCL-5). Scale Available from the National Center for PTSD at www.ptsd.va.gov.
2013;10:206.

Van Praag DLG, Fardzadeh HE, Covic A, Maas AIR, von Steinblichel N. Preliminary validation
of the Dutch version of the Posttraumatic stress disorder checklist for DSM-5 (PCL-5) after
traumatic brain injury in a civilian population. PLoS One. 2020;15(4):0231857. doi:10.1371/
journal.pone.0231857 [PubMed: 32310970]

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure.
J Gen Intern Med. 2001;16(9):606—613. doi:10.1046/j.1525-1497.2001.016009606.x [PubMed:
11556941]

Spitzer RL, Kroenke K, Williams JB, Léwe B. A brief measure for assessing generalized

anxiety disorder: the GAD-7. Arch Intern Med. 2006;166(10):1092-1097. doi:10.1001/
archinte.166.10.1092 [PubMed: 16717171]

Sherer M, Struchen MA, Yablon SA, Wang Y, Nick TG. Comparison of indices of traumatic
brain injury severity: Glasgow Coma Scale, length of coma and post-traumatic amnesia. J Neurol
Neurosurg Psychiatry. 2008;79(6):678-685. doi:10.1136/jnnp.2006.111187 [PubMed: 17928328]
Walker WC, Ketchum JM, Marwitz JH, et al. A multicentre study on the clinical utility of
post-traumatic amnesia duration in predicting global outcome after moderate-severe traumatic

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 August 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Peckham et al.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 13

brain injury. J Neurol Neurosurg Psychiatry. 2010;81(1):87-89. doi:10.1136/jnnp.2008.161570
[PubMed: 20019222]

Walker WC, Stromberg KA, Marwitz JH, et al. Predicting long-term global outcome after
traumatic brain injury: development of a practical prognostic tool using the Traumatic Brain
Injury Model Systems National Database. J Neurotrauma. 2018;35(14):1587-1595.doi:10.1089/
neu.2017.5359 [PubMed: 29566600]

Dams-O’Connor K, Ketchum JM, Cuthbert JP, et al. Functional outcome trajectories following
inpatient rehabilitation for TBI in the United States: a NIDILRR TBIMS and CDC Interagency
Collaboration. J Head Trauma Rehabil. 2020;35(2):127-139. doi:10.1097/htr.0000000000000484
[PubMed: 31033744]

Howrey BT, Graham JE, Pappadis MR, Granger CV, Ottenbacher KJ. Trajectories of functional
change after inpatient rehabilitation for traumatic brain injury. Arch Phys Med Rehabil.
2017;98(8):1606-1613. doi:10.1016/j.apmr.2017.03.009 [PubMed: 28392325]

Lequerica AH, Sander AM, Pappadis MR, et al. The association between payer source and
traumatic brain injury rehabilitation outcomes: a TBI Model Systems Study. J Head Trauma
Rehabil. 2023;38(1):E10-e17.doi:10.1097/htr.0000000000000781 [PubMed: 35452026]

Dikmen SS, Corrigan JD, Levin HS, Machamer J, Stiers W, Weisskopf MG. Cognitive outcome
following traumatic brain injury. J Head Trauma Rehabil. 2009;24(6):430-438. doi:10.1097/
HTR.0b013e3181¢c133e9 [PubMed: 19940676]

Ponsford J, Draper K, Schénberger M. Functional outcome 10 years after traumatic brain injury:
its relationship with demographic, injury severity, and cognitive and emotional status. J Int
Neuropsychol Soc. 2008;14(2):233-242. doi:10.1017/s1355617708080272 [PubMed: 18282321]
Ruttan L, Martin K, Liu A, Colella B, Green RE. Long-term cognitive outcome in moderate

to severe traumatic brain injury: a meta-analysis examining timed and untimed tests at 1 and

4.5 or more years after injury. Arch Phys Med Rehabil. 2008;89(12 Suppl):S69-76. doi:10.1016/
j.apmr.2008.07.007 [PubMed: 19081444]

Li X, Feng Y, Xia J, et al. Effects of cognitive behavioral therapy on pain and sleep

in adults with traumatic brain injury: a systematic review and meta-analysis. Neural Plast.
2021;2021(1):6552246. doi:10.1155/2021/6552246 [PubMed: 34804154]

Paulhus DL, Vazire S. The self-report method. Handbook of Research Methods in Personality
Psychology. 2007;1:224-239.

SAS/ACESS 9.4 Interface to ADABAS SAS Institute Inc; 2013.

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 August 16.



Page 14

Peckham et al.

Author Manuscript

Auoruyajeoey

%ETL 065 %6°2L v8CT I

%.'82 8¢z %T'LT 8Ly a[ewad
e

81 - (Burssin)

%061 ¥ST - - salnyeaj-uou aureBI

%018 999 - - sainyesy auredBiN
uoljeolyissed aureabip

- 4 (Butssin)

- - %E' Ly 828 S8A

- - %L'2S 226 ON
ured peay 21U04Yd JUBIIND

% N % N
(Lv) 00T v.L (ov) 98 0491 81005 [€30} 1OSd
(Tv—¥1) L2 8L (ve-8) 61 78971 81005 [£303 G-10d
(e1-€) L 6. (01-2) § T.91 81095 [€}0} /-AVD
(¥1-9) 6 G8.L (z1-€) L 1991 84095 [€101 6-OHd
(rne 88, rNe 0L9T sya
(6z-1) €1 66. (Te-¢) 91 v0LT (sAep) uoneanp v1d
(9¥1-T2) 'S 828 (9v1-12) ¥'S 29.T (saeak) Aanfur souls awi L
(T9)zse G29 (6'9)8'L¢ S9rT INg
(cen eer 828 (TsT) ¥ov 19.T (s1eak) aby
(e8) €29 508 - - 91095 [€101 9-1 |H
(s2)0s 18 Sy 12lT 80usIagaIul uted |dg UesIN
(81T) TS 28 (6187 7.1 Ansusyur ured 1dg uesiN
(6'0) 60— 8 (6'0) L0~ 6921 Kaowsw [equan a1posids 10v.Ld
(80) 50— 0€s (80) ¥'0- o€zt Buiuonouny aAlINaXs 1 OV.L g
(80) 9°0- 9s (80) 5°0- 1121 2100s aysodwod 1 V19
(401) velpaN/(@s) uesn N (401) velpan/(as) uesiy N

828 = N ured peay 21U04Yd JUBIIND

29/T = N uted 21u04yo wa4IND

sajdwes Apnis ay1 J0J sansLIaorIeyd ured pue ‘aaniubod ‘feroosoydAsd ‘parejal-Ainlul ‘olydeibowsp ayl Jo Arewwns

T319vl

Author Manuscript

Author Manuscript

Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 August 16.



Page 15

Peckham et al.

%8°0¢
%G°S¢
%8'€e

%L'TT
%c'ee
%061
%0°Ly

%9°S
%8'9€
%v'9T
%C' TV

%T'1C
%E'8E
%S'€C
%C' LT

%C'SC
%10V
%LVE

%V'S
%671
%961
%09

Author Manuscript

691
10¢
vl

16
¥8T
LST
68¢

el4
¥0€
SET
ove

IZA)
9T¢
61
44"

80¢
[4%3
18¢

144
[44)
191
1494

%6°LT
%T°0E
%C'LE

%V 1T
%0°ST
%€E°0¢
%¥y'€S

%C'S
%6°0%
%LYT
%T'6E

%S'¢C
%C'LE
%0'v¢
%¢'9T

%¥'9¢
%¥'8E
%¢C'SE

%E'S
%6'TT
%T'LT
%L'99

60€
619
9

00¢
€9¢
At
66

6
61L
8G¢
189

96¢
759
ay
S8¢

1414
9.9
619

€T

43
60¢
66¢
6Y1T

Author Manuscript

preaipsiy
aledlpaN
areAld
Japinoad soueansul Adewiad
(Burssin)
BYo
39U3|0IN
Iled
1e[NaIYyaA
ABojons Ainfuy
(Burssin)
BYo
painay
pakojdwaun
Juspnis/pakoldwy
snjels juswAojdw3y
(Burssin)
Jarealb Jo aalbap Jojayoeg
aba]100 awos
ewoldip SH
ewo|dip SH uey) ssa]
uoIyeINpa Jo [aA3] 1s8YBiIH
(Burssin)
pairew Jabuol oN
pale
(patirew Janau) a1buis
snyels [eyde N
(Burssin)
Byo
oluedsiH
oelg
AMUM

Author Manuscript

Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 August 16.



Page 16

Peckham et al.

"uoleINaQ pJepuelS :ds ‘BISauWY J1IeWwNeINsod (W1d ‘xapul Aend
daa|s ybiungsnid :1OSd ‘6-a4reuuonsan® UesaH uaned :6-OHd ‘S-INSQ 104 1S11p198UD (AS.Ld) J9pIosiq SSaAIS dnewnel ] -1s0d :G-10d ‘ebues ajiuenbisiul :y0| {jooydss ybiH :SH ‘9-1s8) 1oedwi| aydepesH
19-11H ‘2-18p10sIq ABIXUY [eJBURD) -V ‘2409S Buney Aujigesiq :SHQA ‘auoydsjal Ag uoniubo) NPy 40 1s8] Jaug 10V g ‘AI0JUsAU| Uled Jalig :1dg ‘Xapul ssew Apoq :JAg :SUoeIAIaY

Author Manuscript

%6°CE
%T'L9

%E'6¢
%.°0L

%909
%¥'6E

%6°6T

€61
60¢
9y

18
8¢¢
6vS

91
4514
0ce

LT
19T

%9°0€
%V'69

%S°0€
%569

%009
%0°0v

%8'vT

Author Manuscript

4514
oV
606

011
¥0S
8yl

13
LEOT

069

LE
98¢

Author Manuscript

(Bussin)
SOA
ON
JuaWIeaJ) Yieay [eausw Ainfui-aid
(Burssin)
SOA
ON
$92UBISQNS Pa]|041U09 JO 8SN
(Burssin)
SOA
oN
asn pioildo
(Bussin)

Sllejje suelals/\

Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 August 16.



Page 17

Peckham et al.

“UOITRINGD PABPUEIS ‘(S ‘9ZIS 109449 ‘ST ‘auoydalal Ag uonuboD NPy 40 1531 JaLg ‘1 OV.LE :SUOIRINIGYY

€00  ¢TO (56'0) 290 (€6'0) €L°0- Kaowsw [equan d1poside 10v.LE SNAIN

100>  ST0 (8L°0) Lz'0- (z8°0) 6€°0- uonouNny 8ANNAXe 10V1d SNAIIN

100> 910 (zL0) 8e0- (5L°0) 05°0- 8100s aysodwod 1 ov1g SNAIN
anfeAd 3 (AS) uesN LTST = N ‘ured oluoayo oN  (@S) UesN 29.T = N ‘ured d1uodyd JuaaIn

ured 21uoayd ou yum swuedionted pue ured 21U04y9 JuUaLINI YUM syuedioiued usamiaq $a109s 1Jv.1d SNAIIN Jo uostiedwo)

Author Manuscript

¢ J19vl

Author Manuscript Author Manuscript Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 August 16.



Page 18

Peckham et al.

‘Ajuo syuedionued ured peay d1uoiydo EESUmv

159 10edw| ayoepesH 1 |H ‘AI0JUBAU| Uled Jalig :1dd 9Z1S 19918 ‘ST ‘|eAIdIUl 80UBPILUOD ‘1D ‘auoydsjal Ag uoniubo) NPy 40 1s8] 1allg ‘1 D19 :SUONeIASIqaY

Author Manuscript

T1°0- 100 6000  (€000-'200-)  TOO- €S g9-LIH
- €20 100> (ze'0'11°0) 120 86T (sak s ou) ured peap
0z'0- 800 700>  (S0'0-'600-)  L00-  v¥el 80UaIaIBI| Uled 1dg BB
12°0- TT0  T00>  (80°0-'€T°0-) 0T0-  0SZT Ansusjur ured |dg uesiy
A1owsw eguan oiposids 1 OVI1 g
2T 0- €00 100>  (10°0-'€0°0-) 20°0- 1§ g9-LIH
- 20 100> (T€°0 ‘21°0) 220 Tezt (S3A sA ON) ured pesH
0€°0- €10 100>  (80°0-'TT°0-) 0T0-  80eT aouasapaul ured |dg ueaN
€80- 810 7T00>  (2T'0-'91°0-)  #¥T0-  ¥IeT Aususyur ured |dg uesin
Buiuonouny aAnNndexs 1 OvV19
20~ €00 100>  (100-'€00-) 200~ OIS p9-LIH
- 820 100> (620 '€T0) 120 80Zt (s34 sn ou) ured pesH
1€°0- €10 100>  (L00-'TT°0-) 600-  G6TT aouasapaul ured |dg uesN
€0~ 8710 700>  (0T'0-'ST'0-) Zro-  T0eT Aususyur ured |dg ues
81095 ausodwod 1 DvI1g
uopejpaloD  S3  anfend 1D %56 sjewnss N
S)|nsaJ |[apow uolissalbal Jeaul| paisnipeun
€ 319avl

Author Manuscript

Author Manuscript

Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 August 16.



Page 19

Peckham et al.

£(90°0-'97°0-) 1T0- 2(€0°0-TT°0-) 100~ #(G00-"2T°0-) 80°0- ([60]] sAep) uoweInp v.1d
(zz'0'20'0-) 0T0 £(02°0 '€00°0) 0T'0 2(61°0 '10°0) 0T0 (so sn ou) ured pesH
(Lz0T =N) (966 =N) (286 =N) ured pesH
(200 '10°0-) 100 (T0'0 '20'0-) ¥00°0- (10°0 '70°0-) 100°0- 21095 [e30} 10Sd
£(200'0-20'0-) 100~ (10'0 '70°0-) 2000~ (2000 '20°0-) 1000~ 21095 [€10) /-QV'D
2(G0°0-'82°0-) 9T'0- 2(10°0-'02°0-) 1T°0- 2(#0'0-'12°0-) ZT0- (saA sA ou) asn pio1do
(#00°0-'69°0-) Ge0- (210 'v¥'0-) 9T'0- (900 't°0-) 020~ WA SA PIedIpaiN
(100 ‘'59°0-) ze0- (800 ‘9v°0-) 6T°0- (€00 ‘8¥°0-) 2 o- WA SA 31edIPaIN
(810 ‘€T°0-) 200 (oT'0'9T°0-) €00~ (0T°0 'v10-) 200~ PIeIIPaL SA 8JedIPSN
(0g'0'2€70-) ¥0'0- (90 '61°0-) 800 (Te'0'02°0-) 900 WA SA 3JeAlld
q(9v'0'91°0) 180 g(L€0'21°0) vZ'0 ¢(L£0'ST0) 920 PredIpaW SA aJeALld
¢(er'0'sT0) 820 ¢(8€°0'91°0) 120 ¢(8€°0°LT°0) 82°0 21e21PaW SA BJeALld
Japinoad aoueansu|
(€£'0 '100'0-) LT0 q(Lv'0°020) b0 g(Tv'0°'97°0) 820 10045 YBIy Uey 55| S ewoldip [00Y9S YBIH
¢(8€0'50°0) 220 ¢(89°0T¥°0) 550 g(£5°0'€€0) S0 100y2s b1y ueys ssaf SA aBaJ|00 SWOS
(67°0 '60°0-) 500 q(ee0°01'0) 120 ¢(82°0°900) AR) ewo|dip [00yds ybiy sa aBa10d swog
¢(Lv'0'20°0) 120 g{Lv'0'ST0) 1€°0 grr'0'v10) 620 J0oyds ybiy ueyy ssa| SA Jeyeaib 1o Jojaydeg
(820 ‘20°0-) 0T'0 (tTo'L1°0-) €0°0- (¥1°0 ‘2T°0-) 100 ewoldiq jooyas ybiy sa sereash 1o Jojayoeg
(12'0 ‘TT°0-) 500 g(Tr0-"280-) 20~ q(€0'0-'820-) oT0- 9631100 3wios sA Jetealb 10 Jojayoeg
uo13eaNpPa Jo [9A3] 1saybiH
(80°0 *€00°0-) v0°0 (900'10°0-) £0°0 £(90°0 '100°0) €00 (sseak 0T) 9BV
£(90'0-'97°0-) 1T0- £(20'0-'0T°0-) 90'0- p(#0'0-'21°0-) 80°0- ([60]] sAep) uoweInp v1d
(200'0 '90°0-) £0°0- 2(1'0-'20'0-) p0°0- £(100-'900-) $0°0- soualapiaul Ured |dg UeajN
#(10°0-'80°0-) $0°0- 2(r00-'0T°0-) 10°0- 2(€0°0~'60'0-) 90°0- Ausuaiut ured 1dg UesN
(v20T =N) (€66 =NV) (¥86 =N) 39UaJ8)J8Ul pUe AJISUAIUI Uled
1D %56 ayewns3 1D %56 sjewns3 1D %56 arewns3
(£20T = N) Arowaw |equan oiposids 10v1d (966 = N) Butuonouny aaindexe 10V.LE (186 = N) 8100s ausodwod 1OV 4

Author Manuscript

¥ 319vlL

Author Manuscript

Author Manuscript

S)InsaJ |[apow uolssaibal Jeaul| paisnipy

Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 August 16.



Page 20

Peckham et al.

(820 '€T°0-) 800 q(9v'0°0T'0) 820 q(0v'0°200) €20 ewo|dip 100Y2S YBIY SA 3Ba]100 BLLOS
(%0 °2T°0-) v1°0 (s¥°0 ‘80°0-) 6T°0 (070 '60°0-) 91’0 Jooyas yBiy uey) ssa| S Jeealb 1o Jojayoeg
(£z'0'0g°0-) 200~ (cT'0°2€°0-) 2r0- (eT'0'2€°0-) 600~ ewold1p [00y2s YBiy sA Jayealf 1o Jojayoeg
(87°0'92°0-) 600 q(L1°0-'€9°0-) or'0- g(21'0-'v50-) £€°0- 3B3]]0D) AWOS SA JeYEaID) 0 Jojaydeg
uoI1eINPA JO |9A9] 1sayBIH
(500 '80°0-) 10°0- (c0'0'01°0-) v0°0- (€00 '80°0-) €0°0- aby
2(100-'97°0-) 80°0- (€00 ‘TT'0-) y0°0- 2(100'0-'27°0-) 90°0- ([6ol] sAep) uoneinp v1d
(tz'0's5¢°0-) 20°0- (Te0 '61°0-) 100 (LT'0'6T°0-) 10°0- (saunyeay-uou s sainjesy) sureiBIN
(10°0 ‘20°0-) 100~ 2(10°0-'80°0-) 200~ #(700'0-"20°0-) 10'0- 9-LIH
(9ev =n) vy =) (tzv =n) 9-LIH
(10'0'20°0-) 2000~ 2(10°0-'€0°0-) 200- 2(1000-"20'0-) 100- 21008 [210) 10Sd
£(700'0-'€00-) 200~ (2000 '20°0-) 00~ £(100'0-200-) 00~ 21005 [E10} £-QVD
2(€0'0-'52°0-) yT0- (200 ‘91°0-) 100~ 2(10°0-'81°0-) 60°0- (saA sn ou) asn proido
(e0'0-"2L'0-) LE0- (600 ‘6%°0-) 02'0- (z0'0'15°0-) v20- WA SA pIesIpaiN
(¢0'0-'69°0-) 9€°0- (700 ‘¢5°0-) vZ 0~ (T0'0-'¢5°0-) L20- WA SA 91e3IP3IN
(81°0 '¥1°0-) 200 (0T°0°2T°0-) ¥0'0- (600 'ST°0-) €00~ prealpaw sA a1edlpsiN
(62'0 '8€°0-) G0'0- (se'0'12°0-) L0°0 (0g'0'2z°0-) ¥0'0 WA SA 3Jenlld
¢(87'0'8T°0) £80 q(0v'0'vT0) 120 ¢(0v'0'LT0) 820 pIeoIpaLU SA JeALld
¢(sv'0'LT'0) 160 g(ev'0'6T0) 160 ¢(er'0'120) 160 2JB0IPaLU SA 3JBALId
Japinoad soueansul
(9£'0'20°0) 670 q(es0'v720) 8e0 q(G7'0'6T°0) z€0 100425 UBIY Uey) ssa| A ewojdip [00yas YBIH
q(Sv'0'€T°0) 62°0 ¢(82°0'25°0) 590 q(29°0‘2v'0) v5'0 [00ys yBiy uey) ssa sa aba)|09 sLUOS
(v2'0 '¥0'0-) 01’0 q(6€0°510) 120 g€e02r0) €20 ewo|dip |00yas yBiy sa aBa}|0d awios
¢(L5'0'6T°0) 880 q(r9°0'2€0) 8v'0 ¢(09'0'T€0) Sv0 100yas ybiy uey ssa| SA Jayealb o Jojaydeg
(9€'0 '20°0) 6T°0 (¥2'0 'v0°0-) 010 (£2'0 'v00°0) v1°0 ewoldip [00y2s yBiy sA sayealf 1o Jojayoeg
(sz'0'200-) 600 (€0'0-'0€°0-) LT0- (€00 '12°0-) 60°0- 83]102 awos sA Jeyeall Jo Jojayoeg
uoI1eINPA JO |9A9] 1sayBIH
(200 '20'0-) €00 (50'0 ‘20°0-) 100 (50'0 '20°0-) 200 (s1eak 0T) 3By
10 %56 ajewns3 1D %56 ajewns3 10 %56 alewns3

(£20T = N) Aqowdw [eguen d1posids 1 OV1d

(966 = N) Buiuonouny sAlNgexs 1OV.L4

(286 = N) 8409s ayisodwiod | Ov19

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 August 16.



Page 21

Peckham et al.

ybangsnid :10Sd ‘1531 10edw| aydepeaH :11H ‘/-18pJosiQ A1BIXUY [eJaUa9) :/-QVO ‘[eAIslul 30uspyuod ‘D ‘auoydajal Ag uomuboD NPy 40 1531 Jaug ‘1 OV.LE ‘AI0JUBAU| Uled Ja1ig :|1dg :SUOIBIASIGOY

"(G2T0°0 = ¥/G0°0 = ) UOI031I00 _co\_‘_mt_omQ

(500 = ) synsal ESE:m_mw

'SIIRYJY SURJAIBA ‘WA ‘BISauLLe d1fewnes)-isod ‘w1 d ‘xapuj Aend dass

(c00 ‘z0°0-) ¥00°0- (100 ‘€0°0-) 10°0- (100 ‘z0°0-) 10°0- 81005 [e10} 10Sd
(100 '€0'0-) 10°0- (T0'0 '20°0-) 10°0- (T0'0 '20'0-) 10°0- 81095 [€10} /-AVD
2(50°0-'8€°0-) 2z 0- (800 '12'0-) 90°0- (100 's2°0-) Zro- (sak sA ou) asn proido
(61°0°2L'0-) 620~ (e1°0'99°0-) LT0- (€1°0'19'0-) vZ0- ©BA SA pledIpsiy
(€1°0'18'0-) v€0- (200'12°0-) 2€0- (20'0'99'0-) 0€'0- A SA 918213
(ZT0°22°0-) S0°0- (€10 '52°0-) 90°0- (Lr'0°2z°0-) 90°0- predipau sA asedlpain
(€50 'zv'0-) 900 (S0 'e€’0-) 90°0 (Lv'0'22°0-) 010 BA SA 91BALId
g(L8°0'vT0) Ge0 ¢(15'0'v10) 760 ¢(15°0'2LT°0) €0 PIe2IpaW SA 3Jenlld
¢(19°0'67°0) oro q(95°0'6T°0) 8e0 ¢(95°0 '220) 660 2Ie21PAW SA 31eALId
Japinoad soueansul
(60 '80°0-) ST'0 q(150 T1°0) 10 g(ev0°20'0) s2'0 00yos Y1y UL SSB] SA BIOJAIP [00S YBIH
(970 '10'0) €20 q(8L°0'6€°0) 650 (990 '1€°0) 870 1004os YB1Y ey Ss8] sn aB3]100 swioS
1D %56 ajewns3 1D %56 erewns3 1D %56 ajewns3
(£20T = N) Adowdw [equen d1posida 10v1g (966 = N) Butuonouny aanndsxe 10v1d (286 = N) 8400s a)sodwod 10v.1d

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 August 16.



	Abstract
	INTRODUCTION
	METHODS
	Design
	Participants
	Procedure
	Measures
	Demographics.
	Cognition.
	Pain characteristics.
	Psychosocial outcomes.
	Primary insurance.

	Analytic plan

	RESULTS
	Sample description
	Current chronic pain associations with cognition
	Chronic head pain associations with cognition

	DISCUSSION
	LIMITATIONS
	CONCLUSION
	References
	TABLE 1
	TABLE 2
	TABLE 3
	TABLE 4

