1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

A
u
Yeyvaaa

Author manuscript
J Head Trauma Rehabil. Author manuscript; available in PMC 2025 January 01.

s HHS Public Access

Published in final edited form as:
J Head Trauma Rehabil. 2024 ; 39(1): 31-42. doi:10.1097/HTR.0000000000000909.

Characterizing Extreme Phenotypes for Pain Interference in
Persons with Chronic Pain following Traumatic Brain Injury: A
NIDILRR and VA TBI Model Systems Collaborative Project

Jeanne M. Hoffman, Ph.D.,
Department of Rehabilitation Medicine, University of Washington School of Medicine, Seattle, WA

Jessica M. Ketchum, Ph.D.,
Craig Hospital Research Department, Englewood, CO

Stephanie Agtarap, Ph.D.,
Craig Hospital Research Department, Englewood, CO

Kristen Dams-O’Connor, Ph.D.,
Icahn School of Medicine at Mount Sinai, New York, NY

Flora M. Hammond, M.D.,
Department of Physical Medicine and Rehabilitation, Indiana University School of Medicine &
Rehabilitation Hospital of Indiana, Indianapolis, IN

Aaron M. Martin, Ph.D.,
Mental Health and Behavioral Science Service, James A. Haley Veterans Hospital; Department of
Psychiatry and Behavioral Neurosciences, University of South Florida, Tampa, FL

Mitch Sevigny, M.S.,
Craig Hospital Research Department, Englewood, CO

William C. Walker, M.D.,
Department of Physical Medicine and Rehabilitation, School of Medicine, Virginia Commonwealth
University, Richmond, VA

Cynthia Harrison-Felix, Ph.D.,
Craig Hospital Research Department, Englewood, CO

Ross Zafonte, D.O.,
Department of Physical Medicine and Rehabilitation, Spaulding Rehabilitation Hospital, and
Harvard Medical School, Boston, MA

Risa Nakase-Richardson, Ph.D.

James A. Haley Veterans Hospital, Tampa, FL; Sleep and Pulmonary Division, Department of
Internal Medicine, University of South Florida, Tampa, FL; Defense Health Agency Traumatic
Brain Injury Center of Excellence, Tampa, FL

Abstract

Objective: To define and characterize extreme phenotypes based on pain interference for persons
with chronic pain following Traumatic Brain Injury (TBI).
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Setting: 18 TBIMS centers.

Participants: 1762 TBIMS participants 1-30 years post-injury (mean age 46.4 years) reporting
chronic pain at their most recent follow-up interview.

Primary Measures: Brief Pain Inventory (BPI) interference scale, sociodemographic, injury,
functional outcome, pain, and treatment characteristics.

Results: Participants were predominantly male (73%), White (75%), middle-aged (mean

46 years), who were injured in motor vehicle accidents (53%) or falls (20%). Extreme
phenotypes were identified based on upper and lower 25! percentiles to create low interference
(N=441) and high interference (N=431) extreme phenotypes. Bivariate comparisons found several
sociodemographic, injury, function, pain, and treatment differences between extreme phenotypes
group, including significant differences (p<.001) on all measures of concurrent function with those
in the low interference extreme phenotype experiencing better function than those in the high
interference extreme phenotype. Lasso regression combined with logistic regression identified
multivariable predictors of low vs. high interference extreme phenotypes. Reductions in the odds
of low vs. high interference phenotype were significantly associated with higher pain intensity
(OR =0.33), having neuropathic pain (OR = 0.40), migraine headache (OR = 0.41), leg/feet pain
(OR =0.34), or hip pain (OR = 0.46), and more pain catastrophizing (OR = 0.81).

Conclusion: Results suggest that for those who experience current chronic pain, there is high
variability in the experience and impact of pain. Future research is needed to better understand
how pain experience impacts individuals with chronic pain and TBI given that pain characteristics
were the primary distinguishing factors between phenotypes. The use of extreme phenotypes for
pain interference may be useful to better stratify samples to determine efficacy of pain treatment
for individuals with TBI.
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Introduction

Chronic pain is a frequent problem following traumatic brain injury (TBI), with research
reporting up to 71% endorsing chronic pain after moderate to severe TBI.1~3 However,

the impact of chronic pain, including functional interference attributed to chronic pain is

not well understood among those with TBI. Chronic pain has the capacity to disrupt and
interfere with multiple domains of functioning, including cognition, activities of daily living,
sleep, mood, and social interactions.#~10 While pain intensity is often associated with pain
interference, there is not a direct correspondence; individuals with similar levels of pain
intensity often experience varying levels of interference,! with some experiencing high
impact chronic pain, while others adjust or adapt more readily such that pain’s impact on
functioning is quite low.

Given the complexity of chronic pain in individuals with TBI, one novel and efficient
methodology that may better identify those at risk for poor outcomes and facilitate
precision medicine is extreme phenotyping.12-14 Phenotypes allow for the classification
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of an observed patient, with a specific disease, and comparison of characteristics of the
patient with regard to outcomes such as disease progression (natural history) and treatment
responsiveness in the context of a treatment trial. Phenotyping has been used some in

prior research among patients with TBI,1% including those with pain and post-traumatic
headache,6 examining impact of pain treatment,1” and how pain may be related to other
outcomes.18:19 However, no studies on TBI and pain have utilized the extreme phenotype
approach. Extreme phenotypes represent those at the extreme ends of select characteristics
(e.g., best and worst outcome) and may help with identifying those at risk for the worst
outcomes, and therefore be able to target specific treatments for those in the at-risk group.
This approach has been used in studying basic biology,2° as well as diseases such as
cancer?! and Human Immunodeficiency Virus (HIV) and has expedited discoveries to
determine those at risk for disease progression (and protection), identify pharmaceutical
targets, and match treatments with the phenotypes with the best response likelihood.12
Among those with pain, prior work has demonstrated physiologic linkage to extreme
phenotypes.22 In addition, research on traumatic amputees found clinical characteristics of a
maladaptive pain phenotype.23

The common factor underlying these discoveries is the identification of characteristic
extreme phenotypes that consider personal, environmental, and disease characteristics that
may influence an outcome. To date, no study has identified chronic pain characteristics and
outcomes to inform extreme phenotypes for individuals with TBI. In the current study

we examine extreme phenotypes for pain interference, or the extent to which chronic

pain interferes with specific activities and functioning, in persons living with chronic pain
following TBI given that pain interference is an outcome known to guide the clinical
assessment and treatment of chronic pain,24 and has been found to be more related to
psychosocial outcomes than pain intensity.2> The aim of the study was to identify extreme
phenotypes and then characterize those in the low interference and high interference
extremes on sociodemographic, injury, concurrent functional outcome, pain, and treatment
characteristics which could inform future research, including examining progression of pain
over time as well as potential stratification in treatment studies.

METHODS

Participants

Data were collected as part of the National Institute on Disability, Independent Living, and
Rehabilitation Research Traumatic Brain Injury Model System (TBIMS) Collaborative study
“The Characterization and Treatment of Chronic Pain after TBI”1 (aka Chronic Pain study).
The TBIMS research network has enrolled the largest number of persons with moderate to
severe TBI enrolled and followed in a well-characterized, longitudinal database focused on
TBI outcomes.28:27 Participants in the Chronic Pain study were recruited from those already
enrolled in the TBIMS National Database (NDB) 26:27 at participating centers (17 civilian
and 1 VA TBIMS) during one of their regularly scheduled follow-up interviews (years 1, 2,
5, 10, 15, 20, 25, 30) occurring between May 1, 2019 and Aug 31, 2022.

TBIMS participants were eligible for participation in the Chronic Pain study if they
completed their TBIMS follow-up interview in English and without a proxy. Participants
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in the current study were 1762 participants who endorsed “persistent or recurring pain that
lasts longer than three months” (including headaches or pain anywhere in the body more
than half of the days over a three-month period) and completed a one-time survey within 8
weeks of their TBIMS follow-up interview that included assessment of their experience of
pain and pain treatment since their TBI. All centers received approval from their institutional
review board.

Pain Interference Outcome for Extreme Phenotyping—Pain interference was
measured using the seven Brief Pain Inventory (BP1)28 items that query the extent to
which pain interferes with general activity, mood, walking ability, normal work, relations
with other people, sleep, and enjoyment of life. Participants were asked to rank how much
pain has interfered with each daily activity over the past two weeks on a 10-point scale
from O (did not interfere) to 10 (completely interfered). A total pain interference score was
computed for each individual as the average of these seven items.

Participant Characteristics for Characterizing Extreme Pain Interference
Phenotypes—Sociodemographic characteristics included sex, race, ethnicity, military
history, as well as information from time of TBIMS follow-up including year post-injury
of follow-up (1, 2, 5 and every 5 years through 30 years), age, marital status, level of
education, employment status, primary person living with, and substance use (alcohol and
illicit drugs).

Injury-related variables included cause of injury, associated spinal cord injury (SCI), and
days of post-traumatic amnesia (PTA). Function (at the time of TBIMS follow-up) was
measured by FIM™ Motor and Cognitive?? scores (range 18-91 and 5-35, respectively;
higher scores indicate more independence), Disability Rating Scale (DRS)3C scores (range
0-29; higher scores indicate more disability), and Glasgow Outcome Scale — Extended
(GOS-E; 8-point ordinal scale; higher scores indicate better global functioning).3!

Pain characteristics collected included intensity, location (yes/no for 13 body areas),
frequency for the most bothersome location (several times a week, daily, constant), type
(neuropathic and headache), and pain catastrophizing. Pain intensity was measured using
the BP128 and rated as 0 (no pain) to 10 (pain as bad as you can imagine) on four items:
when pain is at its “worst”, “least”, “average”, and “right now”. The composite intensity
score was calculated as the average of these four items. Neuropathic pain type was measured
using the PainDETECT Questionnaire32 and classified as clinically significant positive,
clinically significant negative, or unclear. Headache type was classified based on survey
items previously described33 resulting in three categories: migraine/probable migraine,
tension/cervicogenic/unclassifiable or none.3 Pain catastrophizing was measured using the
subscale from the Coping Strategies Questionnaire (CSQ)3® as the sum of six items (“It’s
terrible and | feel like it’s never going to get any better”, “It’s awful and | feel that it
overwhelms me”, “I feel my life isn’t worth living”, “I worry all the time about whether it
will end”, “I feel | can’t stand it anymore”, “I feel | can’t go on™) rated as O (never do that)
to 6 (always do that) with higher scores representing greater pain catastrophizing.
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Pain treatment history was assessed by asking if participant had received any treatment

for their chronic pain including medical services (medication, injection, surgery, implanted
device, non-electrical stimulator, or other), exercise therapies (physical therapy, pool/aquatic
therapy, occupational therapy, yoga, tai chi, home exercise program, or other), psychological
services (psychotherapy, biofeedback, guided imagery, mindfulness therapy, hypnotherapy,
or other), complementary and alternative therapies (chiropractic, acupuncture, massage, or
other), and comprehensive pain rehabilitation programs.

Power and Sample Size

Based on prior research,? we estimated that of the 3800 individuals enrolled into the larger
study, 30% (or 1140) would report current chronic pain and be available for characterizing
extreme phenotypes. We planned to define extreme groups based on upper and lower
percentiles, therefore we expected approximately 285 individuals each in the extreme low
interference and high interference phenotypes (25% each) and the remaining 570 (50%)
classified as “neutral” (or non-extreme). When comparing characteristics between extreme
low interference and high interference phenotypes, a minimum sample size of 285 per group
has at least 80% power (a = 0.05) to detect Cohen’s d effect sizes as small as 0.235 when
comparing means and odds ratios of 1.60-2.14 when comparing proportions.3®

Statistical Analysis

Defining Extreme Pain Interference Phenotypes—Extreme phenotypes for pain
interference were initially data driven and identified using the 25t and 75™ percentiles of
the data. Cut-points for percentiles were selected to capture as close to 25% of the sample as
possible. Total pain interference scores <25™ percentile defined the extreme low interference
phenotype and total scores 275™ percentile defined the extreme high interference phenotype;
the remaining 50% of the sample was defined as having neutral outcome. The data-driven
extreme phenotypes were then brought to our study advisory board, made up of clinicians
with expertise in pain and TBI, patients, and family members, to validate whether the cut-
points held up as extremes based on their experiences. The group discussed and reported that
our findings were consistent with clinical interpretations as well as prior research efforts2437
to characterize extreme low and extreme high pain interference for those reporting chronic
pain.

Characterization and Comparisons of Extreme Phenotypes—~Participant
characteristics (sociodemographic, injury, functional, pain, and pain treatment) were
summarized separately for our two groups of interest; the extreme low and high interference
phenotypes. Means, standard deviations (SDs), and percentiles were used for continuous
variables and frequency counts and percentages were used for categorical variables. These
characteristics were each compared bivariately between extreme low and high interference
phenotypes using two-sample ~tests or Wilcoxon rank-sum tests for continuous variables
and chi-square tests for categorical variables. For categorical characteristics with more than
two levels, cell-chi square values >2 were used to identify specific levels contributing to
large global differences.
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Multivariable Predictive Model for Discriminating Extreme Pain Interference
Phenotypes—Multinomial logistic regression modeling was used to assess the
multivariable relationships between the participant characteristics (sociodemographic, injury,
functional outcome, pain, treatment) and extreme pain interference phenotype (extreme
low, non-extreme neutral, and extreme high interference). We performed variable selection
to derive a multivariable predictive model for discriminating extreme low versus high
interference phenotypes using Least Absolute Shrinkage and Selection Operator (LASSO)
regression38 with 100-fold cross-validation using the glmnet package in R.39 The optimal
lambda was selected to be the value that gives the most regularized model such that the
misclassification error was within one standard error of the minimum mean cross-validated
error for lambda. All variables listed in Table 2 were considered for the model selection
process with the exception of PTA, DRS, GOS-E, and head pain. Concurrent functioning
measures for FIM Motor and Cognitive were selected over PTA, an early measure of injury
severity and other related measures of global functioning (DRS and GOS-E). Headache
type was selected instead of head pain as these variables are dependent and headache

type contains more information regarding head pain. As such, a total of 72 (dummy

coded) predictor variables measuring sociodemographic, injury, functional outcome, pain,
and pain treatment characteristics were assessed for the multivariable predictive model.
Post-processing was performed by fitting a multinomial logistic regression model with

the set of predictors identified by LASSO and estimating odds ratios to quantify the
multivariable relationship among the predictors and pain interference outcome. While the
LASSO regression and multinomial models include all three phenotype outcome categories
(extreme low, non-extreme neutral, and extreme high interference) to correctly parametrize
the model, inference focused on the comparison between extreme low and high interference
phenotypes only. Bonferroni adjustments were used to control for multiple comparisons
within factors with more than two levels. Area under the Receiver Operator Curve (AUC)
was used to quantify the accuracy of the model at predicting pain interference outcome.40

Summary of the Sample

A total of 1762 participants endorsed current chronic pain and were included in analyses.
Participant characteristics (see Table, Supplemental Digital Content 1, for summary) and
comparison to all other participants of Chronic Pain study can be found in Harrison-Felix,
PhD et al..! The sample was predominately male (73%), White race (75%), middle-aged
(mean age 46 years) participants who were injured primarily in motor vehicle accidents
(53%) or falls (20%). Missing data rates were the highest for variables characterizing
neuropathic pain type (7.7%), DRS (5.2%), pain catastrophizing (3.6%), and PTA (3.3%),
and otherwise less than 2.1%.

Defining Extreme Pain Interference Phenotypes

Distribution of Pain Interference scores is shown in Figure 1 and classification of these
scores into extreme pain interference phenotypes is summarized in Table 1. On average, pain
interference scores were 4.3 (SD = 2.5) representing a moderate level of pain interference;
however, scores across the entire range from 0 to 10 were reported. Participants with pain
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interference score < 2.3 were classified into the extreme low interference phenotype (n =
441, 25.5%) and those with pain interference score = 6.2 into the extreme high interference
phenotype (n = 431, 25.0%).

Characteristics of Extreme Pain Interference Phenotypes

Distribution of the sociodemographic, injury, concurrent functional, pain, and pain treatment
characteristics are summarized separately for extreme low and high interference phenotypes
in Table 2, along with statistical comparison of these characteristics between groups. Note,
these bivariate comparisons do not adjust for any other participant characteristics (e.g.,
marital comparison does not control for age).

Among the sociodemographic characteristics, the low interference phenotype (as compared
to those in high interference phenotype) had significantly higher rates of White race and
lower rates of Black race, higher rates of married and lower rates previously married,
higher rates with at least a Bachelor’s degree of education and lower rates with less than

a high school level of education, higher rates employed/student and lower rates retired or
unemployed, lower rates of military history, higher rates living with a spouse/significant
other, and higher rates of moderate alcohol use and lower rates of abstaining.

The low interference phenotype had significantly lower rates of violent etiologies than

the high interference phenotype. There were no significant differences between groups for
associated SCI or days of PTA. In addition, significant differences were found across all
functional outcome measures such that the low interference phenotype had better functional
outcomes compared to those in the high interference phenotype.

Differences were found in all pain characteristics examined: individuals in the low
interference phenotype had significantly lower pain intensity scores, less endorsement of
pain in all locations assessed, less frequent pain, lower rates of migraine or probable
migraine and higher rates of no headache, lower rates of neuropathic pain, and less pain
catastrophizing as compared to individuals in the high pain interference phenotype.

Finally, significant differences in pain treatment utilization rates were seen in many
treatments. Individuals in the low pain interference phenotype reported lower utilization
rates than those in the high interference phenotype. Among the medical services/treatments
the low interference phenotype utilized significantly fewer treatments for all types

of treatment. The low interference phenotype utilized significantly less physical and
occupational therapy and pool/aquatic therapy, but had similar rates of yoga, tai chi,

and home exercise programs compared to the high interference phenotype. Among the
psychological services, the low interference phenotype utilized significantly less treatments,
other than hypnotherapy which had similarly low rates among both groups. The low
interference phenotype utilized significantly less acupuncture, but had similar rates of
chiropractic and massage services as the high interference phenotype in the complementary
and alternative medicine treatments. Lastly, the low interference phenotype utilized
significantly less comprehensive pain rehabilitation programs than the high interference
phenotype, but rates of utilization were low in both groups.
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Multivariable Predictive Model for Discriminating Extreme Pain Interference Phenotypes

The LASSO regression process identified the following set of variables as important unique
predictors of extreme phenotypes for pain interference (in order of relative importance): pain
intensity, pain catastrophizing, leg/feet pain, neuropathic pain type, headache type, and hip
pain. The estimated odds ratios and 95% confidence intervals discriminating extreme low
interference and high interference phenotypes based on the multinomial logistic regression
model with this set of predictors are summarized in Table 3. Significantly reduced odds

of being in the extreme low interference versus extreme high interference phenotype were
associated with higher BPI pain intensity scores (OR = 0.33 for a 1 unit increase), clinically
significant positive (OR = 0.40) or unclear (OR = 0.49) neuropathic pain vs clinically
significant negative neuropathic pain, migraine headache vs no head pain (OR = 0.41),
higher pain catastrophizing (OR = 0.81 for a 1 unit increase), leg/feet pain (OR = 0.34), and
hip pain (OR = 0.46). The pairwise AUC for discriminating extreme low interference and
high interference phenotypes was 0.972 (outstanding).

DISCUSSION

To our knowledge, this multicenter TBIMS study is the first to define and explore the
concept of extreme phenotypes in chronic pain among individuals with TBI. We found that
pain interference (the extent to which pain interfered with specific activities and functioning)
varied widely such that extreme groups could be identified among those who endorsed
experiencing current chronic pain. This suggests opportunities for future research utilizing
extreme high and low pain interference, including how these extreme groups change over
time, that may provide important insights on who benefits or not from certain interventions.

In our large sample of TBI survivors living with chronic pain, we identified several factors
that significantly differed between the high and low extreme phenotype pain interference
groups. Consistent with the broader literature on disparities in the experience of pain
interference among US adults,* our low pain interference phenotype was more commonly
White and not Black/African American. Those in the low pain interference extreme
phenotype were less likely to abstain from alcohol use and more likely to use moderately
compared to the high pain interference group, perhaps suggesting lower consumption

may reflect concern for the pain-precipitating effects of alcohol among those already
experiencing higher pain interference®?

While not statistically evaluated, the low pain interference extreme phenotype more closely
resembled the no pain group described by Harrison-Felix, PhD et al.1 who were more

likely to be married and less likely to be separated/divorced/widowed, be more likely to be
employed and less likely to be retired or unemployed, and have more education compared to
those with current chronic or past post-TBI chronic pain. Functional outcomes for those in
the low pain interference extreme group were also similar to those in the no pain or past pain
groups, suggesting that despite experiencing chronic pain, those who have low interference
may be very similar to those without chronic pain.! These results highlight the importance of
considering the experience of pain (not just the presence of pain) in individuals with TBI.
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As might be expected, we found that those in the low pain interference extreme group
reported lower pain intensity, less frequent pain in any location, including headache pain,
lower frequency of pain, and less likely to endorse neuropathic pain. They also reported
significantly less pain catastrophizing which can be both consistent with less pain issues as
above, but also may be related to better coping with pain which could then influence reports
of pain issues.43:44

There were significant differences in pain treatment utilization rates with those in the low
pain interference extreme phenotype utilizing less treatments generally. The majority of
those who engaged in treatment utilized medical and exercise therapies and few participants
engaged in psychological services or comprehensive pain programs despite these being
endorsed in clinical practice guidelines.#>46 Despite many pain treatments being utilized,
there were none that suggested higher utilization for those in the low interference extreme
group and it may be likely that those with high interference continued to seek multiple
treatments in order to address their ongoing pain difficulties.

The LASSO regression process identified potential multivariable factors that might help
proactively identify participants who are more likely to be in the extreme low vs. high

pain interference phenotypes. None of the sociodemographic, injury, or functional outcome
variables were identified in the multivariable model; only pain characteristics were retained.
This suggests that the experience of pain should be considered as potential factors for
stratification in treatment studies of pain after TBI. In addition, while pain intensity is

often queried during routine clinical visits, current findings suggest that identification of
neuropathic sources for pain, classification of headache when applicable, consideration of
pain location, and assessing pain catastrophizing are essential to address pain interference
among those reporting chronic pain. These factors appear to distinguish those at greatest
risk for chronic pain to cause severe limitation to their daily life. Additionally, pain
catastrophizing is associated with increased pain intensity and known to have a deleterious
impact on pain-related outcomes through person factors (including genetic and other
central nervous system processes), pain duration, and psychosocial comorbidities (including
depression and anxiety)*344 and has been found to be modifiable so may be an important
target for treatment. The potential utility of using the extreme phenotype approach in
examining the relationship between pain interference and other comorbidities will be
important to examine in future studies. These relationships may inform our understanding of
the natural history of co-occurring conditions as well as whether subgroups are identified as
better targets for newly developed/adapted treatment approaches.

Additional future research questions may be answered with the current data, although even
with a large sample size, may be limited by examining subgroups by time post-injury,
comparing civilians to Veterans, and examining comorbidities. Beyond the current database,
additional data collection over time is needed to investigate factors that may initiate or
perpetuate pain and pain interference over time, as well as whether individuals move in and
out of the extreme phenotypes or across phenotypes. More detailed assessment connecting
the experience of pain (e.g., timing, type) with treatment received is needed to understand
what treatments may be beneficial to which individuals at what time point-injury. Finally,
future research may consider other approaches to defining extreme phenotypes in those with
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chronic pain after TBI if the current approach does not lead to replication in future research
or uptake into clinical practice.

This study has several limitations, including its cross-sectional design which precludes
causal inference — which in the context of current findings could be particularly informative.
For example, it is possible that high treatment-seeking in the high pain interference
phenotype reflects the continued pursuit of relief from intractable/refractory pain such that
care-seeking itself poses interference to daily life. It is also possible that those whose pain

is most interfering are most compelled to seek remedy. The wide range of time since injury
(1-30 years) in the current sample allows us to examine pain across time post-injury, but

the lack of repeated individual pain measures limits our ability to identify when pain started
or when treatments were received or make causal inferences. Extreme groups were defined
in this study using the quartiles, similar to other phenotype approaches, and supported by
our study advisory board; however, phenotype groups could also be defined and compared
using more extreme definitions (e.g., 10" percentiles) or using other types of statistical
classification (e.g., £1.96 SD). The use of ordinal measures in the TBIMS and the Pain
Survey (e.g., BPI, FIM, DRS, CSQ) is a limitation, and future research should consider
using measures scaled to perform with interval level properties. Analyses conducted herein
are constrained by data available, and unmeasured confounders may bias results. As with all
studies relying on self-report, findings may be subject to recall bias.

While the TBIMS sample has been established to be largely representative of the population
of adults admitted for acute, inpatient rehabilitation in the US with a primary diagnosis of
TBI, the TBIMS tends to include participants with overall younger age at time of injury,
higher employment rates at injury (and lower retirement rates), and longer rehabilitation
length of stays.#”-48 In addition, participants who completed the Pain Survey tended to be
younger at follow-up, and had higher levels of education, were less likely to abstain from
alcohol and more likely to be light drinkers, and tended to have better functional outcomes
as measured by the DRS and GOS-E as compared to TBIMS participants who were eligible
but did not complete the pain survey, although associated effect sizes were small.> These
differences may affect the generalizability of our results to the larger TBI population.

CONCLUSION

We used an extreme phenotyping approach to study pain interference in a community-based
sample of individuals enrolled in the TBIMS who are 1-30 years post-TBI and living with
current chronic pain. We found that pain characteristics, but not sociodemographic, injury,
or functional outcome characteristics, were key determinants of pain interference extreme
phenotypes. Results suggest that extreme phenotypes based on pain interference may be
useful for future research examining the impact of newly developed or adapted interventions
for pain after TBI. This work can also lead to better characterization of the lived experience
of pain among TBI survivors with chronic pain which is necessary to identify those at

risk for life-limiting pain. TBI survivors with chronic pain and high pain interference may
require novel approaches to pain management, as current findings indicate this group sought
a particularly broad range and quantity of pain management interventions which did not (as
of the time of this study) achieve their intended outcomes.
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Table 1:

Distribution of Pain Interference Scores and Classification into Extreme Phenotypes

Pain I nterference Response (BPI)
N [Missing] 1727 [35]
Mean (SD) 43(2.5)

[Minimum, 25t percentile, median, 75t percentile, maximum] [0, 2.3, 4.3, 6.1, 10]

Pain I nterference Phenotypes

Extreme High Interference Phenotype [BPI = 6.2], N (%) 431 (25.0%)
Non-Extreme Neutral Phenotype [2.3 < BPI < 6.2], N (%) 855 (49.5%)
Extreme Low Interference Phenotype [BPI < 2.3], N (%) 441 (25.5%)

BPI = Brief Pain Inventory; SD = standard deviation
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Table 2:

Characteristics of Extreme Pain Interference Phenotypes

Page 17

L ow Interference Phenotype (N
=441

High Interference Phenotype (N
=431)

= = p-value
Sociodemographic and Participant Characteristics
Years Post-Injury, Median (IQR) 5.4 (2.1, 14.5) 5.4 (2.0, 14.6) 0.9322b
Age at Follow-Up, Mean (SD) 46.1 (16.4) 47.5 (13.9) 0.1768 a
Sex, N Male (%) 330 (74.8%) 308 (71.5%) 0.2617 ¢
Race”
White, N (%) 355 (80.5%) 293(68.3.%) <0.0001c
Black / African American, N (%) 60 (13.6%) 117 (27.2%) <0.0001c
Asian, N (%) 15 (3.4%) 10 (2.3%) 0.3448 ¢
American Indian / Alaskan Native, N (%) 13 (2.9%) 22 (5.1%) 0.1018c
Native Hawaiian / Pacific Islander, N (%) 3(0.7%) 8 (1.9%) 0.1180c
Hispanic, Latino, or Spanish Ethnicity, N (%) 40 (9.1%) 54 (12.5%) 0.0996 ¢
Marital Status at Follow-Up 0.0009 c
Single/Other, N (%) 150 (34.2%) 155 (36.0%) -
Married, N (%) 191 (43.5%) 140 (32.5%) *
Separated/Divorced/Widowed, N (%) 98 (22.3%) 136 (31.6%) *
Education Level at Follow-Up <0.0001c
Less than High School, N (%) 38 (8.7%) 110 (25.5%) *
High School, N (%) 95 (21.7%) 117 (27.1%) -
Some College / Associate’s, N (%) 169 (38.6%) 142 (32.9%) -
Bachelor’s or Higher, N (%) 136 (31.1%) 62 (14.4%) *
Employment Status at Follow-Up <0.0001c
Employed/Student, N (%) 231 (52.6%) 99 (23.1%) *
Retired, N (%) 139 (31.7%) 235 (54.9%) *
Unemployed, N (%) 47 (10.7%) 74 (17.3%) *
Other, N (%) 22 (5.0%) 20 (4.7%) -
Military History, N Yes (%) 84 (19.0%) 107 (24.8%) 0.0391c
Living Situation at Follow-Up 0.0010c
Alone, N (%) 65 (14.8%) 82 (19.0%) -
Spouse / Significant Other, N (%) 230 (52.5%) 168 (39.0%) *
Other Family, N (%) 112 (25.6%) 138 (32.0%) -
Someone Else, N (%) 31 (7.1%) 43 (10.0%) -
Ilicit Drug Use at Follow-Up, N Yes (%) 76 (17.4%) 67 (15.6%) 0.4822 ¢
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Low Interference Phenotype (N  High Interference Phenotype (N
=441) =431) p-value
Drinking Category at Follow-Up <0.0001c
Abstaining, N (%) 183 (42.0%) 249 (58.6%) *
Light, N (%) 101 (23.2%) 80 (18.8%) -
Moderate, N (%) 114 (26.1%) 67 (15.8%) *
Heavy, N (%) 38 (8.7%) 29 (6.8%) -
Injury Severity Characteristics
Cause of Injury 0.0010c
Vehicular, N (%) 234 (53.3%) 206 (47.8%) -
Falls, N (%) 103 (23.5%) 88 (20.4%) -
Violence, N (%) 44 (10.0%) 85 (19.7%) *
Sports / Other, N (%) 58 (13.2%) 52 (12.1%) -
Associated SCI, N Yes (%) 28 (6.4%) 25 (5.8%) 0.7217c
PTA (days), Median (IQR) 16 (5, 31) 16 (2, 32.5) 0.5017 b
Concurrent Functional Outcomes
FIM Motor at Follow-Up, Median (IQR) 90 (88, 91) 84 (78,88) <0.0001b
FIM Cogpnitive at Follow-Up, Median (IQR) 33 (32, 34) 30(27,32) <0.0001b
DRS at Follow-Up, Median (IQR) 1(0,2) 4(2,5 <0.0001b
GOSE at Follow-Up <0.0001c
Severe Disability, N (%) 45 (10.3%) 160 (37.4%) *
Moderate Disability, N (%) 154 (35.4%) 219 (51.2%) *
Good Recovery, N (%) 236 (54.3%) 49 (11.4%) *
Chronic Pain Characteristics p-value
Pain Intensity, Mean (SD) 3.2(1.5) 6.4 (1.6) <0.0001a
Pain Location?
Back, N Yes (%) 221 (50.2%) 330 (76.6%) <0.0001c
Legs or Feet, N Yes (%) 192 (43.6%) 319 (74.2%) <0.0001c
Shoulder, N Yes (%) 156 (35.5%) 251 (58.2%) < 0.0001c
Head, N Yes (%) 126 (28.6%) 266 (61.7%) <0.0001c
Neck, N Yes (%) 134 (30.4%) 232 (53.8%) <0.0001c
Arms or Hands, N Yes (%) 119 (27.0%) 207 (48.0%) <0.0001c
Hips, N Yes (%) 89 (20.2%) 205 (47.6%) <0.0001c
Face or Jaw, N Yes (%) 40 (9.1%) 107 (24.9%) < 0.0001c
Pelvic Area or Groin, N Yes (%) 34 (7.7%) 111 (25.8%) <0.0001c
Buttocks, N Yes (%) 22 (5.0%) 82(19.0%) <0.0001c
Widespread Pain or Fibromyalgia, N Yes (%) 19 (4.3%) 77 (17.9%) <0.0001c
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Low Interference Phenotype (N  High Interference Phenotype (N
=441) =431) p-value
Chest, N Yes (%) 22 (5.0%) 80 (18.6%) < 0.0001c
Abdomen, N Yes (%) 20 (4.5%) 86 (20.0%) <0.0001c
Frequency of Pain (Most Bothersome Location) <0.0001c
Several Times a Week, N (%) 161 (37.4%) 64 (15.0%) *
Daily, N (%) 195 (45.2%) 154 (36.2%) *
Constant, N (%) 75 (17.4%) 208 (48.8%) *
Neuropathic Pain Type <0.0001c
Clinically Significant Positive, N (%) 23 (5.6%) 141 (34.7%) *
Clinically Significant Negative, N (%) 348 (85.3%) 171 (42.1%) *
Unclear, N (%) 37 (9.1%) 94 (23.2%) *
Headache Type§ <0.0001c
Migraine/Probable Migraine, N (%) 83 (18.9%) 235 (55.0%) *
Other Headache, N (%) 41 (9.4%) 27 (6.3%) -
No Head Pain, N (%) 314 (71.7%) 165 (38.6%) *
Pain catastrophizing, Median (IQR) 1(0,5) 15(9,24) <0.0001b
Treatment History Characteristics
Total Medical Services or Treatments, N (%) 388 (88.4%) 416 (97.4%) <0.0001c
Medication, N (%) 371 (84.7%) 407 (95.5%) <0.0001c
Injection, N (%) 93 (21.2%) 174 (40.7%) < 0.0001c
Surgery, N (%) 62 (14.1%) 90 (21.1%) 0.0072c
Implanted Device, N (%) 5 (1.1%) 21 (4.9%) 0.0011c
Non-Implanted Electrical Stimulator, N (%) 92 (21.0%) 120 (28.1%) 0.0145c¢c
Total Exercise Therapies, N (%) 336 (76.5%) 360 (84.3%) 0.0040c
Physical Therapy, N (%) 254 (58.0%) 319 (74.7%) <0.0001c
Pool or Aquatic Therapy, N (%) 83 (18.9%) 128 (30.0%) 0.0002 c
Occupational Therapy, N (%) 115 (26.3%) 195 (45.8%) < 0.0001c
Yoga, N (%) 93 (21.2%) 88 (20.6%) 0.8215¢
Tai Chi, N (%) 18 (4.1%) 25 (5.9%) 0.2377 ¢
Home Exercise Program, N (%) 264 (60.1%) 263 (61.6%) 0.6608 c
Total Psychological Services, N (%) 133 (30.4%) 218 (51.1%) <0.0001c
Psychotherapy (e.g., CBT, ACT), N (%) 38 (8.7%) 107 (25.1%) <0.0001c
Biofeedback, N (%) 18 (4.1%) 35 (8.2%) 0.0122¢c
Deep Breathing, N (%) 107 (24.4%) 171 (40.0%) < 0.0001c
Guided Imagery, N (%) 29 (6.6%) 66 (15.5%) <0.0001c
Mindfulness Therapy, N (%) 57 (13.0%) 104 (24.4%) <0.0001c
Hypnotherapy, N (%) 12 (2.7%) 16 (3.7%) 0.4026 ¢
Total Complementary/Alternative Medicine, N (%) 246 (56.3%) 254 (59.5%) 0.3421c
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L ow Interference Phenotype (N

High Interference Phenotype (N

= 441) =431) p-value

Chiropractic, N (%) 127 (29.1%) 133 (31.1%) 0.5039 ¢
Acupuncture, N (%) 72 (16.5%) 96 (22.5%) 0.0257 ¢
Massage, N (%) 202 (46.2%) 199 (46.6%) 0.9109 ¢
Comprehensive Pain Rehabilitation Program, N (%) 41 (9.4%) 74 (17.3%) 0.0006 ¢

SD = standard deviation; IQR = interquartile range;
fParticipants may self-report more than one race;

’tParticipants may self-report more than one pain location;

§Headache Type was classified for those who reported head pain;

SCI = spinal cord injury; PTA = post-traumatic amnesia; FIM = Functional Independence Measure; DRS = Disability Rating Scale; GOS-E =
Glasgow outcome scale — extended; BP1 = Brief Pain Inventory; a: two-sample test; b: Wilcoxon rank-sum test; c: chi-square test; bold indicates

statistically significant differences at a = 0.05;

*
indicates categorical levels with large (>2) cell chi-squares contributing to global differences
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Table 3:

Multivariable Logistic Model for Discriminating Extreme Low versus Extreme High Pain Interference
Phenotypes (N = 1579 of 1762)

Extreme L ow vs Extreme High Pain Interference Phenotype
oudsRatio | ewct | puae |

Pain Intensity | 0326 | (0282, 0.378) | <0.0001 | *
Neuropathic Pain Type

CS Positive vs CS Negative 0.396 (0.208, 0.754) 0.0048 *

CS Positive vs Unclear 0.806 (0.380, 1.709) 0.5729 -

Unclear vs CS Negative 0.492 (0.288, 0.840) 0.0093 *
Headache Type

Migraine vs No Headache 0.413 (0.264, 0.644) 0.0001 *

Migraine vs Other Headache 0.685 (0.305, 1.537) 0.3585 -

Other Headache vs No Headache 0.602 (0.279, 1.300) 0.1964 -
Pain Catastrophizing | 0.806 | (0777, 0.835) | <0.0001 | *
Leg Pain (Yes vs No) 0.337 (0.219, 0.519) < 0.0001 *
Hip Pain (Yes vs No) 0.462 (0.301, 0.710) 0.0004 *

ClI = confidence interval; CS = clinically significant;
fodds ratio shown for a 1 unit increase in predictor variable;

*
statistically significant at a = 0.05 or after Bonferroni correction of a = 0.0167 (Neuropathic Pain Type, Headache Type)
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