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Abstract

Pain is common among adults with traumatic brain injury (TBI), yet little data exist regarding prevalence of opioid use in

this population. The objective of this retrospective cohort study was to evaluate the association between lifetime TBI

exposure, opioid use, and pain in a nationally representative sample of 1022 adults aged 50+ who participated in the

Health and Retirement Study (HRS). Our primary exposure was lifetime TBI history measured via the Ohio State

University TBI Identification Method. We evaluated three alternate TBI exposures (years since most recent TBI, age at

first TBI, and number of lifetime TBIs) in sensitivity analyses. We evaluated two outcomes: recent opioid medication use,

and moderate-to-severe pain measured over two HRS waves. We classified three pain groups (persistent, intermittent, and

no pain). Prevalences of opioid use among individuals with and without TBI were 19.7% and 13.6%, respectively. After

adjustment for age, sex, and race, individuals with TBI had a 52% increased risk for opioid use compared with individuals

without TBI (relative risk = 1.52, 95% confidence interval: 1.11, 2.04). Individuals with recent TBI (1–10 years ago), first

TBI after age 40+, and 2+ lifetime TBIs had greatest risk for opioid use. Compared with individuals without TBI,

individuals with TBI had 4.9-times increased odds for persistent versus no pain, and 1.9-times increased odds of inter-

mittent versus no pain. Persistent pain among adults with lifetime TBI is elevated compared with the general population,

which may contribute to increased opioid use among persons with TBI, particularly those with recent injuries or multiple

lifetime TBIs.
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Introduction

The consequences of long-term opioid use are well-

documented, including risk for unintentional overdose, mis-

use, and dependence.1,2 Data from the National Survey on Drug

Use and Health in 2015 found more than one in three noninstitu-

tionalized adults in the United States used prescription opioids in

the last year.3 Among opioid users, the most commonly reported

motivation for opioid misuse was to relieve physical pain (63.4%),

compared with much smaller proportions of adults motivated to get

high (11.6%) or relax (10.9%).3,4 Prevention and treatment of pain

is a top priority of the National Academy of Medicine5; therefore,

recognizing subgroups at high risk for pain is critical to identifying

individuals in the general population who may be at greater risk for

prescription opioid misuse.

Chronic pain is present in more than 50% of individuals living

with traumatic brain injury (TBI).6 Research concerning veterans

has shown that moderate-to-severe TBI is independently associated

with an increased risk for pain,7 and among veterans with a chronic

pain diagnosis, history of moderate-to-severe TBI is associated with

increased likelihood of short- and long-term opioid use.8 Results

from a recent post-deployment military sample documented rates of

opioid receipt ranging from 8.9–36.8%, with greater rates among

individuals with comorbid chronic pain and post-traumatic stress

disorder.9 Data on pain and pain treatment in civilian populations

with TBI is more sparse; a recent single-center retrospective study

found 30% of adults hospitalized with TBI were using prescription

opioids 12 months after injury.10

Many individuals with a history of TBI live with long-term cog-

nitive and behavioral impairments that may increase vulnerability to
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opioid misuse.11 Research has shown individuals with TBI have an

elevated risk for high risk substance use12,13 and mood disorders.14 In

particular, TBI exposure during early life is related to later adolescent

and adult substance use problems.15,16 There is increasing concern

that individuals with TBI using opioids may be susceptible to opioid

misuse.17,18 Multiple studies have shown that individuals with a

history of TBI are more likely to die from accidental poisonings

compared with the general population,19–21 particularly middle aged

and older adults with a history of TBI.19

There is a paucity of population-based estimates of prescription

opioid use prevalence among individuals with a lifetime history of

TBI. Previously documented high rates of pain in TBI populations

may be one possible contributor to elevated prescription opioid use

relative to the general population, but these relationships have not been

investigated thoroughly. To this end, the objectives of the present

study were to evaluate the association between lifetime history of TBI

exposure and (1) recent prescription opioid use and (2) persistent or

intermittent moderate-to-severe pain in a nationally representative US

sample of adults over age 50. We hypothesized individuals with a

history of TBI would have higher risk of recent prescription opioid use

and higher odds of persistent or intermittent moderate-to-severe pain.

Methods

Study design

This was a retrospective cohort study using data from a sub-
sample of the Health and Retirement Study (HRS), a longitudinal
panel survey of adults over age 50 in the United States. The sur-
vey uses a national probability sample to capture a representative
sample of adults living in households in the contiguous United
States.22 For the present study, we combined data from two HRS
waves (2014 and 2016). We gathered lifetime TBI exposure in-
formation from the 2014 wave and information on opioid pain
medication use in the 2016 wave, the first HRS wave where opioid
use data were available. We obtained information on presence of
pain and pain severity in the 2014 and 2016 HRS waves. We ex-
cluded individuals who were deceased or lost between the 2014 and
2016 waves.

The flow diagram for the analytic cohort is provided in Figure 1.
The dataset analyzed in the current study is publically available on
the HRS website.23 This secondary data analysis study was con-
sidered nonhuman subjects research by our Institutional Review
Board.

Lifetime TBI exposure

The HRS implemented a TBI module in 2014 on a random
subsample (N = 1480) of the core HRS sample. The HRS collected
history of TBI exposure through a modified version of the Ohio
State University TBI Identification Method (OSU TBI-ID), a
structured interview that queries participants on whether they have
sustained injuries to the head or neck in their lifetimes. The OSU
TBI-ID has high validity and interrater reliability24 and is used
widely for retrospective TBI ascertainment, including within HRS
studies.25–27 For each reported injury, HRS data collectors asked
follow-up questions on age of each injury, and whether participants
reported loss of consciousness (LOC), were dazed or experienced
loss of memory, and whether they were hospitalized. For the pres-
ent study, our primary exposure was TBI that resulted in LOC or a
period of being dazed/loss of memory. Consistent with previous
HRS studies,25–27 we excluded individuals who reported a past blow
to the head that did not result in LOC or being dazed/having loss of
memory, because this subgroup would not meet standard defini-
tions for TBI.28–31

The additional information in the OSU TBI-ID on timing and
severity of injury prompted examination of three additional TBI
exposure classifications: (1) years since most recent TBI, (2) age at
first TBI, and (3) number of lifetime TBIs. To characterize years
since most recent TBI, we subtracted the age of reported TBI from
the age at interview of the 2016 HRS wave.

Opioid pain medication use

In 2016, HRS participants were queried on their opioid use in the
last three months. Data collectors specifically asked participants
whether they have used a ‘‘.class of pain medications, called
‘‘opioids,’’ [which] includes such things as Vicodin, OxyContin,
codeine, morphine, or similar medications. In the past three months,
have you taken any opioid pain medications?’’

FIG. 1. Flow diagram for derivation of the analytic cohort. The inception cohort for this study were Health and Retirement Study
(HRS) participants who were assigned randomly and completed the 2014 HRS Traumatic Brain Injury (TBI) Module. These participants
were then followed up at the 2016 HRS core interview. Individuals who were lost from 2014 to 2016 and those who reported a blow to
the head but no loss of consciousness (LOC) or altered mental status were excluded. Of note, N = 15 individuals were omitted in the
analytic sample because they had a survey weight of 0.
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The HRS also collected data on over-the-counter (OTC) pain
medication use, which we included in the present study as a com-
parator to prescription opioids. Participants were asked whether
‘‘In the past three months have you taken any OTC pain medica-
tions?’’ Data collectors specified to participants that OTC pain
medications include ‘‘.such things as Advil, Aleve, Tylenol, as-
pirin or similar medications.’’

Moderate-to-severe pain

Participants were asked two pain-related questions in the HRS
2014 and 2016 waves. The first question was, ‘‘Are you often troubled
by pain?’’ If participants responded yes, then they were asked the
follow-up question, ‘‘How bad is the pain most of the time: mild,
moderate, or severe?’’ We classified three pain groups over the study
period based on reporting of moderate or severe pain. Individuals
reporting moderate-to-severe pain in both 2014 and 2016 were con-
sidered to have persistent pain; individuals reporting moderate-to-
severe pain in 2014 or 2016, but not both, comprised the intermittent
pain group; and those not reporting moderate-to-severe pain at either
time point were considered to be in the no pain group. Our classifi-
cation of persistent pain is consistent with a previous HRS study.32

Covariates

All models adjusted for the following covariates (measured at
2016 HRS wave): age, sex, race (white, Black, other). Unlike other
potential demographic covariates, these characteristics are not af-
fected by TBI exposure.33 We descriptively characterized addi-
tional covariates by TBI exposure, including education, living
situation, active military service history, health insurance, and
presence of selected chronic conditions.

Statistical analysis

Analyses were performed using SAS 9.4 (Cary, NC)34 survey
procedures to account for the HRS complex multi-stage sample
design involving stratification, clustering, and survey weights. We
used 2016 HRS survey weights for analyses. We descriptively
characterized the cohort by TBI exposure, opioid use, and pain
groups. Next, we conducted a series of multi-variable logistic re-
gression models evaluating the association between lifetime history
of TBI and recent prescription opioid use, and OTC pain medica-
tion use, adjusted for age, sex, and race.

In pre-planned sensitivity analyses, we evaluated three alternate
TBI exposure classification metrics (time since last TBI, age at first
TBI, and number of lifetime TBIs) and recent use of opioid pain
medications and OTC pain medications. We converted adjusted
odds ratios (ORs) from all multi-variable logistic regression mod-
els to adjusted relative risks (RRs) using a published formula to
quantify risk.35 We then evaluated the association between history
of TBI and pain group (none, intermittent, persistent) using adjusted
multi-nomial logistic regression, with the no pain group as the ref-
erent outcome. As a post hoc exploratory analysis, we characterized
pain groups among individuals recently using opioid pain medica-
tions by TBI exposure to provide descriptive information on overlap
between pain and opioid use by lifetime TBI exposure.

Results

Characteristics of the participants

We reported demographic characteristics by lifetime TBI exposure

status in Table 1. There were 360 (38.3%) individuals who reported a

history of TBI and 647 (61.7%) individuals who reported no history

of TBI. Individuals with a history of TBI were on average younger,

more often male, unmarried, had an active military service history,

and had greater rates of selected medical and psychiatric conditions

compared with individuals without a history of TBI. Participants lost

to follow-up were slightly older, more often lived alone, and had

higher burden of select medical chronic conditions, but were other-

wise similar to the analytic cohort including similar rates of TBI

exposure and moderate-to-severe pain (see Supplemental Table S1).

We have also reported characteristics associated with opioid use

(Supplemental Table S2) and pain groups (Supplemental Table S3).

We observed that persons reporting opioid use had significantly

younger age, less education, and higher rates of selected chronic

conditions (any cancer, chronic lung disease, stroke, and psychiatric

conditions). We also observed persons with persistent pain tended to

be less educated, more often unmarried (living alone), have Med-

icaid insurance, and greater rates of selected health conditions (high

blood pressure, chronic lung disease, heart condition, and psychi-

atric conditions).

Association between history of TBI and recent
opioid pain medication use

The prevalence of prescription opioid use in the past three

months among individuals with a history of TBI was 19.6% com-

pared with 13.6% among individuals without TBI. In the multi-

variable logistic model (see Table 2), individuals with TBI were at

52% increased risk for recent opioid use in later life compared with

individuals without TBI (RR = 1.52, 95% confidence interval [CI]:

1.11, 2.04). Sustaining a TBI in the last 10 years (RR = 3.01, 95%

CI: 1.57, 4.70), first TBI at age 40+ (RR = 1.98, 95% CI: 1.18, 3.04),

and 2+ lifetime TBIs (RR = 2.00, 95% CI: 1.30, 2.90) were asso-

ciated with significantly increased risk of opioid use, compared

with those without TBI.

As a comparator to prescription opioid use, we also evaluated the

association between history of TBI and OTC pain medication use.

History of TBI was not associated with risk of recent OTC pain

medication use (see Supplemental Table S4). Years since most

recent TBI, age at first TBI, and number of lifetime TBIs were also

not associated with OTC pain medication use.

Associations between history of TBI and pain group

Rates of intermittent and persistent moderate-to-severe pain among

individuals with a history of TBI were 22.5% and 29.4%, respectively,

compared with 18.6% and 10.7% among individuals without TBI. In

the multi-nomial model (see Table 3), compared with individuals with

no history of TBI, individuals with TBI had 1.89 times increased odds

of intermittent pain versus the no pain group (OR = 1.89, 95% CI: 1.33,

2.68), and 4.93 times increased odds of persistent pain versus the

no pain group (OR = 4.93, 95% CI: 3.43, 7.08).

Characterization of pain groups by opioid
use and TBI exposure

In Figure 2, we descriptively characterized pain groups by opioid

use and TBI exposure. Among recent opioid users with TBI, the

percentage of each pain group was: 11.2% (no pain), 30.1% (in-

termittent pain), and 58.7% (persistent pain). Among recent opioid

users without TBI, the percentage of each pain group was: 33.1%

(no pain), 31.3% (intermittent pain), and 35.6% (persistent pain).

Discussion

We found approximately 20% of adults in the United States over

age 50 living with a lifetime history of TBI have used prescription

opioids in the past three months. Opioid use was highest among

individuals with a TBI in the past decade and those with multiple
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lifetime TBIs. After adjustment for covariates, those with TBI were

more than 50% more likely to use opioids than those without TBI.

The most commonly cited reason for prescription opioid initiation

in the general population is to cope with physical pain.36 Our data

indicated individuals with TBI had nearly five times greater odds of

persistent moderate-to-severe pain over the study period compared

with their counterparts in the population without TBI.

Our data align with evidence gathered from military and veteran

samples that have suggested individuals with a history of TBI ex-

posures are at increased risk for opioid medication use, particu-

larly among individuals with concurrent chronic pain diagnoses.7–9

Current Department of Defense/Veterans Administration clinical

guidelines37 recommend against opioid therapies in favor of non-

opioid therapies for individuals with TBI. This suggests in military/

veteran samples there may be some notable discrepancy between

clinical guidelines and prescribing practices for pain management

among individuals with TBI. Our findings reinforce existing evi-

dence6,7 that individuals with a history of TBI are at higher likelihood

of persistent pain compared with the general population.

While we did not have information on indication for opioid

medication use, post hoc descriptive analyses indicated 88.8% of

individuals with TBI (compared with 67.1% of individuals without

TBI) who reported recent opioid use endorsed persistent or inter-

mittent moderate-to-severe pain during the study period. The ob-

served higher rates of opioid use by TBI exposure in this study may

be explained in part by significantly greater rates of moderate-to-

severe pain experienced among individuals with TBI. Of note, we

did not find evidence in our study of an association between history

of TBI and OTC pain medication use.

Our sensitivity analyses indicated timing and number of lifetime

TBIs was associated with risk of prescription opioid use in later life.

Specifically, we showed individuals with more recent injuries (1–

10 years ago) and first TBI age 40+ had the greatest relative risk of

opioid use, compared with those without TBI. The current evidence

on opioid use patterns after TBI is based on military and veteran

samples,8,9 wherein TBI exposures more commonly occur at younger

ages during military service, which may not be generalizable to TBI

exposures in the general population. For example, one veteran study

Table 1. Demographic Characteristics
j�

of Adults 50+ by Traumatic Brain Injury Status

Total No TBI History of TBI

Ne, weighted row % 1007 647 (61.7) 360 (38.3)
Age, weighted mean (SE) 67.4 (0.3) 68.1 (0.5) 66.2 (0.4)
N, weighted column %
Sex (male) 415 219 (35.2) 196 (59.5)
Race/ethnicity

White 716 459 (82.1) 257 (83.5)
Black 197 130 (10.1) 67 (10.1)
Other 92 57 (7.8) 35 (6.4)

Education
Less than High School 165 116 (12.0) 49 (9.6)
High School or greater 842 531 (88.0) 311 (90.4)

Living situation
Married, living with spouse 582 366 (62.6) 216 (58.0)
Unmarried, living with others 166 109 (10.9) 57 (13.3)
Unmarried, living alone 250 166 (26.5) 84 (28.7)

Marital status
Married 533 340 (59.3) 193 (53.9)
Divorced/widowed/separated 399 262 (31.0) 137 (35.5)
Never married 72 43 (9.7) 29 (10.6)

Active military service history (yes) 136 67 (9.4) 69 (18.8)
Health insurance coverage

Medicare only 329 221 (30.6) 108 (24.2)
Medicaid only 43 23 (1.4) 20 (3.4)
Medicare and Medicaid 79 41 (4.4) 38 (8.9)
Private insurance (with or without public insurance) 486 317 (58.5) 169 (57.4)
Uninsured 70 45 (5.2) 25 (6.0)

Presence of chronic conditions
High blood pressure 640 393 (55.5) 247 (63.4)
Diabetes 274 173 (24.4) 101 (26.3)
Any cancer 174 114 (16.9) 60 (14.0)
Chronic lung disease 100 48 (8.0) 52 (12.9)
Heart condition 242 130 (18.5) 112 (27.5)
Stroke 84 48 (7.2) 36 (7.9)
Psychiatric conditionx 217 104 (17.3) 113 (28.4)

TBI, traumatic brain injury; SE, standard error.
j�All variables adjusted for 2016 HRS complex survey design weights to be representative of the United States; column percentages reported; missing

data exists for some variables wherein categories do not add up to column total.
eN = 15 individuals had a survey weight of 0 and were dropped from weighted analysis.
xDefined by single Health and Retirement Study question: ‘‘Have you ever had or has a doctor ever told you that you have any emotional, nervous, or

psychiatric problems?’’
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found that veterans who sustained TBI in earlier life (18–24 years old)

were at greatest risk for short- and long-term opioid use compared

with later life TBI.8

In our study of adults over age 50, individuals with first TBI at

age 40+ were at greatest risk of opioid use in later life compared

with those without TBI. Individuals who sustained their first TBI

before age 25 also had an elevated risk of opioid use (RR = 1.46,

95% CI: 0.99, 2.07) compared with those without TBI, although

this CI included one in this study. These findings suggest more life-

course research is warranted to elucidate the influence of age of TBI

on risk of pain and opioid use in later life.

We also documented that individuals in this cohort with two or

more lifetime TBIs had double the risk for opioid use compared

with those without TBI. There has been considerable interest in

evaluating the long-term consequences of repetitive TBI, and past

studies have indicated individuals with repetitive mild TBI may be

at increased risk for substance use disorders.38–40 The current study

warrants future investigation into the relationship between repeti-

tive TBI and opioid use disorders.

The consequences of opioid use in TBI populations could be

substantial. A TBI can cause chronic cognitive and behavioral im-

pairments that increase vulnerability for substance use disorders.38

Dopamine reward circuitry, which has been postulated to mediate

addictive behaviors,41,42 has been recognized to be compromised

after TBI.43,44 There is increasing concern that persons with TBI

exposure may be uniquely susceptible to opioid misuse and its

negative consequences.17,18 Of note, a recent study found that two-

thirds of unintentional poisoning deaths after TBI involved narcotic

drugs.20 Future studies would benefit from evaluating mediators of

opioid use and misuse in TBI populations, including presence of

psychiatric conditions that we observed in the present study were

associated with history of TBI, opioid use, and pain.

There are limitations in the current study. We retrospectively

evaluated lifetime TBI exposure through the OSU-TBI ID. Al-

though this instrument has been found to be sensitive to behavioral,

structural and proteomic differences,45,46 it is possible that indi-

viduals did not recall past exposures or the extent of their past TBI

effects such as LOC, particularly in early life. We also did not

distinguish the cause or severity of TBI in our study. We relied on

self-report for pain medication utilization and did not have infor-

mation on drug type, dosage, or adherence.

Our results focus on any opioid use and may therefore not be

applicable to the association between TBI and opioid misuse. Fu-

ture studies would benefit from more detailed measurement of

opioid misuse. We did not have any information available in this

study on prescription nonopioid pharmacological treatments or

Table 2. Multi-Variable Logistic Regression Models for Prescription Opioid Medication Use among Adults Age 50+*

Prescription opioid use in last 3 months

Models TBI exposure classification N, Weighted %{ RR (95% CI)

Model 1 History of TBI No history of TBI 76 (13.6) Reference
History of TBI 76 (19.7) 1.52 (1.11, 2.04)

S
en

si
ti

v
it

y
a

n
a

ly
se

s Model 2{ Years since most recent TBI No history of TBI 76 (13.6) Reference
1–10 20 (38.1) 3.01 (1.57, 4.70)
11–39 26 (19.6) 1.40 (0.91, 2.08)
40+ 28 (16.1) 1.29 (0.83, 1.92)

Model 3{ Age at first TBI No history of TBI 76 (13.6) Reference
<25 42 (18.9) 1.46 (0.99, 2.07)

25–39 12 (18.1) 1.34 (0.66, 2.47)
40+ 20 (24.2) 1.98 (1.18, 3.04)

Model 4 Number of lifetime TBIs No history of TBI 76 (13.6) Reference
1 38 (16.0) 1.25 (0.83, 1.82)

2+ 38 (25.5) 2.00 (1.30, 2.90)

TBI, traumatic brain injury; RR, relative risk; CI, confidence interval.
*Multivariable Logistic Regression Model adjusted for age, sex, and race; All models adjusted 2016 Health and Retirement Study (HRS) complex

survey design weights to be representative of the contiguous United States; N = 15 individuals had a survey weight of 0 and were dropped from weighted
analysis.

{Percentages are adjusted for HRS complex survey design to be representative of the contiguous United States; row percentages reported.
{n = 12 individuals reported history of traumatic brain injury but did not remember the age of injury and were excluded from Models 2 and 3.

Table 3. Multi-Nomial Regression Model for Moderate-Severe Pain in 2014 (T1) and 2016 (T2) Among Adults 50+*

No pain
(T1 and T2)

Intermittent pain
(T1 or T2)

Persistent pain
(T1 and T2)

N (%{) N (%{) N (%{)

No history of TBI 434 (70.7) 127 (18.6) 79 (10.7)
History of TBI 164 (48.1) 80 (22.5) 114 (29.4)

OR (95% CI) OR (95% CI) OR (95% CI)
History of TBI vs. no history of TBI Reference 1.89 (1.33, 2.68) 4.93 (3.43, 7.08)

TBI, traumatic brain injury; OR, odds ratio; CI, confidence interval.
*Multinomial Regression Model adjusted for age, sex, and race.
{Percentages adjusted for 2016 Health and Retirement Study complex survey design weights to be representative of the United States; row percentages

reported; N = 15 individuals had a survey weight of 0 and were dropped from weighted analysis; some individuals (N = 9) did not have pain data available
in 2014 and 2016 and were not included in this analysis.
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nonpharmacological treatments for pain (e.g., physical therapy,

meditation, or psychotherapy). We also did not have any infor-

mation on types of pain (e.g., neuropathic, psychogenic, muscu-

loskeletal, trigeminal). Future studies measuring specific pain types

experienced by persons with TBI may provide insight into use of

opioid versus other medications for treatment of pain.

Pain and opioid pain medication use were ascertained after TBI

exposure assessment in this sample; however, because HRS did not

collect opioid use data before 2016, we cannot rule out that indi-

viduals with TBI used opioid pain medication before their injuries.

It is also possible that opioid use or pain may increase risk for TBI;

however, we were unable to test for this specifically in this study.

In our sensitivity analysis, we observed only persons with multiple

lifetime TBIs had a significantly elevated risk of opioid use compared

with persons without TBI. We did observe the suggestion of elevated

risk among persons with a single TBI compared with those without

TBI, but this was not statistically significant. It is possible we were

underpowered in the current study to observe an effect, and future

larger studies should further investigate opioid use among persons

with history of a single lifetime TBI. HRS does not have a direct

measure of chronic pain, but our classification of persistent pain, which

may reflect chronic pain, is consistent with a previous HRS study.32

Finally, some individuals were lost to follow-up or deceased

between their 2014 and 2016 interviews and were excluded from

this study. Those lost to follow-up had similar rates of TBI exposure

and moderate-to-severe pain; therefore, selection bias would be less

likely to markedly affect the study findings.

Despite these limitations, this study has several strengths. We

address a major gap in research by identifying the prevalence of

prescription opioid use among a representative sample of middle-

aged and older adults living with TBI. Previous studies evaluating

opioid use in TBI populations have relied on convenience hospital-

based samples or exclusively military or veteran samples, and have

crucially lacked a population-based comparison group without

TBI. Our study also highlights novel associations concerning the

timing and number of lifetime TBI exposures in the context of risk

for opioid use, wherein individuals with first TBI after age 40,

recent TBI in the last 10 years, and multiple lifetime TBIs have the

greatest risk for opioid use in later life.

Conclusion

In this nationally representative sample of adults over age 50 in the

United States, persons with a lifetime history of TBI reported more

than 50% greater rates of recent prescription opioid use than those

without TBI. High burden of persistent pain in TBI populations may

be a contributing factor to greater opioid use in this population. Future

research is urgently needed to evaluate prevalence and risk factors for

opioid misuse disorders in populations with TBI.
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