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Abstract

Objective. These analyses examined opioid initia-
tion and chronic use among Iraq (OIF) and
Afghanistan (OEF/OND) veterans with a new diag-
nosis of traumatic brain injury (TBI) in the Veterans
Health Administration (VHA).

Methods. Data were obtained from national VHA data
repositories. Analyses included OEF/OIF/OND veter-
ans with a new TBI diagnosis in 2010–2012 who used
the VHA at least twice, had not received a VHA opioid
prescription in the 365 days before diagnosis, and had
at least 365 days of data available after TBI diagnosis.

Results. Analyses included 35,621 veterans.
Twenty-one percent initiated opioids; among new
initiators, 23% used chronically. The mean dose
was 24.0 mg morphine equivalent dose (MED) daily
(SD 5 24.26); mean days supplied was 60.52
(SD 5 74.69). Initiation was significantly associated
with age 36–45 years (odds ratio [OR] 5 1.09, 95%
CI 5 1.01–1.17, P 5 0.04), female gender (OR 5 1.22,
P < 0.001), having back pain (OR 5 1.38, P < 0.0001),
arthritis/joint pain (OR 5 1.24, P < 0.0001), or neuro-
pathic pain (OR 5 1.415, P < 0.02). In veterans age
36–45 years, those living in small rural areas had
higher odds of chronic opioid use (OR 5 1.31,
P < 0.0001, and OR 5 1.33, P 5 0.006, respectively)
and back pain (OR 5 1.36, P 5 0.003). Headache/
migraine pain was associated with decreased odds
of chronic opioid use (OR 5 0.639, P 5 0.003).

Conclusions. Prevalence of opioid use is relatively
low among OEF/OIF/OND veterans with newly diag-
nosed TBI who are using VHA. Among those who
initiated opioids, about 25% use them chronically.

2017 American Academy of Pain Medicine. This work is written by US Government employees and is in the public domain in the US. 774

Pain Medicine 2018; 19: 774–787
doi: 10.1093/pm/pnx208

https://academic.oup.com/


Prescribing was mostly limited to moderate doses,
with most veterans using opioids for approximately
two months of the 12-month study period.

Key Words. Opioid; Traumatic Brain Injury;
Veteran; Pain

Introduction

Traumatic brain injury (TBI) has been called the
“signature injury” of the conflicts in Iraq and Afghanistan
[1,2]. An estimated 12–23% of veterans who served in
Afghanistan (Operation Enduring Freedom [OEF]) and
Iraq (Operation Iraqi Freedom [OIF] and Operation New
Dawn [OND]) and who utilized Veterans Health
Administration (VHA) care experienced a TBI while
deployed [3]. Among the 613,391 returning veterans
from Afghanistan and Iraq between 2009 and 2011,
40.2% have a primary pain diagnosis, 29.4% have a pri-
mary post-traumatic stress disorder (PTSD) diagnosis,
and 9.6% have a primary TBI diagnosis. Among all
veterans with TBI, a significant majority (62.5%) suffered
from comorbidities related to pain and PTSD [4].

TBI is defined as a physical force to the brain sufficient
to cause structural alteration or physiological disruption
of brain functions that results in altered consciousness,
amnesia, change in mental state, neurological deficits,
or intracranial lesions [5]. TBI severity is generally cate-
gorized as mild, moderate, or severe, depending on the
patient’s level of arousal/consciousness at the time of
injury, the duration of any loss of consciousness, and
the duration of post-traumatic amnesia [6]. An estimated
50% of injuries are mild, with fewer veterans presenting
to VHA care having moderate to severe TBI. Symptoms
associated with TBI are typically physical symptoms,
cognitive impairment, and emotional/behavioral prob-
lems [5,7]. Symptoms can resolve in as little as a few
minutes or over a few days to weeks, particularly in mild
TBI. However, in some cases, symptoms continue for
months to years, not just in patients with moderate to
severe TBI, but also in those categorized as having a
mild injury [8].

Among civilians, patients with TBI are five times more
likely to report persistent pain compared with those
without TBI [4,8,9]. An epidemiologic analysis of TBI
among OEF/OIF/OND veterans from 2010–2012 found
that 71% of those with TBI had head, back, or neck
pain, compared with only 33% of those without TBI
[10]. A review of 23 studies of chronic headaches after
TBI reported a prevalence of 57.8% (95% CI¼ 55.5–
50.2) when combining civilian and military cohorts
[11,12]. Although there is evidence that pain may be
more prevalent immediately following TBI, pain can per-
sist and even worsen in the years after even a mild TBI.
Indeed, pain related to TBI has been documented in
veterans up to five years after the initial injury [13]. While
a headache is the most commonly documented pain

condition, back and neck pain and neuropathic pain are
also common [8].

TBI is also associated with a range of mental health
comorbidities, particularly PTSD and depression.
Estimates of the prevalence of PTSD among veterans
with mild TBI range from 14% to 77% [2,14–19].
Estimates of the prevalence of major depressive disor-
der comorbidity with TBI range from 3% to 53%
[11,14,20–22]. This is particularly striking when consid-
ering that the 12-month prevalence of depression in the
general adult population is approximately 6.7% [11,23].

The high rates of comorbid pain and mental health (MH)
diagnoses are particularly concerning when considering
risks of opioid use in veterans with TBI. Opioid medica-
tions have become a common treatment for noncancer
pain [24–26]. Increased opioid use has been accompa-
nied by increased opioid misuse, emergency depart-
ment visits, overdoses, and automobile accidents [27–
31]. Factors that increase the likelihood of chronic
opioid use include chronic noncancer pain, having diag-
noses of MH and substance use disorders (SUD; i.e.,
PTSD, depression, nonopioid SUD, opioid SUD, to-
bacco use), and demographic characteristics (male gen-
der, younger age, Caucasian race) [32–37]. Among
OEF/OIF/OND veterans with TBI and chronic noncancer
pain, those with a PTSD diagnosis have a higher relative
risk of receiving opioid medications for 20 or more con-
secutive days in the year following the pain diagnosis
(TBIþPTSD adjusted relative risk [RR]¼ 2.95, 95% con-
fidence interval [CI]¼ 2.79–3.12) than those without
PTSD (TBI without PTSD adjusted RR¼ 1.77, 95%
CI¼ 1.60–1.95, P<0.01) [27]. However, there is little in-
formation about the factors, other than PTSD, associ-
ated with opioid initiation among veterans with TBI not
previously using opioids, regardless of pain condition,
nor is there information about the factors associated
with chronic use after opioid initiation. The overarching
goal of this work is to understand how opioids are used
in patients with TBI. To that end, the current study iden-
tified a cohort of OEF/OIF/OND veterans who are regu-
lar users of VHA care and who had a recent diagnosis
of TBI, but who had not used opioids in the 365 days
prior to the TBI diagnosis. We hypothesized that diagno-
ses of chronic pain and comorbid diagnosis of PTSD,
depression, or nonopioid SUD would be associated with
opioid initiation and chronic opioid use among OEF/OIF/
OND veterans with TBI.

The high prevalence of comorbidities related to pain and
MH makes this veteran population more likely to use
opioids and therefore more susceptible to possible ad-
verse effects. Identifying the factors related to the initia-
tion and chronic use of opioids could educate and
inform clinicians as to the characteristics that may put
patients at high risk for poor outcomes and could
provide them with the ability to reevaluate treatment
decisions to minimize these risks. The evidence gained
from this investigation can also provide data to VHA

Opioid Initiation and Traumatic Brain Injury

775

Deleted Text: -
Deleted Text: Veteran
Deleted Text: &hx2013; 
Deleted Text: &hx2013; 
Deleted Text: &hx2013; 
Deleted Text: Veteran
Deleted Text: &hx2013;
Deleted Text: :
Deleted Text: Veteran
Deleted Text: ,
Deleted Text: Veteran
Deleted Text: Veteran
Deleted Text: to
Deleted Text: &hx0025;CI
Deleted Text: -
Deleted Text: Veteran
Deleted Text: 5&hx2009;
Deleted Text: Veteran
Deleted Text: &hx2013;
Deleted Text: -
Deleted Text: Veteran
Deleted Text: -
Deleted Text: -
Deleted Text: ) (
Deleted Text: -
Deleted Text: Veteran
Deleted Text: -
Deleted Text: &hx0025;CI
Deleted Text: -
Deleted Text: &hx0025;CI
Deleted Text: -
Deleted Text:  
Deleted Text:  
Deleted Text: Veteran
Deleted Text: Veteran
Deleted Text: ,
Deleted Text: -
Deleted Text: Veteran
Deleted Text: Veteran
Deleted Text: s


policy makers and motivate changes in policies con-
cerning this population.

Methods

Data Sources

Data for this study were obtained using three VHA data
repositories: the Veterans Administration (VA) Corporate
Data Warehouse (CDW), the OEF/OIF/OND Roster, and
the VA Pharmacy Benefits Management Service (PBM).
The project received approval from the institutional re-
view boards of the Central Arkansas Veterans
Healthcare System and the University of Arkansas for
Medical Sciences. A data use agreement was executed
with each repository.

Study Sample

We identified a study cohort of OEF/OIF/OND veterans
who used VHA care at least twice in the 365 days prior
to the index period but did not have an outpatient opi-
oid prescription from a VHA provider in that time frame.
This provided a cohort of patients who were known to
be using VHA care and therefore had an opportunity to
receive an opioid prescription from VHA but did not. As
they were required to use the VHA at least twice, it
implies some level of engagement in care and potentially
increases the likelihood of getting prescription medica-
tions from the VHA rather than from an outside
provider.

Included veterans had:

1. at least one TBI diagnosis in FY10 or later (the date
of the first TBI diagnosis identified was assigned as
the veteran’s index date);

2. at least 365 days of observation available prior to the
date of TBI diagnosis (this requirement decreases the
risk that the veteran had been receiving treatment for
TBI outside VHA);

3. at least two VHA outpatient visits in the 365 days af-
ter diagnosis.

Excluded veterans had:

1. an opioid prescription or visit to a methadone clinic
before the identified index date;

2. residence in a VHA nursing home or domiciliary, or
were enrolled in VHA hospice care in the 365 days
prior to the index date;

3. an opioid prescription in injectable or suppository
form or had incomplete opioid prescription records
365 days after the index date;

4. an average daily dose greater than 1,000 mg MED
daily (these were treated as potentially invalid values

and excluded from the analyses to protect against
data entry errors);

5. a date of opioid initiation 90 or fewer days from the
end of the observation period (this was to ensure the
possibility of measuring chronic opioid use).

The final cohort of veterans had a new TBI diagnosis
within VHA in FY10 and were regular users of VHA care
but were not living in an environment that would influ-
ence how prescription medications are managed (e.g.,
domiciliary or nursing home) or had conditions where
opioid prescribing could systematically differ from pre-
scribing for noncancer pain (e.g., cancer diagnosis or
hospice care).

Opioid Use

Data from the VHA PBM were used to create variables
for opioid use. This was based on the days covered by
prescriptions issued by the VHA in the 12 months after
the index date. Any opioid use was defined as a VHA
outpatient opioid prescription for any length of time in
the 12 months after the index date. Chronic opioid use
was defined as 91 or more days of outpatient opioid
use issued by a VHA pharmacy in the 12 months after
the index date. To calculate the number of opioid days
covered, the prescriptions for the 12 months after the in-
dex date were sorted into chronological order based on
the date dispensed. If any two prescriptions overlapped
by more than 20% or more than 10 days, the overlap-
ping portions of the prescription were assumed to be
taken concurrently and the overlapping days were only
included once in the opioid days’ calculation. If the
overlap was 20% or less and 10 or fewer days, the sec-
ond prescription was shifted and the overlapping days
from both the first and second prescription were in-
cluded in the opioid days’ calculation. To further de-
scribe opioid use in this cohort, the mean daily opioid
dose in morphine equivalents was calculated for each
opioid user, referred to as the morphine equivalent
dose. The MED was calculated by multiplying the quan-
tity of each prescription by the strength of the prescrip-
tion (milligrams of opioid per unit dispensed). The
quantity–strength of the product was then multiplied by
conversion factors derived from published sources to
estimate the milligrams of morphine equivalent to the
opioids dispensed in the prescription [38–40].

TBI Definition

The CDW was used to identify veterans with at least
one outpatient visit coded with an ICD-9 code for TBI.
These codes were selected based on a literature review
[41,42] and VHA publications [5].

Other Variables

Demographic and diagnostic data included the follow-
ing: date of birth, race, marital status, gender, zip code,
and diagnosis codes (ICD-9). The zip code was used to
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classify veterans as living in an urban area, large rural
city/town, small rural town, or isolated small rural town
[43]. We identified common painful conditions experi-
enced by veterans: neck, back, arthritis/joint, headache/
migraine, neuropathic, and pain due to traumatic limb
injuries, fractures, and amputations. These conditions
were selected based on a literature search; they were
found to be common among veterans, including those
with TBI [9,44]. The definition of chronic pain requires at
least two separate occasions of a pain diagnosis at
least 30 but not more than 365 days apart. The ICD-9
codes used to identify veterans with these pain condi-
tions are listed in Appendix Table A1. Veterans were
categorized as having a painful condition if they had at
least one outpatient visit coded with that condition
within the 12-month period after the index date, and a
second code for a painful condition at least 30 days but
not more than 365 days later. While these are common
chronic conditions, veterans in these analyses could
have had chronic and nonchronic painful conditions
we did not identify. However, given that these pain
conditions are common among OEF/OIF/OND veterans
and among those with TBI, they serve as appropriate
tracer conditions in this cohort. Dummy variables were
created to identify veterans with at least one recorded
diagnosis of major depressive disorder, PTSD, alcohol
use disorder, nonopioid SUD, opioid use disorder, or
tobacco use. Definitions for these conditions are based
on previous literature [34,45] and are consistent with
definitions used by the VA Office of Mental Health
Operations.

Military Characteristics

Military characteristics and education have been shown
to be associated with persistent pain [9,46]. The OEF/
OIF/OND Roster was used to identify both military char-
acteristics including rank (enlisted, officer, warrant),
component (reserve, guard, active duty), branch (Army,
Navy, Air Force, Marines), and education level for sub-
jects included in the analyses.

Analysis

Multivariable logistic regression was used to model the
odds of initiating opioid use in the 12 months after the
index date and to identify factors associated with
chronic opioid use among opioid initiators. Veterans us-
ing VHA care are clustered within clinics that are clus-
tered within medical centers. To avoid underestimating
the standard error and erroneously identifying a variable
as statistically significant, the VA Medical Center was
specified as a random effect in each model.

Results

A total of 35,621 veterans met inclusion/exclusion crite-
ria (see Table 1). The mean age of the cohort was
31.96 years (SD¼ 8.19). The cohort was generally
Caucasian, male, had completed high school, and lived
in urban areas. While serving in the military, the majority

were enlisted and active duty military, rather than in the
guard or reserve; the majority served in the Army. Less
than 10% had an opioid or nonopioid SUD, 14% had
an alcohol disorder, and 12% had documented tobacco
use based on ICD-9 codes. Joint pain (7.08%) and
back pain (6.14%) were the two most commonly diag-
nosed types of pain disorders. Opioids were initiated in
20.52% of the sample; 23.25% of those who initiated
opioids used them chronically, defined as 90 or more
days in the 365 days after the index date. Among opioid
users, the mean dose was 24.0 mg MED daily
(SD¼24.26). The mean days supplied was 60.52
(SD¼74.69), ranging from one to 365 days.

Results of a logistic regression model examining factors
associated with opioid initiation are in Table 2. Cohort
members age 36–45 had an 8.3% greater odds of re-
ceiving opioids compared with the age 26–35 reference
group (OR¼ 1.08, 95% CI¼1.00–1.17, P¼ 0.04).
Nonwhite persons and those with unknown race had
lower odds of opioid initiation compared with white
veterans. Women had higher odds of opioid initiation
compared with men (OR¼ 1.22, 95% CI¼ 1.10–1.36,
P�0.001). Veterans who had a bachelor’s degree or
higher had significantly lower odds of initiating opioids
compared with those who completed high school only
(OR¼ 0.65, 95% CI¼ 0.55–0.77, P<0.0001). There
were no statistically significant findings related to opioid
initiation based on rank while in the military. Those
veterans who served in the National Guard had lower
odds of initiating opioids compared with active duty per-
sonnel (OR¼0.86, 95% CI¼0.78–0.95, P< 0.001).
Compared with those in the Navy, Marines had signifi-
cantly lower odds of opioid initiation (OR¼ 0.84, 95%
CI¼ 0.74–0.95, P¼ 0.005). Among clinical characteris-
tics, the only statistically significant finding was that
veterans with back pain (OR¼ 1.38, 95% CI¼1.24–
1.53, P< 0.001), arthritis/joint pain (OR¼ 1.23, 95%
CI¼ 1.11–1.36, P< 0.001), and neuropathic pain
(OR¼ 1.42, 95% CI¼ 1.06–1.89, P< 0.019) had higher
odds of initiating opioid medications.

Table 3 provides the results of the logistic regression
model of chronic opioid use. Only 89% (N¼ 6,518) of
opioid initiators were included in this model as 11%
started opioids within 90 days of the end of the observa-
tion period and did not have sufficient time to meet the
definition of chronic opioid use. Veterans who were
married or had unknown marital status had much higher
odds than unmarried veterans of using opioids chroni-
cally (OR¼ 1.27, 95% CI¼ 1.13–1.43, P< 0.001, and
OR¼ 1.88, 95% CI¼ 1.63–2.16, P<0.001, respec-
tively). Veterans with a bachelor’s degree or higher were
significantly less likely to use opioids chronically com-
pared with those who completed high school only
(OR¼ 0.49, 95% CI ¼ 0.34–0.72, P¼0.0002). Veterans
living in rural areas had greater odds than those in ur-
ban areas of receiving opioids chronically, although this
was only statistically significant for those living in small
rural areas (OR¼1.33, 95% CI¼1.08–1.64, P¼0.006).
Although women were more likely to initiate opioid
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Table 1 Cohort characteristics (N¼35,621)

Entire Cohort No Opioid Any Opioid Use

P—Comparing

No Opioid

Use and Any

Opioid Use

Variable Level No.* %† No.* %† No.* %† P‡

Demographic characteristics

Age, y 18–25 7,482 21 5,933 20.96 1,549 21.19 0.366

26–35 18,961 53.23 15,130 53.44 3,831 52.4

36–45 6,150 17.27 4,835 17.08 1,315 17.99

46–55 2,596 7.29 2,065 7.29 531 7.26

>55 432 1.21 347 1.23 85 1.16

Race White 24,889 69.87 19,632 69.35 5,257 71.91 <0.0001

Nonwhite 5,906 16.58 4,707 16.63 1,199 16.4

Unknown 4,826 13.55 3,971 14.03 855 11.69

Marital status Married 14,160 39.75 11,235 39.69 2,925 40.01 <0.0001

Not married 16,675 46.81 13,421 47.41 3,254 44.51

Unknown 4,786 13.44 3,654 12.91 1,132 15.48

Gender Female 2,053 5.76 1,567 5.54 486 6.65 0.0003

Male 33,568 94.24 26,743 94.46 6,825 93.35

Education BS or higher 1,991 5.59 1,695 5.99 296 4.05 <0.0001

High school 31,222 87.65 24,702 87.26 6,520 89.18

Some college 2,408 6.76 1,913 6.76 495 6.77

Rural/urban status Urban 28,267 79.35 22,464 79.35 5,803 79.37 0.9886

Large rural 4,099 11.51 3,253 11.49 846 11.57

Small rural 1,860 5.22 1,480 5.23 380 5.2

Isolated small

rural

1,395 3.92 1,113 3.93 282 3.86

Military characteristics

Rank while in military Enlisted 34,386 96.53 27,260 96.29 7,126 97.47 <0.0001

Officer 1,095 3.07 937 3.31 158 2.16

Warrant

Officer

140 0.39 113 0.4 27 0.37

Military component Guard 7,122 19.99 5,770 20.38 1,352 18.49 0.0005

Active 24,570 68.98 19,396 68.51 5,174 70.77

Reserve 3,929 11.03 3,144 11.11 785 10.74

Branch of military Army 24,975 70.11 19,604 69.25 5,371 73.46 <0.0001

Air Force 1,383 3.88 1,099 3.88 284 3.88

Marines 7,006 19.67 5,809 20.52 1,197 16.37

Navy 2,257 6.34 1,798 6.35 459 6.28

Clinical characteristics

PTSD diagnosis No 17,401 48.85 13,875 38.95 3,526 9.9 0.2329

Yes 18,220 51.15 11,435 40.52 3,785 10.63

Depression No 25,028 70.26 19,998 56.14 5,030 14.12 0.0022

Diagnosis Yes 2,281 10,593 8,312 23.33 2,281 6.4

Alcohol disorder No 30,752 86.33 24,436 68.6 6,316 17,073 0.8600

Yes 4,869 13.67 3,874 10.88 995 2.79

Nonopioid SUD No 33,549 94.18 26,724 75.02 6,825 19.16 0.0007

Yes 2,072 5.82 1,586 4.45 486 1.36

Opioid SUD No 35,204 98.83 27,995 78.59 7,209 20.24 0.0453

Yes 417 1.17 315 0.88 102 0.29

Tobacco use No 30,271 84.98 24,060 67.54 6,211 17.44 0.9431

Yes 4,250 11.93 1,100 3.09 5,350 15.02

(continued)
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medications, they were less likely to use them chroni-
cally. Members of the National Guard compared with
the Reserve were more likely to use opioids chronically
(OR¼1.04, 95% CI¼0.87–1.24, P< 0.0001). Veterans
in the Army were less likely to use opioids chronically
compared with those who served in the Navy
(OR¼0.915, 95% CI¼ 0.697–1.20, P< 0.001).
Veterans with a history of tobacco use were less likely
to use opioids chronically (OR¼ 0.84, 95% CI¼ 0.72–
0.97, P¼ 0.02). Veterans with back pain were more
likely to use opioids chronically (OR¼ 1.37, 95%
CI¼1.11–1.67, P¼ 0.003), while veterans with head-
ache/migraine pain were less likely to use them chroni-
cally (OR¼ 0.634, 95% CI¼ 0.48–0.86, P¼ 0.003).
There were no other statistically significant clinical char-
acteristics associated with chronic opioid use.
Interestingly, those with a diagnosis of chronic pain
were not statistically more likely to use opioids chron-
ically, nor were those with a diagnosis of depression,
PTSD, alcohol disorders, or other substance use
disorders.

Discussion

In these analyses, opioids were initiated in slightly more
than 20% of the OEF/OIF/OND TBI cohort, but among
opioid initiators, almost 25% used opioids chronically.
This chronic use, however, is lower than in all veterans.
In other analyses, we found that among all opioid
users with chronic noncancer pain in the VHA nation-
wide, almost 57% of opioid users received them
chronically [24]. This may suggest that opioid prescrib-
ing from VA providers is lower among OEF/OIF/OND
veterans with TBI compared with other veteran
cohorts. This finding may also be a function of the
sample. We observed this cohort for 365 days after the
index period. It is possible that opioid initiation may oc-
cur later than the first year after a diagnosis, suggest-
ing that other pain management strategies may be
used during that time. It is also possible that patients
with new TBI diagnoses within the VA are less likely to
initiate opioids within the VA compared with veterans
who are treated in other health care systems before

Table 1 Continued

Entire Cohort No Opioid Any Opioid Use

P—Comparing

No Opioid

Use and Any

Opioid Use

Variable Level No.* %† No.* %† No.* %† P‡

Painful conditions

At least 1 chronic No 30,481 85.57 24,370 68.41 6,111 17.16 <0.0001

Condition Yes 5,140 14.43 3,940 11.06 1,200 3.37

Neck pain No 35,210 98.85 28,005 78.62 7,205 20.23 0.0078

Yes 411 1.15 305 0.86 106 0.3

Back pain No 33,434 93.86 26,699 74.95 6,735 18.91 <0.0001

Yes 2,187 6.14 1,611 4.52 576 1.62

Arthritis/joint pain No 33,099 92.92 26,410 74.14 6,689 18.78 <0.0001

Yes 2,522 7.08 1,900 5.33 622 1.75

Headache/migraine pain No 34,024 95.52 27,039 75.91 6,985 19.61 0.9104

Yes 1,271 3.57 326 0.92 1,597 4.48

Neuropathic pain No 35,386 99.34 28,143 79.01 7,243 20.33 0.0014

Yes 235 0.66 167 0.47 68 0.19

Amputation pain No 35,542 99.78 28,245 79.29 7,297 20.49 0.5369

Yes 79 0.22 65 0.18 14 0.04

Opioid use

Opioid No 28,310 79.48 28,310 100 0 0 <0.0001

Yes 7,311 20.52 0 0 7,311 100

Chronic opioids No 33,921 95.23 28,310 100 5,611 76.75 <0.0001

Yes 1,700 4.77 0 0 1,700 23.25

Mean SD Mean SD Mean SD P

CCI score 0.0789 0.34 0.08 0.33 0.08 0.37 0.6100

Age at index 31.88 8.13 31.86 8.13 31.96 8.16 0.3500

CCI ¼ Charlson Comorbidity Index; PTSD ¼ post-traumatic stress disorder; SUD ¼ substance use disorder.

*Some numbers do not add up to total number of patients because of missing data.
†Some percentages do not add up to 100 because of rounding.
‡P value is the difference between no opioid use and any opioid use.
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coming to the VA. The doses and number of days us-
ing opioids in the 365-day observation period were
modest, with most people taking only 25 mg MED/day

and using opioids for 60 or fewer days. Generally, low-
dose morphine is approximately 10–40 mg MED/day,
moderate is 40–120 mg MED/day, and high-dose is

Table 2 Logistic regression model of opioid initiation (N¼ 35,621)*

Variable Level Odds ratio 95% CI P

Demographic characteristics

Age, y 18–25 1.060 0.991 1.135 0.0915

26–35 Ref

36–45 1.083 1.004 1.168 0.0395

46–55 1.084 0.969 1.212 0.1580

56–65 1.142 0.881 1.470 0.3038

Race Nonwhite 0.889 0.826 0.957 0.0019

Unknown 0.786 0.723 0.854 <0.0001

White Ref

Marital status Married 1.060 0.999 1.124 0.0552

Unknown 1.246 1.149 1.352 <0.0001

Not married Ref

Gender Female 1.221 1.095 1.362 0.0003

Male Ref

Education BS or above 0.651 0.548 0.774 <0.0001

Some college 0.942 0.845 1.049 0.2746

High school Ref

Rural/urban status Isolated rural 1.003 0.873 1.153 0.9642

Large rural 0.984 0.903 1.072 0.7122

Small rural 0.992 0.879 1.120 0.8961

Urban Ref

Military characteristics

Rank while in military Officer 0.926 0.578 1.485 0.7497

Warrant Officer Ref

Enlisted 1.051 0.683 1.619 0.8199

Military component Guard 0.859 0.775 0.952 0.0037

Reserve Ref

Active 1.023 0.935 1.118 0.6234

Branch of military Air Force 1.064 0.897 1.263 0.4731

Marines 0.835 0.737 0.946 0.0047

Navy Ref

Army 1.117 0.998 1.251 0.0548

Clinical characteristics

Depression diagnosis Yes vs no 1.036 0.974 1.100 0.2704

PTSD diagnosis Yes vs no 1.010 0.954 1.069 0.7422

Alcohol disorder Yes vs no 0.968 0.890 1.053 0.4461

Nonopioid SUD Yes vs no 1.187 1.054 1.336

Opioid SUD Yes vs no 1.134 0.892 1.443 0.3047

Tobacco use Yes vs no 0.976 0.905 1.053 0.5361

Painful condition

Neck pain Yes vs no 1.140 0.901 1.441 0.2741

Back pain Yes vs no 1.376 1.236 1.531 <0.0001

Arthritis/joint pain Yes vs no 1.231 1.112 1.363 <0.0001

Headache/migraine Pain Yes vs no 0.887 0.778 1.011 0.0733

Neuropathic pain Yes vs no 1.415 1.056 1.896 0.0199

Amputation pain Yes vs no 0.709 0.393 1.276 0.2513

CI ¼ confidence interval; PTSD ¼ post-traumatic stress disorder; SUD ¼ substance use disorder.

*All models controlled for physical health comorbidities with Charlson Comorbidity Score.
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more than 120 mg MED/day [47]. Opioid initiators were
more likely to have at least one pain diagnosis com-
pared with those who did not initiate opioid

medications. It is also important to note that diagnoses
such as alcohol disorder and SUDs were not associ-
ated with opioid initiation.

Table 3 Model of chronic opioid use among opioid initiators (N¼6,518)*

Variable Level Odds ratio 95% CI P

Demographic characteristics

Age, y 18–25 0.990 0.867 1.131 0.885

26–35 Ref

36–45 1.310 1.145 1.499 <0.0001

46–55 1.026 0.826 1.274 0.8187

56–65 1.095 0.665 1.803 0.7213

Race Nonwhite 0.593 0.507 0.695 <0.0001

Unknown 1.895 1.626 2.163 <0.0001

White Ref

Married Married 1.273 1.134 1.429 <0.0001

Unknown 1.875 1.626 2.163 <0.0001

Not married Ref

Gender Female 0.840 0.662 1.066 0.151

Male Ref

Education BS or above 0.495 0.342 0.716 0.0002

Some college 0.996 0.817 1.214 0.9689

High school Ref

Rural/urban status Isolated rural 1.113 0.860 1.440 0.4165

Large rural 1.156 0.990 1.350 0.0675

Small rural 1.334 1.084 1.641 0.0065

Urban Ref

Military characteristics

Rank while in military Officer 1.064 0.413 2.743 0.8974

Warrant Officer Ref

Enlisted 0.996 0.817 1.214 0.6804

Military component Guard 1.040 0.873 1.238 0.0097

Reserve Ref

Active 0.768 0.629 0.938 0.6624

Branch of military Air Force 1.344 0.950 1.900 0.0948

Marines 1.560 1.199 1.952 0.5204

Navy Ref

Army 0.915 0.697 1.200 0.0006

Clinical characteristics

Depression diagnosis Yes vs no 0.975 0.867 1.097 0.6776

PTSD diagnosis Yes vs no 1.008 0.905 1.122 0.8853

Alcohol disorder Yes vs no 0.843 0.708 1.003 0.0546

Nonopioid SUD Yes vs no 0.845 0.649 1.099 0.2088

Opioid SUD Yes vs no 1.462 0.909 2.353 0.1171

Tobacco use Yes vs no 0.835 0.716 0.973 0.0213

Painful conditions

Neck pain Yes vs no 1.277 0.822 1.982 0.2766

Back pain Yes vs no 1.366 1.110 1.670 0.0027

Arthritis/joint pain Yes vs no 1.082 0.884 1.324 0.4470

Headache/migraine pain Yes vs no 0.639 0.477 0.855 0.0026

Neuropathic pain Yes vs no 1.353 0.783 2.337 0.2784

Amputation pain Yes vs no 1.076 0.424 2.734 0.8770

CI ¼ confidence interval; PTSD ¼ post-traumatic stress disorder; SUD ¼ substance use disorder.

*All models controlled for physical health comorbidities with the Charlson Comorbidity Score.
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Several of our findings are notably different than other
studies examining opioid use in veterans. Other authors
have found that male gender was associated with opioid
use, including chronic opioid use [24,34,36]. However,
in the current analyses, women were more likely to initi-
ate opioids but not to use them chronically. This is a
particularly interesting finding given that other studies
have found that painful conditions such as musculoskel-
etal, headache, and back pain may be more common
among women veterans, particularly those who served
in Iraq and Afghanistan, than among their male counter-
parts [48]. Female veterans are more likely than male
veterans to report severe pain and pain that interferes in
their daily lives, to have an emergency department or
primary care visit for a pain-related problem, to have a
service-connected disability rating, and to have a rating
of at least 50% [9,48–50]. In our cohort, 20% of women
had a chronic pain diagnosis, compared with only 14%
of men (X2¼46.82, P<0.0001).

In these analyses, education appeared to have a pro-
tective effect. Veterans in this cohort who had a bache-
lor’s degree or higher were less likely to initiate opioids
or use them chronically. Improving education among
veterans may offer a target for a policy initiative that
could benefit veterans and decrease risk of opioid initia-
tion and chronic use.

In our analyses, neither PTSD nor depression was asso-
ciated with opioid initiation or chronic opioid use.
Previous work found that PTSD and depression were
associated with increased odds of receiving opioids and
of receiving them chronically, but most of those studies
were in cohorts of veterans known to have chronic,
painful conditions and used data from as far back as
2005. It is important to note that these analyses
depended on diagnoses of mental health conditions
that were documented in the VA medical record. It is
possible that veterans in this cohort had comorbid men-
tal health conditions that were undiagnosed or not
documented in the VA electronic health record. Data for
the current analyses are from 2010 and later. In 2009
and 2010, the VHA implemented new policies designed
to decrease chronic opioid use and increase monitoring
to identify opioid misuse [51–53]. The lack of association
between opioid use and depression and PTSD may be
a result of these policies. We reported earlier that de-
pression, PTSD, and substance use disorders were not
associated with opioid continuation beyond 90 days of
use in the veteran population, as we have found in the
civilian population [54].

The proportion of veterans with documented smoking in
this study was approximately 12%. In other studies,
smoking prevalence was approximately 23–30% [34,45].
This difference is likely related to the way we identified
smoking in the cohort. We used one ICD-9 CM code for
smoking (305.1, tobacco use disorder) and no V codes
or supplementary codes for a history of smoking. Other
authors used a wide range of codes that included the
history of tobacco use; we limited the code used to

identify current tobacco use only. Given the difference in
identification of tobacco use and that it was not associ-
ated with opioid initiation but was associated with statis-
tically lower odds of chronic use, it will be important to
further examine this issue in future research.

Approximately 15% of the cohort had a pain diagnosis,
which is lower than the epidemiologic estimates of pain
conditions among veterans with TBI [10–12]. This low
prevalence is likely due to the definition of a painful con-
dition. The first date of TBI diagnosis in FY10 or later
was considered the index date; veterans were followed
for the 365-day period following the index date. The
definition of chronic pain required at least two separate
occasions of a pain diagnosis at least 30 but not more
than 365 days apart. However, the goal was not to de-
termine whether opioids were prescribed only in re-
sponse to a pain diagnosis or to identify all diagnoses
for which opioids are prescribed. The goal was to iden-
tify factors associated with opioid initiation among
veterans with TBI as a cohort who had not used opioids
in the previous 365-day period and had a relatively new
TBI diagnosis, thereby making it possible to understand
opioid initiation. The numerous pain conditions in this
study served as tracer conditions to help understand
the clinical conditions of these veterans, a strategy used
in other studies [25]. Therefore, the findings likely cannot
be generalized to all veterans or others with TBI or pain.
However, it does help to understand how opioids are
used in OEF/OIF/OND veterans with TBI who have a rel-
atively new diagnosis.

Limitations

One of the challenges of studying TBI using data reposi-
tories is that there is no way to account for the severity
of TBI or how recently it occurred. While the proposed
inclusion/exclusion criteria used in these analyses will
not necessarily completely identify veterans with a “new”
TBI diagnosis, TBI not being coded by a VA provider in
the previous 12 months may suggest that treatment re-
lated to TBI was not a key clinical focus in the 365 days
prior to the index date. Other studies have noted that
mild TBI is the most common type of TBI presenting to
the VHA for care, so it is likely that most of the cases
identified in these analyses are also mild TBI. It is also
possible that some veterans who experienced TBI may
not be diagnosed. Therefore, it is likely that the current
findings are most generalizable to veterans who are
newly diagnosed with TBI in the VHA.

Another key limitation of this study is the lack of infor-
mation about opioid use and receipt of medical care
outside the VHA. Identifying opioid prescriptions
obtained from non-VHA providers is very difficult. To de-
crease the risk of underestimating opioid use because
of non-VHA prescribing, we identified veterans who
used VHA care at least twice in the 365 days prior to
the index period but who did not have an outpatient
opioid prescription from a VHA provider in that time
frame. This implies some level of engagement in care
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and potentially increases the likelihood of veterans mainly
getting their prescription medications from the VHA rather
than from an outside provider. Therefore, the findings from
these analyses are likely generalizable to veterans within
VHA who are using VHA care regularly. These veterans
are also the ones most likely to be affected by system-
wide policies and interventions related to opioid use.

Conclusion

These data suggest that the prevalence of opioid use is
relatively low among OEF/OIF/OND veterans with newly
diagnosed TBI who are using the VHA, but among
those who initiated opioids, about 25% use them

chronically. Prescribing was mostly limited to moderate
doses, with most veterans using opioids for approxi-
mately two months of the 12-month study period.
Future analyses should seek to better understand fac-
tors that influence outcomes of TBI and opioid use in
this cohort, including longer observation periods to ex-
amine the trajectory of opioid use and gender-related
differences in chronic use among opioid initiators.
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APPENDIX

Table A1 International Classification of Disease, Ninth Revision, Clinical Modification (ICD9-CM) codes

used to identify pain diagnoses

Pain Diagnoses ICD9-CM Codes

Neck pain 721.0, .1

722.0, .31, .4, .71, .81, .91

723.0, .1, .2, .3, .5, .6, .7, .8, .9

739.1

784.1

847.0

Back pain 720.1, .2, .81, .89, 7.9

721.2, .3, .41, .42, .5, .6, .7, .8, .9, .91

722.10, .11, .2, .30, .32, .39, .51, .52, .6, .70, .72, .73, .80, .82, .83, .90, .92, .93

724.00, .01, .02, .03, .09, .1, .2, .3, .4, .5, .6, .70, .71, .79, .8, .9

737.10, .11, .12, .19, .20, .21, .22, .29, .30, .31, .32, .33, .34, .39, .40, .41, .42, .43, .8, .9

738.4, .5

739.2, .3, .4

756.10, .11, .12, .13, .19

839.20

846.0

847.1, .2, .3, .4, .9

Arthritis/joint pain 359.4, .5, .6, .71, .79, .81, .89, .9

524.69, .61, .62, .63, .69

696.0

710.0, .1, .2, .3, .4, .5, .8, .9

711.00, .02, .03, .04, .05, .06, .07, .08, .09, .10, .11, .12, .13, .14, .15, .16, .17, .18, .19, .20,

.21, .24, .25, .26, .27, .29, .30, .31, .33, .34, .37, .39, .40, .41, .42, .43, .44, .45, .46, .47,

.49, .50, .51, .53, .54, .56, .57, .58, .59, .60, .66, .67, .68, .69, .70, .71, .77, .80, .81, .82,

.83, .84, .85, .86, .87, .88, .89, .90, .91, .92, .93, .94, .95, .96, .97, .98, .99

712.10, .11, .12, .13, .14, .15, .16, .17, .18, .19, .20, .21, .22, .23, .24, .25, .26, .27, .28, .29,

.30, .31, .32, .33, .34, .35, .36, .37, .38, .39, .80, .81, .82, .83, .84, .86, .87, .88, .89, .90,

.91, .92, .93, .94, .95, .96, .97, .98, .99

713.0, .1, .2, .3, .4, .5, .6, .7, .8

714.0, .1, .2, .30, .31, .32, .33, .4, .81, .89, .9

715.00, .04, .09, .10, 11, .12, .13, .14, .15, .16, .17, .18, .20, .21, .22, .23, .24, .25, .26, .27,

.28, .30, .31, .32, 33, .34, .35, .36, .37, .38, .80, .89, .90, .91, .92, .93, .94, .95, .96, .97, .98

(continued)
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Table A1 Continued

Pain Diagnoses ICD9-CM Codes

716.00, .01, .02, .03, .04, .05, .06, .07, .09, .10, .11, .12, .13, .14, .15, .16, .17, .18, .19, .20,

.21, .22, .23, .24, .25, .26, .27, .28, .29, .30, .31, .32, .33, .34, .35, .36, .37, .38, .39, .40,

.41, .42, .43, .44, .45, .46, .47, .48, .49, .50, .51, .52, .53, .54, .55, .56, .57, .58, .59, .60,

.61, .62, .63, .64, .65, .66, .67, .68, .80, .81, .82, .83, .84, .85, .86, .87, .88, .89, .90, .91,

.92, .93, .94, .95, .96, .97, .98, .99

717.0, .1, .41, .42, .43, .49, .5, .7, .81, .82, .83, .84, .85, .89, .9

718.00, .01, .02, .03, .04, .05, .07, .08, .09, .20, .21, .22, .23, .24, .25, .26, .27, .28, .29, .30,

.31, .32, .33, .34, .35, .36, .37, .38, .39, .40, .41, .42, 43, .44, .45, .46, .47, .48, .49, .50, .51,

.52, .53, .54, .55, .56, .57, .58, .59, .60, .65, .71, .73, .74, .75, .76, .77, .78, .79, .80, .81,

.82, .83, .84, .85, .86, .87, .88., 89, .90, .91, .92, .93, .94, .95, .96, .97, .98, .99

719.20, .21, .22, .23, .24, .25, .26, .27, .28, .29, .30, .31, .32, .33, .34, .35, .36, .37, .38, .39,

.40, .41, .42, .43, .44, .45, .46, .47, .48, .49

720.0

725.0

726.0, .10, .11, .12, .19, .30, .31, .32, .33, .39, .4, .5, .60, .61, .62, .63, .64, .65, .69, .71, .72,

.73, .79, .8, .9, .91

727.00, .01, .02, .09, .2, .3, .50, .59, .60, .61, .62, .63, .64, .65, .66, .67, .68, .69, .81, .82, .83,

.89, .9

728.0, .10, .11, .12, .13, .19, .3, .79, .81, .86, .89, .9

729.0, .1, .4

730.30, .31, .32, .34, .35, .36, .37, .38, .39

731.0, .1, .2, .3, .8

732.0, .1, .2, .3, .4, .5, .6, .7, .8, .9

733.6, .7, .92

736.00, .01, .02, .03, .04, .05, .06, .07, .09, .1, .20, .21, .22, .29, .30, .31, .32, .39, .41, .42, .5,

.6, .70, .71, .72, .73, .74, .75, .76, .79, .89, .9

737.0

738.2, .3, .6

739.5, .6, .7

840.4, .7

845.09

Headache/migraine pain 307.81

339.00, .01, .02, .03, .04, .05, .10, .11, .12, .20, .21, .22, .3, .41, .42, .43, .44, .81, .82, .83,

.84, .85, .89

346.00, .01, .02, .03, .10, .11, .12, .13, .20, .21, .22, .23, .30, 31, .32, .33, .40, .41, .42, .43,

.50, .51, .52, .53, .60, .61, .62, .63, .70, .71, .72, .73, .80, .81, .82, .83, .90, .91, .92, .93

784.0

Neuropathic pain 336.8

337.0

338.0

339.09

340.0

350.1

352.1

353.0, .1, .2, .3, .4, .6, .8, .9

354.0, .1, .2, .3, .4, .5, .8, .9

355.0, .1, .2, .3, .4, .5, .6, .71, .79, .8, .9

356.0, .2, .4, .8, .9

357.0, .1, .2, .3, .4, .5, .6, .7, .81, .82, .89, .9

723.4

729.2

806.00, .01, .02, .03, .04, .05, .06, .08, .09, .10, .13, .14, .15, .18, .19, .20, .21, .23, .24, .25,

.26, .27, .28, .29, .30, .34, .35, .36, .37, .39, .4, .5, .6, .61, .62, .69, .70, .72, .79, .8, .9

(continued)
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Pain Diagnoses ICD9-CM Codes

907.2, .3, .4, .5, .9

952.00, .01, .02, .03, .04, .05, .06, .07, .08, .09, .10, .11, .12, .13, .14, .15, .16, .17, .18, .19,
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E87.85
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