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ABSTRACT

Objective To examine psychotropic and pain
medication use in a population-based cohort of
individuals with traumatic brain injury (TBI), and compare
them with controls from similar backgrounds.

Methods We assessed Swedish nationwide registers
to include all individuals diagnosed with incident TBI
between 2006 and 2012 in hospitals or specialist
outpatient care. Full siblings never diagnosed with TBI
acted as controls. We examined dispensed prescriptions
for psychotropic and pain medications for the 12 months
before and after the TBI.

Results We identified 239425 individuals with incident
TBI, and 199658 unaffected sibling controls. In the TBI
cohort, 36.6% had collected at least one prescription
for a psychotropic or pain medication in the 12 months
before the TBI. In the 12 months after, medication use
increased to 45.0%, an absolute rate increase of 8.4%
(p<0.001). The largest post-TBI increases were found
for opioids (from 16.3% to 21.6%, p<0.001), and
non-opioid pain medications (from 20.3% to 26.6%,
p<0.001). The majority of prescriptions were short-term;
20.6% of those prescribed opioids and 37.3% of those
with benzodiazepines collected prescriptions for more
than 6 months. Increased odds of any psychotropic or
pain medication were associated with individuals before
(OR: 1.62, 95% Cl: 1.59 to 1.65), and after the TBI (OR:
2.30, 95% Cl: 2.26 to 2.34) as compared with sibling
controls, and ORs were consistently increased for all
medication classes.

Conclusion High rates of psychotropic and pain
medications after a TBI suggest that medical follow-up
should be routine and review medication use.

INTRODUCTION

Traumatic brain injury (TBI) is an injury to the head
from an external force that disrupts brain func-
tion. It varies in severity from a mild concussion
to severe injury—where there is an extended loss
of consciousness and long-term disability. TBI is
a global health problem that is estimated to affect
30-60million persons' and cost $400billion per
year.?

TBI significantly increases the risk of physical
illness, mortality and neuropsychiatric problems,
including epilepsy, depression, anxiety, cognitive
disorders and behavioural changes (often aggres-
sion or agitation).” *> * Psychotropic medications are
often prescribed as part of post-TBI treatment, as
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they target symptoms that can have a considerable
effect on health and daily life, including depression,
anxiety, and, rarely, psychosis.’ Previous studies
have shown high rates of psychotropic medication
use in individuals who have sustained a TBI, but esti-
mates vary widely. For example, prescriptions range
between 14% and 74% for antiepileptic medica-
tions, 8%-82% for antidepressants, 10%-68% for
antipsychotic medications and 6%-33% for anxio-
lytics.®'> The varying estimates could be attributed
to differences in TBI severity and samples; TBI
inclusion in studies has ranged from mild” to
moderate to severe,®* ' and samples have included
both hospitalised patients,'® individuals in outpa-
tient postacute treatment,” '> and those in inpatient
rehabilitation.® 7 * ' Results show that the highest
rates of antiepileptic (47%-74%), antidepressant
(67%-82%) and anxiolytic medications (15%-—
33%) were found among individuals who received
inpatient rehabilitation,® 7 ' while patients with
moderate to severe TBI or having inpatient treat-
ment were prescribed antipsychotics at the upper
end (48%—-689%) of the reported ranges.® ! Studies
also show that polypharmacy (ie, the use of several
medications concurrently) is common.®” However,
previous investigations have been small, typically
included selected samples, and have not used reli-
able sources of prescription information.®™!! Impor-
tantly, studies have generally not assessed pre-TBI
medication use, which is a major confound, as
psychiatric disorders and behavioural problems are
more common in TBI patients,* ™ and would lead
to higher rates of background psychotropic medica-
tions. One prior study has examined pre-TBI medi-
ation use,'® but only included persons older than
64 years.

Many TBI patients experience pain,'® and head-
aches are the most common complaint after a TBI.’
The pain can be a consequence of the TBI and/
or other physical injuries co-occurring with the
TBI.'” Pain medications are therefore commonly
prescribed to TBI patients, but there is little data
on the extent and duration of their use,' particu-
larly for opioid medications. The limited informa-
tion available is mainly based on US military service
members and veterans,'” with a different age struc-
ture, comorbid painful conditions and sociodemo-
graphic and background health risks to those who
sustain TBIs in the general population.'® Prolonged
use of pain medications, particularly opioids, is
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problematic in other contexts,?® therefore, a detailed investi-
gation of opioid prescription after TBI is warranted. Previous
research has also not included a matched comparison group,
which is important for assessing whether and how medication
use among persons with TBI differs from the general population.

To address the uncertainty on psychotropic and pain medi-
cation use, we have investigated a total population cohort of
people who have sustained TBI. We have compared medication
use with unaffected siblings. Such siblings provide a more valid
comparison group than unrelated population controls, as they
have similar background characteristics (eg, family history and
shared genetic and environmental factors)?! which can lead to
residual confounding.

Aim

We investigated the prevalence of the main psychotropic and
pain medication classes in a longitudinal cohort of adults
(aged 18 and over) diagnosed with new incident TBI. We
examined dispensed prescriptions (ie, collected at a pharmacy)
for the 12 months before and after the incident TBI, which
were compared with unaffected full siblings. We assessed the
duration of use for each medication class, and also stratified
analyses by factors that may confound medication use in TBI
patients, including comorbid neuropsychiatric diagnoses and
injury severity.

METHODS

Design

This is a population-based longitudinal cohort study in Sweden
linking registers with nationwide coverage through each indi-
vidual’s identification number.?? All data were pseudonymised.

Participants and setting

Participants included all individuals aged 18 and over diag-
nosed with new incident TBI diagnosis between 1 July 2006
and 31 December 2012. We used the Centers for Disease
Control and Prevention definition of TBL.>> We also included
unaffected siblings as a comparison group to account for
similar background factors (eg, genetics and early environ-
ment). Full details are provided in the online supplemental
appendix (p2).

Measures

Demographic measures

Information on sex and age was collected from the Total Popu-
lation Register.**

Polytrauma

Polytrauma was defined as an injury to another body part or
system on the same day as the TBI (ICD-10: S00-S99, T00-
T19, T90-T98, excluding TBI diagnoses).

Psychotropic and pain medications

Information on medications was collected from the Swedish
Prescribed Drug Register, and included opioids, non-opioid
pain medications, antiepileptic medications, antipsychotic
medications, benzodiazepines, selective serotonin reuptake
inhibitors (SSRIs), other antidepressants and attention-deficit
hyperactivity disorder (ADHD) medications (full details are
provided in the online supplemental appendix, p2).

Neuropsychiatric disorders

Information on neuropsychiatric disorders was collected
from the Swedish Patient Register, and included Interna-
tional Classification of Diseases, 10th revision [ICD-10] diag-
noses recorded during admissions to hospitals and outpatient
contacts with specialised secondary care, including substance
use disorders (F10-F19), psychotic disorders (F20-F29),
mood disorders (F30-F34, F38-F39), anxiety disorders (F40-
F45, F48), ADHD (F90) and seizures (G40-G41, R56).

Statistical analyses

For neuropsychiatric diagnoses, proportions are presented
for 12 months before and after the incident TBI for the TBI
cohort, and for unaffected full sibling controls.

For each individual in the TBI cohort, medication periods
were divided into 12 months before, and 12 months after, the
incident TBI. We calculated the proportion of individuals in
the TBI cohort with any psychotropic and/or pain medication
for the 12 months before and after the incident TBI. We also
calculated the proportion of individuals with each specific
medication class, the proportion of individuals with only one
medication class, and two or more different medication classes.

We also compared medication use 12 months before and
after the incident TBI in those with TBIs to their unaffected
full siblings. In these analyses, we included a subsample of
individuals (n=114314) who had at least one unaffected
full sibling as control (n=199658; 60.3% of the TBI cohort
had two or more siblings in the control group). To compare
medication rates, each sibling control was assigned the
same date as their TBI sibling counterpart, and medication
periods were divided into 12 months before, and 12 months
after, the date of the TBI. For sibling controls with two
or more siblings with TBI, the first TBI date of their TBI
sibling counterparts was assigned. Individuals with TBI were
considered exposed and unaffected siblings were considered
unexposed. We applied a fixed-effects model using condi-
tional logistic regression to compare exposed and unexposed
individuals on each medication class, where each family was
considered a stratum. By design, these models control for
shared familial confounders such as genetics and early envi-
ronmental factors.”® Results are expressed as odds ratios
(ORs) with 95% confidence intervals (CIs).

In further analyses, we stratified medication use by neuro-
psychiatric diagnoses received within 12 months of the
incident TBI, and calculated the proportion of individuals
in each diagnostic category with psychotropic and/or pain
medications. We then examined the duration of usage for
prescriptions that were initiated within 12 months after the
incident TBI (full details are provided in the online supple-
mental appendix, p3).

Sensitivity analyses

We carried out sensitivity analyses where we investigated
associations between injury severity and medication use using
logistic regression models. In these analyses, we compared:
(1) individuals who received inpatient treatment (ie, hospital-
isation) to individuals who received outpatient treatment (ie,
specialised secondary care) for the incident TBI; (2) individ-
uals with moderate, severe and other TBIs to individuals with
mild TBI (ie, concussions; ICD-10: S06.0) and (3) individuals
with polytrauma (ie, TBI and at least one co-occurring phys-
ical injury) to individuals with TBI without co-occurring phys-
ical injuries.
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RESULTS

Characteristics of the TBI cohort and sibling controls

We identified 239425 individuals aged 18 and over, diag-
nosed with new incident TBI diagnosis in hospital or specialist
outpatient care between 1 July 2006 and 31 December 2012
(table 1). Mean age at the incident TBI was 52 years (SD
24), and the cohort was 58.9% (n=140893) male. In the
TBI cohort, 28.6% (n=68381) presented with a mild TBI,
and 27.0% (n=64777) were hospitalised as inpatients. The
most common premorbid neuropsychiatric diagnoses were
substance use (3.3%), mood (2.8%) and anxiety (2.5%) disor-
ders. Absolute rates of neuropsychiatric diagnoses 12 months
after the incident TBI increased between 0.1% (for ADHD)
and 2.9% (for substance use disorders).

We identified 199 658 unaffected sibling controls (defined as
full siblings who had not been diagnosed with TBI before the
end of the study period) (table 1). Of these, 49.1% (n=98 055)
were males, and mean age at the date of their sibling’s TBI was
45 years (SD 17). Sibling controls presented with a lower prev-
alence of diagnosed neuropsychiatric disorders both before
and after their sibling's TBI; mood and anxiety disorders were
most common, followed by substance use disorders.

Table 1 Demographic and neuropsychiatric characteristics of the
traumatic brain injury (TBI) cohort, and in unaffected full siblings
TBI cohort Siblings
(n=239425) (n=199658)

Sex

Males 58.9% (140 893) 49.1% (98 055)

Females 41.2% (98 532) 50.9% (101 603)
Age at incident TBI*

18-24 18.4% (43 939) 15.1% (30 232)

25-34 12.9% (30 910) 17.1% (34 123)

35-44 11.7% (27 993) 15.5% (31 035)

45-54 11.6% (27 778) 17.7% (35 274)

55-64 12.0% (28 701) 19.3% (38 617)

65 and older 33.5% (80 104) 15.2% (30 377)

Mean (SD) age at incident TBI 52 (24) 45(17)
Incident TBI characteristics

Inpatient treatment 27.0% (64 777) -

Outpatient treatment 73.0% (174 648) -

Mild TBI 28.6% (68 381) -

All other TBI 71.4% (171 044) -

Polytrauma 18.6% (44 509) -
Neuropsychiatric diagnoses 12 months before incident TBI*

Substance use disorders 3.3% (7888) 0.7% (1302)

Psychotic disorders 0.6% (1396) 0.4% (798)

Mood disorders 2.8% (6619) 1.3% (2575)

Anxiety disorders 2.5% (5987) 1.2% (2436)

ADHD 0.6% (1331) 0.2% (485)

Seizures 1.5% (3641) 0.4% (757)
Neuropsychiatric diagnoses 12 months after incident TBI*

Substance use disorders 6.2% (14 889) 0.7% (1425)

Psychotic disorders 0.7% (1652) 0.4% (781)

Mood disorders 3.4% (8033) 1.4% (2721)

Anxiety disorders 3.0% (7216) 1.4% (2707)

ADHD 0.7% (1677) 0.3% (567)

Seizures 2.7% (6334) 0.4% (767)

*For unaffected full siblings, age and 12-month prevalence of neuropsychiatric
diagnoses were calculated from the date of their sibling’s incident TBI.
ADHD, attention-deficit hyperactivity disorder.

Psychotropic and pain medication preincident and
postincident TBI

In the 12 months before the incident TBI, 36.6% (n=87 625)
of the cohort had collected a prescription for at least one
psychotropic or pain medication (figure 1; statistical analyses
in online supplemental appendix table 1). In the 12 months
after the incident TBI, there was an 8.4% increase in absolute
rates of psychotropic medication use to 45.0% (* [1]=81.4).
There was also an increase in the use of two or more different
medication classes within 12 months—from 20.2% pre-TBI
to 26.7% post-TBI (y* [4]=111.7). Pain medications were
the most common classes; opioids were prescribed to 16.3%
persons in the 12 months before the TBI, and to 21.6% in
the 12 months after, an increase in absolute rates of 5.3% (y*
([1]1=46.1). Non-opioid pain medications increased by 6.3%;
from 20.3% to 26.6% (x> ([1]=67.8). Absolute rates after the
TBI increased by around 1% for all psychotropic medications
except for ADHD medications (which increased from 0.7% to
0.89%). All pre-TBI and post-TBI differences in medication use
were statistically significant (p<0.001).

Psychotropic and pain medication in TBI cohort compared
with sibling controls

We then compared medication use in the TBI cohort, both
before and after the TBI, with that in unaffected full sibling
controls in the same time period. This comparison included
114 314 TBI cases (who had at least one full unaffected
sibling), and 199 658 sibling controls. In the 12 months before
the incident TBI (figure 2; prevalence rates in online supple-
mental appendix table 2), individuals in the TBI cohort had
higher odds of collecting a psychotropic and/or pain medi-
cation prescription when compared with their siblings (OR:
1.62, 95%CI: 1.59 to 1.65). Individuals in the TBI cohort
were more likely to collect prescriptions for all medication
classes, with the largest differences for antiepileptic (OR:
2.44, 95%CI: 2.33 to 2.55) and antipsychotic medications
(OR: 2.06, 95%CI: 1.95 to 2.17), and benzodiazepines (OR:
2.05, 95% CI: 1.98 to 2.13). In the 12 months after the inci-
dent TBI (figure 3; prevalence rates in online supplemental
appendix table 2), the odds of collecting a prescription for at
least one psychotropic and/or pain medication increased in the
TBI cohort (OR: 2.30, 95% CI: 2.26 to 2.34). Individuals in
the TBI cohort presented with higher odds of all medication
classes when compared with their siblings after the TBI, with
the largest increases for antiepileptic medications (OR: 3.06,
95%CI: 2.93 to 3.19), opioids (OR: 2.58, 95% CI: 2.52 to
2.64) and non-opioid pain medications (OR: 2.43, 95% CI:
2.38 to 2.49).

Psychotropic and pain medications by post-TBI
neuropsychiatric diagnosis

We stratified medication use by neuropsychiatric diagnoses
received within 12 months of the incident TBI (table 2).
Common medications among individuals diagnosed with
substance use disorders were opioid and non-opioid pain
medications (prescribed to around 25%) and benzodiaze-
pines (prescribed to 21.7%). The most commonly prescribed
medication among individuals diagnosed with psychotic disor-
ders were antipsychotic medications (81.0%), followed by
benzodiazepines (41.7%). Among individuals with mood or
anxiety disorders, antidepressants and benzodiazepines were
prescribed to between 40.5% and 54.2%. Results also showed
that 35% of individuals with mood or anxiety disorders
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Figure 1 Psychotropic and pain medications 12 months before and 12 months after incident traumatic brain injury (TBI) (n=239425). All rate differences
were associated with p<0.001. y* and degrees of freedom for each comparison are provided in online supplemental appendix table 1. RD, Rate differences;

ADHD, attention-deficit hyperactivity disorder; SSRIs, selective serotonin reuptake inhibitors.

Psychotropic and pain medications

Opioids
Non-opioid pain medications

Antiepileptic medications

OR (95% Cl)

1.5 (1.4,1.5)
1.4 (1.4,1.4)

—o 24(2.3,25)

Antipsychotic medications i 2.1(2.0,2.2)
Benzodiazepines —— 2.0 (2.0,2.1)
SSRIs —-— 1.9(1.8,1.9)
Other antidepressants — 1.7 (1.6, 1.8)
ADHD medications —_— 2.0(1.8,2.3)
Any medication 1.6 (1.6, 1.6)
T T T
1 1.5 2 25

Figure 2 ORs of being prescribed psychotropic and pain medications in TBI cohort (n=114314)t compared with their unaffected full siblings (n=199658)
during 12 months before the TBI. tIncluding only TBI individuals with at least one full unaffected sibling. Note: All ORs were associated with p<0.0001.

ADHD, attention-deficit hyperactivity disorder; SSRIs, selective serotonin reuptake inhibitors.

522

Molero Y, et al. J Neurol Neurosurg Psychiatry 2021;92:519-527. doi:10.1136/jnnp-2020-324353


https://dx.doi.org/10.1136/jnnp-2020-324353

Neuropsychiatry

Psychotropic and pain medications OR (95% Cl)
Opioids - 2.6 (2.5,2.6)
Non-opioid pain medications e g 2.4 (2.4,25)
Antiepileptic medications - 3.1(2.9,3.2)
Antipsychotic medications — 23(2.2,24)
Benzodiazepines == 23(22,24)
SSRIs - 1.9 (1.9, 2.0)
Other antidepressants - 1.9 (1.9, 2.0)
ADHD medications p— e 2.1(1.9,23)
Any medication - 2:3(2:3,23)
T T T T T
1 1.5 2 25 3 3.5

Figure 3 ORs of being prescribed psychotropic and pain medications in TBI cohort (n=114314)t compared with their unaffected full siblings (n=199658)
during 12 months after the TBI. tIncluding only TBI individuals with at least one full unaffected sibling. Note: All ORs were associated with p <0.0001.
ADHD, attention-deficit hyperactivity disorder; SSRIs, selective serotonin reuptake inhibitors.

were prescribed an opioid, and 35%-40% were prescribed a
non-opioid pain medication. For individuals with ADHD or
seizures, the most common medications were ADHD medica-
tions (65.6%) and antiepileptics (75.2%), respectively.

Duration of psychotropic and pain medication prescription
We examined the number of days between the first and last
dispensed prescription within a medication period (defined
as prescriptions collected less than 90 days apart) (figure 4).
The majority of opioid medications were prescribed for less
than 6 months, however, 20.6% of opioid prescriptions were
prescribed over a period that exceeded 6 months. Non-opioid
pain medications followed similar patterns. For benzodiazepines,
although the majority of prescriptions were short-term: 37.3%
of prescriptions were prescribed for 6 months or longer. For all
other psychotropic medications, between 50% and 60% were
prescribed for up to 6 months, and the remainder for periods
longer than 6 months.

Sensitivity analyses

We examined medication use by severity of the incident TBI by
comparing individuals who received inpatient treatment to those
receiving outpatient treatment of the incident TBI using logistic
regression models (table 3). For the first 12 months post-TBI, indi-
viduals who had received inpatient treatment (27% of the cohort)
demonstrated increased odds of any psychotropic and/or pain
medication (OR: 2.40, 95% CI: 2.35 to 2.44), and of all medica-
tion classes, except for ADHD medications (OR: 0.91, 95% CI:
0.82 to 1.01), with the highest odds shown for opioids (OR: 2.08,
95% CI: 2.04 to 2.12) and non-opioid pain medications (OR:
2.68, 95% CI: 2.63 to 2.73). We also compared individuals with
other TBIs to those with mild TBI only (table 3). We found no
statistically significant associations for any medication use (OR:
0.99, 95% CI: 0.97 to 1.01). Individuals who had been treated
for other TBIs demonstrated higher odds of benzodiazepines, anti-
psychotic, antiepileptic and non-opioid pain medications, while
individuals with mild TBIs presented with higher odds of all other

Table 2  Psychotropic and pain medications prescribed during the 12 months after incident traumatic brain injury (TBI), stratified by post-TBI

neuropsychiatric diagnoses

Substance use Psychotic Mood Anxiety

disorders disorders disorders disorders

(n=14889) (n=1652) (n=8033) (n=7216) ADHD (n=1677)  Seizures (n=6334)
Opioids 25.8% (3847) 22.2% (366) 35.7% (2866) 35.5% (2545) 25.9% (435) 28.9% (1830)
Non-opioid pain medications 24.8% (3699) 30.7% (507) 39.4% (3163) 34.6% (2,496) 30.7% (507) 41.0% (2594)
Antiepileptic medications 15.9% (2370) 25.2% (417) 26.2% (2107) 24.1% (1736) 21.8% (366) 75.2% (4764)
Antipsychotic medications 11.8% (1752) 81.0% (1338) 30.2% (2424) 21.1% (1525) 22.7% (381) 11.1% (704)
Benzodiazepines 21.7% (3235) 41.7% (689) 40.5% (3250) 43.1% (3113) 26.3% (441) 34.0% (2155)
SSRIs 21.1% (3146) 28.0% (463) 54.2% (4356) 46.2% (3330) 28.3% (475) 23.1% (1464)
Other antidepressants 18.4% (2743) 21.0% (345) 49.6% (3983) 41.8% (3013) 26.2% (438) 14.7% (933)
ADHD medications 3.4% (510) 2.7% (45) 4.3% (342) 5.8% (418) 65.6% (1101) 1.3% (85)

ADHD, attention-deficit hyperactivity disorder; SSRIs, selective serotonin reuptake inhibitors.
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Opioids

Non-opioid pain
medications

Antiepileptic
medications

Antipsychotic
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Other antidepressants
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@ Longer than 12 months

Figure 4  Duration of usage for psychotropic and pain medications prescribed during the 12 months after incident traumatic brain injury (TBI)
(n=239425). ADHD, attention-deficit hyperactivity disorder; SSRIs, selective serotonin reuptake inhibitors.

medications. Finally, we compared individuals with polytrauma (ie,
at least one other co-occurring physical injury) to individuals with
TBI without co-occurring physical injuries. Individuals with poly-
trauma presented with increased odds of any medication use (OR:
1.84, 95% CI: 1.80 to 1.88), and also of all medication classes
except for antiepileptic medications. Highest ORs were found for
opioids (OR: 2.39, 95% CI: 2.34 to 2.44) and non-opioid pain
medications (OR: 2.13, 95% CI: 2.09 to 2.18).

DISCUSSION

We have examined psychotropic and pain medication use in a
nationwide cohort of 239425 individuals diagnosed with TBI.
We found that 37% of the cohort had been prescribed at least
one psychotropic or pain medication in the 12 months before
the incident TBI. In the 12 months after the incident TBI, there
was an 8% increase in prescription of these medications, which
meant that 45% of the cohort was prescribed one of these
medications. Opioids and non-opioid pain medications were

the most common medications, both before and after incident
TBI. For the 12 months before the TBI, 16% were prescribed
an opioid, and 20% were prescribed a non-opioid pain medi-
cation. For the 12 months after the TBI, rates increased to
22% and 27%, respectively. The two most common psycho-
tropics were SSRIs (13%), and benzodiazepines (10%), which
increased by around 1% after the TBI. Those with more severe
injuries (as indicated by inpatient treatment or polytrauma)
were around twice as likely to receive medications than those
with less severe injuries.

Chronic pain is a common complication of TBI; a systematic
review showed that almost 60% of TBI patients complained
of headaches, and around 10% experienced other pain
syndromes.'® This could be reflected in the increased rates
of both opioid and non-opioid pain medication prescriptions
after the TBI. Co-occurring physical injuries may further
increase the risk of pain. Our results showed that individuals
with polytrauma presented more than doubling of odds of

Table 3  ORs of psychotropic and pain medications during the 12 months after incident traumatic brain injury (TBI) stratified by clinical

characteristics

Inpatient vs outpatient treatment
OR (95%Cl)

Polytrauma vs TBI without co-
occurring physical injuries
OR (95%Cl)

All other TBIs vs mild TBI
OR (95% Cl)

Any psychotropic or pain medication 2.40 (2.35 to 2.44)

Opioids

Non-opioid pain medications
Antiepileptic medications
Antipsychotic medications

Benzodiazepines
SSRIs

Other antidepressants

ADHD medications

2.08(2.04t02.12)
2.68 (2.63 t0 2.73)
1.73(1.67 t0 1.79
1.64 (1.58 to 1.71
1.77 (1.73 10 1.82
1.60 (1.56 to 1.64
1.55 (1.50 to 1.59)

0.91 (0.82 to 1.01)*

0.99 (0.97 to 1.01)* 1.84 (1.80 to 1.88)

0.90 (0.89 t0 0.92)
1.09 (1.06 to 1.11)
1.16 (1.12t0 1.21)
1.26 (1.20 to 1.31)
1.16 (1.12 t0 1.19)
0.95 (0.93 to 0.98)
0.96 (0.93 to 0.99)t
0.73 (0.66 to 0.80)

2.39(2.34102.44)
2.13(2.09t0 2.18)
0.97 (0.93 to 1.01)*
1.04 (0.99 to 1.09)*
1.12 (1.09 to 1.16)
114 (111 t0 1.17)
1.15 (1.1 t0 1.19)
1.18 (1.05 to 1.32)t

*tAll differences were associated with p<0.0001, except for where indicated. *p>0.05. tp<0.05.

ADHD, attention-deficit hyperactivity disorder; SSRIs, selective serotonin reuptake inhibitors.
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opioid and non-opioid pain prescriptions, as compared with
those treated for TBI without co-occurring physical injuries.
On the other hand, 16% and 20% of the TBI cohort had been
prescribed an opioid or non-opioid pain medication the 12
months preceding the TBI. Although opioids may provide an
effective treatment for severe and chronic pain,? they are asso-
ciated with an increased risk of accidents,?® which could raise
the risk of sustaining a TBI. Our results on post-TBI opioid
use are similar to a study of US war veterans where a fifth
initiated opioids after sustaining a TBL.'® However, 23% of
the war veterans used for more than 12 months, as compared
with 13% in our cohort. We found another 8% of our cohort
were prescribed opioids for 6-12 months, which means that
21% were prescribed opioids for a longer-term. In addition
to the contrasting background risks, co-occurring injuries,
and possible TBI severity, one explanation for this difference
could be higher levels of opioid prescriptions in the US than in
Sweden (43 879 defined daily doses for statistical purposes per
million Americans per day between 2011 and 2013 compared
with 8343 in Swedes), which may be reflected in the duration
of usage.”” Our results also showed that opioids were most
commonly prescribed among individuals with post-TBI mood
or anxiety disorders (around 35% respectively). Notably,
26% of individuals diagnosed with a substance use disorder
were prescribed an opioid. Furthermore, individuals with
more severe injuries (as indicated by inpatient treatment of
the TBI or polytrauma) had more than twofold odds of using
opioids when compared with those with less severe injuries (ie,
outpatient treatment and TBI without co-occurring physical
injuries, respectively). In contrast, individuals with mild TBI
(ie, concussions) had 10% higher odds of using opioids. Little
is known about the long-term consequences of opioid treat-
ment in persons with TBL*® however, opioids may increase
the risk of cognitive and mental problems in persons with
TBI.*’ More studies on the long-term effect of opioids on TBI
outcomes, as well as the factors that influence the initiation
and continuation of opioid use among persons with TBI,'® are
required. Alternative medications could be explored for pain
management. Beta-blockers, antiepileptics and tricyclic antide-
pressants have been suggested for the prevention of migraine
symptoms in TBI patients,” however, there is little high-quality
evidence on these medications to guide clinicians.'” *°

We also found a high prevalence of medication use
preceding the incident TBI—over one-third of the TBI cohort
had been prescribed a psychotropic or pain medication in the
12 months leading up to the TBI. This proportion was consid-
erably higher than the prevalence in unaffected siblings, who
have similar genetic and early environmental backgrounds.
Psychiatric and behavioural problems are known to increase
the risk of sustaining a TBI,*! *? which could explain the higher
prevalence (as compared with siblings) of both neuropsychi-
atric diagnoses and psychotropic medications before the TBI.
Pre-TBI psychotropic medication was also increased in a study
of US Medicare patients aged over 64.'° Thus, these previous
investigations have suggested that the high medication use
shown in other TBI cohorts®® may partly be attributed to
prescriptions initiated before the injury.

We found that, after the incident TBI, absolute rates of any
psychotropic or pain medication increased by around 8%.
About half of the cohort (50%-60%) were prescribed psycho-
tropic medications for less than 6 months after the TBI. We
found that the most common psychotropic medication classes
were antidepressants, consistent with previous pharmacoepi-
demiological studies in TBI samples.® ' Around 10% of our

cohort were prescribed benzodiazepines, both pre-TBI and
post-TBI. Of those, 35% used them for more than 6 months
after the TBI. Concerns about benzodiazepine use in individ-
uals with TBI have been raised,”® as these medications may
impair cognitive recovery and increase aggression,’ >**° and
long-term use is discouraged.** Furthermore, we found that
22% of individuals with a substance use disorder diagnosis
had been prescribed a benzodiazepine. Benzodiazepine use is
associated with an increased risk of dependence and serious
adverse effects, particularly among long-term users.>® There
is therefore a need for more studies on the benefits and risks
of long-term benzodiazepine use in individuals with TBI,
particularly among individuals with comorbid substance use
disorders.

The prevalence of medication use has varied considerably
in previous work, possibly due to differing study populations
and TBI severity.** Prevalence of psychotropic medications
(at 12 months post-TBI) was mostly lower in this TBI cohort
than in prior research. This could be due to several reasons;
national prescription practices may vary. Also, our cohort was
population-based, and may differ in TBI severity, psychiatric
history, comorbidities and age. However, when we stratified
our sample by inpatient versus outpatient treatment, individ-
uals who received inpatient management demonstrated higher
odds of all psychotropic medication classes except ADHD
medications, and prevalence rates of benzodiazepines, SSRIs
and other antidepressants (online supplemental appendix table
3) were a similar to those reported in other work based in
tertiary centres for postacute rehabilitation.®® However, when
we stratified our sample by mild versus all other TBIs, there
were no statistically significant differences in the use of any
psychotropic and/or pain medication. Our cohort included
individuals who were treated in hospitals or specialised outpa-
tient care for their TBI, which could explain why there were
only small differences in medication use between both groups.
Nevertheless, our findings highlight the importance of routine
follow-up after mild TBIs, including a review of psychotropic
and pain medication prescriptions.

Furthermore, comedications were common—20% and 26%
of the TBI cohort (before and after the TBI, respectively) were
prescribed two or more medications within 12 months. The
use of polypharmacy may reflect comorbidity of neuropsy-
chiatric problems, as psychiatric conditions often co-occur.®’
However, using multiple medications may exacerbate other
health problems, and increase the risk of accidents, cognitive
impairments and adverse drug-drug interactions.*® There is
limited data on the effects of polypharmacy in TBI patients,
and more studies are warranted.

Strengths and limitations

This is, to the best of our knowledge, the first study to
include a nationwide sample, with almost a quarter of a
million individuals diagnosed with TBI. We linked several
high-quality Swedish registers, and information on medica-
tions was based on individuals collecting their medication
from pharmacies, which is an advance from prescription-
only data, and was nearly complete (less than 0.3% missing
information).>” For a comparison group, we included unaf-
fected full siblings who have similar background characteris-
tics (eg, family history and shared genetic and environmental
factors). However, several limitations should be consid-
ered. Our analyses relied on collected prescriptions, which
may or may not have been taken. Our information on
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neuropsychiatric diagnoses was collected from the Swedish
Patient Register, which includes all disorders diagnosed in
hospitals and specialised outpatient care, and therefore diag-
noses solely made in primary care were not captured. We
included only medications collected at pharmacies; medi-
cations used for treatment in hospitals are not available in
the Swedish Prescribed Drug Register. For individuals with
extended hospital stays, this could lead to underestimation
of medication use, although in our cohort, the majority were
not admitted overnight, and almost all were discharged
within 30 days (99.8%, n=238715). Moreover, differences
between countries in prescription practices and service
provision may affect the generalisability of findings. Sweden
reports higher rates of TBI-related hospital discharges than
the European average (age-adjusted rate per 100000 indi-
viduals: Sweden 445.8; Europe 287.2), although this could
in part be due to between-country differences in data collec-
tion and coding.*” The use of the Swedish Patient Register
to identify individuals with TBI may involve selection effects
and will likely underestimate TBI rates, particularly mild
TBI. Finally, sibling controls were, on average, younger
than the TBI cohort, but unlikely to explain differences in
prescription rates.

CONCLUSIONS

Our findings showed an elevated prevalence of psychotropic
and pain medication dispensing in a population-based cohort
of individuals who had sustained a TBI—both before and after
the incident TBI. Opioids were prescribed to over 20% of the
cohort after the TBI, with an absolute rate increase of around
5% compared with the 12 month period before sustaining a
TBI. Although a majority were prescribed opioids for a short-
term period, a fifth used them for more than 6 months. Simi-
larly, over one-third of those prescribed benzodiazepines used
them for longer than 6 months. To prevent complications asso-
ciated with long-term opioid or benzodiazepine use, aftercare
review of these medications should be routinely considered,
including individuals with mild TBIs, and other treatment
strategies should be encouraged.

Twitter David James Sharp @neurosharp and Seena Fazel @seenafazel

Contributors YM and SF conceived and designed the study with input from DJS,
BMDO and HL. YM carried out the data analyses. YM and SF wrote the first draft

of the paper. All authors interpreted the data and contributed to the writing of the
paper. All authors revised and approved the final version. YM and SF had full access
to all the data and had final responsibility for the decision to submit for publication.

Funding This study was supported by the Wellcome Trust (No 202836/2/16/2), the
Swedish Research Council for Health Working Life and Welfare (2015-0028) and
Karolinska Institute Funds (2016fobi50581). The funders had no further role in the
study design; in the collection, analysis and interpretation of data; or in the writing
of the paper.

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval The project follows the Declaration of Helsinki and was approved
by the Regional Ethics Review Board in Stockholm, Sweden (2013/5:8), which
waived the need for informed consent due to the register-based design.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party and are
not publicly available. The Public Access to Information and Secrecy Act in Sweden
prohibits us from making individual level data publicly available. Researchers who
are interested in replicating our work can apply for individual level data from:
Statistics Sweden (mikrodata@sch.se) for data from the Total Population Register
and the Multi-Generation Register; The National Board of Health and Welfare (
registerservice@socialstyrelsen.se) for data from The Patient Register, The Prescribed
Drug Register, and the Cause of Death Register.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local requlations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs

Yasmina Molero http://orcid.org/0000-0002-5663-2010
David James Sharp http://orcid.org/0000-0003-4995-2240
Seena Fazel http://orcid.org/0000-0002-5383-5365

REFERENCES

1 James SL, GBD 2016 Traumatic Brain Injury and Spinal Cord Injury Collaborators.
Global, regional, and national burden of traumatic brain injury and spinal cord injury,
1990-2016: a systematic analysis for the global burden of disease study 2016. Lancet
Neurol 2019;18:56-87.

2 Maas AIR, Menon DK, Adelson PD, et al. Traumatic brain injury: integrated approaches
to improve prevention, clinical care, and research. Lancet Neurol 2017;16:987-1048.

3 Fazel S, Wolf A, Pillas D, et al. Suicide, fatal injuries, and other causes of premature
mortality in patients with traumatic brain injury: a 41-year Swedish population study.
JAMA Psychiatry 2014;71:326-59.

4 Sariaslan A, Sharp DJ, D'Onofrio BM, et al. Long-Term outcomes associated with
traumatic brain injury in childhood and adolescence: a nationwide Swedish cohort
study of a wide range of medical and social outcomes. PLoS Med 2016;13:61002103.

5 Bhatnagar S, laccarino MA, Zafonte R. Pharmacotherapy in rehabilitation of post-
acute traumatic brain injury. Brain Res 2016;1640:164-79.

6 Cosano G, Giangreco M, Ussai S, et al. Polypharmacy and the use of medications in
inpatients with acquired brain injury during post-acute rehabilitation: a cross-sectional
study. Brain Inj 2016;30:353-62.

7 Hammond FM, Barrett RS, Shea T, et al. Psychotropic medication use during inpatient
rehabilitation for traumatic brain injury. Arch Phys Med Rehabil 2015;96:5256-73.

8 Lauterbach MD, Notarangelo PL, Nichols SJ, et a/. Diagnostic and treatment
challenges in traumatic brain injury patients with severe neuropsychiatric symptoms:
insights into psychiatric practice. Neuropsychiatr Dis Treat 2015;11:1601-7.

9 Yasseen B, Colantonio A, Ratcliff G. Prescription medication use in persons many years
following traumatic brain injury. Brain Inj 2008;22:752—7.

10 Albrecht JS, Mullins DC, Smith GS, et al. Psychotropic medication use among
Medicare beneficiaries following traumatic brain injury. Am J Geriatr Psychiatry
2017,25:415-24.

11 Merino R, Pérez A, Fierro J, et al. Prevalence of medication and off-label medication
use in acquired brain injury at a neurorehabilitation Hospital. £ur J Clin Pharmacol
2019;75:985-94.

12 Han MHE, Craig SB, Rutner D, et al. Medications prescribed to brain injury patients: a
retrospective analysis. Optometry 2008;79:252-8.

13 Mosti C, Coccaro EF. Mild traumatic brain injury and aggression, impulsivity, and
history of other- and self-directed aggression. J Neuropsychiatry Clin Neurosci
2018;30:220-7.

14 Bjork JM, Grant SJ. Does traumatic brain injury increase risk for substance abuse? J
Neurotrauma 2009;26:1077-82.

15 Jorge RE, Arciniegas DB. Mood disorders after TBI. Psychiatr Clin North Am
2014;37:13-29.

16 Nampiaparampil DE. Prevalence of chronic pain after traumatic brain injury: a
systematic review. JAMA 2008;300:711-9.

17 Dobscha SK, Clark ME, Morasco BJ, et al. Systematic review of the literature
on pain in patients with polytrauma including traumatic brain injury. Pain Med
2009;10:1200-17.

18 Hudson TJ, Painter JT, Gressler LE, et al. Factors associated with opioid initiation in
oef/oif/ond veterans with traumatic brain injury. Pain Med 2018;19:774-87.

19 Corrigan JD, Adams RS. The intersection of lifetime history of traumatic brain injury
and the opioid epidemic. Addict Behav 2019;90:143-5.

20 Manchikanti L, Kaye AM, Kaye AD. Current state of opioid therapy and abuse. Curr
Pain Headache Rep 2016;20:34.

21 Milne RL, John EM, Knight JA, et al. The potential value of sibling controls compared
with population controls for association studies of lifestyle-related risk factors: an
example from the breast cancer family registry. Int J Epidemiol 2011;40:1342-54.

22 Ludvigsson JF, Almquist C, Bonamy A-KE, et al. Registers of the Swedish total
population and their use in medical research. Eur J Epidemiol 2016;31:125-36.

526 Molero Y, et al. J Neurol Neurosurg Psychiatry 2021;92:519-527. doi:10.1136/jnnp-2020-324353


https://twitter.com/neurosharp
https://twitter.com/seenafazel
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-5663-2010
http://orcid.org/0000-0003-4995-2240
http://orcid.org/0000-0002-5383-5365
http://dx.doi.org/10.1016/S1474-4422(18)30415-0
http://dx.doi.org/10.1016/S1474-4422(18)30415-0
http://dx.doi.org/10.1016/S1474-4422(17)30371-X
http://dx.doi.org/10.1001/jamapsychiatry.2013.3935
http://dx.doi.org/10.1371/journal.pmed.1002103
http://dx.doi.org/10.1016/j.brainres.2016.01.021
http://dx.doi.org/10.3109/02699052.2015.1118767
http://dx.doi.org/10.1016/j.apmr.2015.01.025
http://dx.doi.org/10.2147/NDT.S80457
http://dx.doi.org/10.1080/02699050802320132
http://dx.doi.org/10.1016/j.jagp.2016.11.018
http://dx.doi.org/10.1007/s00228-019-02651-y
http://dx.doi.org/10.1016/j.optm.2008.01.001
http://dx.doi.org/10.1176/appi.neuropsych.17070141
http://dx.doi.org/10.1089/neu.2008.0849
http://dx.doi.org/10.1089/neu.2008.0849
http://dx.doi.org/10.1016/j.psc.2013.11.005
http://dx.doi.org/10.1001/jama.300.6.711
http://dx.doi.org/10.1111/j.1526-4637.2009.00721.x
http://dx.doi.org/10.1093/pm/pnx208
http://dx.doi.org/10.1016/j.addbeh.2018.10.030
http://dx.doi.org/10.1007/s11916-016-0564-x
http://dx.doi.org/10.1007/s11916-016-0564-x
http://dx.doi.org/10.1093/ije/dyr110
http://dx.doi.org/10.1007/s10654-016-0117-y

Neuropsychiatry

23

24

25

26

27

28

29

30

31

32

Coronado VG, Xu L, Basavaraju SV, et al. Surveillance for traumatic brain injury-related
deaths--United States, 1997-2007. MMWR Surveill Summ 2011:60:1-32.

Allison PD. Fixed effects regression models. Thousand Oaks, CA: SAGE publications,
2009.

Rosenblum A, Marsch LA, Joseph H, et al. Opioids and the treatment of chronic
pain: controversies, current status, and future directions. Exp Clin Psychopharmacol
2008;16:405-16.

Chihuri S, Li G. Use of prescription opioids and motor vehicle crashes: a meta analysis.
Accid Anal Prev 2017;109:123-31.

Berterame S, Erthal J, Thomas J, et al. Use of and barriers to access to opioid
analgesics: a worldwide, regional, and national study. Lancet 2016;387:1644-56.
Wiener J, Mclntyre A, Janzen S, et al. Opioids and cerebral physiology in the acute
management of traumatic brain injury: a systematic review. Brain Inj 2019;33:559-66.
Bertenthal D, Yaffe K, Barnes DE, et al. Do postconcussive symptoms from traumatic
brain injury in combat veterans predict risk for receiving opioid therapy for chronic
pain? Brain Inj 2018;32:1188-96.

Kim S, Mortera M, Hu X, et al. Overview of pharmacological interventions after
traumatic brain injuries: impact on selected outcomes. Brain Inj 2019;33:442-55.
Liao C-C, Chiu W-T, Yeh C-C, et a/. Risk and outcomes for traumatic brain injury in
patients with mental disorders. J Neurol Neurosurg Psychiatry 2012;83:1186-92.
Vassallo JL, Proctor-Weber Z, Lebowitz BK, et a/. Psychiatric risk factors for traumatic
brain injury. Brain Inj 2007;21:567-73.

33

34

35

36

37

38

39

40

Fleminger S, Greenwood RJ, Oliver DL. Pharmacological management for agitation
and aggression in people with acquired brain injury. Cochrane Database Syst Rev
2006:Cd003299.

Rao V, Koliatsos V, Ahmed F, et al. Neuropsychiatric disturbances associated with
traumatic brain injury: a practical approach to evaluation and management. Semin
Neurol 2015;35:64-82.

Plantier D, Luauté J, SOFMER group. Drugs for behavior disorders after traumatic brain
injury: systematic review and expert consensus leading to French recommendations
for good practice. Ann Phys Rehabil Med 2016;59:42-57.

Lader M. Benzodiazepines revisited--will we ever learn? Addiction
2011;106:2086—109.

Kessler RC, Avenevoli S, McLaughlin KA, et al. Lifetime co-morbidity of DSM-IV
disorders in the US national comorbidity survey replication adolescent supplement
(ncs-a). Psychol Med 2012;42:1997-2010.

Sciarra T, Ciccotti M, Aiello P, et al. Polypharmacy and nutraceuticals in veterans: pros
and cons. Front Pharmacol 2019;10:994-94.

Wettermark B, Hammar N, Fored CM, et al. The new Swedish Prescribed Drug
Register--opportunities for pharmacoepidemiological research and experience
from the first six months. Pharmacoepidemiol Drug Saf 2007;16:726-35.
Majdan M, Plancikova D, Brazinova A, et al. Epidemiology of traumatic

brain injuries in Europe: a cross-sectional analysis. Lancet Public Health
2016;1:e76-83.

Molero Y, et al. J Neurol Neurosurg Psychiatry 2021;92:519-527. doi:10.1136/jnnp-2020-324353

527


http://www.ncbi.nlm.nih.gov/pubmed/21544045
http://dx.doi.org/10.1037/a0013628
http://dx.doi.org/10.1016/j.aap.2017.10.004
http://dx.doi.org/10.1016/S0140-6736(16)00161-6
http://dx.doi.org/10.1080/02699052.2019.1574328
http://dx.doi.org/10.1080/02699052.2018.1493535
http://dx.doi.org/10.1080/02699052.2019.1565896
http://dx.doi.org/10.1136/jnnp-2012-302337
http://dx.doi.org/10.1080/02699050701426832
http://dx.doi.org/10.1002/14651858.CD003299.pub2
http://dx.doi.org/10.1055/s-0035-1544241
http://dx.doi.org/10.1055/s-0035-1544241
http://dx.doi.org/10.1016/j.rehab.2015.10.003
http://dx.doi.org/10.1111/j.1360-0443.2011.03563.x
http://dx.doi.org/10.1017/S0033291712000025
http://dx.doi.org/10.3389/fphar.2019.00994
http://dx.doi.org/10.1002/pds.1294
http://dx.doi.org/10.1016/S2468-2667(16)30017-2

	Psychotropic and pain medication use in individuals with traumatic brain injury﻿—﻿a Swedish total population cohort study of 240 000 persons
	Abstract
	Introduction
	Aim

	Methods
	Design
	Participants and setting
	Measures
	Demographic measures
	Polytrauma
	Psychotropic and pain medications
	Neuropsychiatric disorders

	Statistical analyses
	Sensitivity analyses

	Results
	Characteristics of the TBI cohort and sibling controls
	Psychotropic and pain medication preincident and postincident TBI
	Psychotropic and pain medication in TBI cohort compared with sibling controls
	Psychotropic and pain medications by post-TBI neuropsychiatric diagnosis
	Duration of psychotropic and pain medication prescription
	Sensitivity analyses

	Discussion
	Strengths and limitations

	Conclusions
	References


