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

Original research

Psychotropic and pain medication use in individuals 
with traumatic brain injury—a Swedish total 
population cohort study of 240 000 persons
Yasmina Molero    ,1,2,3 David James Sharp    ,4 Brian Matthew D’Onofrio,3,5 
Henrik Larsson,3,6 Seena Fazel    2

Neuropsychiatry

To cite: Molero Y, Sharp DJ, 
D’Onofrio BM, et al. J Neurol 
Neurosurg Psychiatry 
2021;92:519–527.

 ► Additional material is 
published online only. To view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
jnnp- 2020- 324353).

1Clinical Neuroscience, Center 
for Psychiatry Research, 
Karolinska Institute, Stockholm, 
Sweden
2Psychiatry, University of Oxford, 
Oxford, UK
3Medical Epidemiology and 
Biostatistics, Karolinska 
Institute, Stockholm, Sweden
4Brain Sciences, Imperial College 
London, London, UK
5Psychological and Brain 
Sciences, Indiana University 
Bloomington, Bloomington, 
Indiana, USA
6School of Medical Sciences, 
Örebro Universitet, Orebro, 
Sweden

Correspondence to
Seena Fazel, Psychiatry, 
University of Oxford, Oxford 
OX1 2JD, UK;  seena. fazel@ 
psych. ox. ac. uk

Received 22 June 2020
Revised 5 October 2020
Accepted 24 November 2020
Published Online First 9 
February 2021

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY. 
Published by BMJ.

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 239 425 individuals with incident 
TBI, and 199 658 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% CI: 1.59 to 1.65), and after the TBI (OR: 
2.30, 95% CI: 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 
30–60 million persons1 and cost $400 billion per 
year.2

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).2 3 4 Psychotropic medications are 
often prescribed as part of post- TBI treatment, as 

they target symptoms that can have a considerable 
effect on health and daily life, including depression, 
anxiety, and, rarely, psychosis.5 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.6–12 The varying estimates could be attributed 
to differences in TBI severity and samples; TBI 
inclusion in studies has ranged from mild7 to 
moderate to severe,8 9 11 and samples have included 
both hospitalised patients,10 individuals in outpa-
tient postacute treatment,8 12 and those in inpatient 
rehabilitation.6 7 9 11 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,6 7 11 while patients with 
moderate to severe TBI or having inpatient treat-
ment were prescribed antipsychotics at the upper 
end (48%–68%) of the reported ranges.8 11 Studies 
also show that polypharmacy (ie, the use of several 
medications concurrently) is common.6–9 However, 
previous investigations have been small, typically 
included selected samples, and have not used reli-
able sources of prescription information.6–11 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,13–15 and would lead 
to higher rates of background psychotropic medica-
tions. One prior study has examined pre- TBI medi-
ation use,10 but only included persons older than 
64 years.

Many TBI patients experience pain,16 and head-
aches are the most common complaint after a TBI.5 
The pain can be a consequence of the TBI and/
or other physical injuries co- occurring with the 
TBI.17 Pain medications are therefore commonly 
prescribed to TBI patients, but there is little data 
on the extent and duration of their use,18 particu-
larly for opioid medications. The limited informa-
tion available is mainly based on US military service 
members and veterans,19 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.16 Prolonged 
use of pain medications, particularly opioids, is 
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problematic in other contexts,20 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)21 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.22 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 TBI.23 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.22

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=1 14 314) who had at least one unaffected 
full sibling as control (n=1 99 658; 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.24 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 239 425 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=140 893) male. In the 
TBI cohort, 28.6% (n=68 381) presented with a mild TBI, 
and 27.0% (n=64 777) 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.

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% (χ2 [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 (χ2 [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% (χ2 
([1]=46.1). Non- opioid pain medications increased by 6.3%; 
from 20.3% to 26.6% (χ2 ([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 
0.8%). 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 

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

TBI cohort
(n=239 425)

Siblings
(n=199 658)

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.
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Figure 1 Psychotropic and pain medications 12 months before and 12 months after incident traumatic brain injury (TBI) (n=239 425). All rate differences 
were associated with p<0.001. χ2 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.

Figure 2 ORs of being prescribed psychotropic and pain medications in TBI cohort (n=114 314)† compared with their unaffected full siblings (n=199 658) 
during 12 months before the TBI. †Including 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.
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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 

Figure 3 ORs of being prescribed psychotropic and pain medications in TBI cohort (n=114 314)† compared with their unaffected full siblings (n=199 658) 
during 12 months after the TBI. †Including 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.

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 
disorders
(n=14 889)

Psychotic
disorders 
(n=1652)

Mood
disorders 
(n=8033)

Anxiety
disorders 
(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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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 239 425 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.16 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 

Figure 4 Duration of usage for psychotropic and pain medications prescribed during the 12 months after incident traumatic brain injury (TBI) 
(n=239 425). ADHD, attention- deficit hyperactivity disorder; SSRIs, selective serotonin reuptake inhibitors.

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% CI)

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

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

Any psychotropic or pain medication 2.40 (2.35 to 2.44) 0.99 (0.97 to 1.01)* 1.84 (1.80 to 1.88)

Opioids 2.08 (2.04 to 2.12) 0.90 (0.89 to 0.92) 2.39 (2.34 to 2.44)

Non- opioid pain medications 2.68 (2.63 to 2.73) 1.09 (1.06 to 1.11) 2.13 (2.09 to 2.18)

Antiepileptic medications 1.73 (1.67 to 1.79) 1.16 (1.12 to 1.21) 0.97 (0.93 to 1.01)*

Antipsychotic medications 1.64 (1.58 to 1.71) 1.26 (1.20 to 1.31) 1.04 (0.99 to 1.09)*

Benzodiazepines 1.77 (1.73 to 1.82) 1.16 (1.12 to 1.19) 1.12 (1.09 to 1.16)

SSRIs 1.60 (1.56 to 1.64) 0.95 (0.93 to 0.98) 1.14 (1.11 to 1.17)

Other antidepressants 1.55 (1.50 to 1.59) 0.96 (0.93 to 0.99)† 1.15 (1.11 to 1.19)

ADHD medications 0.91 (0.82 to 1.01)* 0.73 (0.66 to 0.80) 1.18 (1.05 to 1.32)†

*†All differences were associated with p<0.0001, except for where indicated. *p>0.05. †p<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,25 they are asso-
ciated with an increased risk of accidents,26 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 TBI.18 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.27 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 TBI,28 however, opioids may increase 
the risk of cognitive and mental problems in persons with 
TBI.29 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,18 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,5 however, there is little high- quality 
evidence on these medications to guide clinicians.17 30

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,31 32 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 64.10 Thus, these previous 
investigations have suggested that the high medication use 
shown in other TBI cohorts6–9 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.6–10 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,33 as these medications may 
impair cognitive recovery and increase aggression,5 34 35 and 
long- term use is discouraged.35 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.36 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.6–10 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.6 8 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.37 
However, using multiple medications may exacerbate other 
health problems, and increase the risk of accidents, cognitive 
impairments and adverse drug–drug interactions.38 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).39 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=238 715). 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 100 000 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.40 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.
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APPENDIX METHODS 

 

Participants and setting 

TBI cohort 

We used the Centers for Disease Control and Prevention definition of TBI1 (International 

Classification of Diseases, 10th revision [ICD-10]: S01.0–S01.9, S02.0, S02.1, S02.3, S02.7–

S02.9, S04.0, S06.0–S06.9, S07.0, S07.1, S07.8. S07.9, S09.7–S09.9, T01.0, T02.0, T04.0, 

T06.0, T90.1, T90.2, T90.4, T90.5, T90.8, T90.9). Individuals who had been diagnosed with 

TBI before July 2006 (ICD-9: 800-804, 851–854; ICD-10: as above) were excluded due to the 

data available on medications; we examined medication use 12 months prior to the TBI, and 

the Swedish Prescribed Drug Register started in July 2005.2 Information on ICD-9/10 TBI 

diagnoses was collected from the Swedish Patient Register, which includes all admissions to 

hospitals and outpatient contacts with specialised secondary care.3. This register has excellent 

validity on ICD-9 concussion diagnoses (PPV= 100%; NPV= 99.8%),4 however, other TBI 

diagnoses were not validated. The Swedish Patient Register also has excellent validity on 

inpatient treatment for ICD-10 TBIs (sensitivity= 95-97%; specificity=96-98%),5 although 

diagnoses in outpatient treatment were not examined. Missing data in The Swedish Patient 

Register is around 1% for inpatient treatment, and around 3% for outpatient treatment.3 

Individuals who died within 7 days after the incident TBI (n=3,116) were not included in the 

cohort.  

 

Sibling controls 

Siblings were identified through the Multi-Generation Register,6 and included all biological 

full siblings aged 18 and over who were alive and living in Sweden at the date of their 

sibling’s TBI, and who had not been diagnosed with TBI (ICD-9/10) before December 31, 

2013.  
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Measures 

Medications 

The Swedish Prescribed Drug Register includes information on all prescriptions that are 

collected from all Swedish pharmacies since July 2005, and has less than 0.3% missing 

information.2 Medications included opioids (Anatomical Therapeutic Chemical [ATC] code: 

N02A), non-opioid pain medications (ATC: N02B), antiepileptic medications (ATC: N03), 

antipsychotic medications (ATC: N05A), benzodiazepines (ATC: N05BA), selective 

serotonin reuptake inhibitors (SSRIs; ATC: N06AB), other antidepressants (ATC: N06AA, 

N06AC, N06AF, N06AG, N06AX), and attention-deficit hyperactivity disorder (ADHD) 

medications (ATC: N06B). 

 

Statistical analyses 

We examined the duration of usage for prescriptions that were initiated within 12 months 

after the incident TBI. In these analyses, all prescriptions collected no more than 90 days 

apart were considered to belong to the same medication period, as The Swedish 

Pharmaceutical Benefits allows for a maximum of three months’ supply for each 

prescription7. Prescriptions more than 90 days from the last prescription were considered to be 

the start of a new medication period. For individuals with more than one medication period 

within 12 months after the incident TBI, the longest medication period was chosen. We then 

calculated the number of days between the first and the last prescription within the medication 

period. All analyses were conducted using SAS version 9.4. We followed the Strengthening 

the Reporting of Observational studies in Epidemiology (STROBE) reporting guidelines. 
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Appendix Table 1. Number of individuals, χ2, and degrees of freedom for Figure 1; 

medication use during the 12 months before and 12 months after incident traumatic brain 

injury (TBI).   

 TBI cohort - 

12 months before 

incident TBI 

(n=239,425) 

TBI cohort - 

12 months after 

incident TBI 

(n=239,425) 

Rate 

difference 

 

χ2  

(df= 1) 

 

Any psychotropic or pain 

medication  

36.6% (87,625) 45.0% (107,812) 8.4 81.4 

 

Psychotropic and pain medication classes 

Opioids 16.3% (39,109) 21.6% (51,698) 5.3 46.1 

Non-opioid pain medications  20.3% (48,559) 26.6% (63,710) 6.3 67.8 

Antiepileptic medications 4.6% (11,086) 5.9% (14,129) 1.3 116.8 

Antipsychotic medications 3.9% (9,258) 4.6% (11,033) 0.7 107.5 

Benzodiazepines 10.1% (24,100) 11.3% (27,010) 1.2 94.8 

SSRIs 12.6% (30,255) 13.5% (32,251) 0.9 127.7 

Other antidepressants 6.8% (16,340) 8.0% (19,137) 1.2 96.4 

ADHD medications 0.7% (1,552) 0.8% (1,822) 0.1 105.1 

 

Number of psychotropic and pain medication classes 

One medication class 16.4% (39,256) 18.3% (43,786) 1.9  

111.7† Two and more medication 

classes 

20.2% (48,369) 26.7% (64,026) 6.5 

Note: All rate differences were associated with p <.001. † df = 4 

ADHD, attention-deficit hyperactivity disorder; SSRIs, selective serotonin reuptake inhibitors. 
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Appendix Table 2. Medication use in unaffected siblings during the 12 months before and 12 

months after incident traumatic brain injury (TBI).   

 Siblings - 

12 months before incident 

TBI 

(n=199,658) 

Siblings - 

12 months after incident 

TBI 

(n=199,658) 

Psychotropic and pain medication classes 

Opioids 8.3% (16,534) 8.6% (17,085) 

Non-opioid pain medications 9.1% (18,116) 9.8% (19,547) 

Antiepileptic medications 2.0% (3,914) 2.1% (4,159) 

Antipsychotic medications 1.5% (2,964) 1.5% (3,045) 

Benzodiazepines 3.6% (7,183) 3.7% (7,385) 

SSRIs 5.8% (11,580) 6.0% (11,927) 

Other antidepressants 3.7% (7,303) 3.8% (7,554) 

ADHD medications 0.3% (638) 0.4% (747) 

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

inhibitors. 
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Appendix Table 3. Number of individuals for Table 3; Psychotropic and pain medications 

during the 12 months after incident traumatic brain injury (TBI), stratified by clinical 

characteristics 

 Outpatient 

treatment 

(n=174,648) 

Inpatient 

treatment 

(n=64,777) 

Mild TBI 

(n=68,381) 

All other 

TBIs 

(n=171,044) 

TBI without 

co-occurring 

physical 

injuries 

(n=194,916) 

Polytrauma 

(n=44,509) 

Any psychotropic or pain medication 

 39.2% (68,456) 60.8% 

(39,356) 

45.4% 

(31,015) 

44.9% 

(76,797) 

42.0% 

(81,943) 

58.1% 

(25,869) 

 

Psychotropic and pain medication classes 

Opioids 18.0% (31,411) 31.3% 

(20,287) 

22.8% 

(15,613) 

21.1% 

(36,085) 

18.5% 

(36,050) 

35.2% 

(15,648) 

 Non-opioid 

pain 

medications 

21.0% (36,727) 41.7% 

(26,983) 

25.5% 

(17,426) 

27.1% 

(46,284) 

23.6% 

(46,032) 

39.7% 

(17,678) 

Antiepileptic 

medications 

5.0% (8,726) 8.3% (5,403) 5.3% (3,639) 6.1% 

(10,490) 

5.9% 

(11,566) 

5.8% 

(2,563) 

Antipsychotic 

medications 

4.0% (6,919) 6.4% (4,114) 3.9% (2,683) 4.9% (8,350) 4.6% (8,920) 4.8% 

(2,113) 

Benzodiazepines 9.6% (16,757) 15.8% 

(10,253) 

10.3% 

(7,027) 

11.7% 

(19,983) 

11.1% 

(21,555) 

12.3% 

(5,455) 

SSRIs 11.9% (20,774) 17.7% 

(11,477) 

13.9% 

(9,502) 

13.3% 

(22,749) 

13.2% 

(25,689) 

14.7% 

(6,562) 

Other 

antidepressants 

7.1% (12,332) 10.5% 

(6,805) 

8.2% (5,612) 7.9% 

(13,525) 

7.8% 

(15,196) 

8.9% 

(3,941) 

ADHD 

medications 

0.8% (1,363) 0.7% (459) 0.9% (645) 0.7% (1,177) 0.7% (1,437) 0.9% (385) 

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