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Introduction: Traumatic brain injury (TBI) is associated with health problems
across multiple domains and TBI patients are reported to have high rates of
medication use. However, prior evidence is thin due to methodological
limitations. Our aim was thus to examine the use of a wide spectrum of
medications prescribed to address pain and somatic conditions in a population-
based cohort of TBI patients, and to compare this to a sex- and age-matched
cohort. We also examined how patient factors such as sex, age, and TBI severity
were associated with medication use.

Methods: We assessed Swedish nationwide registers to include all individuals
treated for TBI in hospitals or specialist outpatient care between 2006 and 2012.
We examined dispensed prescriptions for eight different non-psychotropic
medication classes for the 12months before, and 12 months after, the TBI.
We applied a fixed-effects model to compare TBI patients with the matched
population cohort. We also stratified TBI patients by sex, age, TBI severity and
carried out comparisons using a generalized linear model.

Results: We identified 239,425 individuals with an incident TBI and 239,425
matched individuals. TBI patients were more likely to use any medication [Odds
ratio (OR)=2.03, 95% Confidence Interval (Cl)=2.00-2.05], to present with
polypharmacy (OR=1.96, 95% Cl=190-2.02), and to use each of the eight
medication classes before their TBI, as compared to the matched population
cohort. Following the TBI, TBI patients were more likely to use any medication
(OR=1.83, 95% Cl =1.80-1.86), to present with polypharmacy (OR =1.74, 95%
Cl=1.67-1.80), and to use all medication classes, although differences were
attenuated. However, differences increased for antibiotics/antivirals (OR =2.02,
95% Cl=1.99-2.05) and NSAIDs/antirheumatics (OR=1.62, 95% Cl =1.59-1.65)
post-TBI. We also found that females and older patients were more likely to
use medications after their TBI than males and younger patients, respectively.
Patients with more severe TBIs demonstrated increased use of antibiotics/
antivirals and NSAIDs/antirheumatics than those with less severe TBIs.

Discussion: Taken together, our results point to poor overall health in TBI
patients, suggesting that medical follow-up should be routine, particularly in
females with TBI, and include a review of medication use to address potential
polypharmacy.
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1 Introduction

Traumatic brain injury (TBI) is a leading cause of morbidity and
disability across multiple domains (1), including psychiatric health,
pain, cognition, and somatic complications involving cardiovascular,
respiratory, endocrine, urinary, visual, and gastrointestinal systems
(1-8). Consequently, individuals who sustained a TBI are reported to
have high rates of medication use, and studies show that 45-85% of
TBI patients are prescribed psychotropic and pain medications (9-17).
Less is known, however, about the use of non-psychotropic
medications in TBI patients since only a small number of studies have
examined this. These studies show that diuretics and medications for
gastrointestinal and cardiovascular problems are the most commonly
prescribed medication classes (9, 12, 14, 17), but prevalence estimates
vary widely between studies; e.g., between 5 and 86% for
gastrointestinal medications, and 23-40% for cardiovascular
medications (9, 12, 14).

TBI patients are also reported to have increased rates of
polypharmacy, i.e., the simultaneous use of a large number of
medications (9). This can be problematic, as it increases the risk for
drug-drug and drug-disease interactions, and could lead to adverse
events and worse recovery (9). Still, there is limited knowledge on the
extent of polypharmacy in TBI patients due to the inclusion of small
and selected clinical samples. There is also limited knowledge on how
patient factors such as sex, age, or injury severity are associated with
medication use after a TBI. Two studies have pointed to differences in
medication use by age and sex (9, 17). However, studies were small
which could result in greater differences in comparisons, potentially
due to a more biased representation of the population at large (18).

Moreover, studies have not assessed pre-injury medication use,
which is a major confound as health problems and healthcare
utilization before the TBI are common (19, 20). TBI patients are also
a heterogenous group that receive treatment in a variety of settings
depending on the nature of their TBI sequelae, but previous studies
have mainly included patients with more severe TBIs from specialized
settings (e.g., rehabilitation centers) (9, 12, 14, 17). This could result
in selection bias and limit the generalizability of findings, since the
vast majority (70-90%) of TBIs are mild (1). Furthermore, most
studies have lacked a control group of individuals without TBI,
limiting the understanding of how medication use patterns may differ
from the general population. Another limitation in previous research
is the use of retrospective self-reports for assessing medication use,
which may be subject to recall bias.

Further research using large representative samples is therefore
needed. A thorough examination of medication use in TBI patients,

Abbreviations: ATC, Anatomical Therapeutic Chemical; Cl, Confidence Interval;
GLM, generalized linear model; ICD-10, International Classification of Diseases,
10th revision; NSAID, Non-steroidal anti-inflammatory drug; OR, Odds ratio; RR,

risk ratio; TBI, traumatic brain injury.
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both before and after their injury, is crucial for understanding
treatment patterns and potential health implications for patient
outcomes. Dispensed medications (i.e., medications collected by the
patient at the pharmacy) can be used as a proxy for health conditions,
and unlike patient register data in Sweden, which only includes
hospitalizations and visits to open specialized care, dispensed
medications capture prescriptions initiated within a variety of
settings (including private and primary care). Knowledge on pre-and
post-TBI medication use can thus inform healthcare providers about
broader health concerns in TBI patients. This information is valuable
for optimizing medication management strategies, improving long-
term care planning, and tailoring interventions to address
non-neurological health problems in TBI patients. Furthermore, an
assessment of medication use in TBI patients could improve the
knowledge-base by identifying frequently prescribed medications
that would benefit from TBI patient-specific effectiveness and safety
analyses, identify potential polypharmacy, and inform research
design by providing knowledge on how important patient factors
(such as sex, age, or injury severity) are associated with post-TBI
medication use (10). To our knowledge, no study has examined
non-psychotropic medications in a nationwide cohort of TBI
patients, assessed pre-injury medication use, or included a matched
population cohort as a comparison group.

The aim of the current study was to examine the use of a wide
spectrum of non-psychotropic medications prescribed to address pain
and somatic complications in a population-based cohort of TBI
patients during the 12 months before, and 12 months after their TBI,
and compare this to a matched population cohort. We also examined
how patient factors such as sex, age, and TBI severity were associated
with post-TBI medication use in TBI patients.

2 Materials and methods

2.1 Ethics

The project follows the Declaration of Helsinki and was approved
by the Swedish Ethical Review Authority (2013/862-31/5), which
waived the need for informed consent due to the register-based design.

2.2 Setting and study period

We used Swedish registers with nationwide coverage that were
linked through each individuals identification number (21). All data
were pseudonymized. The start of study period was July 1, 2005, and
the end of the study period was December 31, 2013. The study period
was defined according 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. The data
linkage included data until December 2013.
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2.3 Study design and participants

This is a matched population cohort study. TBI patients included
all individuals aged 18 and over who were treated for TBI in a hospital
or specialized open care between July 1, 2006, and December 31, 2012,
to allow for examination of medication use during the 12months
before, and 12 months after, the TBI date. We also included a general
population cohort that was matched to each TBI patient on sex and
birthyear (1:1 match). Individuals in the matched population cohort
were alive and living in Sweden at the date of their matched TBI
patient’s TBI date and had not been diagnosed with TBI before
December 31, 2013.

2.4 Measures

24.17T8BI

We used the Centers for Disease Control and Prevention
definition of TBI (22) (International Classification of Diseases, 10th
revision [ICD-10]: S01.0-S01.9, S02.0, S02.1, S02.3, S02.7-S02.9,
$04.0, 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).
We included only the incident (i.e., first) TBI diagnosis, thus excluding
all individuals who had been diagnosed with TBI before the start of
the study period (ICD-9: 800-804, 851-854; ICD-10: as above).
Information on ICD-9/10 TBI diagnoses was collected from the
Swedish Patient Register (23), which includes all admissions to
hospitals and outpatient contacts with specialized open care (including
visits to the emergency department). This register has excellent
validity on inpatient treatment for ICD-10 TBIs (sensitivity = 95-97%;
specificity =96-98%) (24). However, TBI diagnoses made in
specialized outpatient care have not been validated. Missing data in
The Swedish Patient Register is around 1% for inpatient treatment,
and around 3% for outpatient treatment (23).

2.4.2 Medications

Information was extracted from the Swedish Prescribed Drug
Register, which includes information on all prescriptions that have
been collected at all pharmacies in Sweden (with less than 0.3%
missing information) (25). We classified medications by the
Anatomical Therapeutic Chemical (ATC) code that is a globally
recognized system for classifying and categorizing pharmaceutical
substances based on their therapeutic and chemical properties.
We examined a wide spectrum of non-psychotropic medications
prescribed to address pain and somatic complications involving
cardiovascular, respiratory, endocrine, urinary, visual, and
gastrointestinal ~ systems  (1-8). Medications included
gastrointestinal and diabetes medications (ATC: A01, A02, A07,
A10), cardiovascular medications (ATC: C01-C03, C05, C07-
C10), genito-urinary medications and sex hormones (ATC: G02-
G04), systemic hormonal preparations (ATC: HO01-HO05),
antibiotics and antivirals (ATC: J01, J02, J04, J05), Non-steroidal
anti-inflammatory drugs (NSAIDs) and antirheumatics (ATC:
MO1), respiratory system agents (ATC: R01, R03, R05, R06), and
eye medications (ATC: SO1). We defined polypharmacy as the
presence of five or more different medication classes during
1 year (26).
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2.4.3 Demographic measures
Information on sex and age was collected from the Total
Population Register (21).

2.4.4 TBI severity

TBI severity was measured in two ways: (1) Receiving inpatient
treatment (i.e., being hospitalized for the TBI) vs. receiving outpatient
treatment (i.e., treated only in specialized open care) and; (2)
Presenting with polytrauma (i.e., having a co-occurring 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) vs. presenting
with TBI only.

2.4.5 Diagnosed disorders

Information on diagnosed disorders for the 12 months before (up
until the day before the TBI) and the 12 months after the TBI date
(starting on the day of the TBI), was collected from the Swedish
Patient Register. This included ICD-10 diagnoses recorded during
admissions to hospitals and outpatient contacts with specialized open
care; psychiatric disorders (F20-F99), substance use disorders (F10-
F16, F18-F19), dementia (FO0-F03), stroke (I60-164), epilepsy (G40-
G41), sleep disorders (G47), other neurological conditions (A80-A89,
G00-G26, G35-G37, G46, G91, 165-169), cardiovascular disorders
(I05-115, 120-128, 130-152, 170-179), endocrine and metabolic
disorders (E00-E07, E10-E16, E20-E35, 024), and gastrointestinal
disorders (K25-K31, K50-K51, K70-K77, K80-K85, K90).

2.5 Statistical analyses

We measured the use of any medication (i.e., having collected at
least one medication), polypharmacy (i.e., five or more different
medication classes), and each of the eight medication classes in TBI
patients and the matched population cohort. We divided medication
periods into the 12 months before (up until the day before the TBI)
and the 12 months after the TBI date (starting on the day of the TBI).
When examining prevalence rates, we stratified medication use in the
12 months after the TBI date into two categories: (a) new use (i.e., the
first collected prescription during the 24-month study period, was
after the TBI date), and (b) prevalent use (i.e., a prescription had also
been collected in the 12months prior to the TBI date). For the
matched population cohort, we measured the same time-period as
their matched TBI patient.

We estimated the odds ratio (OR) of medication use in TBI
patients as compared to the matched population cohort by applying a
fixed-effects model using conditional logistic regression (27), where
each matched pair was considered a stratum (more details in
Supplementary material). This approach allowed us to estimate the OR
for medication use in TBI patients relative to the matched population
cohort, while controlling for the matched structure (i.e., within-pair
variability) of the data. For this analysis, we ran the PROC LOGISTIC
procedure in SAS 9.4, using the STRATA statement. In the analyses of
post-TBI medication use, the model was adjusted for pre-TBI
medication use within the same category (e.g., in the analyses of
post-TBI cardiovascular medication use, the model was adjusted for
pre-TBI cardiovascular medication use) to account for use that was
initiated before the TBL
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To examine how patient- and injury-specific factors were
associated with post-TBI medication use, we examined TBI patients
only. We performed a generalized linear model (GLM) analysis where
the predictor variable was patient sex (female patient vs. male patient)
or TBI severity (inpatient vs. outpatient, and polytrauma vs. TBI only),
respectively. The response variable was the binary outcome of
post-TBI medication use. We ran the PROC GENMOD procedure in
SAS 9.4 using a Poisson distribution with a robust variance estimator
and log link function. The GLM provides estimates of the risk ratio
(RR) on the association between each predictor variable (e.g., sex) and
post-TBI medication use (more details in Supplementary material).
First, we compared post-TBI medication use (i.e., during the
12 months following the TBI) in female TBI patients as compared to
male TBI patients. This model was adjusted for age (as a continuous
covariate) and pre-TBI medication use (i.e., use of the medication
during the 12 months leading up to the TBI). Second, we investigated
if post-TBI medication use varied by TBI severity. We performed two
separate GLM analyses for this: (1) We estimated the RR of post-TBI
medication use in TBI patients who received inpatient treatment (i.e.,
were hospitalized) as compared to TBI patients who received
outpatient treatment (i.e., specialized open care) and (2) We estimated
the RR of post-TBI medication use in TBI patients with polytrauma
(i.e., TBI and at least one co-occurring physical injury) as compared
to TBI patients without co-occurring physical injuries. Both models
were adjusted for sex, age (as a continuous covariate), and pre-TBI
medication use.

2.6 Sensitivity analyses

Because age is a strong prognostic factor for negative outcomes
after a TBI (28), and older age has been associated with higher
medication use after a TBI (9), we carried out sensitivity analyses
where we stratified TBI patients by age at injury. We stratified them
into four pre-specified age categories; ages 18-30, 31-50, 51-70, and
71 and older, at the time of their TBI. We then examined if post-TBI
medication use varied by age by performing a GLM analysis to
estimate the RR for medication use in each of the older age categories
as compared to TBI patients aged 18-30. The model was adjusted for
sex and pre-TBI medication use.

All results are presented with 95% Confidence Intervals (CIs).
We followed the Strengthening the Reporting of Observational studies
in Epidemiology (STROBE) reporting guidelines for cohort studies.

3 Results

3.1 Characteristics of TBI patients and
matched population cohort

We identified 239,425 individuals aged 18 and over who had
been treated for an incident TBI in a hospital or specialist
outpatient care between July 1, 2006, and December 31, 2012
(Table 1). TBI patients included 41.1% females and 58.8% males,
and males were on average younger than females at the date of the
TBI (median age for males=45years and females =59 years;
Supplementary Table S1). Furthermore, 27.0% received inpatient
treatment for their TBI and 18.6% presented with polytrauma, i.e.,
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TABLE 1 Demographic and health characteristics of individuals with TBI
and matched population cohort.

TBI patients Matched
(n=239,425) population
cohort
(n=239,425)
Age at incident TBI
18-30 26.8% (64,115) 26.8% (64,115)
31-50 23.2% (55,624) 23.2% (55,624)
51-70 23.2% (55,474) 23.2% (55,474)

71 and older 26.8% (64,212) 26.8% (64,212)

Median age (IQR) 51 (30, 73) 51 (30, 73)
Sex

Women 41.2% (98,532) 41.2% (98,532)
Men 58.8% (140,986) 58.8% (140,986)

Incident TBI characteristics

Inpatient treatment 27.0% (64,777) -

Polytrauma 18.6% (44,509) -

Diagnoses 12 months before incident TBI

Psychiatric disorders 5.7% (13,629) 2.0% (4,820)

Substance use disorders 3.3% (7,892) 0.4% (946)

Dementia 1.6% (3,902) 0.3% (723)
Stroke 2.1% (5,076) 0.4% (950)
Epilepsy 1.2% (2,742) 0.2% (562)
Sleep disorders 0.5% (1,084) 0.3% (650)

Other neurological 2.7% (6,480) 0.8% (1,870)

conditions

Cardiovascular diseases 11.0% (26,420) 5.5% (13,082)

Endocrine and metabolic 4.7% (11,274) 2.5% (5,971)

disorders

Gastrointestinal disorders 2.3% (5,556) 1.2% (2,905)

Diagnoses 12 months after incident TBI

Psychiatric disorders 6.9% (16,411) 2.1% (4,991)

Substance use disorders 6.2% (14,900) 0.4% (979)

Dementia 3.3% (7,834) 0.4% (898)
Stroke 3.6% (8,589) 0.4% (1,015)
Epilepsy 2.0% (4,688) 0.3% (602)
Sleep disorders 0.6% (1,351) 0.3% (661)

Other neurological 4.7% (11,187) 0.9% (2,172)

conditions

Cardiovascular diseases 17.7% (42,272) 6.1% (14,545)

Endocrine and metabolic 6.8% (16,311) 2.7% (6,389)

disorders

Gastrointestinal disorders 2.6% (6,272) 1.3% (3,051)

For matched population cohort, 12-month prevalence of diagnoses was calculated from the
same TBI date as their corresponding TBI match; Cardiovascular diseases excludes
cerebrovascular diseases.

had a co-occurring body injury in addition to the TBI. We matched
each TBI patient to an individual in the general population on age
and sex (n=239,425).
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The most common pre-TBI diagnosed disorders were
cardiovascular diseases, endocrine and metabolic disorders, and
psychiatric disorders (Table 1). During the year after the TBI, rates of
all investigated disorders increased in TBI patients. Individuals in the
matched population cohort demonstrated lower prevalence rates of all
disorders in the 12 months leading up to the TBI date (i.e., the date of
their matched TBI patient). In the 12months after the TBI date,
prevalence rates in the matched cohort remained similar for most
disorders with the exception of cardiovascular diseases, which
increased from 5.5 to 6.1%.

3.2 Medication use during the 12 months
before and 12 months after the TBI

In the 12 months leading up to the TBI date, 64.6% of TBI patients
had collected a prescription for at least one of the eight medication
classes studied, as compared to 51.0% of the population cohort
(Figures 1, 2; prevalence rates and details of specific medications
within each class in Supplementary Tables S2, S3. Prevalence
stratified by
Supplementary Tables 54, S6, respectively). TBI patients also displayed

rates sex and age categories provided in

higher prevalence rates of polypharmacy (i.e., they had collected

10.3389/fneur.2024.1339290

prescriptions for five or more different medication classes during the
12-month time-period), and of each of the eight medication classes.
In the 12 months after the TBI date, prevalence rates of all medications
increased slightly in TBI patients, particularly for antibiotics/antivirals
(an increase from 25.9% pre-TBI to 30.0% post-TBI). Prevalence rates
remained similar in the population cohort in the 12 months after.
We also divided post-TBI medication use into two categories; new use
(i.e., where the first collected prescription during the 24-month study
period was after the TBI date), and prevalent use (i.e., a prescription
had also been collected in the 12 months prior to the TBI date). For
TBI patients, the largest increases in new use were seen for antibiotics/
antivirals, and NSAIDs/antirheumatics, where two-thirds of post-TBI
prescriptions were new. The matched cohort presented similar rates
in new use.

3.3 Medication use in TBI patients as
compared to matched population cohort

We applied a fixed-effects model using conditional logistic regression
to compare medication use in TBI patients with that in the matched
population cohort (Figure 3; prevalence rates in Supplementary Table S3).
In the 12 months before the TBI date, TBI patients were around twice as

TBI patients

@ Before TBI use

m After TBI: continued use

D After TBI: new use

FIGURE 1

NSAIDs, Non-steroidal anti-inflammatory drugs.

Prevalence of medication use during 12 months before, and 12 months after (stratified by continued use and new use), TBI date in TBI patients.
Continued use, Used the medication during the 12 months prior to the TBI; New use, Did not use the medication during the 12 months prior to the TBI;
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Population
70 cohort

m Before TBI use

m After TBI; continued use

D After TBI: new use

FIGURE 2

the TBI; NSAIDs, Non-steroidal anti-inflammatory drugs.

Prevalence of medication use during 12 months before, and 12 months after (stratified by continued use and new use), TBI date in matched population
cohort. Continued use, Used the medication during the 12 months prior to the TBI; New use, Did not use the medication during the 12 months prior to

likely to collect any medication (OR=2.03, 95% CI=2.00-2.05) and to
present with polypharmacy (OR=1.96, 95% CI=1.90-2.02) than the
matched population cohort. TBI patients demonstrated increased ORs for
each of the eight medication classes before the TBI date (ranging between
1.34 for genito-urinary medications/sex hormones and 1.74 for
cardiovascular medications). We repeated the same analyses to compare
medication use in TBI patients to the matched population cohort in the
12months after the TBI date, while also adjusting for previous medication
use (i.e., in the 12months leading up to the TBI date). Results showed
attenuated ORs for any medication (OR=1.83, 95% CI=1.80-1.86),
polypharmacy (OR=1.74, 95% CI=1.57-1.80), and each of the
medication classes (ranging between 1.21 for genito-urinary medications/
sex hormones and 1.59 for gastrointestinal/diabetes medications).
However, ORs increased after the TBI for antibiotics/antivirals (OR=2.02,
95% CI=1.99-2.05), NSAIDs/antirheumatics (OR=1.62, 95% CI=1.59-
1.65), and eye medications (OR=1.53, 95% CI=1.49-1.58).

3.4 Post-TBI medication use in TBI patients
by sex

We then examined how patient factors were associated with
post-TBI medication use by stratifying TBI patients by sex. We carried

Frontiers in Neurology

out GLM analyses comparing post-TBI medication use in female TBI
patients to that male TBI patients, while adjusting for age and previous
medication use. During the 12months after the TBI, female TBI
patients presented higher RRs of collecting any medication (RR=1.15,
95% CI=1.14-1.16) and of polypharmacy (RR=1.60, 95% CI=1.54—
1.66) as compared to male TBI patients (Figure 4; prevalence rates in
Supplementary Table 4). Female TBI patients also presented increased
RRs for all medication classes (ranging between 1.07 and 1.67) except
for cardiovascular medications.

3.5 Post-TBI medication use in TBI patients
by TBI severity

We also examined how patient factors were associated with
post-TBI medication use by stratifying TBI patients by injury
severity. We carried out GLM analyses comparing post-TBI
medication use in those with more severe injuries to those with less
severeinjuries (Figure 5; prevalence rates in Supplementary Table S5).
First, we compared individuals who had been hospitalized for their
TBI to those who received outpatient treatment only. Second,
we compared individuals with polytrauma (i.e., TBI plus body
injury) to those with only TBI. Models were adjusted for sex, age,
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Any medication
TBI patients vs. population cohort before
TBI patients vs. poputation cohort after

Polypharmacy
mepgnms vs. population cohort before
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FIGURE 3

Odds ratios of medication use 12 months before, and 21 months after, TBI date in TBI patients as compared to the matched population cohort.
Reference group, Matched population cohort; OR, Odds ratio; NSAIDs, Non-steroidal anti-inflammatory drugs.

and previous medication use. Results from both models showed
some similarities; during the 12 months after the TBI, individuals
with more severe injuries (i.e., hospitalized individuals and
individuals with polytrauma) demonstrated increased RRs of
antibiotics/

collecting gastrointestinal/diabetes medications,

antivirals, and NSAIDs/antirheumatics.

3.6 Sensitivity analyses—post-TBI
medication use in TBI patients by age
category

In sensitivity analyses, we examined how age was associated with
post-TBI medication use. We carried out a GLM comparing
medication use in TBI patients in different age categories;
we compared TBI patients aged 31-50, 51-70, and 71 and older,
respectively, to those aged 18-30 (Supplementary Figure SI;
prevalence rates in Supplementary Table S6). Analyses were adjusted
for sex and previous medication use. Results showed that during the
12months after the TBI, individuals in the older age categories
presented increased RRs of medication use (ranging between 1.14 and
8.36), and the general pattern was that RRs increased with each
increasing age category.

Frontiers in Neurology

4 Discussion

In a nationwide Swedish study, we identified a cohort of 239,425
individuals treated for an incident (i.e., first) TBI and matched them
to 239,425 individuals in the general population who had not been
treated for TBL
non-psychotropic medication classes for treating pain and somatic

We examined the use of eight different

complications. We found that TBI patients were twice as likely to use
any medication in the 12months leading up to the TBI date, as
compared to the matched population cohort. They were also more
likely to use each of the eight medication classes and to present with
polypharmacy before their TBI. In the 12 months following the TBI,
we found the largest increases in new use (i.e., medication use initiated
after the TBI) for antibiotics/antivirals and NSAIDs/antirheumatics,
where around two-thirds of prescriptions were new. We also found
that TBI patients continued to be more likely to use all medications
and to present with polypharmacy as compared to the matched
population cohort post-TBI, although differences were attenuated.
However, for antibiotics/antivirals, NSAIDs/antirheumatics, and eye
medications, differences between TBI patients and the matched cohort
increased after the TBI. We also examined how patient factors such as
sex, age, and TBI severity were associated with post-TBI medication
use in TBI patients. We found that female patients were more likely
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Medication use in TBI patients during the 12 months after the TBI RR (95% CI)
Any medication
Women with TBI v men with TBI - 1.15(1.14, 1.16)
Polypharmacy
Women with TBI v men with TBI —_—— 160 (154 166)
Gastrointestinal & diabetes medications
Women with TBI vs. men with TBI - - 1.07(1.05, 1.08)
Cardiovascular medications
Women with TBI vs. men with TBI - 0.98 (0.96, 0.99)
Genito-urinary medications & sex hormones
Women with TBI vs. men with TBI —— 167(163.1.71)
Systemic hormonal preparations
Women with TBI vs. men with TBI _— 1.37(1.33. 1.41)
Antibiotics & antivirals
Women with TBI vs. men with TBI e 1.25(1.23.1.27)
NSAIDs & antirmeumatics
Women with TBI vs. men with TBI - 1.19(1.17,1.22)
Respiratory system agents
Women with TBI vs. men with TBI - 1.21(1.19, 1.23)
Eye medications
Women with TBI vs. men with TBI —_— 114(1.11,117)
T
1 15

FIGURE 4

Risk ratios of medication use in TBI patients 12 months after the TBI by sex. Reference group, Men with TBI; RR, Risk ratio; NSAIDs, Non-steroidal anti-

inflammatory drugs.

than male patients to use medications after their TBI, and that older
patients were more likely than younger patients after their TBL. Our
results also showed that patients with more severe TBIs demonstrated
increased use of certain medications (i.e., gastrointestinal/diabetes
medications, antibiotics/antivirals, and NSAIDs/antirheumatics) than
those with less severe TBIs.

Our results on pre- and post-TBI medication use are in line with
our previous study of the same cohort, where we showed that TBI
patients had increased rates of psychotropic and pain medication use,
both in the 12 months before and in the 12 months after their TBI (29).
In fact, we found only a slight increase in new use (i.e., use initiated
after the TBI) for most non-psychotropic medications. The highest
rates in new use were shown for antibiotics/antivirals and NSAIDs/
antirheumatics, which could be due to penetrating wounds, injury
complications, and/or increased pain after the TBI (30-32). These
findings add to the growing body of evidence suggesting that health
events precede the TBI (19, 20), and could have implications for TBI
prevention as well as clinical management after the TBI (33).
Prevalence rates in our study were on the lower end of previously
reported ranges; for example, we found that 32.5% were prescribed a
cardiovascular medication (reported range: 5-86%) and 21.5% were
prescribed a gastrointestinal/diabetes medication (reported range:
23-40%) (9, 12, 14). While previous studies mainly included patients
in rehabilitation centers with severe injuries, we included a
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population-based sample where the majority (73%) were not
hospitalized for their TBI, which could explain the lower prevalence
rates in our study. Differences between studies could also be due to
differing sources of prescription information, varying lengths of
follow-up, and/or to our study period (2005-2013). Our data cutoff in
December 31, 2013 could affect the generalizability of our results to
current patient cohorts if prescription practices for the studied
medications changed since the study period. However, no fundamental
reorganization or new policy has been adapted in Sweden regarding
post-TBI care since this period, and no groundbreaking medications
have been introduced for TBI patients. Although there have been
changes in general prescription patterns for certain drugs used in
other medical conditions, such as antibiotic regimes, diabetes, and
cardiovascular conditions, our analysis is based on the group and
subgroup of drugs classified according to the Anatomical Therapeutic
Chemical (ATC) code. Consequently, changes in prescription
practices from one medication to another within the same class/group
do not affect our estimates. Therefore, the results from our study
should remain relevant and generalizable to more recent TBI patients.
Furthermore, the most commonly dispensed medication class in our
study was cardiovascular medications, in line with previous research
(12, 14, 17), and suggesting consistency with newer samples.

We also found higher rates of polypharmacy in TBI patients as
compared to the matched population cohort, both before and after the
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Medication use In TBI patients during the 12 months after the TBI RR (95% CI)
Any medication
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Polytrauma vs. no co-occurming body injuries —— 097 (095, 099)
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FIGURE 5

Risk ratios of medication use in TBI patients 12 months after the TBI by injury severity. Reference group, TBI patients who received outpatient treatment,

and TBI patients with no co-occurring body injuries, respectively; RR, Risk ratio; NSAIDs, Non-steroidal anti-inflammatory drugs.

TBI. Although differences were reduced after the TBI (from OR=1.96,
95% CI=1.90-2.02 to OR=1.74, 95% CI=1.67-1.80), TBI patients
still presented an increased risk of polypharmacy after adjustments for
age, sex, and pre-TBI medication use. TBI patients may experience a
variety of physical health problems after their injury, including motor
impairment, chronic pain, hormonal imbalance, cardiovascular
conditions, digestive issues, and sleep disturbances (1-8), that may
lead to an overall decline in function. Management of these problems
could lead to the unintended use of multiple medications due to
(34).
polypharmacy is of concern as it may affect medication effectiveness

separate treatment settings and guidelines However,
and safety, raise the risk of drug-drug interactions, and increase
mortality after the TBI (35-37). This suggests that strategies to
minimize polypharmacy could be implemented in TBI patients,
including central coordination, open communication and
collaboration between healthcare professionals, close monitoring of
potential adverse effects, and frequent reviews of medication
regimens (3).

Female TBI patients in our study were, on average, older than
male patients (median age 59 and 45 years, respectively), which may
have affected the increased rates of pre-TBI medication use in females.
However, female TBI patients also presented increased post-TBI
medication use in analyses that were adjusted for age and pre-TBI

medication use, which could suggest more morbidity in females after
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the TBI. Previous studies on sex differences in TBI outcomes have
been inconclusive; some studies suggest that females have worse
outcomes in a wide range of areas (18), which has been attributed to
differences in hormonal and chromosomal factors (38). It has also
been suggested that females may report more symptoms after their
TBI as it is more socially acceptable for them to admit health problems
(38). Our results may thus reflect sex differences in acknowledging
health problems and seeking treatment. Nevertheless, female patients
are underrepresented in TBI research (38), pointing to a need for more
research to examine potential sex differences in TBI outcomes.

TBI patients in our study showed higher rates of diagnosed
substance use disorders than the matched population, and rates were
almost doubled in the year following the TBI; from 3.3 to 6.2%.
Previous studies have reported a high prevalence of pre-injury
substance misuse in TBI patients, that in many cases contributed to
the TBI (39). It has also been suggested that TBI increases the risk of
developing subsequent misuse problems due to neurobiological
damage, TBI sequelae (e.g., poor emotional regulation), or
maladaptive ways to handle stress or pain stemming from the TBI
(40-42). The rise in diagnosed substance use disorders after the TBI
in our study may also be influenced by detection bias. This could
occur if pre-injury disorders were identified post-injury due to
intoxication at the time of the TBI, or increased healthcare contacts
post-TBI that affected the likelihood of detection and diagnosis.
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Nonetheless, substance use disorders are associated with negative
health effects, e.g., cardiovascular or liver diseases (43), which could
affect medication rates in the TBI cohort.

5 Strengths and limitations

This study has several strengths; we included all individuals
treated for TBI in Sweden during the study period and linked several
nationwide registers. Our information on medications was based on
individuals collecting their medication from pharmacies, an advance
from prescription-only data and self-reports, and data was nearly
complete (less than 0.3% missing information) (25). We included
medications prescribed in all healthcare settings, i.e., hospitals,
rehabilitation centers, open specialized care, and primary care and
compared medication use to a population cohort matched on sex and
age. Several limitations should be considered; we only examined
medications collected at pharmacies, as medications dispensed in
hospitals are not available in the Swedish Prescribed Drug Register.
For individuals with extended hospital stays, this could lead to an
underestimation of medication use. However, the majority of TBI
patients (73%) were not admitted overnight, and 99.8% (n=238,715)
were discharged within 30 days. Furthermore, we examined collected
medications, and had no information on medication adherence.
However, collected medications reflect the health problems they were
prescribed to address. We could not include patients from the last
10years due to data availability, which could affect the generalizability
of results. Nonetheless, post-TBI treatment strategies in Sweden have
remained largely unchanged since the end of our study period in 2013.
We also lacked information on anticoagulants, which have been linked
to poorer outcomes in TBI patients (44). TBI diagnoses were collected
from the Swedish Patient Register, which includes all disorders
diagnosed in hospitals and specialized outpatient care, and TBI
diagnoses made solely in primary care were not captured. This likely
underestimated rates of mild TBIs in the population. We lacked
detailed clinical data for the classification of TBI severity (e.g., the
Glasgow Coma Scale), but we used other proxies for measuring injury
severity, such as hospitalization and polytrauma. Another limitation
included the lack of information on the clinical severity of somatic
illness, both before and after the TBI. There is a research gap on the
severity of somatic illness in TBI patients, and future research should
address this gap and its implications in patients with TBI. Moreover,
differences between countries in prescription practices or service
provision may affect the generalizability of findings. Rates of
TBI-related hospital discharges are higher in Sweden as compared to
the European average (age-adjusted rate per 100,000 individuals:
Sweden 445.8; Europe 287.2) (45), although this could be due to
between-country differences in data collection and coding.

6 Conclusion

Our findings showed that individuals who sustained a TBI had a
greater likelihood of being prescribed non-psychotropic medications
and of polypharmacy, before and after their TBI, than a sex- and
age-matched population cohort. These results are in line with previous
work on psychotropic and pain medications showing higher
medication use in TBI patients both before and after their TBI (29).
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This suggests that health problems precede the TBI, which could have
implications for post-TBI clinical care. Our findings also suggested
that female TBI patients were more likely to use medications than
their male counterparts. Taken together, these results point to poor
overall health in TBI patients, which is a barrier to social participation
and negatively influences employment, quality of life, and level of
independence (3). This suggests a need for addressing psychiatric and
non-neurological symptoms in TBI care, particularly in females with
TBI, and to review the use of multiple medications to address
potential polypharmacy.
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