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Objective: To determine the association of individual antidepressants (ADs) with the risk of
traumatic brain injury (TBI) in the elderly.

Patients and methods: We conducted a case—control study nested in a cohort of new users
of ADs aged =65 years, identified in the German Pharmacoepidemiological Research Database
during 2005-2014. Cases were patients first hospitalized for TBI. Up to 100 controls per case
were selected using incidence density sampling. AD use was ascertained at the index date based
on the supply of last dispensing (adding 150% of the defined daily doses [DDDs]; in sensitivity
analysis, no additional DDDs were considered). We estimated adjusted ORs (aORs) and 95%
Cls using conditional logistic regression.

Results: Among 701,309 cohort members, 16,750 cases were identified and matched to
1,673,320 controls (in both groups: 70.4% women; median age 80 years). Compared with remote
users of the same AD, current users had an aOR (95% CI) of 1.87 (1.56-2.24) for duloxetine, 1.74
(1.41-2.15) for escitalopram, 1.70 (1.58—1.83) for citalopram, 1.66 (1.40—1.97) for sertraline,
1.64 (1.24-2.15) for fluoxetine and 1.57 (1.20-2.06) for paroxetine. The aOR was lower for
amitriptyline (1.45; 1.32-1.58), trimipramine (1.17; 0.99—1.38) and opipramol (1.11; 0.99-1.25).
Mirtazapine had an aOR of 1.03 (0.94—-1.12). Sensitivity analysis confirmed the findings.
Conclusion: The large variability between individual ADs shows the importance of considering
the safety of individual agents rather than focusing on class alone.

Keywords: antidepressants, traumatic brain injury, elderly, health insurance claims databases,
pharmacoepidemiology

Introduction

Traumatic brain injuries (TBIs) are a major health problem in older adults, greatly
contributing to short-term mortality' and disability.? Their frequency in the elderly has
increased internationally over the last years, with falls being the leading cause in this
population.>* There is thus an urgent need to identify modifiable risk factors, in order
to implement effective prevention measures.

Medications are considered one of the most modifiable risk factors,’ and use of
certain medications, including psychotropic agents, has consistently been associated
with an increased risk of falls in the elderly.*” However, the association of TBI with
medications common in the elderly, such as antidepressants (ADs), has hardly been
assessed. With a prevalence of use ranging from 9% to up to one-third in persons
aged 265 years and increasing with age,*® ADs are not only a useful therapeutic tool
in late-life depression and anxiety disorders but have also been consistently associated
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with increased risk of falls'*'? and related injuries."*"'” Seda-
tion, dizziness and orthostatic hypotension are among the
adverse effects of AD classes and individual agents, poten-
tially contributing to greater susceptibility to falls and other
injuries in the elderly.'s

To our knowledge, only one study has specifically
evaluated the association of TBI with AD use so far. That
study, however, was restricted to patients with Alzheimer’s
disease.”” Given that patients with Alzheimer’s disease or
other dementias are a high-risk group for falls, the results
are not generalizable to elderly without dementia.?**! In that
study, the risk of TBI was increased by 26% in users of any
AD compared to non-users, and selective serotonin-reuptake
inhibitors (SSRIs) were associated with a statistically nonsig-
nificant 17% increased risk. However, other AD classes and
individual ADs have not been evaluated separately, although it
is known that the risk profiles generally vary between classes
and individual agents.!%?>-%°

Evidence is thus lacking on the risk of TBI associated with
AD use in the elderly beyond selected risk groups, as well as
on the variation in risk between AD classes and individual
ADs. To fill these knowledge gaps, we conducted a study in
unselected subjects aged 265 years who initiated the use of
an AD and aimed to quantify the risk of TBI associated with
AD classes and selected individual ADs.

Patients and methods

Ethics and approvals

In Germany, the utilization of health insurance data for sci-
entific research is regulated by the Code of Social Law. All
involved health insurance providers as well as the German
Federal (Social) Insurance Office and the Senator for Sci-
ence, Health and Consumer Protection in Bremen as their
responsible authorities evaluated the protocol and approved
the use of German Pharmacoepidemiological Research
Database (GePaRD) data for this study. GePaRD does not
include any identifying patient data. Informed consent for
studies based on GePaRD is not required by law. According
to the Ethics Committee of the University of Bremen these
studies are exempt from institutional review board review
(determination 14 November 2013).

Data source

This study was conducted using the GePaRD. GePaRD is
based on claims data from four statutory health insurance
providers in Germany and currently includes information
on >20 million persons who have been insured with one of
the participating providers since 2004 or later. In addition

to demographic data, GePaRD contains information on drug
dispensations (including Anatomical and Therapeutic Code
[ATC], defined daily dose [DDD], strength, packaging size,
generic and brand name), outpatient and inpatient services
and diagnoses. Per data year, there is information on ~17%
of the general population and all geographical regions of
Germany are represented. In- and outpatient diagnoses are
coded according to the ICD, 10th revision, German Modifica-
tion (ICD-10-GM). GePaRD data are representative of the
German general population with respect to age, sex, region
of residence and medication dispensations.6-%’

The suitability of GePaRD data for pharmacoepidemio-
logical research has been assessed methodologically and by
validation studies.?® GePaRD has been used for various types
of pharmacoepidemiological studies, such as drug utilization
studies in the elderly?*” and studies investigating the risks
of medications including ADs.?!

Study design
We conducted a case—control study nested in a population-
based cohort of subjects aged =265 years who initiated use of
an AD (new users) between January 1, 2005 and December
31, 2014 (study period). When studying exposures (such as
the use of ADs) and other covariates (such as comorbidities)
that vary over time, especially in large cohorts, the nested
case—control approach represents a computationally efficient
alternative to time-to-event analysis of the entire cohort,?
while providing valid estimates of the relative risk if the
selection of controls is conducted using incidence density
sampling and without biasing restrictions.** We only included
subjects initiating AD treatment, excluding prevalent AD
users (new users design) to avoid bias related to the depletion
of susceptible prevalent users and under-ascertainment of
early adverse effects.’ Initiation was defined as receiving a
first dispensation for an AD without having filled one in the
preceding 365 days. Subjects entered the cohort at the date
of first dispensation (cohort entry). To be eligible, subjects
were required 1) to have at least 12 months of continuous
enrollment before cohort entry and 2) to have not experienced
TBI any time before cohort entry, defined as the absence of
TBI-related hospitalization codes any time before cohort
entry. Each subject was followed from cohort entry to the
date of first hospitalization for TBI, disenrollment from insur-
ance, end of study period or death, whichever occurred first.
Within the person-time at risk, we identified the incident
cases of TBI and randomly selected up to 100 controls per
case using incidence density sampling within the risk set®
with matching on sex, age and length of follow-up. Controls

submit your manuscript

186

Dove

Clinical Epidemiology 2019:11


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Pisa et al

were eligible to be selected more than once and could become
cases later on during follow-up.3* A case was defined as any
cohort member with a TBI-related hospitalization. Cases were
identified by the main discharge codes (Table S1) according
to an established definition® adapted to ICD-10-GM. The
date of admission was defined as the index date (ID). For
controls, the ID was defined as the ID of the corresponding
case. Eligible patients hospitalized for any reason at the ID
of the case were not at risk of being hospitalized for TBI and
thus excluded from the set of potential controls (risk set).?

Exposure definition
Dispensations of ADs were identified through the ATC code
NO6A and categorized into the following classes (Table S2):
tricyclics (TCAs), SSRIs, selective serotonin—noradrenaline
reuptake inhibitors (SSNRIs), noradrenergic and specific
serotonergic ADs (NASSAs), noradrenaline reuptake inhibi-
tors, monoamine oxidase inhibitors as well as herbal and other
ADs (which were not considered for the analysis).
Treatment episodes were defined based on the estimated
supply, as the intended treatment duration and daily dose are
not registered. To account for lower dosage and compliance
in the elderly, supply was estimated as the dispensed amount
of DDDs plus 150% of the DDDs (in sensitivity analysis, no
additional DDDs were considered).***¢ A new dispensation
starting during the supply of the previous one marked the
start of the new treatment episode. Exposure to ADs was
ascertained at ID based on the interval between ID and the
end of the most recent prior treatment episode. Based on this
interval, cases and controls were classified in the following
mutually exclusive categories: 1) current use (supply over-
lapped ID), 2) recent use (supply ended within 30 days before
ID), 3) past use (supply ended 31-90 days before ID) and 4)
remote use (supply ended 291 days before ID), as shown in
Figure S1. This latter category encompassed use of any AD,
while the others were defined separately for each class and
for selected individual agents. Patients being users of two or
more ADs within one exposure category were assigned to the
separate category, multiple use. Switching was assessed as
a separate variable and defined as current use of an AD with
recent use of an AD of a different class.

Covariates and potential confounders

Risk factors of TBI as well as comorbidities, comedications,
indicators of lifestyle habits and indicators of overall health
status were taken into account as potential confounders and
assessed based on data starting from January 1, 2004 to
ensure at least 1 year of look-back period for all patients. As

risk factors of TBI, we considered the factors associated with
the risk of falls in the elderly,® including multimorbidity, use
of multiple medications, some comorbidities (eg, vision dis-
orders) and comedications (eg, antipsychotics, antiepileptics
as well as hypnotics and sedatives).

Comorbidities were ascertained based on inpatient and
confirmed outpatient diagnoses occurring 1) any time before
ID for chronic diseases, 2) within 181 days before and at ID
for acute infectious diseases (such as urinary tract infections
or influenza, which increase the risk of falling)*’*® and 3)
within 365 days before and at ID for comorbidities that are
also proxies of indications, such as depression and anxiety
disorder. Use of comedications was ascertained based on dis-
pensations occurring 1) any time before ID and 2) within 181
days before and at ID for medications potentially affecting
the risk of TBI, such as hypnotics and sedatives. Indicators
of lifestyle habits included alcohol abuse, illicit drug use,
obesity as well as smoking and were estimated based on
related diagnoses and medications any time before ID. As
indicators of overall health status, frailty and use of health
care, we calculated the Charlson Comorbidity Index accord-
ing to the method of Quan et al,** the number of different
medications dispensed in the last 12 months, nursing home
residence (yes/no) and hospitalized time within the 364 days
before ID. ICD-10-GM codes used to identify comorbidities
are provided in Tables S3 and S4.

Statistical analysis

Conditional logistic regression was used to estimate matched
and confounder-adjusted ORs (aORs), with 95% ClIs, in
the current, recent and past use of each AD class, compar-
ing with remote users of any AD, and of the most frequent
individual agents, comparing with remote users of the same
AD as reference. In the model specification, we included all
potential confounders (full model) to reduce the likelihood
of residual confounding. Stratified analyses were performed
by age (6574, 75-84 and =85 years), sex and prior diagnosis
of dementia and of depression as potential effect modifiers.
Depression and dementia were ascertained based on inpa-
tient and confirmed outpatient diagnoses occurring any time
before ID. We performed sensitivity analyses 1) estimating
supply based on the dispensed DDDs without any addition,
2) using remote users of any AD as reference and 2) using
current users of TCAs as reference.

Results
In the cohort of 701,309 new users contributing 2,916,400
person-years of follow-up, 16,750cases of TBI were identified
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and matched to 1,673,320controls. In both groups, 70.4% were
women and the median age was 80 years (IQR 74-85; Table 1).
Compared to controls, cases more frequently had a Charlson
Comorbidity Index >2 (71.2% vs 62.5%), >5% hospitalized
time (27.1% vs 13.4%), used =5 medications (66.4% vs
54.7%), were nursing home residents (8.3% vs 4.0%) and
had conditions potentially affecting the risk of falls. These
conditions included dementia (33.2% vs 18.3%), Parkinson’s
disease or other movement disorders (41.4% vs 33.7%), use
of antipsychotics (35.1% vs 25.3%) or hypnotics and sedatives
(11.8% vs 9.3%) and alcohol abuse (7.0% vs 3.3%).

In current users, the aOR was 1.86 (95% CI: 1.78-1.94)
for SSRI, 1.84 (1.68-2.01) for SSNRI, 1.69 (1.56-1.83) for
multiple ADs and 1.22 (1.15-1.29) for TCAs, compared to
remote users of any AD (Table 2).

Considering current users and comparing with remote
users of the same AD as the reference, all individual SSRIs
and SSNRIs were associated with an increased aOR of TBI.
The aOR ranged from 1.57 (1.20-2.06) for paroxetine to 1.87
(1.56-2.24) for duloxetine, with >60% increase for fluoxetine
(1.64; 1.24-2.15), sertraline (1.66; 1.40—1.97), citalopram
(1.70; 1.58-1.83) and escitalopram (1.74; 1.41-2.15), as

Table | Characteristics of cases of traumatic brain injury and matched controls

Demographics Cases (n=16,750) Controls
(n=1,673,320)
n % n % aOR* | 95% CI®
Sex
Women — -
Men - -
Age (years)
65-74 4,492 26.8 449,145 26.8 - —
75-84 7,394 44.1 739,385 44.2 - -
>85 4,864 29.0 484,790 29.0 - -
Median (25°; 75° percentile) 80 (74; 85) 80 (74,85) |- -
Comorbidities
Depression© 8,929 53.3 795,843 47.6 1.01 (0.98-1.04)
Anxiety disorders® 1,964 1.7 194,354 11.6 0.90 (0.85-0.94)
Dementia“ 5,562 33.2 305,519 18.3 1.75 (1.68—1.82)
Bipolar disorders* 213 1.3 11,447 0.7 1.26 (1.09-1.44)
Schizophrenia® 223 1.3 12,158 0.7 1.14 (0.99-1.30)
Obsessive compulsive disorders® 49 0.3 4,425 0.3 0.97 (0.73-1.28)
Parkinson’s disease and movement disorders* 6,942 414 563,184 33.7 1.14 (1.10-1.18)
Delirium® 488 2.9 14,732 0.9 1.51 (1.37-1.66)
Pain¢ 15,616 93.2 1,557,928 93.1 0.97 (0.91-1.03)
Myocardial infarction® 2,167 12.9 181,721 10.9 1.02 (0.97-1.08)
Other coronary heart disease® 8,679 51.8 805,955 48.2 1.00 (0.96-1.03)
Atrial fibrillation? 4,411 26.3 320,139 19.1 1.21 (1.16—1.26)
Other arrhythmias and conduction disorders® 8,312 49.6 770,645 46.1 1.00 (0.97-1.04)
Valvular disorders and endocarditis? 4,680 27.9 414,867 24.8 1.05 (1.01-1.09)
Pericardial disorders? 217 1.3 16,858 1.0 1.12 (0.98-1.28)
Myocarditis? 79 0.5 8,710 0.5 0.8l (0.65-1.01)
Peripheral vascular disease® 6,470 38.6 584,318 349 1.04 (1.00-1.07)
Hypertension? 14,822 88.5 1,450,023 86.7 1.01 (0.95-1.06)
Chronic pulmonary disease® 8,326 49.7 830,544 49.6 0.92 (0.89-0.96)
Pulmonary circulation disorders? 1,294 7.7 97,524 5.8 .11 (1.04-1.18)
Rheumatoid arthritis, other arthropathies and connective 4,037 24.1 401,908 24.0 0.98 (0.95-1.02)
tissue disorders®
Liver insufficiency? 4,574 27.3 415,310 24.8 1.01 (0.97—-1.04)
Renal insufficiency? 3,997 23.9 330,646 19.8 1.02 (0.98-1.06)
Cancer?® 5,193 31.0 500,400 29.9 1.00 (0.97-1.04)
Diabetes? 6,580 39.3 592,384 35.4 1.00 (0.96—1.04)
Osteoporosis and other diseases of bone density and 6,681 399 642,462 384 0.97 (0.94-1.01)
structure®
Syncope and dizziness® 9,622 574 786,652 47.0 1.38 (1.34-1.43)
(Continued)
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Table | (Continued)

Demographics Cases (n=16,750) Controls
(n=1,673,320)
n % n % aOR* | 95% CI®
Vision disorders? 13,729 82.0 1,361,833 8l1.4 1.04 (1.00-1.09)
Dyslipidemia® 10,845 64.7 1,085,092 64.8 0.94 (0.91-0.97)
Hip or pelvis fracture? 2,944 17.6 217,973 13.0 0.95 (0.91-1.00)
Other fractures? 5,907 353 425,188 25.4 1.38 (1.33-1.43)
Infectious diseases? 6,642 39.7 622,183 372 0.97 (0.94-1.00)
Comedications
Insulin? 1,570 9.4 118,763 7.1 0.98 (0.92-1.04)
Antidiabetic medications? 3,103 18.5 263,683 15.8 1.02 (0.97-1.07)
Antithrombotic medications® 10,913 65.2 917,133 54.8 1.14 (1.10-1.19)
Cardiac glycosides® 2,774 16.6 203,054 12.1 1.09 (1.03-1.14)
Antiarrhythmic medications? 895 53 67,071 4.0 1.02 (0.95-1.10)
Other antihypertensive medications? 1,637 9.8 158,416 9.5 0.93 (0.88-0.98)
Diuretics® 10,424 62.2 921,438 55.1 1.02 (0.98—1.06)
Vasodilators? 5,964 35.6 572,529 34.2 0.94 (0.91-0.98)
B-Adrenergic agonists® 10,895 65.0 1,031,895 61.7 0.96 (0.93-1.00)
Calcium antagonists® 7,680 45.9 731,923 43.7 0.97 (0.93-1.00)
ACE inhibitors? 10,932 65.3 1,015,792 60.7 1.03 (0.99-1.07)
Angiotensin |l antagonists® 5017 30.0 500,072 29.9 0.99 (0.95-1.02)
Lipid-lowering medications? 7,741 46.2 719,184 43.0 1.02 (0.99-1.06)
Hormone therapy® 4,429 26.4 456,466 27.3 0.98 (0.94-1.02)
Glucocorticoids® 6,189 36.9 619,758 37.0 0.97 (0.94-1.00)
Antiparkinson medications? 2,740 16.4 211,964 12.7 1.03 (0.99-1.08)
Respiratory medications? 5,033 30.0 505,948 30.2 0.94 (0.90-0.98)
Nonsteroidal anti-inflammatory medications? 14,232 85.0 1,409,458 84.2 1.04 (0.99-1.09)
Antipsychoticse 5,880 35.1 422,562 25.3 1.06 (1.02-1.10)
Antiepilepticse 1,954 1.7 143,021 8.5 1.07 (1.01-1.12)
Anxiolyticse 2,059 12.3 171,987 10.3 1.03 (0.98-1.08)
Hypnotics and sedativest 1,980 1.8 155,927 9.3 1.07 (1.02—1.13)
Muscle relaxantss 466 2.8 51,331 3.1 0.81 (0.74-0.89)
Indicators of lifestyle habits
Alcohol abuse 1,179 7.0 55,294 3.3 1.78 (1.67—1.90)
lllicit drug use 625 3.7 50,116 3.0 0.96 (0.89—1.04)
Obesity 3,886 23.2 376,683 22.5 0.93 (0.90-0.97)
Smoking 792 4.7 69,861 4.2 0.95 (0.88-1.02)
Indicators of health status, frailty and use of health care
Charlson Comorbidity Index >2¢" 11,920 71.2 1,045,988 62.5 1.12 (1.07-1.17)
Number of medications™
14 5,296 31.6 697,888 41.7 1.10 (0.98-1.23)
5-8 7,229 43.2 666,923 39.9 1.25 (1.11-1.41)
9 and more 3,888 23.2 248,109 14.8 1.46 (1.28-1.66)
Nursing home residence<" 1,390 8.3 67,039 4.0 1.12 (1.05-1.19)
Hospitalized time >5%¢" 4,544 27.1 224,770 13.4 1.72 (1.65-1.79)

Notes: *Model adjusted for myocardial infarction, other coronary heart disease, atrial fibrillation, other cardiac arrhythmias and conduction disorders, valvular disorders and
endocarditis, pericardial disorders, myocarditis, peripheral vascular disease, hypertension, dementia, chronic pulmonary disease, pulmonary circulation disorders, rheumatic
arthritis/collagen vascular disease, liver disease, Parkinson’s disease, other extrapyramidal and movement disorders, depression, diabetes, renal failure, cancer (except
malignant neoplasm of the skin), obesity, alcohol abuse, drug abuse, osteoporosis and other disorders of bone density and structure, syncope, dizziness and tendency to
fall, vision disorders, dyslipidemia, bipolar disorders, schizophrenia, smoking, anxiety disorders, obsessive compulsive disorders, other movement disorders, pain, infectious
diseases, delirium, use of insulin, antidiabetic medications, antithrombotic medications, cardiac glycosides, antiarrhythmic medications, other antihypertensive medications,
diuretics, vasodilators, B-adrenergic agonists, calcium antagonists, ACE inhibitors, angiotensin Il antagonists, lipid-lowering medications, hormone therapy, glucocorticoids,
antiparkinson medications, respiratory medications, nonsteroidal anti-inflammatory medications, antipsychotics, antiepileptic medications, anxiolytics, hypnotics and sedatives,
muscle relaxants, number of medications (1-4, 5-8, 9 and more), hospitalized time (<5%, >5%), Charlson Comorbidity Index (<2, >2) and nursing home residence. *95%
Cl. “Assessed within 365 days before the index date and at the index date. Assessed any time before the index date. *Except malignant neoplasm of the skin. Includes both
type | and type 2 diabetes. éAssessed within |81 days before and at the index date. "Cutoffs were defined as follows: for Charlson Comorbidity Index the first tertile among
controls, for number of medications prior studies, for hospitalized time the first decile among controls. ‘Medication of different therapeutic classes.

Abbreviations: ACE, angiotensin converting enzyme; aOR, adjusted OR.

Clinical Epidemiology 2019:1 | submit your manuscript 189

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Pisa et al

Dove

Table 2 OR with 95% CI of traumatic brain injury in current, recent and past users of ADs compared with remote users of any AD

Cases (n=16,750) Controls (n=1,673,320) Matched OR® Adjusted OR®
n % n % (95% CI) (95% CI)

Remote use of any AD® 8,432 50.3 1,004,327 60.0 1.00 (-) 1.00 (-)
TCA

Current use 1,620 9.7 172,230 10.3 1.30 (1.23-1.38) 1.22 (1.15-1.29)

Recent use 394 2.4 48,554 2.9 1.14 (1.03-1.26) .11 (1.00-1.23)

Past use 422 2.5 60,234 3.6 0.97 (0.88-1.08) 0.98 (0.88-1.08)
SSRI

Current use 3,735 223 205,603 12.3 2.52 (2.41-2.62) 1.86 (1.78—1.94)

Recent use 104 0.6 9,101 0.5 1.59 (1.31-1.94) 1.27 (1.05-1.55)

Past use 158 0.9 14,429 0.9 I.51 (1.29-1.77) 1.23 (1.04—1.44)
NASSA

Current use 1,273 7.6 115,607 6.9 1.53 (1.44-1.63) 1.12 (1.05-1.20)

Recent use 104 0.6 9,875 0.6 1.48 (1.22—-1.80) 1.22 (1.01-1.49)

Past use 131 0.8 13,266 0.8 1.37 (1.15-1.63) 1.15 (0.96-1.37)
SSNRI

Current use 575 34 31,335 1.9 2.48 (2.27-2.70) 1.84 (1.68-2.01)

Recent use 24 0.1 2,110 0.1 1.58 (1.06-2.37) 1.27 (0.85-1.90)

Past use 26 0.2 2,956 0.2 1.21 (0.82-1.78) 0.97 (0.66—1.43)
MAO

Current use 13 0.1 1,734 0.1 1.04 (0.60-1.79) 0.80 (0.46—1.38)

Recent use 3 <0.1 107 <0.1 3.95 (1.26-12.37) 3.27 (1.03-10.37)

Past use 2 <0.1 167 <0.1 1.66 (0.41-6.70) 1.35 (0.33-5.46)
NARI

Current use 19 0.1 1,207 0.1 2.20 (1.40-3.47) 1.55 (0.98-2.45)

Recent use 2 <0.1 138 <0.1 2.04 (0.50-8.22) 1.31 (0.32-5.32)

Past use | <0.1 188 <0.1 0.74 (0.10-5.29) 0.55 (0.08-3.96)
Other Ads

Current use 77 0.5 5,153 0.3 2.05 (1.63-2.57) 1.45 (1.15-1.82)

Recent use 8 <0.1 716 <0.1 1.57 (0.78-3.14) 1.07 (0.53-2.16)

Past use 13 0.1 918 0.1 1.94 (1.12-3.36) 1.4 (0.81-2.42)
Multiple AD

Current use 1,005 6.0 52,313 3.1 2.58 (2.42-2.76) 1.69 (1.56—1.83)

Recent use 7 <0.1 603 <0.1 1.59 (0.75-3.35) 1.17 (0.55-2.47)

Past use 16 0.1 1,462 0.1 1.49 (0.91-2.43) 1.19 (0.73-1.96)

Current switchers? 556 33 28,675 1.7 1.97 (1.81-2.15) 1.08 (0.98-1.19)

Notes: *Adjusted for age, sex and length of follow-up by matching. ®Model adjusted for myocardial infarction, other coronary heart disease, atrial fibrillation, other
cardiac arrhythmias and conduction disorders, valvular disorders and endocarditis, pericardial disorders, myocarditis, peripheral vascular disease, hypertension, dementia,
chronic pulmonary disease, pulmonary circulation disorders, rheumatic arthritis/collagen vascular disease, liver disease, Parkinson’s disease, other extrapyramidal and
movement disorders, depression, diabetes, renal failure, cancer (except malignant neoplasm of the skin), obesity, alcohol abuse, drug abuse, osteoporosis and other
disorders of bone density and structure, syncope, dizziness and tendency to fall, vision disorders, dyslipidemia, bipolar disorders, schizophrenia, smoking, anxiety disorders,
obsessive compulsive disorders, other movement disorders, pain, infectious diseases, delirium, use of insulin, antidiabetic medications, antithrombotic medications, cardiac
glycosides, antiarrhythmic medications, other antihypertensive medications, diuretics, vasodilators, 3-adrenergic agonists, calcium antagonists, ACE inhibitors, angiotensin Il
antagonists, lipid-lowering medications, hormone therapy, glucocorticoids, antiparkinson medications, respiratory medications, nonsteroidal anti-inflammatory medications,
antipsychotics, antiepileptic medications, anxiolytics, hypnotics and sedatives, muscle relaxants, number of medications (14, 5-8, 9 and more), hospitalized time (<5%, >5%),
Charlson Comorbidity Index (<2, >2), nursing home residence. ‘Reference category. ‘Current switching: current use of one AD class with recent use of a different AD class.
Abbreviations: ACE, angiotensin converting enzyme; AD, antidepressant; MAO, monoamine oxidase inhibitor; NARI, noradrenaline reuptake inhibitor; NASSA,
noradrenergic and specific serotonergic antidepressant; SSNRI, selective serotonin—noradrenaline reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor; TCA,
tricyclic.

shown in Table 3. Among TCAs, the aOR was increased
only for opipramol (1.11; 0.99-1.25), trimipramine (1.17;
0.99—1.38) and amitriptyline (1.45; 1.32—1.58). Mirtazapine
had an aOR of 1.03 (0.94—1.12). Recent users of fluoxetine
(2.18; 1.01-4.73) and amitriptyline (1.38; 1.17-1.62) had
statistically significant increased risk. Using remote users of
any AD as the reference, the increase in aOR was statistically

significant also in recent and past users of citalopram (1.33;
1.07-1.66 and 1.26; 1.05-1.51, respectively) and in recent
users of mirtazapine (1.22; 1.00—1.48).

Patients with and without dementia had a similar pattern
of aOR for all ADs (Figure 1).

Sensitivity analysis using the DDDs without any addition
to estimate supply confirmed the results in current users of all
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Table 3 OR with 95% CI of traumatic brain injury in current, recent and past users of individual AD compared with remote users of
the same individual AD or with remote users of any AD

Cases Controls Reference category: remote users
(n=16,750) (n=1,673,320) Of the same individual AD Of any AD
Matched OR* Adjusted OR® Adjusted OR®
n % n % (95% CI) (95% CI) (95% CI)
Remote use of any AD® 8,432 50.3 1,004,327 60.0 - - 1.00 (-)
TCA
Doxepin
Current use 213 1.3 26,413 1.6 1.10 (0.95-1.27) 1.05 (0.90-1.23) 0.71 (0.58-0.86)
Recent use 80 0.5 9,925 0.6 I.11 (0.89-1.38) 1.11 (0.88-1.40) 0.84 (0.56—1.26)
Past use 96 0.6 11,495 0.7 1.2 (0.90-1.36) 1.18 (0.95—1.46) 0.89 (0.61-1.31)
Remote use* 892 5.3 119,746 7.2 1.00 (-) 1.00 (-) —
Amitriptyline
Current use 754 4.5 69,046 4.1 1.55 (1.43-1.69) 1.45 (1.32-1.58) 1.34 (1.24-1.44)
Recent use 163 1.0 16,743 1.0 1.39 (1.18-1.63) 1.38 (1.17-1.62) 1.27 (1.09-1.49)
Past use 157 0.9 20,452 1.2 1.09 (0.93-1.29) 1.09 (0.92-1.29) 1.01 (0.86-1.19)
Remote use* 1,792 10.7 251,065 15.0 1.00 (-) 1.00 (-) —
Opipramol
Current use 371 2.2 49,797 3.0 1.09 (0.97-1.23) I.11 (0.99-1.25) 1.03 (0.93-1.15)
Recent use 73 0.4 11,178 0.7 0.96 (0.76-1.21) 1.02 (0.81-1.30) 0.95 (0.75-1.20)
Past use 80 0.5 14,716 0.9 0.8 (0.63-1.00) 0.85 (0.68-1.07) 0.79 (0.64-0.99)
Remote use? 1,461 8.7 212,541 12.7 1.00 (-) 1.00 (-) =
Trimipramine
Current use 172 1.0 19,928 1.2 1.16 (0.98-1.37) 1.17 (0.99-1.38) 1.14 (0.98-1.33)
Recent use 58 0.3 8,836 0.5 0.88 (0.67-1.15) 0.92 (0.70-1.21) 0.91 (0.70-1.18)
Past use 73 0.4 11,585 0.7 0.85 (0.66—1.08) 0.90 (0.70-1.14) 0.88 (0.70-1.11)
Remote use* 803 4.8 107,497 6.4 1.00 (-) 1.00 (-) —
SSRI
Sertraline
Current use 422 2.5 23,195 1.4 1.88 (1.59-2.22) 1.66 (1.40-1.97) 1.80 (1.63—2.00)
Recent use 4 <0.1 816 <0.1 0.51 (0.19-1.37) 0.51 (0.19-1.37) 0.55 (0.21-1.48)
Past use I3 0.1 1,323 0.1 1.01 (0.58-1.78) 1.00 (0.57-1.75) 1.08 (0.63-1.88)
Remote use* 217 1.3 22,339 1.3 1.00 (-) 1.00 (-) —
Citalopram
Current use 2,807 16.8 150,836 9 2.0 (1.87-2.14) 1.70 (1.58-1.83) 1.87 (1.78-1.96)
Recent use 83 0.5 6,730 0.4 1.33 (1.06-1.66) 1.21 (0.96-1.52) 1.33 (1.07-1.66)
Past use 123 0.7 10,719 0.6 1.23 (1.02-1.48) 1.14 (0.95—1.38) 1.26 (1.05-1.51)
Remote use? 1,352 8.1 141,697 85 1.00 (-) 1.00 (-) =
Paroxetine
Current use 116 0.7 8,836 0.5 1.61 (1.23-2.10) 1.57 (1.20-2.06) 1.56 (1.30-1.88)
Recent use 4 <0.1 484 <0.1 1.01 (0.37-2.77) 1.07 (0.39-2.93) 1.07 (0.40-2.87)
Past use 6 <0.1 661 <0.1 I.11 (0.49-2.55) 1.13 (0.49-2.59) 1.13 (0.50-2.52)
Remote use* 104 0.6 12,751 0.8 1.00 (-) 1.00 (-) —
Fluoxetine
Current use 98 0.6 7,145 0.4 1.70 (1.29-2.23) 1.64 (1.24-2.15) 1.59 (1.30-1.94)
Recent use 7 <0.1 414 <0.1 2.10 (0.974.53) 2.18 (1.01-4.73) 2.12 (1.004.49)
Past use 6 <0.1 686 <0.1 1.08 (0.47-2.47) 1.11 (0.49-2.55) 1.09 (0.49-2.43)
Remote use* |14 0.7 14,100 0.8 1.00 (-) 1.00 (-) —
Escitalopram
Current use 213 1.3 12,071 0.7 1.92 (1.57-2.36) 1.74 (1.41-2.15) 1.76 (1.53-2.03)
Recent use 6 <0.1 609 <0.1 1.07 (0.47-2.44) 1.07 (0.47-2.44) 1.09 (0.48-2.43)
Past use 9 0.1 950 0.1 1.03 (0.53-2.02) 1.01 (0.51-1.99) 1.03 (0.53-1.99)
Remote use* 168 1.0 18,234 I.1 1.00 (-) 1.00 (-) —
NASSA
Mirtazapine
Current use 1,262 7.5 114,605 6.8 1.22 (1.13-1.32) 1.03 (0.94-1.12) 1.11 (1.04-1.18)
Recent use 102 0.6 9,606 0.6 1.18 (0.96—1.45) 1.12 (0.91-1.38) 1.22 (1.00-1.48)
(Continued)
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Table 3 (Continued)
Cases Controls Reference category: remote users
(n=16,750) (n=1,673,320) Of the same individual AD Of any AD
Matched OR® Adjusted OR" Adjusted OR®
n % n % (95% CI) (95% CI) (95% CI)
Past use 128 0.8 12,944 0.8 1.10 (0.91-1.32) 1.05 (0.87-1.26) 1.13 (0.95-1.35)
Remote use* 1,351 8.1 149,402 8.9 1.00 (-) 1.00 (-)
SSNRI
Duloxetine
Current use 267 1.6 14,857 0.9 2.14 (1.79-2.55) 1.87 (1.56-2.24) 1.81 (1.59-2.05)
Recent use I 0.1 1,170 0.1 1.12 (0.61-2.06) 1.12 (0.61-2.06) 1.08 (0.60-1.97)
Past use 17 0.1 1,726 0.1 1.17 (0.71-1.92) 1.12 (0.68-1.85) 1.09 (0.67-1.76)
Remote use* 237 1.4 28,123 1.7 1.00 (-) 1.00 (-) —
Venlafaxine
Current use 302 1.8 16,335 1.0 2.01 (1.66-2.42) 1.76 (1.45-2.15) 1.81 (1.61-2.04)
Recent use 13 0.1 939 0.1 1.5 (0.85-2.65) 1.41 (0.80-2.50) 1.45 (0.84-2.51)
Past use 9 0.1 1,222 0.1 0.8 (0.41-1.57) 0.76 (0.39-1.50) 0.78 (0.41-1.51)
Remote use? 171 1.0 18,576 1.1 1.00 (-) 1.00 (-) -

Notes: *Adjusted for age, sex and length of follow-up by matching. ®Model adjusted for myocardial infarction, other coronary heart disease, atrial fibrillation, other
cardiac arrhythmias and conduction disorders, valvular disorders and endocarditis, pericardial disorders, myocarditis, peripheral vascular disease, hypertension, dementia,
chronic pulmonary disease, pulmonary circulation disorders, rheumatic arthritis/collagen vascular disease, liver disease, Parkinson’s disease, other extrapyramidal and
movement disorders, depression, diabetes, renal failure, cancer (except malignant neoplasm of the skin), obesity, alcohol abuse, drug abuse, osteoporosis and other
disorders of bone density and structure, syncope, dizziness and tendency to fall, vision disorders, dyslipidemia, bipolar disorders, schizophrenia, smoking, anxiety disorders,
obsessive compulsive disorders, other movement disorders, pain, infectious diseases, delirium, use of insulin, antidiabetic medications, antithrombotic medications, cardiac
glycosides, antiarrhythmic medications, other antihypertensive medications, diuretics, vasodilators, 3-adrenergic agonists, calcium antagonists, ACE inhibitors, angiotensin Il
antagonists, lipid-lowering medications, hormone therapy, glucocorticoids, antiparkinson medications, respiratory medications, nonsteroidal anti-inflammatory medications,
antipsychotics, antiepileptic medications, anxiolytics, hypnotics and sedatives, muscle relaxants, number of medications (14, 5-8, 9 and more), hospitalized time (<5%, >5%),
Charlson Comorbidity Index (<2, >2), nursing home residence. “Reference category remote users of any AD. ‘Reference category remote users of the same AD.
Abbreviations: ACE, angiotensin converting enzyme; AD, antidepressant; MAO, monoamine oxidase inhibitor; NARI, noradrenaline reuptake inhibitor; NASSA,
noradrenergic and specific serotonergic antidepressant; SSNRI, selective serotonin—noradrenaline reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor; TCA,
tricyclic.

ADs (Table S5). Compared to current users of TCAs, current
users of SSRIs had an aOR of 1.52 (1.43—1.62) and current
users of SSNRIs had an aOR of 1.51 (1.37-1.66), as shown in
Table S6. Results were similar in all age groups (Figure S2),

the one hand, this is unexpected, given that both classes may
induce adverse effects such as sedation and dizziness;'® but
on the other hand, also for hip fractures, another fall-related
outcome, studies consistently found a stronger association
for SSRIs than for TCAs.2*4° Potential mechanism explain-
ing this difference should be explored. The large variability

between men and women (Figure S3) and when the analysis

was restricted to patients with depression (Figure S4).
between individual ADs observed in our study shows the

Discussion

To our knowledge, this is the first study assessing the risk

importance of considering the safety of individual agents
rather than focusing on AD class alone.

of TBI among users of ADs in an unselected population- So far, the association between TBI and AD use has
based cohort of older adults. Given our large sample size of  been investigated in only one study that was restricted to
>700,000 new users, we were able to assess the risk forindi-  a high-risk group, that is, patients with Alzheimer’s dis-
vidual ADs. Taking into account a wide range of comorbidi-  ease.' In that study, the risk in current users of SSRIs was
ties, use of comedications and other potential confounding  17%, which was lower than in our study and did not reach
factors, we found that current users of duloxetine had >80% statistical significance due to the limited number of TBIs
increased risk of TBI and that fluoxetine, sertraline, citalo- among SSRIs users. The difference in risk estimates may
pram and escitalopram had >60% increased risk, comparedto  be explained by differences in the proportion of individual
remote users of the same AD. The increase in risk was lower ~ ADs included in the SSRI class, reflecting study-specific
for current users of paroxetine (57%), amitriptyline (45%), prescribing patterns.
trimipramine (17%) and opipramol (11%). All examined indi-

vidual SSRIs had a higher risk than the individual TCAs. On

Due to the lack of studies focusing on the association
between TBI and individual agents, our results can only be
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Dementia: yes

aOR 95% Cl
TCA
Doxepin
Current use 0.99 (0.72-1.36)
Recent use 0.89 (0.53-1.51)
Past use 1.45 (0.93-2.26)
Amitriptyline
Current use 1.38 (1.13-1.67)
Recent use 1.50 (1.06-2.13)
Past use 0.94 (0.62-1.41)
Opipramol
Current use 1.05 (0.83-1.34)
Recent use 1.23 (0.76-2.01)
Past use 0.65 (0.35-1.21)

Trimipramine

Current use 1.12 (0.81-1.53)

Recent use 0.78 (0.44-1.36)
Past use 0.87 (0.53-1.44)
SSRI

Sertraline

Current use 1.43 (1.09-1.86)
Recent use -

Past use 0.73 (0.29-1.87)
Citalopram

Current use 1.58 (1.40-1.78)
Recent use 1.36 (0.96-1.92)
Past use 1.03 (0.75-1.41)
Paroxetine

Current use 1.06 (0.63-1.79)
Recent use 0.75 (0.09-6.06)
Past use 0.87 (0.07—4.35)
Fluoxetine

Current use 1.63 (1.00-2.66)
Recent use 2.13 (0.46-9.82)
Past use 0.89 (0.13-7.55)

Escitalopram

Current use 1.34 (0.95-1.89)

Recent use 0.43 (0.06-3.18)
Past use 1.22 (0.43-3.48)
NASSA

Mirtazapine

Current use 0.98 (0.85-1.13)
Recent use 1.16 (0.82-1.63)
Past use 1.07 (0.78-1.47)
SSNRI

Duloxetine

Current use 1.51(1.05-2.16)
Recent use 0.38 (0.09-1.65)
Past use 0.94 (0.33-2.70)
Venlafaxine

Current use 1.32(0.92-1.89)
Recent use 1.90 (0.77-4.73)
Past use -

0 1 2 3 4

Dementia: no
aOR 95% CI

1.05 (0.88-1.25)
1.16 (0.89-1.50)
1.11 (0.87-1.43)

1.44 (1.30-1.60)
1.31 (1.09-1.58)
1.14 (0.95-1.37)

1.09 (0.95-1.25)
0.98 (0.74-1.30)
0.93 (0.72-1.19)

1.14 (0.93-1.39)
1.00 (0.73-1.36)
0.91 (0.69-1.21)

1.79 (1.43-2.25)
0.98 (0.36-2.67)
1.08 (0.52-2.22)

1.80 (1.64-1.97)
1.12 (0.82-1.51)
1.20 (0.94-1.53)

1.75 (1.27-2.41)
1.09 (0.34-3.48)
1.28 (0.51-3.20)

1.59 (1.13-2.24)
2.51 (1.00-6.28)
1.33 (0.53-3.32)

1.96 (1.50-2.57)
1.45 (0.58-3.61)
0.99 (0.40-2.45)

1.00 (0.90-1.12)
1.05 (0.80-1.36)
0.99 (0.78-1.25)

1.92 (1.55-2.38)
1.37 (0.69-2.69)
1.15 (0.65-2.04)

2.00 (1.58-2.53)

1.18 (0.54-2.55)
1.03 (0.50-2.12)

5 0 1 2 3 4 5

Figure | aOR with 95% CI of traumatic brain injury in users of antidepressants compared with remote users of any AD, by diagnosed dementia.
Abbreviations: AD, antidepressant; aOR, adjusted OR; NASSA, noradrenergic and specific serotonergic antidepressant; SSNRI, selective serotonin—noradrenaline reuptake

inhibitor; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic.

indirectly compared with studies investigating falls as an out-
come, the main cause of TBI in the elderly. In one large cohort
of elderly with depression based on a general practice care
database in the UK, the risk of falls was increased between
60% and 80% for citalopram, escitalopram, sertraline, fluox-
etine and venlafaxine, between 30% and 50% for paroxetine
and amitriptyline and by 20% for mirtazapine.” In another
cohort of French community-dwelling elderly based on in-
person interview and clinical examination restricted to SSRIs,

the risk of falls was twofold increased for citalopram, by 50%
for sertraline and paroxetine and by 38% for fluoxetine.*! We
could not compare our findings regarding duloxetine because
both studies did not evaluate this AD.

In the interpretation of our results, limitations due to the
nature of secondary data have to be considered, including
lack of direct information on the duration of treatment or
direct clinical measures of certain patient characteristics
such as frailty or cognitive status. We used elaborate meth-
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ods to overcome these limitations as much as possible, as
addressed and discussed in the following paragraphs for the
various aspects.

In our study, the risk remained elevated shortly (30 days)
after the end of supply for fluoxetine and amitriptyline.
Similarly, in a large multidatabase study, the risk of hip
fractures remained elevated within 60 days after the end
of AD treatment.'® Our finding may partially be explained
by residual misclassification of exposure, resulting from
estimating treatment episodes without considering overlap-
ping supply from prior dispensings and variations of dose
by indication and during the treatment (eg, titration beyond
the starting dose). As the results did not change substantially
in sensitivity analysis assuming no additional dose, relevant
misclassification of exposure is unlikely. Moreover, the
strength of our study is the ascertainment of exposure based
on dispensations. Contrary to prescriptions or information
extracted from medical documentation, dispensations reflect
medications actually redeemed at the pharmacy level.

An alternative explanation is that the risk was actually
increased over the first weeks after treatment end because
of persisting medication effects or as a consequence of dis-
continuation symptoms such as dizziness, tremors or sleep
disturbances.

We defined the outcome as TBI leading to hospitalization,
thus focusing on clinically relevant events. Milder events not
leading to hospitalization have not been captured, but their
number should be low since elderly patients also with milder
TBI are commonly evaluated in the hospital. In Germany,
hospital main discharge diagnoses are considered to have a
high validity since they are based on all information relevant
to diagnosis (including laboratory tests and imaging results)
during the in-hospital stay and are subject to regular inspec-
tion. TBI is generally accurately diagnosed, since imaging
is indicated in all adult trauma patients with presentation
suggestive of TBI (including but not limited to loss or distur-
bances of consciousness, signs of skull fracture, cerebrospinal
fluid leak), but recommended also in dubious cases, who
are kept under observation.*? Therefore, misclassification of
the outcome should be minimal. Moreover, hospital main
discharge diagnoses are based on all information relevant to
the diagnosis (including laboratory tests and imaging results)
produced during the in-hospital stay. Out-of-hospital deaths
due to TBI were not included since causes of death are not
available in GePaRD. However, age-adjusted rates of mortal-
ity for TBI are much lower than those of hospital discharge
rates for TBI in Europe and in Germany specifically,* and the
resulting potential bias was most likely non-differential with

respect to use of AD. As the ICD-10-GM classification does
not include codes for external causes of injuries, we could
not perform sensitivity analyses restricting to events coded as
fall-related TBIs. Falls are by large the leading cause of TBI in
the elderly, while causes other than falls (such as being struck
by or against an object and motor vehicle crashes) are much
rarer in this population®* and most likely occur equally with
respect to AD use. Thus, the relative risk should not be biased.
Moreover, external cause coding has a very low accuracy.®

We extensively adjusted for several potential confounders,
including proxies for indications, and the adjustment slightly
lowered the point estimates, suggesting that confounding
effects were controlled for. Nevertheless, residual confound-
ing, particularly by indication, may have influenced the
results. SSRIs are considered the first-line therapy for late-life
depression due to their superior safety profile over TCAs,
and may have been preferentially prescribed to patients with
multiple comorbidities, who are at higher risk of falls.® ADs
in the elderly are used for a wide spectrum of indications,
which differs considerably between individual agents.

However, the results in the more homogeneous group
of patients with depression were comparable to the overall
results; thus, residual confounding by indication likely was
small, if there was any. Moreover, when we compared with
subjects currently treated with TCAs (active treatment com-
parator), current users of SSRIs and SSNRIs had lower, but
still statistically significant increased risks. We compared
subjects currently treated with ADs with subjects who used
any ADs in the past but were not currently treated. If the
indication for treatment independently increases the risk of
TBI, the excess risk may have been overestimated (indication
bias). However, the analysis comparing with subjects who
used the same AD in the past confirmed the results, except
for a lack of association in current users of mirtazapine and
a 210 percentage points difference in current users of ser-
traline (with risk slightly decreased) and amitriptyline (with
risk slightly increased).

Between-person comparisons do not account for con-
founding due to patient-specific characteristics that are
constant over time, such as habitual physical activity, perma-
nent disabilities or constant regular use of nonprescription
medications. We thus assessed the feasibility of a case-
crossover analysis. Based on within-person comparison, the
case-crossover design effectively addresses time-invariant
confounders and provides valid estimates of risk when the
exposure is transient and the outcome is acute.*** Although
we used multiple control time windows, the very low number
of subjects with discordant exposure in the case and control
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time windows hindered meaningful and precise risk estimates
to be obtained. In this cohort, ADs were mostly taken chroni-
cally or over long periods; thus, the requirement for a transient
exposure was met only in the small subgroup of intermittent
or non-adherent users, which may substantially differ from
continuous users. Thus, the resulting estimates were not only
highly imprecise, but also flawed by selection bias.
Residual confounding due to factors unmeasured or not
adequately measured in secondary data may persist. These
factors include lifestyle habits, frailty, cognitive and functional
impairment, history of falls and severity of depression. Among
lifestyle habits, alcohol abuse, in particular, may be associated
with the risk of TBI. We estimated the indicators of lifestyle
habits based on related diagnoses and medications; therefore,
we accounted for alcohol abuse with impact on patient health,
but likely not for less-severe or more recent abuse. We adjusted
for several indicators of frailty independently, such as nursing
home residency, comorbidities and number of medications, to
account for multiple dimensions of frailty with different effects
on fall risk. Moreover, we adjusted for prior hip and other frac-
tures as indicators of (at least the most severe) falls and also
for medications potentially affecting the risk of falls assessed
shortly before and at ID to better approximate concurrent use.

Conclusion
In this large cohort of unselected elderly new users of ADs,
the risk of TBI was increased in current users of most ADs
compared to remote user of any AD. Taking into account
a wide range of comorbidities, use of comedications and
other potential confounding factors, we observed differences
between individual agents. The increase in risk was higher
in current users of duloxetine (>80%), fluoxetine, sertraline,
citalopram and escitalopram (>60%), while it was lower in
current users of paroxetine (57%), amitriptyline (45%),
trimipramine (17%) and opipramol (11%). These results
were consistent in subjects with and without depression or
dementia, in men and women and across all age groups.
While all examined individual SSRIs had a higher risk
than the individual TCAs, the large variability between indi-
vidual ADs shows the importance of considering the safety
of individual agents rather than focusing on class alone.
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