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3. Timeline: Data are currently available. Analyses and manuscript preparation will be
performed over the next 6-12 months.

4. Rationale: The peripheral and central olfactory ©2012 AAN Enterprises

Frontal

structures are centrally located in the medial forebrain,
making it particularly vulnerable to injury following blunt
force to the head, face and nose. Indeed, traumatic brain
injury (TBI) represents a primary contributor of olfactory
loss in adults, representing approximately 14 to 20% of
patients with olfactory loss.* The magnitude of olfactory
dysfunction following TBI can vary as a function of injury
severity with incidence rates increasing from 0 to 13% in
mild TBI to 15 to 30% following moderate to severe TBI.>
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mechanical injury of the sinonasal tract, olfactory bulbs

and olfactory-eloguent cortical brain regions.* Severe depression, post-traumatic epilepsy, and
medications prescribed for TBI management may also contribute to the degree of olfactory
dysfunction observed.*

Early case reports by Jackson and Ogle dating back to the late 1800s were among the first to
propose a link between head injury and smell loss.> ® Sumner (1964) followed up this work with
the largest clinical case series of head injury patients (n=1,167) in which olfaction was assessed
using self-report and non-standardized olfactory testing.” Approximately 5-7% of this sample
were defined as anosmic and increased olfactory disturbance was observed in those with greater
head injury severity. Since the publication of this large case series, the development of
standardized olfactory psychophysical assessments and sophisticated neuroimaging and
electrophysiological techniques have allowed for a more thorough understanding of this
relationship. Compared to other senses, patients often underestimate or are unaware of olfactory
loss, which has limited the use of self-report in capturing the prevalence of anosmia following
TBI. When standardized testing is employed, significant differences between adult TBI patients
and controls are reliably observed across measures of odor identification,®*° discrimination,'*4
and detection threshold. " Initial work by Sumner (1964)’ found that occipital impacts were
associated with greater olfactory loss when compared to frontal and other sites of impact. Doty et
al. (1997) later replicated and extended this work using quantitative MRI to capture the location
and extent of head injury, along with standardized olfactory assessment.® In 268 patients with
head trauma, 87.3% had olfactory difficulties in the hyposmia to anosmia range, with trauma
severity and location of impact (occipital and side impacts) influencing the degree of olfactory
loss. Olfactory loss in TBI is associated with damage to the olfactory bulbs, olfactory tracts, and
frontotemporal regions of the brain,'® 1 which likely result from bruising from blunt movement
across the irregular skull base.*” Olfactory event-related potentials (0ERPs) are absent in
approximately 33% of individuals with TBI-related olfactory loss with abnormal response
latencies and amplitudes observed in the remaining 66% when compared to controls.!®



Much of our understanding of the relationship between olfaction and head injury is based on
studies plagued by selection bias, in which only those TBI patients complaining of smell loss
undergo formal olfactory assessment. Prior studies are limited by small samples, lack of
standardized olfactory assessment, incomplete information on injury characteristics and
inadequate case-control design. The Atherosclerosis Risk in Communities Study provides a
unique opportunity to examine the association between head injury and objective olfactory
performance in a large community-based biracial cohort of older adults. Head injury information
in ARIC is documented via self-report of head injuries requiring physician/hospital care, number
of head injuries, and year of head injury. Additional head injury information is available from
hospitalization records (ICD-9/10 codes) of all community hospitals through ARIC Study
surveillance, allowing for additional analyses of TBI severity. Furthermore, olfactory
performance is assessed formally using the 12-item Sniffin Sticks. In the current proposal, we
will examine the cross-sectional and longitudinal relationship between head injury and olfactory
performance and the influence of the number and severity of head injury on olfactory
performance.

5. Main Hypothesis/Study Questions:

Aim 1: To examine the cross-sectional (Visit 5) relationship between prior head injury and
olfactory performance.

Hypothesis 1: We hypothesize that prior head injury will be associated with increased olfactory
dysfunction, and that individuals with multiple prior head injuries and more severe prior head
injuries will have greater olfactory dysfunction.

Aim 2: To examine the prospective (Visit 5 to Visit 6) relationship between prior head injury and
olfactory performance.

Hypothesis 2: We hypothesize that prior head injury will be associated with worsening olfactory
function over time, and that individuals with multiple prior head injuries and more severe prior
head injuries will have greater worsening in olfactory function over time.

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Study Design: Cross-sectional (Visit 5) and prospective (Visit 5 to Visit 6) analyses.

Inclusion/Exclusion Criteria: The cross-sectional analysis will include ARIC Visit 5 participants
with non-missing head injury, olfaction, and covariate data. Participants self-identified as non-
white or non-black race, black participants from the Minnesota and Maryland sites, will also be
excluded from this analysis. We will additionally exclude individuals with prior brain tumor,
skull/brain surgery or radiation. The prospective analyses will be restricted to the subpopulation
who also underwent olfactory testing at ARIC Visit 6.




Exposure: Head injury occurring prior to Visit 5 will be defined using a combination of self-
reported data (from Visits 3, 4, 5, and the brain MRI visit) and ICD-9/10 code data from
hospitalizations (ARIC hospitalization surveillance; Centers for Medicare and Medicaid Services
[CMS] Fee-for-Service [FFS] data) and emergency department visits (CMS FFS data). As
secondary exposures, we will also look at number of prior head injuries (0; 1; 2+) and in the
subset identified using ICD-9/10 code data, we will look by head injury severity (mild;
moderate/severe). This definition has been used previously in the ARIC cohort® 2° (see below
for self-reported questions and 1CD-9/10 codes). At the time of ARIC Visit 5, approximately
25% of participants have a history of prior head injury.

Self-reported head injury gquestions.

ARIC Visit 3 (1993-1995)

1. Have you ever had a head injury which led you to see a physician or seek hospital care?
2. How many times has this happened?

3. How many of these head injuries resulted in your losing consciousness, no matter how
briefly?

4.In what year was your head injury for which you sought medical care?

ARIC Visit 4 (1996-1998)

1. Have you ever had a major head injury? That is, one that resulted in your losing
consciousness, no matter how briefly, or that led you to see a physician or seek hospital care?
2. How many times has this happened?

3. How many head injuries resulted in your losing consciousness, no matter how briefly?

4. In what year was your head injury for which you lost consciousness sought medical care?

ARIC Brain MRI Visit (2004-2006)*

1. Have you ever had a head injury that resulted in loss of consciousness (knocked out)?
2. How many times?

3. In what year or how old were you when this first occurred?

4. In what year or how old were you when this last occurred?

ARIC Visit 5 (2011-2013)*

1. Have you ever had a head injury that resulted in loss of consciousness?

2. Have you had a head injury with extended loss of consciousness (>5 minutes)?
3. Have you had a head injury that resulted in long-term problems or dysfunction?

ARIC Visit 6-7+ (2016-2017 and 2018-2019)

1. Have you ever had a head injury that resulted in loss of consciousness?

2. Have you had a head injury with extended loss of consciousness (>5 minutes)?
3. Have you had a head injury that resulted in long-term problems or dysfunction?

*Questions asked in a subgroup of ARIC participants selected for brain magnetic resonance
imaging (MRI) scans.

ICD-9 and ICD-10 codes used to define head injury.

ICD-9 Codes

800.xx | Fracture of vault of skull

801.xx | Fracture of base of skull

803.xx | Other and unqualified skull fractures

804.xx | Multiple fractures involving skull or face with other bones
850.xx | Concussion




851.xx | Cerebral laceration and contusion

852.xx | Subarachnoid, subdural, and extradural hemorrhage following
injury

853.xx | Other and unspecified intracranial hemorrhage following
injury

854.xx | Intracranial injury of other and unspecified nature

959.01 | Head injury, unspecified

ICD-10 Codes

S02.0 Fracture of vault of skull

S02.1X | Fracture of base of skull

S02.8 Fractures of other unspecified skull and facial bones
S02.91 | Unspecified fracture of skull

S04.02 | Injury of optic chiasm

S04.03X | Injury of optic tract and pathways

S04.04X | Injury of visual cortex

S06.X Intracranial injuries, concussion, traumatic cerebral edema,
diffuse and focal traumatic brain injury, traumatic epidural,
subdural, and subarachnoid hemorrhage

S07.1 Crushing injury of skull

Outcome: Olfaction was assessed using the 12-item Sniffin’ Sticks®® at ARIC Visits 5 and 6.
Participants were asked to smell and identify 12 common odorants (orange, leather, cinnamon,
peppermint, banana, lemon, licorice, coffee, cloves, pineapple, rose, and fish) in a multiple-
choice format. Each correctly identified odorant was assigned one point, with a total possible
score of 12. A score of <6 defines impaired olfaction (anosmia). Olfaction will be analyzed as a
continuous variable and as a binary variable (>6 [normosmia] versus <6 [anosmia]) in our
primary analyses. In secondary analyses, we will also consider categorization as >8 [normosmia]
versus 7-8 [hyposmia] versus <6 [anosmia].

Covariates: Covariates were assessed at ARIC Visit 5, unless otherwise specified, and will
include: age (continuous), sex (male; female), race/center (Minnesota whites; Maryland whites,
North Carolina whites, North Carolina blacks, Mississippi blacks), education (assessed at ARIC
Visit 1, <high school; high school, GED or vocational school; college, graduate, or professional
school), cigarette smoking status (current; former; never), depression (defined by CES-D score
>9), and cognitive status (normal; mild cognitive impairment; dementia).

Statistical Analyses: All analyses will be performed using Stata SE (Version 16, StataCorp,
College Station, Texas) and a p-value <0.05 will be considered statistically significant.
Participant characteristics will be shown overall and stratified by head injury status (at the time
of ARIC Visit 5). Characteristics will be compared between head injury groups using t-tests for
continuous variables and chi-square tests for categorical variables.

For cross-sectional analyses at Visit 5, we will use linear regression to examine associations
between prior head injury, number of prior head injuries, and head injury severity with olfaction
score (0-12 range). We additionally will use logistic regression to examine associations between



prior head injury, number of prior head injuries, and head injury severity with anosmia (defined
as a Sniffin” Sticks score <6). Multinomial or ordinal logistic regression will be used to examine
associations between head injury exposure variables with the 3-level secondary outcome variable
consisting of normosmia (Sniffin” Sticks score >8), hyposmia (Sniffin” Sticks score 7-8, and
anosmia (Sniffin’ Sticks score <6). For prospective analyses between Visit 5 and Visit 6, we will
use linear regression to examine associations between prior head injury, number of prior head
injuries, and head injury severity with change in olfaction score. We additionally will use logistic
regression to examine associations between prior head injury, number of prior head injuries, and
head injury severity with incident anosmia (analysis restricted to those without anosmia at Visit
5). In our prospective analyses, we will consider the use of inverse probability of attrition
weighting to account for study attrition between visits 5 and 6. We will perform testing for
interaction by age, sex, and race. In supplemental analyses, we will also investigate the impact of
time since first head injury on associations. In sensitivity analyses, we will exclude participants
with a history of Parkinson’s disease and with mild cognitive impairment or dementia at Visit 5.

Limitations: A limitation of this study is the use of self-reported and hospitalization ICD-9 codes
to define head injury. We do not have details regarding the type of injury that occurred, location
of injury, or details on treatment received. Additionally, we do not have specific dates for when
olfaction impairment started as we only have the date of olfaction assessment (at visits 5 and 6).
Additionally, as with any observational study, we will not be able to rule out the possibility of
residual confounding in our analyses.
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