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Abstract

Introduction: We investigated the association between sleep disorders (SDs) and
incident dementia in adults with traumatic brain injury (TBI).

Methods: Adults with a TBI between 2003 and 2013 were followed until incident
dementia. Sleep disorders at TBI were predictors in Cox regression models, controlling
for other dementia risks.

Results: Over 52 months, 4.6% of the 712,708 adults (59% male, median age 44, <1%
with SD) developed dementia. An SD was associated with a 26% and a 23% of increased
risk of dementia in male and female participants (hazard ratio [HR] 1.26, 95% confi-
dence interval [CI] 1.11-1.42 and HR 1.23, 95% Cl 1.09-1.40, respectively). In male
participants, SD was associated with a 93% increased risk of early-onset dementia (HR
1.93, 95% Cl 1.29-2.87); this did not hold in female participants (HR 1.38, 95% CI
0.78-2.44).

Discussion: In a province-wide cohort, SDs at TBI were independently associated with
incident dementia. Clinical trials testing sex-specific SD care after TBI for dementia

prevention are timely.

KEYWORDS
cognitive decline, comorbidity, concussion, insomnia, parasomnia, sex differences, sleep-related
breathing disorder

Highlights

* TBl and sleep disorders are linked to each other, and to dementia.

* ltisunclear if sleep disorders pose a sex-specific dementia risk in brain injury.

* In this study, presence of a sleep disorder increased dementia risk in both sexes.

* Therisk differed by type of sleep disorder, which differed between the sexes.

* Sleep disorder awareness and care in persons with brain injury is vital for dementia

prevention.
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1 | BACKGROUND

Traumatic brain injury (TBI) has an extremely high incidence and a
vast array of associated pathological brain changes, positioning this
injury among the most important causes of neurodegeneration and
cognitive impairment.? Sleep disorders (SDs) are common in TBIZ and
have long been connected to adverse cognitive outcomes.® In the
general population, certain categories of SDs, including sleep-related
breathing disorders (SRBDs), insomnia disorder, and rapid eye move-
ment sleep behavior disorder, have been implicated as risk factors
for dementia.* Research on the impact of such SDs in persons with
TBI, particularly its potential role in the development of dementia, is
inconsistent. Some studies observe an association between SDs and
dementia incidence®~’ and others not,%? bringing into question the
existence of a direct association.

Also unclear is whether the potential SD-dementia association in
individuals with TBI is relevant to both younger and older persons,
and whether the risk applies to both sexes. Because of low demen-
tia incidence in TBI, most studies to date have pooled all severities
of TBI, all SDs, and both sexes, to increase statistical power.>”~? This
approach can dilute the associations of SDs with incident dementia:
for example, certain TBI severities can be more or less susceptible
to intermittent hypoxia (as in SRBDs), insufficient sleep duration (as
in insomnia disorder), and/or sleep fragmentation (any sleep disor-
der). In addition, there can be differences between male and female
patients in the degree of susceptibility to these disorders: for example,
it is recognized that SRBD is more common in males and insomnia in
females.'?

Previous studies exploring the SD-dementia association in TBIl have
also been limited by inadequate control for other potential dementia
risk factors, such as cardiovascular disorders, obesity, and smok-
ing status, among other factors.”>’~? Our previous study involving a
large cohort of adults with TBI, observed an association between the
presence of a SD and incident dementia after controlling for known
dementia risks (e.g., cardiovascular pathology, depression, and other
risks factors)®; however, the results were limited by study of all sleep
disorders that posed a risk together and across ages, making it unclear
where the risk remains the same in younger and older persons with
TBI. Thus there is a need for more robust data analyses to circumvent
the issues observed previously, and a more comprehensive approach
to the study of the SD-dementia association is warranted in the TBI
population, to bolster preventive efforts and resource allocation.

We conducted a population-based cohort study of adult males
and females with TBI to examine the association between differ-
ent categories of SDs at the time of injury and incident demen-
tia (all subtypes), controlling for known dementia risk factors. We
hypothesized that intermittent hypoxemia and sleep fragmentation
in SRBDs, and insufficient sleep in insomnia disorder, categories
of SDs that are disproportionally distributed between the sexes,
would be associated with risk of dementia in a sex-specific manner

(Figure 1).

RESEARCH IN CONTEXT

1. Systematic Review: Research on the link between sleep
disorders (SDs) and dementia in persons with traumatic
brain injury (TBI) is inconclusive. Many studies do not
stratify their results by sex, age, category of SD, or sever-
ity of TBI, presenting a significant gap in the research.

2. Interpretation: We studied 712,708 adults admitted to
a publicly funded health care system with a diagnosis of
TBI, of whom less than 1% had a recorded SD diagnosis
at the time of injury. We observed that presence of a SD
increased the risk of new dementia onset. The risk dif-
fered between the sexes and according to category of SD,
age at time of injury, and injury severity, when controlling
for other known dementia risks.

3. Future Directions: Risk stratification of individuals with
equal severity of TBl and a SD by sex and age is important
for practice addressing sleep health as part of brain health
early in the course of TBI recovery.

2 | METHODS

This research study was approved by the institutional review board at
University Health Network and reviewed by ICES (https://www.ices.
on.ca/About-1CES) Privacy and Legal Office,!! and was carried out in
accordance with Section 45 of Ontario’s Personal Health Information
Protection Act (PHIPA). The results were reported according to the
STrenghthening the Reporting of OBservtional studies in Epidemiology
(STROBE) guidelines for observational studies.

2.1 | Data sources

The data used in for this study were obtained from ICES, an indepen-
dent, non-profit research institute that houses high-quality person-
level administrative databases on publicly funded services provided to
Ontario residents, Canada.!! The data sets from the National Ambu-
latory Care Reporting System and the Discharge Abstract Database
databases, which hold all public and private claims for emergency
department (ED) and acute care hospital admissions, respectively, were
linked at the ICES using unique encoded identifiers (Tables S1-54). The
data from within these databases contained information on patient
demographics (e.g., sex, age at entry, and postal code of residency)
and primary and associated diagnostic codes from the International
Classification of Diseases and Related Health Problems (ICD-10) Cana-
dian Enhancement classification system. The data held at the ICES is

regularly checked for quality and completeness.'2
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FIGURE 1 Amodel of the hypothesized relationship between SDs in TBI and dementia. TBI is a recognized risk for the development of
dementia. Sleep disorders, age, sex, socioeconomic status, sensory impairments, disorders of circulatory system, and vascular risk factors have also
been independently implicated as risks in the development of dementia in the general and TBI populations. Our study investigated whether the
presence of a SD at the time of a TBI presented greater risk for dementia than brain injury on its own, with the goal of bringing attention to the
potentially compounded impacts of these risks and their implications for TBI management. SD, sleep disorder; SRBD, sleep-related breathing

disorder; TBI, traumatic brain injury.

2.2 | Study population

All consecutive adults (>18 years) who had received a diagnosis of TBI
(Table S5) in an ED or acute care unit between April 1, 2002 and March
31, 2016, in Ontario were identified using previously validated crite-
ria from the Centers for Disease Control and Prevention.'® Patient
demographics, main and associated diagnoses (i.e., comorbidities), and
injury-related information were recorded for each individual. The date
of the first TBI diagnosis following open or closed injury was defined as
the index date, marking the beginning of the study period for each indi-
vidual. Each individual was followed from the TBI index date to the first
occurrence of the outcome (i.e., dementia), death, deregistration from
the system, or the end of the follow-up period, whichever occurred
first. More details on how the cohort was created are provided in
Figure S1 and Table Sé.

2.2.1 | Injury severity

We previously developed an algorithm for determining injury sever-
ity through a composite score® that included the Glasgow Coma Scale
(GCS) score and the most severe injury, irrespective of anatomic loca-
tion, based on an Abbreviated Injury Scale (AIS).1* Individuals with
a recorded ICD-10 diagnostic code S06.0 (concussion) in whom the

severity of TBI could not be established due to absence of GCS data

and/or AlS, were included in a separate cohort—"unspecified injury
severity” (Table S7).

2.3 | Variables

2.3.1 | Exposure

We considered any SD diagnosis as the primary exposure, including
categories: (i) SRBD; (ii) insomnia disorder; (iii) circadian rhythm sleep-
wake disorder (CRSD); (iv) parasomnias; (v) sleep-related movement
disorders; and (vi) other SDs.>> As secondary exposures, we considered
two common categories of SDs individually—SRBD and insomnia dis-
order, combining all other SD categories under “other SDs” (explained
further inthe ‘Results’ section). More detail on SD definitions and codes
is presented in Table S8.

2.3.2 | Outcome

The primary outcome was time from the TBI index date to incident
dementia (any type) (Table S9A,B). Dementia was defined according
to validated ICD-10 codes for the diagnosis of dementia in an inpa-
tient setting.1® Individuals with delirium were excluded to minimize the

chance of reverse causality and misdiagnosis.'”
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2.3.3 | Potential confounders

A number of potential confounders and risk factors were considered:
age, TBI severity, disorders of the circulatory system (e.g., cerebrovas-
cular disease, ischemic heart disease, peripheral arterial disease, atrial
fibrillation, heart failure), vascular risk factors (e.g., obesity, tobacco
smoking, hyperlipidemia, and diabetes mellitus), other risk factors (e.g.,
depression, sensory impairments, spinal cord injury).’®1? In addition,
each individual was assigned a neighborhood income quintile based
on their postal code, which was treated as a confounding factor (Table
510).

2.4 | Analyses

Descriptive statistics were used to describe the study population:
frequencies and proportions for dichotomous and categorical vari-
ables, means (standard deviation) for normally distributed continuous
data, and medians (interquartile ranges) for non-normally distributed
data. Univariable and multivariable sex-specific Cox cause-specific
regressions were used to assess the relationship between the SDs
and outcome, controlling for potential confounders; the results were
expressed as hazard ratios (HRs) with their associated 95% confi-
dence intervals (Cls). We used restricted cubic-spline transformations
for age because non-linearity was observed. The proportional sex-
specific hazards assumption for exposure and covariates were tested?°
(Figures S2-S6, Table S11)

2.5 | Unmeasured confounding

Confounding bias is of particular concern in observational studies. The
lack of information about the effectiveness of and adherence to SD
treatment may bias estimates of the association between SD and inci-
dent dementia. We hypothesized that males younger than 65 years of
age are more likely to be screened for SRBDs and females for insomnia
disorder, and that these patterns would be reflected in the prevalence
of these categories of SDs at the injury event. We also hypothesized
that insomnia disorder will be more prevalent in milder forms of TBI,
and thus in females, whereas SRBDs in more severe injuries, and thus
more prevalent in males. To test these hypotheses and to assess the
sensitivity of our analysis results, we used the recommended approach
for observational studies,?? which makes assumptions about poten-
tial residual confounding and quantifies its effect on the estimated HR
for the association between an exposure and the outcome of inter-
est in different subgroups. We first used the model to make statistical
inferences about the effect of SDs on early onset-dementia in males
and females. We then repeated this analysis in different injury severity

subgroups.

2.6 | Sensitivity analyses

We considered death as a competing event in individuals with TBI,
which may have precluded the occurrence of dementia in older individ-

uals or those with more severe TBI, or led to selective survivorship in
younger individuals with less severe TBI (Figure S2 and Figure S3), and
overestimation of incidence by the Cox regressions method. We, there-
fore, ran the Fine and Gray regression?? estimating dementia incidence
with the cumulative incidence function, which accounts for compet-
ing risks and protection factors. All statistical analyses were performed
using SAS 9.4.

3 | RESULTS

3.1 | Study population characteristics

0Of 1,990,183 individuals considered for inclusion in our study, 712,708
individuals were included in the final cohort (Figure S1): the median age
was 44 years and 59% of the cohort composed of male persons. The
major causes of TBI included falls (n = 297,794, 41.78%), object strikes
(n = 188,301, 26.42%), and assaults (n = 76,255, 10.70%). Object
strikes and assaults were more frequent in males compared to females
(31.45% vs 19.05% and 14.26% vs 5.58%, respectively). Falls were
more frequent in females than in males (56.07% vs 32.04%). Table 1

outlines the baseline characteristics by TBI severity and sex.

3.2 | Exposure

Sleep disorders at the time of injury were present in 4,143 individuals
(0.98%) in the included male group and 2,856 individuals (0.99%) in the
female group. The most frequent SDs, across the sexes, were SRBDs
(n=4,153,0.58%) and insomnia (n = 2,522, 0.35%). Due to low counts,
SDs that were not insomnia disorder or SRBDs were combined into a
single category of “other SDs” for the purpose of analysis (Table 1 and
Figure 2).

3.3 | Outcome characteristics

Over a median follow-up time of 52 months (interquartile range [IQR]
19.22-86.44), 32,864 individuals (4.61%) were diagnosed with demen-
tia, of which 5,983 (18.22%) were diagnosed with Alzheimer’s disease
(AD), 1,668 (5.08%) with vascular dementia, 108 (0.33%) with fron-
totemporal dementia, and the rest (24,504, 74.63%) with unspecified
dementia type (Table 1). These diagnoses were unevenly distributed
among individuals with mild TBI (n = 19,401, 4.37%), moderate TBI (n =
405, 5.50%), severe TBI (n = 1,117, 6.42%), and unspecified TBI sever-
ity (n = 11,921, 4.87%) (Table 1). Many cases of dementia presented
themselves within the first 3 years of the TBI index date in both sexes
(Table S12A and Table S12B).

3.4 | The relationship between SD and incident
dementia

In univariate analysis, cumulative dementia incidence increased across
SD categories (Tables S13A-C). When stratified by sex, the only
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FIGURE 2 Relative frequencies of categories of sleep disorders in males and females with TBI, by injury severity and age. TBI, traumatic brain

injury.

relationships that were no longer significant were those between
dementia and SRBD in males and dementia and insomnia disorder in
females (Table S13A-C). Adjusting for age, income level, TBI sever-
ity, and other known clinical dementia risk factors (Figure 1), SD
was associated with a 26% increased hazard of dementia in males
(HR 1.26, 95% CI 1.11-1.42) and 23% increased hazard in females
(HR 1.23, 95% Cl 1.09-1.40), as compared with those with no SD
(Table 2).

3.4.1 | The relationship between SD and incident
dementia by injury severity

Limited by a relatively small sample size and multiple comparisons, we
found dementia to be directionally but not in all cases significantly
associated with SDs in males and females, respectively, with mild TBI
(all HRs >1; for insomnia disorder: HR 1.51, 95% Cl 1.17-1.95 and HR
1.10, 95% Cl 0.81-1.48; for SRBD: HR 1.06, 95% CI 0.86-1.29 and
HR 1.45, 95% Cl 1.16-1.82; and other SDs: HR 1.78, 95% Cl 1.03-
3.09), adjusting for potential confounders and dementia risks. Results
for moderate-severe and unspecified injury severity are presented in
Table 2 and Figure 3A.

3.4.2 | The relationship between SDs and
early-onset dementia

The association between SDs and dementia was significant for males
who were diagnosed with early-onset dementia (HR 1.93, 95% Cl
1.29-2.87). The relationship was driven largely by insomnia disor-
der (HR 2.56, 95% Cl 1.45-4.49). The association between categories
of SDs and early-onset dementia in females was either not signif-
icant or not possible to study due to limited power (Table 2 and
Figure 3B).

3.4.3 | The relationship between SDs and dementia
in individuals 65 years of age and older

The association between dementia and different categories of sleep
disorders in males 65 years of age and older are as follows: insom-
nia disorder (HR 1.48, 95% Cl 1.19-1.84); SRBD (HR 1.03, 95% ClI
0.88-1.21); and other SDs (HR 1.75, 95% Cl 1.10-2.78). In females 65
years of age or older, the overall association between dementia was sig-
nificant for SRBDs (HR 1.24, 95% CIl 1.05-1.46), as was the case for
other SDs (HR 1.72, 95% Cl 1.10-2.70). The association with insomnia
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FIGURE 3 (A) Hazard ratios of incident dementia in males and females with TBI and sleep disorder, by injury severity. (B) hazard ratios of
incident early-onset dementia (<65 years of age) in male and female patients with TBI and sleep disorder. (C) Hazard ratios of incident late-onset
dementia (>65 years of age) in males and females with TBI and sleep disorder. Figures 3B and 3C are not stratified by injury severity due to low
power. TBI, traumatic brain injury.*Hazard ratio calculated for males only as there was not enough power to study the relationship in females.

disorder was not significant (HR 1.13, 95% CI 0.91-1.41) (Table 2 and
Figure 3C).

3.5 | Sensitivity analyses

The Fine and Grey regression models fits and effect measures (HR)
confirmed the association between SDs and dementia in males and
females (HR 1.26/p < 0.001 and HR 1.23/p = 0.002, respectively), after
controlling for potential confounders and dementia risks. For specific
categories of SDs, age, and TBI severity subgroups, the estimates for
males and females remained similar to those from the Cox regression
models (Table S14A and Table S14B).

4 | DISCUSSION

We conducted a population-based study of a province-wide cohort of

consecutive individuals diagnosed with TBI in the ED or acute care hos-

pitals, and we found that over a median follow-up of 52 months, almost
5% had developed dementia. In the less than 1% of TBI individuals who
had a comorbid SD at the time of injury, there was a greater relative
risk of dementia in males and females, independent of TBI severity and
other known dementia risk factors. To the best of our knowledge, this
is among the first large-scale population-based study to investigate the
cognitive sequelae of TBI with comorbid SDs using a comprehensive
analytic approach. The effect measures were found to be robust in sen-
sitivity analyses, and, therefore, can be used to alert clinicians to these
modified-risk and high-risk groups, and to develop secondary preven-
tive and rehabilitation strategies to deal with SDs in individuals with
TBI.

Our findings on the association of specific SDs with dementia inci-
dence align with the results of a recently published meta-analysis.2
Several studies included in the work reported that insomnia,242°
SRBDs,252¢ and other SDs?’ are associated with incident AD and/or
all-cause dementia in a sex-specific manner. The pathophysiological
mechanisms of these sex differences are not entirely clear, but it is

interesting that SRBD, which is more common in males,28 posed a
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greater risk to females, whereas insomnia disorder, which is more
common in females,?? posed a greater risk of dementia to males in
this study. A possible explanation for these unexpected results is that
the mechanisms of these SDs differ between males and females and
TBI-induced pathophysiological processes are more amenable to inter-
action with the SD-related processes to trigger dementia. Adherence
to treatment also warrants consideration—if males are more often
diagnosed with SRBDs, the knowledge of the condition and treatment
may be more common among males with TBI and thus potentially more
likely to be addressed after the injury, attenuating the risk of dementia.
Likewise, females with TBI may have a greater awareness of insom-
nia, facilitating better management after injury and a lesser risk with

respect to dementia as compared to males.30-31

41 | The relationships between SDs, TBI, and
dementia

The link between TBI and dementia has been highlighted in previous
studies and has been attributed to a number of pathophysiological
mechanisms, triggered by diffuse axonal injury, as in concussion, par-
ticularly involving the frontal and temporal lobes, lesions in various

regions due to shearing strains,32-34

as well the secondary cascade
of events after TBI that include cerebral hemorrhage, hypotension,
hypoperfusion, and immune responses.3>3¢ |n this study, we examined
the association between SDs and incident dementia in persons with
TBI of various severities. The results shed light on the significance of
specific SD categories in the development of dementia in males and
females with TBI at different life stages (e.g., late- vs early-onset). Our
results also highlighted that many cases of dementia presented them-
selves within the first 3 years of the TBI index date in both sexes (Table
S12A and Table S12B), potentially suggesting that the SDs present at
the time of the TBI may have been a marker of subclinical dementia, or
that SD is a proximate cause of the injury itself, and together with TBI
expedites progression to dementia.®

In the general population, SDs have been linked to the develop-
ment of neurocognitive disorders and progression of these disorders
co-occurred with deficits in behavioral inhibition, self-regulation of
affect and arousal, working and contextual memory, and analytical
ability.37-3? In turn, these functional implications have been linked to
treatment adherence: the most recent estimates of patients’ failure
to adhere to treatment recommendations, in general, range from 20%
to 40% for acute disease regimens, 20% to 60% for chronic disease
regimens, and 50% to 80% for preventive regimens.*0-43 Traditional
facilitators to adherence have been categorized into patient-related
factors (i.e., targeting attitudes and beliefs, perceived benefits, and life-
time habits), regimen-related factors (i.e., altering the complexity of
the regimen and frequency of or duration of treatment), and factors
related to health care providers, including their level of knowledge and
principles of communication.** Since the approval of nasal continu-
ous positive airway pressure therapy for obstructive sleep apnea (i.e.,
a common form of SRBD) in 1981, numerous studies have been con-

ducted to improve the understanding of patients and providers, and

Disease Monitoring

the role of technology in adherence to this therapy, considering that
conservative estimates show that 29% to 83% of patients are nonad-
herent, depending on how nonadherence is defined. Adherence has
also been reported to be sex dependent.*>*¢ Likewise, adherence to
insomnia disorder treatment, both non-pharmacological (e.g., cognitive
behavioral therapy) and pharmacological, has been reported to be chal-
lenging to implement with continuity.*”#® Although the discussion is
limited, as we did not investigate the topic of adherence, our results
bring attention to the impact of SDs, if left untreated or suboptimally
treated in patients with TBI and call for serious clinical consideration
in light of the dementia risk SDs pose. This point is further supported
by the concern that less than 1% of individuals at the time of TBI had
a documented SD. This is much lower than what has been reported
in clinical samples preceding injury and acute TBI.*?>C Therefore, the
impact of limited inquiry into sleep in the context of the TBI event and
recovery and how this can be reflected in adverse outcomes cannot be
discarded.”?

4.2 | The pathophysiological pathways implicated
in the relationships uncovered

Sleep disorders are thought to be linked to dementia development and
progression through their adverse downstream biochemical conse-
quences, including systemic oxidative stress, inflammation, increased
sympathetic nervous system activity, endothelial dysfunction, altered
immune response, and disrupted circadian rhythm.>2 Although the
conditions by which pathogenic proteins may become entrapped and
aggregate in glymphatic channels in male and female persons with
TBI and SD are not fully understood and were not the subject of this
study, in the conception of the brain’s “glymphatic” system, sleep is con-
sidered a fundamental tenet of brain homeostasis that is responsible
for removal of protein waste via classical cellular protein degrada-
tion pathways, autophagy and ubiquitination.>354 Intermittent hypoxia
and sleep fragmentation in SRBDs may alter this system’s function,
affecting the spread of protein aggregates by acting on endothelial
cells through vascular remodeling and angiogenesis.”>> Intermittent
hypoxemia may also influence dementia progression along with sys-
temic or local inflammatory responses and increased levels of reactive
oxygen species associated with obstructive sleep apnea (OSA), a
common form of SRBD.¢ Insomnia and CRSD, through sleep fragmen-
tation, disruption of melatonin secretion, and/or short sleep duration,
may influence cellular protein degradation pathways—autophagy and
ubiquitination—and dysregulate DNA repair, impair regulation of the
cell cycle, and result in apoptosis.>” Finally, blunted baroreflex sensi-
tivity and augmented sympathetic neural and reactivity to stress in
insomnia disorder and acute and long-term carotid body response to
intermittent hypoxia in SRBD may affect amyloid beta (AB) overex-
pression, causing progression of neurodegenerative activity through
elevated cardiovascular risks.?” Although we acknowledge that further
work will be required to advance our knowledge of these pathways, our
findings call for consideration of each category of SD as a dementia risk

in TBl in research and practice.
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4.3 | Systemic challenges: The limited recognition
of sleep disorders in the healthcare system

As a member state of World Health Organization, Canada is governed
by its nomenclature regulations. The ICD-10 meets the international
standards for reporting diagnoses, symptoms, conditions, problems,
complaints, or other reason(s) for an encounter/visit in the health care
system. Although the data are continuously checked for quality and
completeness, the results of this study call for improved methodologies
for capturing ICD codes for SDs, to aid in understanding of the complex
interplay of disease processes where SDs are involved, as they present
a pervasive and highly consequential health problem. Less than 1% of
individuals forming the present study sample had a documented SD at
the time of their TBI. This is much lower than what has been reported
in clinical samples preceding injury and acute TBI.4?°C This highlighted
the limited inquiry into sleep in the context of a TBI event and recovery

and how this gap can reflect in adverse cognitive outcomes.

44 | Limitations

One of the main limitations of our study was its observational and ret-
rospective design, utilizing data from ED and acute care hospitals in a
publicly funded system, limiting its generalizability to countries with
different health care systems and increasing the potential for unmea-
sured confounding, age-period cohort effects, and surveillance bias
despite multiple sensitivity analyses. For example, information on the
family history of dementia was not available. The observed HR of SD
of 1.26 and 1.23 in male and female persons with TBI, respectively,
could be explained by an unmeasured confounder that was associ-
ated with both SD and incident dementia. However, we believe it to
be unlikely given that this means that an unmeasured confounder
would have to be associated with both incident dementia and SD by
an relative risk above 1.2-fold each, through pathways independent
of age, sex, severity of TBI, socioeconomic status, smoking, and clini-
cal comorbidity indicators, that is, disorders of the circulatory system
(i.e., cerebrovascular disease, ischemic heart disease, peripheral arte-
rial disease, atrial fibrillation, heart failure), vascular risk factors (i.e.,
obesity, tobacco smoking, hyperlipidemia, diabetes mellitus), and other
risk factors (i.e., depression, visual impairments, hearing loss) as a time-
varying covariate. Given the magnitude, it does not seem plausible.
Furthermore, when performing the Fine and Grey competing risk anal-
yses, the associations remained significant and of similar magnitude,
thereby confirming our research hypotheses.

Despite reasonable concerns that data from medical records may
underestimate the actual incidence of dementia, the calculated risk of
dementia in TBI in the present study was similar to other population-
based estimates.® Also important to note is that we were unable to
distinguish between afirst TBl event and repeated TBI events (i.e., prior
events that may have occurred outside the study window). Assess-
ing the effects of a SD exposure at a TBI event helped us make more
sound decisions for methodology based on the temporal ordering of

the data. Nonetheless, a limitation in studies in which the exposure and
TBI event (Figure 1) are assessed at the same time is that it can be
difficult to determine whether an exposure is in fact affected by a pre-
vious history of TBI. A historical cohort is needed to guide standards of
studying history of repeated TBI and SD risk in dementia.

This feeds into another important point that is the continuity and
evolution of SDs from the time of injury to post-injury and how this
impacts the risk of dementia, questions we were not able to touch on
due to the limited nature of the data that was available. This is per-
haps the greatest limitation in this study—that it assumes that the same
SD present at the time of injury carries through to the post-injury
stages until the development of dementia. Although our control for
other known risk factors mitigates this to some extent, it is a weak-
ness that could only be remedied with more complete longitudinal data,
leveraging health care data with clinical data for cohort enrichment.

Finally, although ICD-10 codes for SDs are used, they do not allow
for the detection of important clinical differences in severity and
response to treatment within a single SD category. We, therefore,
were unable to account for treatment adherence in the results and
determine whether and how this may have shaped the relationships
uncovered (e.g., how many of the patients with TBI and SD were suc-
cessfully treated and did this temper the risk of dementia, relative
to those whose SDs were detected but who did not adhere to treat-
ment/whose treatment was otherwise unsuccessful). In addition, given
that level of education is not captured in health care data sets, and that
education is an important factor potentially related to dementia risk,

our inability to explore this relationship is a limitation.

4.5 | Conclusion

Our results highlight that presence of a SD at the time of TBI has
implications for the development of dementia after controlling for
severity of TBI, socioeconomic status, smoking, and clinical comor-
bidity indicators. Our results are consistent with prior studies on the
mediating effects of SDs in TBI and offer support for the involvement
of sleep specialists early in the care individuals with TBI and SDs to
evaluate appropriate treatment and facilitate adherence to interven-
tions that may stifle progressive cognitive decline. The sex differences
we observed need to be further assessed in a more robust data set
that provides the power to study the associations and the signifi-
cance of time (e.g., continuity and evolution of SDs from time of injury
to post-injury), to better grasp the progression of cognitive decline
in individuals with comorbid SDs for preventive and management

purposes.
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