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Abstract

Background—Symptomatic Alzheimer’s disease (AD) and depression independently increase
crash risk. Additionally, depression is both a risk factor for and a consequence of AD.

Objective—To examine whether a depression diagnosis, antidepressant use, and preclinical AD
are associated with driving decline among cognitively normal older adults.

Methods—Cognitively normal participants, age =65, were enrolled. Cox proportional hazards
models evaluated whether a depression diagnosis, depressive symptoms (Geriatric Depression
Scale), antidepressant use, cerebrospinal fluid (amyloid-B42[A Ba42], tau, phosphorylated tauig;
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[ptauqg1]), and amyloid imaging biomarkers (Pittsburgh Compound B and Florbetapir) were
associated with time to receiving a rating of marginal/fail on a road test. Age was adjusted for in
all models.

Results—Data were available from 131 participants with age ranging from 65.4 to 88.2 years
and mean follow up of 2.4 years (SD = 1.0). A depression diagnosis was associated with a faster
time to receiving a marginal/fail rating on a road test and antidepressant use (p=0.024, HR =
2.62). Depression diagnosis and CSF and amyloid PET imaging biomarkers were associated with
driving performance on the road test (p<0.05, HR = 2.51-3.15). In the CSF ptau;g; model,
depression diagnosis (p=0.031, HR = 2.51) and antidepressant use (p = 0.037, HR = 2.50) were
statistically significant predictors. There were no interaction effects between depression diagnosis,
antidepressant use, and biomarker groups. Depressive symptomology was not a statistically
significant predictor of driving performance.

Conclusions—While, as previously shown, preclinical AD alone predicts a faster time to
receiving a marginal/fail rating, these results suggest that also having a diagnosis of depression
accelerates the onset of driving problems in cognitively normal older adults.

Keywords
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INTRODUCTION

By 2050, the United States will see a doubling of the population of older adults (age = 65), a
tripling of Alzheimer’s disease (AD) cases, and more older drivers (1 in 4) [1]. Currently,
there are approximately 200,000 motor vehicle crashes annually, resulting in over 4,000
deaths among older drivers [2]. An increased crash risk among aging drivers has been
attributed to a number of different factors, including older age, depression, medication side
effects, and dementia [3-5].

The link between older age and increased crash risk and driving cessation has been
attributed to disease, physical changes, sensory degeneration, and cognitive decline
(independent of disease), which may interfere with daily functioning and operating a vehicle
[6, 7]. Cognitive slowing due to depression is thought to be responsible for associations
between depression and impaired driving performance and higher crash risk [8, 9].
Antidepressant use among patients with depression has been linked to better driving
behavior compared to those with untreated depression [10]. Conversely, antidepressant use
among persons without depression has an adverse effect on driving, including higher crash
risk [11, 12]. A recent systematic review examined the risk of depression and
antidepressants on motor vehicle crashes [13]. Across two decades and 19 studies conducted
in seven countries, an increased crash risk was associated with depression (90% higher risk)
and antidepressants use (40% higher risk) [13]. However, these studies were not age
restricted to older adults and the combined effect of depression and antidepressants on
driving were not analyzed.

J Alzheimers Dis. Author manuscript; available in PMC 2019 January 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Babulal et al.

Page 3

In contrast to research on depression and driving, the literature on AD and driving has long
established that individuals with symptomatic AD have a faster rate of decline in
performance and increased risk of crashes [14-16]. More recent work has examined driving
decline in preclinical AD, which is defined as the asymptomatic span of 15 to 20 years with
biomarker evidence of the biological presence of AD pathology, but the individual remains
cognitively normal. Studies have demonstrated that cognitively normal older adults with
positive AD biomarkers make more errors driving, have a history of accidents and traffic
violations, and are faster to receive a marginal/fail rating on a road test, compared to those
with negative AD biomarkers [15, 17].

Depression has been also been identified as a risk factor of AD; older adults with both
depression and AD experience faster changes in functional activities and overall decline in
health [18, 19]. In community samples of older adults, depression prevalence ranges from 15
to 20%, but increases to 25% in adults with symptomatic AD [20, 21]. Additionally,
antidepressant use tends to be higher in persons with AD [22]. A recent meta-analysis found
that antidepressant use was associated with 1) a 65% increased risk of cognitive impairment
in those age 65 or greater, 2) a three-fold risk for cognitive impairment for those under 65,
and 3) a two-fold pooled risk of cognitive impairment/dementia [23]. Similar to
symptomatic AD, depression is also found to be associated with preclinical AD [24, 25].

The extant literature demonstrates the negative impact of depression and antidepressant use
on driving, but also the risk of depression and antidepressant use on AD. Directionality
between these variables is not strongly established and continues to be examined in research.
Given the projected growth of older adults (age = 65), a subsequent increase in older
motorists and increasing prevalence of symptomatic AD, it is timely to investigate their
combined impact on driving performance in a single, longitudinal study. Since AD
biomarkers (cerebrospinal fluid [CSF] and imaging) can identify older adults who are at an
increased risk of developing symptomatic AD, it is critical to understand the distinct roles of
depression and antidepressant use in older adults with and without preclinical AD in the
context of driving performance. We examined whether depression (remote or active),
antidepressant use, and preclinical AD were associated with driving performance and
driving decline among cognitively normal older adults.

MATERIALS AND METHODS

Standard protocol approvals, registrations, and patient consents

The Washington University Human Research Protection Office approved study protocols,
consent documents, and questionnaires. Written informed consent was obtained from all
participants and their informants. Study data were collected and managed using Research
Electronic Data Capture hosted at Washington University.

Inclusion criteria

Participants were required to be age 65 years or older, willing to take part in amyloid
imaging and lumbar puncture for collection of CSF, and be cognitively normal as defined by
a score of 0 on the Clinical Dementia Rating (CDR) [26]. Experienced clinicians integrate
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information from a neurological examination and interviews with the participant and a
knowledgeable collateral source (family member or friend) to derive a CDR. At baseline,
participants complete clinical and psychometric assessments, and biomarker testing
(amyloid imaging and CSF) at the Knight Alzheimer’s Disease Research Center (ADRC).
At annual follow-up, participants complete the same clinical and psychometric assessments.

Amyloid-B42 (ABa42), tau, and phosphorylated tauig; (ptauygy) levels were measured using
enzyme linked immunosorbant assay (ELISA) (INNOTEST; Fujirebio [formerly
Innogenetics], Ghent, Belgium). Following an overnight fast, experienced neurologists use a
22-gauge Sprotte spinal needle to collect 20-30 mL of CSF via standard lumbar puncture
into a polypropylene tube at 8 : 00 AM. After brief centrifugation, CSF samples were
aliquoted and stored at —-800C. All biomarker assays include a common reference standard,
within-plate sample randomization and strict standardized protocol adherence. Samples were
further examined if outlier values different from the common pool were obtained or if
coefficients of variability exceeded 25%. Values of ABy; to define amyloid status (positive
VS. negative) were determined using assay- and date-specific cutoffs that accounted for
upward drift in INNOTEST immunoassay AP, values over the years, as a result, there is
not a single cutoff for ARy [27]. Previous cutoffs that best distinguished individuals with
very mild dementia (CDR 0.5) from those who are cognitively normal (CDR 0) were used
for tau (339 pg/mL) and ptauqg; (67 pg/mL) [28]. Lower levels of ARy, is a marker of
amyloid plaques, while higher levels of tau and ptau;g; reflect tau-related neuronal injury.

Amyloid imaging

Participants completed positron emission tomography (PET) imaging to determine amyloid
burden using either Pittsburgh Compound B (PiB) or florbetapir (F-AV-45) radiotracers in a
Biograph mMR 124 scanner (Siemens Medical Solutions, Erlangen, Germany). A three-
dimensional regions-of-interest yielded regional time-activity curves for different regions.
The mean cortical binding potential (MCBP) was constructed by taking the mean of the BPs
from brain regions (prefrontal cortex, gyrus rectus, lateral temporal cortex, and precuneus),
which are established as having a higher degree of uptake in persons with symptomatic AD.
Data were converted to standardized uptake value ratios (SUVRSs) using the cerebellar cortex
as a reference. Established SUVR cutoffs were used for florbetapir (=1.219) and PiB (=1.31)
to indicate amyloid PET positivity [29, 30].

Depression and antidepressants

A depression diagnosis or a lifetime history of depression was operationally defined as
participant indication that they had received a diagnosis of either active or remote
depression. Self-report of receiving a physician’s diagnosis of depression was obtained from
annual clinical assessments as recorded on the National Alzheimer’s Coordinating Center
Uniform Data Set. The Geriatric Depression Scale short form (GDS) [31] is a 15-item screen
for depression in older adults. Respondents answer “yes” or “no” for each item, with higher
scores (range: 0-15) indicating greater depressive symptoms. Antidepressant use was
derived from the National Alzheimer’s Coordinating Center Uniform Data Set [32], Form
A4 subject medications. A list of 30 actively prescribed and discontinued antidepressants
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was created and included selective serotonin reuptake inhibitors, serotonin and
norepinephrine reuptake inhibitor, norepinephrine and dopamine reuptake inhibitor, tricyclic
antidepressant, monoamine oxidase inhibitors, and mixed 5-HT (e.g., noradrenergic and
specific serotonergic antidepressant, serotonin antagonist and reuptake inhibitor)
medications. This list was cross-referenced to Form A4 to determine which antidepressants
were captured. Based on the list of medications, the antidepressants that were present
included bupropion, citalopram, duloxetine, escitalopram, fluoxetine, mirtazapine,
paroxetine, sertraline, trazodone, and venlafaxine. Antidepressant use was noted if the
participant endorsed using any one of these 10 antidepressants at baseline assessment.

Annually, each participant completed the Washington University Road Test (WURT), a
standardized road test [14] on a 12-mile course starting from a closed parking lot and
progressing into traffic with complex intersections and unprotected left hand turns. The
WURT has been used extensively over the past two decades to evaluate driving performance
in stroke, healthy aging, and dementia populations. An examiner in the front seat provided
direction and evaluated the driving performance. A rating of pass (no problems/errors),
marginal (some safety concerns and errors), or fail (high risk and errors) is given at the end
of the test. The examiner (a contracted driving instructor) was blinded to all information
concerning the participant’s AD biomarkers, depression diagnosis, and antidepressant use.
When a participant receives a fail rating, a geriatrician on our team provides feedback and if
the participant consents, the information along with any new medical condition identified by
the research team (e.qg., field cut or poor hearing) is sent to their primary care physician to
follow up for medical issues, which may explain the poor driving performance.

Statistical analyses

Descriptive statistics examined demographic variables and distribution of predictors. Data
from participants who died or did not return for follow-up were censored at the date of last
assessment. AD biomarkers were classified into four variables: CSF ABg4p, tau, ptau;g;, and
amyloid imaging. Each variable was dichotomized into positive and negative based on
established cut-offs referenced above. Similar to depression diagnosis (remote or active) and
antidepressant use, GDS was dichotomized into O (no problems) and 1 (any problems) if
participants endorsed any item. Each participant was required to have at least a baseline and
follow-up road test evaluation but could have more than one follow-up. Driving decline on
the road test was determined as the time from baseline assessment with a pass rating until
receiving a rating of marginal/fail on follow up road test assessments. Kaplan-Meier
depression diagnosis, antidepressant, and biomarker groups were also tested in predicting
driving decline. The group associations between depression diagnosis, antidepressant use,
and biomarkers on driving decline were examined graphically via Kaplan-Meier curves. For
ease of interpretation, the 2x2 groups were reorganized in a trichotomous variable. For
example, graphs examining the relationship between depression and antidepressant use on
driving would have the corresponding groups: 1) no depression diagnosis and 770
antidepressant use 2) either depression diagnosis or antidepressant use, 3) yes depression
diagnosis and yes antidepressant use.

J Alzheimers Dis. Author manuscript; available in PMC 2019 January 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Babulal et al.

RESULTS

Page 6

Data from 131 participants were available for longitudinal analysis. At baseline,
participants’ ages ranged from 65.4 to 88.2 years along with follow up times that ranged
from 0.2 to 4.9 years (Table 1). Additionally at baseline, 16 (12.2%) participants had a
depression diagnosis (remote or active), 21 (16.0%) indicated antidepressant use and 65
(50%) endorsed depressive symptoms (= 1 on GDS, the range was 0 to 6). Of those taking
antidepressants, 12 (9.2%) participants did not have a depression diagnosis. In unadjusted
analyses (Kaplan-Meier), depression (;(2(1) =10.39, p=0.001) and antidepressant use
(;(2(1) =7.28, p=0.006) were associated with driving decline. While adjusting for age, both
depression diagnosis and antidepressant use were again independently associated with
driving decline (Table 2). However, only depression diagnosis was associated with driving
decline when both depression, and antidepressant use were included in the same Cox
proportional hazards model (Table 2). Depressive symptomatology as measured by the GDS
was not significant in the unadjusted analyses (y?(1) = 2.04, p= 0.153), when adjusting for
age alone (Wald = 1.83, HR = 1.59, 95% CI [0.813,3.09] p= 0.176) or when adjusted for
both age and antidepressant use (Wald = 0.912, HR = 1.39, 95% CI [0.703, 2.78] p = 0.340).

In the Cox proportional hazards model including the biomarker variables, depression
diagnosis was a significant predictor in all four models, while antidepressant use was
significant in the ptau;g; model (Table 2). Additionally, CSF A4, tau, ptauigs, and
amyloid imaging were also significant predictors in time to receiving a marginal/fail rating.
Three and two-way factor interactions were not statistically significant. Like the first set of
models, depressive symptoms as measured by the GDS were not significant in any model
(statistics not reported). Participants who had both a depression diagnosis and used
antidepressants were faster to receive a marginal/fail rating (y%(2) = 17.35, p< 0.001)
compared to those without a depression diagnosis and antidepressant use or those who were
either depressed or used antidepressants (Fig. 1A). Participants who were positive for any
biomarker (AB4o, tau, ptauig;, amyloid imaging) and used antidepressants were faster to
receive a marginal/fail rating ( /1/2(2) =14.41, p<0.001) compared to those who were not
using antidepressants and biomarker negative, or those who were either using
antidepressants or biomarker positive (Fig. 1B). Similarly, participants with both a
depression diagnosis and preclinical AD (indicated by positivity for CSF AB4, tau, ptausgs,
or amyloid PET) were significantly ()(2(2) =13.90, p< 0.001) faster to receive a marginal/
fail rating compared to other groups (Fig. 1C). Adjusted analyses confirmed the Kaplan-
Meier results.

DISCUSSION

In our cognitively normal sample of older adults with and without preclinical AD, both a
depression diagnosis (remote or active) and antidepressant use were independently
associated with driving decline on a road test. When adjusting for age, depression diagnosis
remained a significant predictor, but not antidepressant use. Depression diagnosis and
antidepressant use together were also associated with driving decline when considered
together with CSF ptauyg; levels. AD has long been linked to faster decline in driving
performance, greater crash risk, and driving cessation [16, 33, 34]. While depression
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diagnosis or symptoms and antidepressant use are prevalent among older adults, our study
adds to existing knowledge indicating that both depression diagnosis and antidepressant use
negatively influence driving and increase crash risk [23]. To our knowledge, this is the first
study to examine the associations between depression, antidepressant use, and preclinical
AD on driving decline in a cognitively normal sample of older adults.

In the adjusted analyses, CSF ptauygq, depression diagnosis, and antidepressants were all
significant predictors of driving decline, while in the model tau, antidepressant use was
approaching statistical significance. Similar to our prior work using the same cohort,
depression symptoms was associated with tau pathology [24], but these results also showed
associations with amyloid pathology as evidenced by results from both CSF and PET
imaging. The lack of significance found between antidepressant use, CSF A4, and tau, and
PET imaging may be attributed to sample size given the direction of the findings.
Additionally, our results are consistent with the literature showing the additive effect of both
depression and antidepressant use on driving decline [13]. Links between depression and
driving problems are most often explained as a result of greater cognitive load resulting in
slowed or impaired processes due to AD [35]. Yet, these results demonstrate that driving
decline associated with preclinical AD is also negatively impacted by depression with some
influence of antidepressant use.

In our sample, approximately 12 of the 21 participants taking an antidepressant did not have
a diagnosis of depression. While antidepressants are used to treat depression, they are also
commonly used to treat chronic pain, anxiety, sleep problems, headaches, and smoking
cessation [36]. As a result, older adults may be at risk for polypharmacy due to multiple,
chronic conditions which results in poorer and adverse outcomes like falls [37, 38]. In
depression treatment, fluoxetine is known to reduce the metabolism of other drugs like
benzodiazepines, which may temporarily boost the concentration of other medications,
thereby increasing adverse side-effects, which can impact critical abilities like reaction time,
vision or vestibular stability [23].

In the driving literature, depressive symptomology is largely associated with driving
cessation as older adults transition to being a non-driver [39]. In our study, depressive
symptoms as evaluated by the GDS was not a significant predictor in any of the models
predicting time to receiving a marginal/fail rating. This finding is important since it
highlights the impact of a depression diagnosis, compared to self-report of current
depressive symptoms, on driving decline. Additionally, given the floor effect with a majority
of responses endorsing 0 or 1 on the GDS, these results for the lack of statistical significance
make sense since self-report of depressive symptoms in this sample was very low. Prior
work has shown that while depression symptoms were not associated with driving decline,
there is a relationship with preclinical AD [40, 41].

Given the projected increase of AD prevalence to almost 14 million by 2050, in the US
alone, one can also expect the prevalence of depression and antidepressant use to increase.
Researchers using AD biomarkers are able to map out the course of preclinical AD,
associated physical and cognitive decline, in addition to evaluating how these changes
impact everyday functioning. Biomarkers are able to assess and determine the
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pathophysiological burden of AD and identify older adults at higher risk of decline. Current
research is also finding that changes in emotive and mood domains occur in the preclinical
stage of AD. Mood disorders like depression, while salient in older adults, tend to be
eclipsed by complaints in memory and thinking, in addition to other diseases, which may
impact physical functioning. The results of this study may have important implications for
the aging population in terms of research and practice. AD biomarkers may be helpful to
differentiate depression versus depressive symptoms to establish prevalence rates, but also
assess the natural course of depression in the aging population and preclinical AD samples.
In a similar vein, it may be helpful to continue early screens of older adults for depression or
depressive symptoms, identify the effect of medications on functional tasks, and if needed,
recommend a driving evaluation by a Driver Rehabilitation Specialist or occupational
therapist. The asymptomatic, preclinical stage of AD may be the optimal intersection to
screen and address deficits early on before they cascade and result in critical outcomes like a
crash or mortality.

There are some limitations to our study. We were unable to formally operationalized
depression via a structured criterion like the DSM. Rather data on depression was gather
from the National Alzheimer’s Coordinating Center Uniform Data Set, where a participant
self-reported the condition based on their medical history. Given the stigma associated with
mental illnesses and social desirability bias, it is highly likely that depression may have been
underreported. Conversely, while rare, a person may also have reported having a depression
diagnosis despite not having one. Data on depression age of onset, number of depressive
episodes, and other indices of severity of a depression diagnosis were unavailable. Since
participants were relatively healthy older adults from the community, the variability of
responses in the GDS was very small (0-6), and as a result, we choose to dichotomize the
variable into no versus any symptoms. The antidepressants captured on Form A4 about
subject medication excluded other antidepressants like tricyclics and monoamine oxidase
inhibitors; participants taking those antidepressants would have been incorrectly classified as
not on antidepressants. Despite a modest sample size, the low number of participants with a
depression diagnosis, depressive symptoms or using antidepressants may have impacted the
results. This may also explain why the models testing two and three-way interactions were
not statistically significant. Processed amyloid imaging data was missing for 11 participants
in these analyses. Outside of antidepressants, we did not examine quantity or type of other
medications participants may be taking, which may also impact their driving performance.
Our participants were predominately Caucasian, well educated, did not have any other
psychiatric or neurologic conditions/diagnosis, completed biomarker tests and annual
driving assessments and may not be representative of the larger aging population. Given that
those with depression are at risk for cognitive impairment and subsequent depression, we did
not examine changes at subsequent follow up via neuropsychological testing. Finally, the
road test (WURT) used to evaluate driving performance only evaluated the operational
(control) and tactical (maneuvering) levels of driving, and not the strategic level (planning).
It is expected that changes in preclinical AD would be first seen at the strategic level.
Despite lacking a strategic level driving component, the road test was still able to elicit a
signal in driving performance, indicating decline. However, limitations of the road test
include use of an unfamiliar car, confound of anxiety (poor performance) or Hawthorne
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effect, different scoring systems, and stable weather conditions (e.g., sunny weather). Recent
development of naturalistic driving methodologies using data loggers can be plugged into a
participant’s vehicle via onboard diagnostic port and collect data in real time, in the actual
environments that people drive daily [42]. Data may include distance travelled per trip, time
and location, adverse driving behaviors like speeding or hard braking and impacts [43].
These results combined with conventional methods like the road test may be able to
determine planning and navigation abilities, which may also start to become compromised in
the preclinical phase.

In this study, our results suggest that even in cognitively normal older adults, driving, a vital
and complex activity for daily living, is impacted by preclinical AD and depression. Older
adults with both a remote or active depression diagnosis and preclinical AD were faster to
receive a marginal/fail rating on standardized road test. Additionally, screening for
depression and antidepressant use should be completed since older adults experience a
number of important life changes (e.g., retirement, death of parents or friends, changes in
residence, new diseases/diagnoses). Our results show that depression impacts driving decline
and safety, particularly among older adults with preclinical AD.
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Fig. 1.

Time to Marginal/Fail Rating (years)

Kaplan-Meier survival curves examining relationships between depression, antidepressant
use and preclinical Alzheimer disease (AD) as reflected by positivity on any of the four

biomarkers: (A) depression and antidepressant use; (B) antidepressant use and preclinical
AD; (C) depression and preclinical AD.
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Table 1
Demographics (V= 131)"
Age, y 72.1+4.6
Education, y 16.3+25
Women, N 71 (54.2%)
Race, Caucasian, N 117 (89.3%)
APOE4+ N 36 (27.5%)
MMSE, N 293+1.0
Biomarkers
CSF A4y, pg/mL 910.1 +341.8
CSF tau, pg/mL 343.8+194.4
CSF ptausgy, pg/mL 62.2+29.2
Amyloid imaging
Florbetapir, SUVR 1.17 +0.54
PiB, SUVR 1.38 +0.60
Depression, N 16 (12.2%)
GDS, N 0.87+1.3
Marginal/Fail rating, N 37 (28.2%)
Driving follow up time, y 250+1.0
Antidepressant use, N 21 (16.0%)
Selective serotonin reuptake inhibitors 9 (6.9%)
Norepinephrine-dopamine reuptake inhibitor 7 (5.3%)
Selective Serotonin—norepinephrine reuptake 7 (5.3%)
inhibitors
Biomarker positivity
Any 69 (52.7%)
CSF ABs, 37 (28.2%)
CSF tau 50 (38.2%)
CSF ptauyg; 36 (27.5%)
Amyloid imaging 30 (22.9%)

Page 13

MMSE, Mini-Mental State Examination; AB42, amyloid-B42; ptau181, phosphorylated tau181; SUVR, Standardized Uptake Value Ratios; PiB,
Pittsburgh Compound B; GDS, Geriatric Depression Scale

*
Mean + Standard Deviation or count (percentage).
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Predicting driving decline (Cox models controlling for age)

Table 2

p Wald HR  95% CI Lower Upper
Model la
Depression (only) 0.003 8.66 320 148 6.95
Antidepressant (only) 0.023 5.15 243 113 5.25
Model Ib
Depression 0.024 5.12 262 114 6.03
Antidepressant 0.150 2.07 1.83 0.83 4.19
Model 2
Depression 0.021 5.30 275 116 6.64
Antidepressant 0.185 1.76 181 0.75 434
CSF Ap42 0.042 4.14 201 1.03 3.94
Depression 0.012 6.36 291 127 6.69
Antidepressant 0.085 296 206 0.90 471
CSF tau 0.025 5.04 218 114 4.34
Depression 0.031 4.65 251 1.09 5.78
Antidepressant 0.037 436 250 1.06 5.92
CSF ptaul81 0.006 7.48 269 132 5.48
Depression 0.017 5.67 315 1.23 8.10
Antidepressant 0.132 2.26 1.98 081 4.83
Amyloid imaging 0.032 4.58 225 1.07 4.73

HR, hazard ratio; ClI, confidence interval; AB42, amyloid-B42; ptau181, phosphorylated tau181

*
Degrees of freedom for all models = 1.
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