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Abstract

We examined whether neuropsychiatric symptoms (NPS) interact with cerebrospinal fluid (CSF)
biomarkers (amyloid-p4, [AB42], tau, phosphorylated tauqg; [ptauigi], tau/Ap4o, and ptausgi/
AB42) of Alzheimer's disease pathology to predict driving decline among cognitively-normal older
adults (A=116) aged =65. Cox proportional hazards models examined time to receiving a rating of
marginal or fail on the driving test. Age, education, and gender were adjusted in the models.
Participants with more abnormal CSF (AB4z, tau/ABa4o, ptau;gi/APao) and NPS were faster to
receive a marginal/fail on the road test compared to those without NPS. NPS interact with
abnormal CSF biomarkers to impact driving performance among cognitively-normal older adults.
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Introduction

Over the next 40 years in the United States, the number of older adults age =65 will double,
when 25% of all drivers will be an older adult and the prevalence of Alzheimer's disease
(AD) will increase to almost 14 million [1]. Changes in cognitive and neurobehavioral
processes begin in the long preclinical stage of AD [2]. Early identification of these changes
prior to symptomatic AD can help to understand the resulting impact on complex activities
and functional outcomes like driving. Recent work has shown that cerebrospinal fluid (CSF)
and imaging biomarkers predict driving problems and longitudinal driving decline among
cognitively normal older adults [3, 4]. Institutions like the National Institute on Aging and
Alzheimer's Association recommend research into neurobehavioral outcomes like mood
disorders to link the pathological changes to emerging AD symptoms in order to determine
the impact on functional decline prior to full symptom onset [5].

Mood states like depression, anger, and anxiety also negatively impact driving behaviors [6].
In older adults, mood states and neuropsychiatric symptoms (NPS) predict progression to
symptomatic AD [7, 8]. Additionally, changes in mood have been associated with CSF and
imaging biomarkers [9]. It is possible that the combined impact of abnormality in CSF
biomarkers, mood states, and NPS could be larger than the additive effects of each. We
therefore examined whether mood states and NPS interacted with AD biomarkers to predict
future driving problems among cognitively normal older adults.

Materials and Methods

Design

Data were used from individuals, in a longitudinal study (AG043434) at the Knight
Alzheimer's Disease Research Center (ADRC) at Washington University School of
Medicine in St. Louis, who had processed CSF data available for analyses. Participants were
required to be cognitively normal (Clinical Dementia Rating = 0 [CDR]) [10], English-
speaking, aged 65 years or older, have a valid driver's license, and driving at least once a
week. At baseline evaluation, participants underwent biomarker testing, as well as clinical
and psychometric assessments, followed by a standardized performance-based road test [3,
4]. At annual follow-ups, participants completed clinical and psychometric assessments and
the road test. Washington University Human Research Protection Office approved all study
protocols, consent documents, and questionnaires (no. 201208161).

Mood states and NPS

Mood was evaluated by baseline measures of the Profile of Mood States-short form (POMS-
SF) [11] and the Geriatric Depression Scale (GDS) [12], while NPS was evaluated by the
Neuropsychiatric Inventory Questionnaire (NPI-Q) [13]. The POMS-SF is a 30-item
questionnaire that assesses six mood states (anxiety, depression, anger, vigor, fatigue,
confusion) and provides a total mood disturbance score (TMD) ranging from -20 to 100,
while the GDS is a brief 15-item depression screen with scores ranging from 0-15; both are
completed by the participant. The NPI-Q is a 12-item survey of behavioral domains and
presence of symptoms and associated severity with scores ranging from 0 to 36. The
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domains include: delusion, hallucination, agitation, depression, anxiety, elation, apathy,
disinhibition, irritability, motor disturbance, nighttime behaviors, and appetite. The NPI-Q is
completed by a collateral source. At our ADRC, the collateral source are generally female
(70%), are a spouse (46%) or adult child (38%), interacts with the participant daily, and has
typically known the participant for approximately 30-60 years [14]. Higher scores on all
three measures indicate increased problems.

CSF measurement

Road test

Following an overnight fast, trained neurologists obtained samples via standard lumbar
puncture using a 22-gauge Sprotte spinal needle to draw 20-30mL of CSF at 8:00 AM. All
samples were gently inverted and centrifuged at low speed to avoid potential gradient effects
and frozen at —84°C after aliquoting into polypropylene tubes. Levels of amyloid-p4
(AP42), total tau, and phosphorylated tau;g; (ptauig;) were obtained and measured using
enzyme-linked immunosorbant assay (INNOTEST; Fujiebio [formerly Innogenetics], Ghent,
Belgium). Lower levels of ARy, indicate amyloid plaque accumulation while higher levels
of tau and ptausg; indicate neuronal injury/degeneration; elevated ratios of tau/AB4» and
ptauig1/AB42 indicate more AD pathologic burden [15].

Participants completed the standardized Washington University Road Test, [16, 17] a 12-
mile course starting from a closed parking lot and progressing into traffic with complex
intersections and unprotected left hand turns. An examiner in the front seat provided
direction and evaluated the driving performance of the participant. A pass (no problems/
errors), marginal (some safety concerns and errors), or fail (high risk and errors) rating was
assigned at the end of the road test via a standardized scoring system.

Statistical analyses

Descriptive statistics examined demographic variables and normal distribution of predictors
and outcome variables. Similar to our previous work [3, 4], we compared the lowest tertile to
the other two tertiles for AB4o; for remaining biomarker values, the highest tertile was
compared to the lower two tertiles in our analyses. Compared to normative scores, baseline
scores on all subscales of the POMS-SF, GDS, and NPI-Q indicated little to no disturbance
as self-reported by participants or collateral source. As a result, scores on the POMS, GDS,
and NPI-Q were dichotomized into 0 (no problems) if no items were endorsed and 1 (some
problems) if participants/collateral source endorsed any item. Driving decline was examined
as time from baseline to receiving a rating of Marginal or Fail on the road test. At baseline,
all participants received a pass rating on the road test. Cox proportional hazards models
(CPHM) were used to examine whether values of each CSF biomarker were associated with
time from baseline to receiving a rating of Marginal or Fail on the driving test while
adjusting for, and simultaneously testing the effects of, age, education, and gender. Separate
models examined the POMS, GDS, and NPI-Q and the interaction with the CSF biomarkers.
Secondary analyses examined the effect of apolipoprotein (APOE) allele #4 status. In the
Cox models, data from participants who did not return for follow-up, or who did not receive
a rating of Marginal/Fail on the driving test by the end of the follow-up period, were
censored at the date of the most recent driving assessment session.
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Data were available from 116 participants with ages ranging from 65.6 to 88.2 years (Table
1). Follow-up period ranged from 0.67 to 3.97 years with a mean of 2.1 years. The CPHM
showed that interactions between NPI-Q and APg42, tau/AB4), and ptauygi/AB4o biomarkers
were significant in predicting time to a rating of Marginal/Fail on the road test. Hazard ratios
were 10.6 for ABy (95% CI: 1.64-68.38; p< 0.013), 8.23 for tau/AB4» (95% CI: 1.21-
55.94; p< 0.031), and 7.3 for ptaug1/AP42 (95% ClI: 1.07-49.35 p <0.042). Participants
with NPS and more abnormal levels of ARy, tau/AB4p, and ptauigi/AP4e Were much faster
to receive a marginal/fail rating on the road test compared to participants with no NPS or
non-abnormal biomarkers (Fig. 1). There were no associations between POMS and GDS
with time to marginal/fail, nor were the interactions significant between the POMS or GDS
with CSF biomarkers. There were no significant effects found for age, gender, and education
in the models. On the NPI-Q, the most commonly endorsed items were irritability (20),
appetite (11), depression (11), and agitation (8). There were 18 out of 31 participants with
two or more NPS reported and an associated 5 out of 7 Marginal/Fail rating on the road test.
In secondary analyses, APOE4+ was not statistically significant when added to the models
nor did APOE4+ impact relationship between CSF biomarkers and NPS.

Discussion

AD biomarkers are actively being used in research studies to delineate a time course of the
preclinical stages and to understand the impact on functional activities. Driving problems
arise earlier for participants with preclinical AD [3]. Symptomatic AD (CDR >0) is
associated with much faster decline on the NPI-Q than cognitive normality (CDR 0) [7]. In
our sample of cognitively normal older adults, presence of neuropsychiatric symptoms
interacted with CSF biomarkers to predict a much faster time to receiving a marginal/fail
rating on a road test. While preclinical AD alone predicted a faster time to receiving a
marginal/fail rating [3], the presence of NPS increases these problems compared to those
without preclinical AD or NPS.

While NPS interacted with the biomarkers, the POMS and GDS biomarker interactions were
not significant in the models and the main effects of these variables were not associated with
time to marginal/fail. One explanation may be that constructs like NPS and moods are
different in how they are experienced by a person and expressed in the presence of others.
Another explanation may be that the NPI-Q is filled out by the collateral source while the
participant fills out the POMS and GDS. Participants may not be aware of problems they are
having, thus leading to underreporting of neurobehavioral changes. The CDR recognizes this
issue and requires inclusion of a collateral source in the interview to determine staging [10].
Neuropsychological testing of global and specific cognitive functioning may not be sensitive
enough to detect differences in biomarker groups in preclinical AD [3, 9]. Changes in mood
and NPS may precede cognitive decline and can be easily screened in cognitively normal
older adults. Putative models of preclinical AD and its pathophysiology [5] should be
updated to include changes in emotive domains like mood and NPS and functional activities
like driving. These outcomes may serve as noncognitive and functional biomarkers that can
provide critical information about early changes in preclinical AD. Given the current
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intensive work on non-invasive biomarkers of preclinical AD, assessment of mood and NPS
will contribute to the eventual development of risk models to predict when driving problems
and decline will occur in the aging population.

There are some limitations to our study. Participants were well educated, predominately
Caucasian, and willing to undergo a lumbar puncture and may not be representative of the
larger population. Despite these limitations, our findings support the use of NPS and
biomarkers in predicting changes in driving decline. Further work is needed to examine
longitudinal changes in mood states and NPS in cognitively normal older adults and the
resulting impact on driving decline and driving cessation.
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Kaplan-Meier curves describing group interactions between CSF biomarkers and the NPIQ
in predicting time to a rating of Marginal/Fail on the road test. A4y, amyloid-B4o; ptauigs,
phosphorylated tauyg1; NPI-Q, Neuropsychiatric Inventory Questionnaire.
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Baseline demographics (N= 116)"

Table 1

Age,y

Education, y

Women, N

Race, Caucasian, N
APOE4+ N

Biomarkers

CSF A4, pa/mL

CSF tau, pg/mL

CSF ptausgy, pg/mL

CSF tau/AB42

CSF ptauyg1/ABs2
Participant endorsing some mood/NPS problems
POMS TMD, N

Normal CSF biomarker
Abnormal CSF biomarker
GDS, N

Normal CSF biomarker
Abnormal CSF biomarker
NPI-Q, N

Normal CSF biomarker

Abnormal CSF biomarker

724446
16.3+2.5
61 (52.6%)
105 (90.5%)
33 (28.4%)

864.2 +325.7
3475+ 197.6
63.3+£30.0
0.50 +£0.49
0.90 +0.08

25 (21.5%)
10 (8.4%)
15 (12.9%)
59 (50.8%)
25 (21.5%)
34 (29.3%)
31 (26.7%)
18 (15.5%)
13 (11.2%)
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APOE4+, Apolipoprotein allele e4; Ap42, amyloid-B42; ptau181, phosphorylated tau181; POMS-SF, Profile of Mood States — Short Form; TMD,

Total Mood Disturbance; GDS, Geriatric Depression Scale; NPI1-Q, Neuropsychiatric Inventory Questionnaire.

*
Mean+SD or percentage.
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