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Background and objectives: The homeless population in the US is aging.
Cognitive impairment is prevalent in this population, yet little is known
about the neurologic etiologies of such impairment. Addressing this gap
in knowledge is important because homeless older adults with cognitive
impairment due to neurodegenerative disease may need lifelong tailored
support to obtain and maintain housing. In this study, we characterized the
neurocognitive health of a sample of adults who experienced homelessness
for the first time after age 50 using gold standard behavioral neurology
examination practices.

Methods: We conducted a descriptive cross-sectional study of older adults
who first experienced homelessness after age 50. We recruited our sample
purposively from an ongoing longitudinal cohort study of adults who were
aged 50 and over and homeless when they entered the cohort. For this sub
study, we enrolled a convenience sample from those who reported their
first episode of homelessness after age 50. We did not exclude individuals
based on history of substance use. Neurologists conducted a structured
neurocognitive history intake, neurological examination, neuropsychological
evaluation, and functional assessment between November 2020 and February
2021. We screened all participants for neurocognitive disorders using gold
standard clinical research diagnostic criteria.

Results: We evaluated 25 participants, most were men (76%) and Black
(84%), with a median age of 61 years. The most common neurocognitive
complaints included deficits in recent episodic memory (n = 15, 60%),
executive functions (n = 13, 52%), and behavior/mood, with apathy being
the most common complaint (n = 20, 80%). Neuropsychological testing
revealed a high prevalence of socioemotional deficits (n = 20, 80%). Common
neurological examination deficits included difficulties with coordination, such
as impaired Luria task (n = 16, 64%), signs of distal peripheral neuropathy (n
= 8, 32%), anosmia/hyposmia (n = 4, 21%), and signs of mild Parkinsonism
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(n =5, 20%). The most common diagnoses were MCI (n = 7, 28%), bvFTD (n =
4, 16%), AD (n = 4, 16%), and DLB (n = 2, 8%).

Discussion:  Our findings suggest that neurocognitive concerns and
examination deficits are common among older homeless adults. Specific
neurocognitive disorders may be overrepresented in this population,
particularly frontotemporal disorders. Longitudinal studies involving brain
biomarkers are needed to characterize the neurocognitive health of this

vulnerable population more precisely.

homelessness,

underserved

populations, social determinants of health,

neurodegenerative disease, neurocognitive testing, dementia, neurocognitive
disorders, neurological health

Introduction

In the 1990s, ~11% of persons experiencing homelessness
in San Francisco were 50 years of age and older, and by 2013,
this figure had risen to 32% (1). Similar demographic trends exist
in other metropolitan areas of the country, with the number of
persons who are homeless and elderly (> 65 years) expected to
triple nationally by 2030 (2). An increasing number of unhoused
adults are becoming homeless for the first time after 50 years of
age (1, 3). Among those 50 and older and homeless, 44% had
never experienced homelessness prior to age 50.

Studying the brain health of older adults (> 50) and elderly
(> 65) persons experiencing homelessness is important for two
main reasons. First, the incidence and prevalence of different
forms of age-related neurodegenerative disease of the brain
(NDDB), such as Alzheimer disease (AD) and frontotemporal
lobar degeneration (FTLD), is expected to rise as the general
population ages (4). The early clinical signs and symptoms of
some forms of NDDB, especially those that affect the anterior
frontal and temporal lobes early in the illness (i.e., atypical
presentations of AD and typical presentations of FTLD) lead to
focal deficits in social cognition and socioemotional processing.
Persons affected by NDDB often engage in behaviors that are
harmful to their personal and social lives, intimate relationships,
and work responsibilities (5, 6). We hypothesize that early
changes in cognition caused by NDDB, particularly changes
in social cognition, could precipitate homelessness in selected
individuals, especially those who live alone, are minimally
supported, or are socioeconomically vulnerable (7, 8). Second,
most of the non-communicable health conditions that are
disproportionately prevalent in homeless older adults are known
risk factors for NDDB (9). There is a high prevalence of
cognitive impairment and accelerated cognitive aging among
older adult homeless persons (10-14), and at least 48% of
homeless individuals with cognitive impairment exhibit signs of
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functional decline (15), yet little is known about the role that
NDDB play in leading to cognitive impairment and functional
decline in homeless older adults.

Studies on cognitive impairment in homeless adults
generally rely on limited, brief assessments of cognition
to evaluate participants (13) without incorporating more
comprehensive neuropsychological, neurological, functional,
and biomarker examinations that are currently considered
gold standard practices in the evaluation of persons with
suspected NDDB. Few studies have characterized cognitive
impairment in this population using contemporary neurological
approaches, including brain health biomarkers (16, 17). Such
approaches are important as they may greatly inform prognosis
of these older adults as well as guide the provision of
person-centered supportive measures to help them obtain and
maintain housing.

To study the intersection between NDDB and the experience
of homelessness among older adults, we previously investigated
relationships between homelessness and NDDB among an
existing cohort of adult research participants with different
forms of NDDB evaluated in the Memory and Aging
Center (MAC) of the University of California San Francisco
(UCSF) (8). We found that persons with anterior frontal
and temporal neurocognitive deficits (i.e., persons with FTLD
or the frontal variant of AD, for example) were highly
represented among our homeless cohort, and most of these
participants had become homeless in the setting of a fragile
socioeconomic context.

In this study, we seek to expand this work by
characterizing the neurocognitive health of a community-based
cohort of older adults who experienced homelessness
for the first time after the age of 50, employing
gold standard neurological and  neuropsychological
examination
UCSF MAC.

approaches currently in use at the
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Methods

Study overview

This study is a collaboration between the UCSF MAC
Alzheimer Disease Research Center (ADRC) and the Health
Outcomes in People Experiencing Homelessness in Older
Middle agE (HOPE HOME) study. The UCSF Institutional
Review Board approved the study.

Participants and study design

We recruited participants from the HOPE HOME study,
which used a venue-based sampling method to enroll 350
participants between 2013 and 2014, 100 additional participants
between 2017 and 2018, and followed all participants at 6
months intervals since. At enrollment, participants needed
to be age 50 and older (53 in second wave), homeless
by the HEARTH criteria, and speak English. Participants
remained in the study regardless of housing status at follow-
up. HOPE HOME sampled from all overnight homeless
shelters serving homeless adults in Oakland, CA, all free
and low-cost meal programs serving three or more meals
a week, and a random selection of homeless encampments
and recycling programs. Staff sampled randomly within sites
in order to reflect the population of interest (18-20). Staff
obtained consent using a teach-back method and excluded
individuals unable to give informed consent (21). We used
multiple modalities to provide consent (written and oral)
(22, 23). We assessed understanding by conducting a post-
consent quiz that documents the participants’ knowledge of
critical elements of the informed consent (e.g., knowledge of
components of the study, risks, voluntary nature of study, ability
to withdraw, confidentiality, etc). We administered a post-
exam quiz to assess understanding. For subjects who score less
than perfect on the initial presentation, educational procedures
were employed to raise their understanding to sufficient levels
for them to make a meaningful choice about participating.
Such procedures may include simple repetition of the relevant
information in the consent form or more detailed explanations
of items that the subject has difficulty understanding (24).
Participants received gift cards or cash for each check-in ($5)
and interview ($20).

We identified HOPE HOME study participants who
remained active in the study between November of 2020 and
February of 2021 and who reported that they first became
homeless at age 50 and older and had an active phone number
(n = 100). We offered recruitment to the first 35 individuals
on a list of participants ordered sequentially by latest follow-
up date. We were able to enroll 27 consecutive participants, 25
of whom completed all components of this study: structured
neurocognitive history intake, neurological examination, and
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neuropsychological examination. Two participants were unable
to complete all components due to inability to travel to site for
in-person evaluation.

We conducted interviews and exams between November
2020 and February 2021. We offered a $30 debit card
for neurocognitive history and an additional $30 for the
neurological and neuropsychological examinations.

Due to research restrictions imposed by the Coronavirus
Disease 2019 (COVID-19) pandemic, we conducted in-
person evaluations outdoors in a private setting outside the
HOPE-HOME study site in Oakland, California. Whenever
possible, we conducted neurocognitive history intakes over
the telephone.

Data storage

We collected de-identified data (assigning each individual
a personalized ID number) in paper forms. These forms were
stored securely and discarded after being scanned into a secure
electronic database.

Study measures

Functional status

We used data on functional status from the most recent
HOPE HOME semi-annual interview that was conducted
prior to each participant’s neurocognitive evaluation for this
study. As part of HOPE HOME study procedures, participants
reported whether they received support from anyone on a
daily basis to help with instrumental and/or non-instrumental
activities of daily living (iIADL and ADLs). Participants
reported whether they had difficulty with everyday activities
because of a physical, mental, emotional, or memory problem:
dressing, bathing, or showering, eating, getting in or out
of bed, using the toilet, and walking across the room (25).
If a participant could not perform an activity because of
lack of access to resources, the interviewer determined the
participant could otherwise perform said activity. HOPE
HOME also used the Brief Instrumental Functioning Scale
(BIFS) to determine iADLs as it has been validated in
homeless populations (25-27). Staff asked participants if in
the past 4 weeks they could perform each activity on their
own, with help, with a little help, with a lot of help, or
needing someone to do the tasks for them. These activities
included: (1) Taking medications as prescribed by a doctor,
(2) filling out an application for benefits, (3) keeping up
with or budgeting money, (4) using public transportation,
(5) setting up a job interview by phone, and (6) finding
an attorney to help with a legal problem. We scored
BIFS as binary. The mean duration between time of most
recent functional assessment and time of neurocognitive
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evaluation for this study was 3 months prior to our
neurological examination.

Alcohol use, drug use, and depression
measures

HOPE HOME staff collected data on alcohol use, drug use,
and depression using validated scales in their 6-month follow-
up visits. We used the closest score to our neurologic assessment
and excluded individuals with assessments more than 4 weeks
after our neurologic exam.

The HOPE HOME staff used the Alcohol Use Disorders
Identification Test (AUDIT) (28) to assess for alcohol use
disorders. HOPE HOME modified the AUDIT by asking about
behaviors in the past 6 months, instead of past year. We
considered scores of 8-15 as measures of harmful alcohol use,
16-19 as moderate disorders, and 20 and above as evidence of
severe alcohol use disorders.

HOPE HOME staff also adapted questions from World
Health Organization Alcohol, Smoking,
Involvement Screening Test (ASSIST) (29, 30) which assesses
drug use in the 12 months prior to survey administration to

and Substance

assess drug use in the past 6 months. We asked participants
how often they (1) used, (2) had a strong desire or urge to
use, (3) experienced health, social, legal or financial problems
as a result of using, and (4) failed to do what was normally
expected of them due to using the following substances:
cannabis, cocaine, amphetamine type stimulants, inhalants,
sedatives or sleeping pills, hallucinogens, opioids, or other
drugs in the past 6 months. Possible responses (and assigned
scores) were the following: never (0), once or twice (2),
monthly (3), weekly (4), and daily or almost daily (6). HOPE
HOME asked participants if a friend, relative, or anyone
else had ever expressed concern about their drug use for
the listed substances and if they ever tried and failed to
control, cut down, or stop using each listed drug. Possible
responses (and assigned score) were never (0), in the past
6 months (6), and not in the past 6 months (3). For each
substance, we specified substance involvement risk as lower
risk (score 0-3), moderate risk (score 4-26), and high risk
(score 27+).

HOPE HOME used the Center for Epidemiologic Studies
Depression Scale (CES-D) (31) to assess depression in
participants, which has shown to be a reliable measure of
depression in homeless populations. We asked participants if
they experienced various feelings or behaviors rarely (not at
all or <1 day, score of 0), some or a little of the time (1-
2 days, score of 1), occasionally or a moderate amount of
time (3-4 days, score of 2), or most or all of the time (5-7
days, score of 3). We asked participants about the following
experiences: (1) being bothered by things they usually aren’t
bothered by, (2) poor appetite, (3) not being able to shake
off the blues even with help from family/friends, (4) feeling
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just as good as other people, (5) having trouble keeping
his/her mind on task, (6) feeling depressed, (7) feeling like
everything is an effort, (8) feeling hopeful about the future,
(9) thinking his/her life had been a failure, (10) fear, (11)
restless sleep, (12) happiness, (13) talking less than usual,
(14) loneliness, (15) feeling that people were unfriendly, (16)
enjoying life, (17) crying spells, (18) sadness, (19) feeling that
people disliked him/her, (20) feeling that he or she could
not get “going.” Scores of 0-3 for each of the 20 questions
were combined for a total score of up to 60. We used a
standard threshold score of 16 or more to categorize possible
clinical depression.

Neurocognitive history
[SM and SL]
neurocognitive histories in all study participants through

Neurologists conducted  structured
a phone interview. This included participants’ age, sex,

self-reported race, educational attainment, and work
experience/stated profession. We also screened participants for
comorbidities that are known risk factors for NDDB and/or
cognitive decline: traumatic brain injury (TBI), stroke/transient
ischemic attack, seizures/epilepsy, encephalitis/meningitis, sleep
disorders (sleep apnea, rapid eye movement sleep behavior
disorder), hypertension, hypercholesterolemia, obesity, diabetes,
hearing loss, vision loss, cardiovascular disease, and thyroid
disorders (32). Along with formalized scores for measuring
alcohol use and drug use (methamphetamine, opioid, cocaine,
and cannabis), we obtained informal data on individuals™ use,
we defined remote alcohol and illicit drug use as no use within
the previous year (per self-report). We screened for the presence
of known specific neurodegenerative disorders among first- and
second-degree relatives (Alzheimer disease, Parkinson disease,
Lewy body dementia, frontotemporal dementia, amyotrophic
lateral sclerosis/Lou Gehrig’s disease, PicK’s disease, vascular
dementia, and any other forms of dementia and neurological
disease). We asked the following question to elicit any other
pertinent family history from each participant: “Did anyone in
your family, including grandparents, parents, aunts or uncles,
cousins, brothers or sisters, or children experience progressive
loss of mental functions, or thinking abilities, or cognitive
functions? Progressive changes in personality or behavior?
Progressive difficulties speaking? Progressive difficulties using
their arms and legs?”

We [SM and/or SL] then assessed each participants
neurocognitive history following a structured interview based
on gold standard evaluation procedures in the UCSF ADRC.
Participants were asked to report on perceived changes to
their neurocognitive health over the previous “few years”
compared to their perceived baseline. The interview began
with a brief assessment of subjective cognitive decline (SCD)
based on a previously published SCD interview, the SCD-

I (33). This interview begins with an open-ended question
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(“During the past few years, have you noticed any changes
in your mental abilities? Could you give an example from
everyday life”), followed by a brief structured assessment of
changes to individual cognitive domains and an assessment of
when said cognitive changes (if any) began, whether or not
the participant felt concerned about said cognitive changes
(relative to self-perceived baseline and perceived cognitive
abilities of age-matched peers), and if the participant sought
medical care for said complaints. This initial assessment was
followed by a detailed neurocognitive review of systems that
probed the following domains: episodic memory (remote and
recent), visuospatial skills (orientation/navigation, judgment
of depth/distance, problems with visual perception), executive
function (planning/organization, multi-tasking, attention span),
language (expression and comprehension), sleep, autonomic,
and sensory functions, motor function (gait, falls, weakness,
involuntary movements), and behavioral and emotional-
processing changes.

Neurological examination

Participants were scheduled for in-person neurological
their
neurocognitive history examinations. Experienced neurologists

examinations  after  completing phone-based
[SM or SL] performed neurologic examinations in a safe
and private outdoor space within the HOPE-HOME study
site in Oakland, California. Neurological examinations were
conducted using Personal Protective Equipment (PPE) in
accordance with COVID-19 public health recommendations.
In addition to all components of a gold standard bedside
neurological examination (cranial nerves, motor systems,
coordination, sensory systems, deep tendon reflexes, and
gait examination) we assessed olfaction using the Brief Smell
Identification Test (BSIT) (34) given that hyposmia/anosmia
is a known risk factor for NDDB, especially alpha-synuclein

associated disease (35).

Neuropsychological examination

Trained testers [SM or GA] conducted all neuropsychologic
assessments, which were administered on the UCSF Tablet-
based Cognitive Assessment Tool (TabCAT) platform (36,
37). The tests were developed and validated by UCSF
neuropsychologists to measure cognitive skills that are affected
by typical and atypical presentations of NDDB (37, 38).
Participants were asked to report any drug use prior to
test administration and were assessed for clinical signs of
intoxication. If participants screened positive, they were re-
scheduled for a different visit. None of the participants in
this study showed clinical signs of intoxication during testing.
Memory was assessed using Favorites, an associative memory
test that requires participants to learn associations between
verbal and visual stimuli. Performance was summarized by
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the total correct across the 2 learning and 1 delay trials.
Executive functions were assessed by Match, which requires
participants to quickly match numbers (1-7) and simple
pictures. Performance was summarized by total correct in
2 min. Flanker (inhibitory attention) and Dot Counting (verbal
working memory) tests from the NIH EXAMINER battery
provided additional executive assessments (39, 40). Visuospatial
skills was measured by Line Orientation, which requires
participants to indicate which of two lines is parallel to a target
line. Language was assessed by Animal Fluency (41). Social
cognition was assessed with the Dynamic Affect Recognition
Test (DART) on which participants are asked to identify the
emotion expressed in each of a series of short videos relying on
nonverbal cues. In total, administration of the TabCAT spanned
30-45 min (42).

Data analysis

Participants’ scores on neuropsychological testing were
adjusted for demographic factors using normative data (42).
For Favorites, Match, Line Orientation, and Animal Fluency,
the scores were corrected for age and education level using
a previously published regression approach (38). Flanker and
Dot Counting were corrected for age and sex using the
same method. DART was corrected for sex and age using a
traditional box norms approach. As the participant sample
is disadvantaged relative to reference samples, a conservative
impairment threshold (z-scores < —2.0) was selected.

Using the summation of data obtained from structured
neurocognitive history, neurological examination,
neuropsychological examination, and functional assessment,
we assigned each participant into one of four groups to
denote each participant’s overall neurocognitive health status:
neurocognitively normal, SCD (43), and mild or major
neurocognitive disorder based on criteria from the 5th
version of the Diagnostic and Statistical Manual (44, 45).
“Neurocognitively normal” participants were those that did
not report or endorse neurocognitive concerns based on
our neurocognitive history intake, performed within normal
range on neuropsychological examination, and reported intact
ADLs and iADLs. Participants with SCD were those who
reported and/or endorsed neurocognitive concerns on our
neurocognitive history intake but performed within normal
range on neuropsychological examination and reported intact
ADLs and iADLs. Participants with mild neurocognitive
disorder (MiNCD) were those who reported and/or endorsed
neurocognitive concerns on our neurocognitive history
intake and performed below expected on neuropsychological
examination yet reported intact ADLs and iADLs. Finally,
participants with major neurocognitive disorder (MaNCD)
were those who reported and/or endorsed neurocognitive
concerns on our neurocognitive history intake, performed
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below expected on neuropsychological examination, and
reported significant impairments on their ADLs and/or iADLs.

Subsequently, we screened all neurocognitive signs and
symptoms obtained from structured neurocognitive history,
neurological examination, neuropsychological examination,
and functional assessment, to assign each participant into
one or more of the gold standard research diagnostic criteria
for NDDB, which included the following criteria: possible
Alzheimer’s Dementia (AD), possible behavioral variant
frontotemporal dementia (BvFTD), probable corticobasal
syndrome (CBS), possible CBS, possible Lewy body dementia
(DLB), amnestic mild cognitive impairment (MCI), non-
amnestic MCI, possible multiple system atrophy (MSA),
primary progressive aphasia (logopenic variant, semantic
variant, and/or agrammatic variant), possible Parkinson’s
disease (PD), possible progressive supranuclear palsy (PSP),
suggestive PSP, and posterior cortical atrophy (PCA) (46-56).
In this manner, we explored possible etiologic diagnoses for the
observed neurocognitive deficits observed in participants based
solely on clinical data.

Results

Pertinent sociodemographic
characteristics, medical, and family
history

Participants ranged in age from 54 and 71 years, with
a median age of 61. The majority of participants were male
(76%), reported high school/GED level of education and above
(84%), and were Black (84%). Most participants (n = 19, 76%)
were currently housed at the time of interview. With regards
to pertinent family history, nearly half of participants (44%)
reported a family history of suspected NDDB, with AD being
the predominant suspected etiology. Participant medical history
was notable for a higher prevalence of cardiovascular disease
(hypertension, heart disease, hyperlipidemia, diabetes) than the
general population (47% of hypertension, 10% diabetes, and
12% hyperlipidemia in the general population, per Centers for
Disease Control and Prevention, CDC) (57-59). Moreover, 40%
of participants reported a history of depression (vs. 8.4% in
the general population, per CDC) with at least 17% noting
current moderate to severe current symptoms per the CES-D
(60). Close to 25% of participants reported a history of TBI
(vs. 0.3% in the general population, per CDC) (61). Over half
of participants (56%) reported a history of illicit substance
use (though only 20% of individuals endorse current use with
cocaine and cannabis being the commonly used substance per
ASSIST scores), 60% reported a history of tobacco use, and 40%
reported a history of alcohol use. Rates of alcohol use and illicit
drug use are lower in the general population (6% heavy alcohol
use and 21.4% illicit drug use) (60) (Table 1).
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TABLE 1 Pertinent sociodemographic characteristics, medical and
family history (based on self-report).

Sociodemographic and health characteristics N, %
Sex
Female 6,24
Male 19,76
Race/ethnicity
Black 21, 84
Other 4,16
Non-hispanic white 1,4
Hispanic 1,4
Mixed race 2,8
Education
Less than high school/GED 4,16
Finished high school 15, 60
Completed junior college/college 5,20
Completed graduate school 1,4
Current housing status
Housed 19, 76
Unhoused 6,24
Family history of neurologic disease
Alzheimer’s disease/Unspecified dementia 11, 44
Frontotemporal dementia 0,0
Parkinson’s disease 0,0
Dementia with Lewy bodies 0,0
Pick’s disease 0,0
Vascular dementia 0,0
Amyotrophic lateral sclerosis/Lou Gehrig’s disease 1,4
Drug use
History of methamphetamine, cocaine, marijuana, and/or opioid use 14, 56
WHO-ASSIST, Opioids* moderate risk (4-26) 1,4
WHO-ASSIST- Methamphetamine* Moderate Risk (4-26) 4,17
WHO-ASSIST- Cocaine* Moderate Risk (4-26) 21,88
WHO-ASSIST- Cannabis* Moderate Risk (4-26) 21,88
Remote heavy alcohol use (>3 drinks/day), currently sober 4,16
AUDIT Score*: Medium-High (8-20) 4,17
Medical comorbidities that are pertinent to brain health
Hypertension 16, 64
Heart disease 5,20
Hyperlipidemia 9,36
Diabetes 5,20
Stroke/transient ischemic attack (TTA) 1,4
Seizures/Epilepsy 0,0
Thyroid disorder 0,0
Encephalitis/Meningitis 0,0
Rapid eye movement sleep behavior disorder 0,0
Sleep apnea 2,8
History of depression 10, 40
Moderate/severe CES-D Score (22+)* 4,17
(Continued)
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TABLE 1 Continued

Sociodemographic and health characteristics N, %
Traumatic brain injury

With loss of consciousness (LOC) 2,8
Without LOC 4,16
Current tobacco use 15,60

*2 individuals did not have scores for AUDIT, ASSIST, and CES-D within an appropriate
time window and thus their scores are not reported.

Neurocognitive history

Approximately half of participants (n = 13, 52%) reported
neurocognitive deficits based on the SCD-I; the majority of these
(n =9, 69%) expressed feeling worried about their perceived
cognitive deficits, yet none of the participants had seen a doctor
or health provider to address their concerns. The average age of
first symptom onset was 56 years with an average of 5.1 years (SD
= 3.12) since first symptom on interview. Those who endorsed
symptoms mostly noted deficits in memory, executive function,
and language.

All
compared to

participants  endorsed
their

neurocognitive domains

neurocognitive  changes

perceived baseline across various
assessed, with changes in the
behavioral/socioemotional domain being most frequently
endorsed. We found that 80% of participants (n = 20) noted
changes in motivation and/or apathy, while only 32% (n
= 8) perceived changes to their overall emotional health.
Within the domain of language function, more than half
of participants (n = 16, 64%) endorsed deficits in language
expression (word finding difficulties being most common).
There was a high prevalence of recent episodic memory loss
(n = 15, 60%) and executive dysfunction with difficulties in
planning and organization being most prevalent (n = 13, 52%).
Although visuospatial deficits were less commonly reported,
16% of participants endorsed experiencing difficulties with
navigation/orientation (n = 4), and only two participants
endorsed hallucinations and/or visual perception changes
(Table 2).

Sensory and autonomic changes, including constipation,
erectile dysfunction, urinary changes, numbness, and tingling,
were common among 16 participants (64%); most common
amongst these were sensory changes, with 10 participants
(40%) reporting numbness/tingling in either hands or legs.
Eight individuals (32%) endorsed gait difficulties; 7 participants
(28%) endorsed experiencing falls. Involuntary movements
were uncommon. Two individuals noted tremor while only
one individual noted twitching. While sleep health concerns
were less common than cognitive concerns, seven participants
were aware of possible dream enactment behaviors (28%), 12
participants reported experiencing insomnia (48%), and 11
participants reported increased daytime sleepiness (44%).
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TABLE 2 Neurocognitive signs and symptoms based on structured
neurocognitive review of systems.

Neurocognitive domain N
Episodic memory functions

Recent 15, 60
Remote 1,4
Visuospatial processing functions

Difficulties with navigation/orientation 4,16
Difficulty judging depth/distance 3,12
Difficulty with visual perception 2,8
(including illusions and hallucinations)

Executive functions

Difficulty with planning/organization 13,52
Difficulty multi-tasking/parallel tasking 8,32
Poor concentration/attention span 11,44
Language functions

Impaired language expression 16, 64
Impaired language comprehension 3,12
Sleep health

Insomnia 12,48
Sleeping more/napping more 11, 44
Fluctuating wakefulness/attention 4,16
during day

Loud snoring 10, 40
Apneic episodes 3,12
Acting out dreams 7,28
Motor functions

Gait difficulties 8,32
Falls 7,28
Difficulty using hands 3,8
Muscle weakness 6,24
Involuntary movements 3,12
Twitches 1,4
Jerks 0,0
Tremors 2,8
Dysphagia 1,4
Autonomic/sensory changes 16, 64
Lightheadedness/dizziness 4,16
Erectile dysfunction 2,11
Constipation 3,12
Urinary incontinence 2,8
Anosmia 2,8
Hyper/hypo hidrosis 3,12
Neuropathy 10, 40
Behavioral/socioemotional functions

Changes in emotional health 8,32
Changes in behavior 14,52
Disinhibition 4,16
Binge eating 7,28
Change in food preferences 2,8
Lack motivation/apathy 20, 80
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TABLE 3 Neurological signs based on neurological examination.

Neurological signs N, %
Cranial nerve abnormalities

Hyposmia/anosmia* 4,21
Visual field cut 1,4
Pupillary abnormalities 3,12
Extraocular movement abnormalities 4,16
Diminished facial sensation 1,4
Hearing loss 1,4
Motor function abnormalities

‘Weakness 1,4
Increased tone 6,24
Tremor 2,8
Fasciculations 1,4
Coordination abnormalities

Upper extremity clumsiness/Slow finger taps 11, 44
Lower extremity clumsiness/Slow foot taps 4,16
Breakdown of set

Pronation/Supination 14, 56
Opening/Closing Fist 13,52
Luria sequence abnormalities 16, 64
Dysmetria on heel-knee-shin 1,4
Apraxia of upper and/or lower extremities 2,8
Sensory function abnormalities

Cortical 1,4
Peripheral 8,32
Deep tendon reflex abnormalities

Increased 3,12
Decreased 16, 64
Gait abnormalities

Parkinsonism 5,20
Retropulsion (Positive Pull Test) 2,8
Difficulties with tandem gait 8,32
Wide-based gait 5,20

"BSIT performed on 19 participants (76%).

Neurological examination

Among the 19 participants who took the BSIT, four
(21%) had abnormalities in the sense of smell. Of note, four
participants (16%) exhibited mild impairments in extraocular
movements, three participants exhibited pupillary function
abnormalities, and one participant presented with a cortical
visual field cut. No other cranial nerve abnormalities were
detected (Table 3).

The most common finding observed on motor exam was
increased tone (n = 6, 24%). This presented as unilateral,
upper extremity cogwheeling in five of these individuals, and
increased tone in the bilateral legs in one individual. One
individual had fasciculations in his back and calves that have
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been present since spinal surgery, and two participants had a
non-resting tremor of the bilateral upper extremities. Difficulties
performing the Luria task were common (n = 16, 64%), as
well as a breakdown of set on pronation/supination of hands
(n = 14, 56%) and opening/closing of fists (n = 13, 52%).
The majority of participants exhibited clumsy and/or slowed
finger taps (n = 11, 55%). Signs of apraxia were uncommon,
with only two participants demonstrating signs of appendicular
upper extremity apraxia (8%).

On sensory examinations, nearly one-third of participants
(n = 8, 32%) had bilateral length-dependent and ascending
polyneuropathy at the feet to the shins, and over half of
16, 64%) demonstrated diminished ankle
jerk reflexes, again suggestive of an underlying neuropathy.

participants (n =

Conversely, three participants (12%) exhibited hyperreflexia at
the patella and/or asymmetric reflexes in the upper extremities.

On gait examination, findings were varied but not strongly
prevalent. Approximately one third of participants (n = 8, 32%)
had difficulties with tandem gait, while five participants (20%)
had either a parkinsonian gait or wide-based gait. Testing of
retropulsion was positive in two participants (8%).

Neuropsychological examination

All participants exhibited signs of cognitive impairment
based TabCAT. agreement  with  self-report
of neurocognitive deficits obtained through detailed
neurocognitive history, a majority of participants (n = 17,
68%) exhibited socioemotional deficits on testing. Executive

on In

dysfunction and memory deficits were also common, with 16
participants (64%) exhibiting signs of executive dysfunction
and 12 participants (48%) exhibiting signs of impaired recent
episodic memory function. Of note, performance outcomes
were unavailable for 6 participants on the Flanker, an executive
function task, due to difficulty completing practice trials. Almost
one-third had visuospatial deficits (n = 8, 32%), and only two
participants had deficits on verbal fluency (8%) (Table 4).

Functional independence

At least a quarter (n = 7, 28%) of participants in this study
reported any ADL deficit while close to a third (n = 8, 32%)
reported any iADL deficit on structured history. Twelve percent
(n = 3) of participants endorsed functional deficits on the BIFS.

Degree of neurocognitive impairment
and possible etiologies

None of the participants in this study were considered to be
neurocognitively normal; and because all participants exhibited
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TABLE 4 Neuropsychological deficits based on TabCAT.

Neurocognitive domain N, %
Episodic memory impairments

Favorites 12,48
Executive function impairments

Match 16, 64
Dot counting 8,32
Flanker 5,20
Language deficits

Animal fluency 2,8
Visuospatial deficits

Line orientation 8,32
Socioemotional deficits

DART 17, 68

deficits on neuropsychological testing, none met criteria for
SCD. Four participants could not be classified because they did
not volunteer or endorse neurocognitive concerns or complaints
and denied functional impairments despite exhibiting signs of
neurocognitive impairment on examination.

Ten participants (40%) reported/endorsed neurocognitive
deficits that were substantiated on neuropsychological testing
and were severe enough to interfere with activities of daily
living, thus meeting criteria for MaNCD. A similar proportion
of participants (n = 11, 44%) reported/endorsed neurocognitive
deficits that
examination but were not severe enough to interfere with

were substantiated on neuropsychological
activities of daily living, thus meeting criteria for MiNCD. These
participants did not meet any exclusion criteria for MiNCD
or MaNCD.

We only included diagnostic categories that did not require
biomarker data (including neuroimaging). Eight participants
had neurocognitive deficits but no clear pattern of decline (i.e.,
they met criteria for many subtypes of NDDB) or had co-
morbidities (i.e., stroke) that clouded their assessment. MCI was
most common, with five participants meeting criteria for the
amnestic variant and two individuals meeting criteria for the
non-amnestic variant. The incidence of bvFTD and AD was
identical (n = 4, 16%). There was a low incidence of possible
DLB (n = 2, 8%). None of the participants met criteria for CBS,
MSA, PCA, PD, PPA, or PSP (Table 5).

Discussion

In this neurocognitive health study of older homeless adults
with a first episode of homeless at age 50 and older, we
found that self-reported neurocognitive concerns were highly
prevalent and well-substantiated on structured neurological and
neuropsychological examinations. None of the participants in
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TABLE 5 Possible etiological diagnosis, based on clinical research
criteria.

Clinical research diagnosis N, %
Possible bvFTD 4,16
Possible AD 4,16
Possible DLB 2,8
MCI 7,28
Ampnestic 5,20
Non-Amnestic 2,8
Probable CBS 0,0
Possible CBS 0,0
Possible MSA 0,0
PPA 0,0
Possible PD 0,0
Possible PSP 0,0
Suggestive PSP 0,0
Indeterminant 8,32

this study were deemed neurocognitively normal, and nearly
half met criteria for mild or major neurocognitive disorder
based on detailed clinical examinations. More than half of
participants in this study met clinical research criteria for specific
neurodegenerative disorders.

We found that several general health conditions that
are relevant to brain health were highly represented among
our study participants, especially hypertension, diabetes,
hyperlipidemia, depression, smoking, and traumatic brain
injury. All these conditions have been specifically associated
with risk of NDDB (9), and previous studies have shown
that they are highly prevalent in older adults experiencing
homelessness (27). In studies specific to FTD, TBI, obesity,
diabetes, hypertension, and hyperlipidemia have all been
associated with FTD risk to varying degrees (62-64). Further
longitudinal studies are needed to ascertain the cumulative
impact of these and other general health conditions on specific
brain health outcomes among unhoused older adults, including
risk of NDDB and cerebrovascular disease.

We elicited a wide

complaints/concerns in our study participants, including

range of focal neurocognitive
behavioral and emotional changes, with signs and symptoms
of frontotemporal neurocognitive impairment most common.
We found a high prevalence of self-reported depression (40%),
higher than housed adults 65 years and older (5-10%) (65), as
well as perceived changes in emotional health (32%), changes
in behavior (52%), and lack of motivation/apathy (80%).
These are noteworthy observations, as it is well-known that
late-life mood symptoms (anxiety and depression), as well as
behavioral changes (apathy and disinhibition) may represent
early manifestations of an underlying NDDB, particularly
DLB, AD, and FTLD. Moreover, such changes in mood and
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behavior often manifest years before signs or symptoms of
cognitive decline (i.e., memory loss, executive dysfunction, etc.)
emerge. Longitudinal studies on AD, for example, show that
apathy, irritability, and depression are common prodromal
features of this disease (66). And persons with bvFTD frequently
exhibit apathy and anhedonia, or disinhibition early in their
illness—signs and symptoms that are often misinterpreted as
major depression or other psychiatric illness early in the disease
course (6, 67). Mid to late life mood disorders in unhoused older
adults, especially in the setting of absent early life psychiatric
illness, should raise concern for a an early NDDB.

Many participants in our study who did not volunteer
neurocognitive signs and symptoms on open-ended questioning
did endorse neurocognitive deficits on structured history intake,
suggesting that a detailed and structured neurocognitive history
intake approach is be needed to elicit these clinically significant
deficits in this population.

The predominance of frontotemporal signs and symptoms
captured in our study participants based on neurocognitive
history was corroborated on neuropsychological testing. We
found a high prevalence of socioemotional processing deficits,
as well as signs of executive dysfunction and associative
memory dysfunction. These deficits provide evidence for
frontotemporal lobar dysfunction, in agreement with findings
from our retrospective study on homelessness among persons
with NDDB (8). Moreover, our study results also suggest a
relative sparing of parieto-occipital lobe functions, based on
both history and neuropsychological testing. Characterizing
the patterns of neurocognitive impairment is important for
diagnostic and prognostic reasons, as persons with typical
AD, for example, demonstrate deficits that localize to the
temporo-parietal regions of the brain, whereas persons with
FTLD and atypical AD variants typically demonstrate deficits
that localize to anterior frontotemporal brain regions (7, 68,
69).

We observed a wide range of focal neurological deficits
in our study participants based on detailed neurological
examinations. Most notable were deficits in cranial nerve
function, motor function, coordination, and peripheral sensory
functions, thus indicating a mix of central and peripheral
neurological deficits. Such multifocal localization suggests
the possibility of diverse neurological injuries among older
adults experiencing homelessness. The high prevalence of
history of illicit drug use and alcohol use among participants
in this study may partly explain these findings. Heavy
alcohol and illicit substance use have well-studied neurologic
effects. Cocaine use disorder, for example, can disrupt
nigrostriatal dopamine transmission leading to impairments
in motor function and coordination such as those observed
in this study, and can also impair the integrity of white
matter tracts through vasoconstriction of cerebral vessels and
hypoperfusion of brain parenchyma (70). Moreover, illicit
drug abuse can also lead to structural brain changes. On

Frontiersin Neurology

10

10.3389/fneur.2022.905779

post-mortem autopsies of regular methamphetamine users,
for example, significant hippocampal volume loss has been
observed (70).

Alternatively, focal neurological examination deficits are
also commonly observed in persons with early NDDB, hence
the neurological deficits we observed in our study participants
raise concern for unrecognized primary neurological disease
in unhoused older adults. For example, reduced sense of
smell in the setting of signs and symptoms concerning
for autonomic nervous system dysfunction (orthostatic
hypotension, constipation, erectile dysfunction, etc.) and rapid
eye movement (REM) sleep behavior disorder—all of which
were observed in our study participants—raises concerns
early underlying Parkinson disease (PD) or dementia with
Lewy body (DLB) disease processes (71). In this regard, it
is also noteworthy that several of our study participants
presented with signs of parkinsonism on neurological
examination (bradykinesia, limb rigidity, gait instability,
tremor, etc.), which would also raise concern for PD or
DLB (72, 73). Moreover, atypical presentations of AD, which
are most common in persons younger than 65, can also
present with signs of Parkinsonism years before the onset of
cognitive impairment (74). Neurological longitudinal research
studies are needed to determine the clinical significance
of these neurological signs and symptoms in homeless
older adults.

None of the participants in this study were neurocognitively
normal, and none met criteria for SCD because all participants
exhibited deficits on neuropsychological testing and/or reported
deficits in ADLs and/or iADLs. Most participants in our
study (84%) met criteria for MiNCD or MaNCD. These
disorders do not necessarily lie on a continuum. Independent
reversible or irreversible etiologies of MiNCD and MaNCD
exist and not all persons with MiNCD progress to MaNCD.
Still, both disorders portend an unfavorable prognosis if
not clinically evaluated and addressed. This is particularly
relevant to the experience of homelessness, as a homeless older
adult with MiNCD or MaNCD due to an underlying NDDB
will eventually need individualized, lifelong support to find
and maintain stable housing and avoid institutionalization as
their disease progresses. This is because all forms of NDDB
progress insidiously and irreversibly, thus leading affected
individuals to become dependent on others for ADLs and
iADLs, as well as for medical, legal, and financial decisions
and procedures.

While all participants in our study exhibited impairments
on neuropsychological testing, four did not report or endorse
any neurocognitive complaints or functional decline on
history intake. Therefore, they did not meet criteria for
SCD, MIiNCD, or MaNCD; they were also not considered
to be healthy,
suspect these four participants did not report or endorse

neurocognitively however. Instead, we

neurocognitive or functional decline on history intake
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due to lack of insight into their neurocognitive health.
Lack of insight, also known as anosognosia, is common in
NDDB, particularly FTLD subtypes. Lack of insight is also
characterized as a lack of concern, or anosodiaphoria, in the
neuropsychiatric literature. In a study of 29 individuals with
known FTLD, most individuals denied having a problem that
required medical attention while simultaneously being able to
narrate the behaviors they have that society would consider
problematic. This phenomenology is commonly observed
among persons with FTLD, and it localizes to the right frontal
lobe (75).

Guided by current research criteria for neurocognitive
disorders, we found that approximately 16% of our study
participants met criteria for possible bvFTD and 16% for
possible AD, whereas 8% met criteria for possible DLB.
Approximately 28% of our study participants met criteria for
MCI, about one third of these were non-amnestic. Although
lack of longitudinal data, including reliable informants,
and lack of brain health biomarkers greatly limited our
ability to characterize these individuals more precisely,
we found that the signs and symptoms elicited from our
participants based on detailed history and neuropsychological
testing conformed mostly to AD and FTLD syndromes,
whereas other neurodegenerative syndromes such as PD,
palsy,
and primary progressive aphasia, were less common in

progressive  supranuclear corticobasal syndrome,
our study. These findings support our prior study results
(8) and our overarching hypothesis that frontotemporal
neurocognitive syndromes are prevalent in older adults

experiencing homelessness.

Strengths, limitations, and future
directions

The main strength of the present study pertains to
its approach to studying neurocognitive health in older
adults experiencing homelessness. We are not aware of any
other similar studies that have employed a domain-specific
behavioral neurology approach to the study of brain health
in persons experiencing homelessness. In future studies, we
aim to expand and deepen this approach by including brain
health biomarkers and longitudinal neurological and more
comprehensive neuropsychological assessments.

In terms of weaknesses and limitations, our study population
is small, and most participants were Black, male, and fluent
in English, hence our study population and results are not
representative of the larger population of unhoused older
adults. Given the high prevalence of substance use among
the homeless population, we decided not exclude participants
based on self-reported history of substance use and instead
used clinical judgment to exclude participants who were

Frontiersin Neurology

11

10.3389/fneur.2022.905779

showing obvious signs of intoxication. It is thus possible
substance use may account for observed neurocognitive
findings in some participants. Furthermore, it is possible that
undetected/undiagnosed COVID-19 influenced some of the
neurocognitive manifestations observed in some participants.
Due to restrictions imposed by COVID-19, we were only
able to recruit and evaluate participants who were able
to use a phone, hence our results may underestimate the
degree of neurocognitive impairment in our study population.
Furthermore, those with problematic drug and/or alcohol
use were likely under-sampled because they either had died
prior to this sub-study’s recruitment or were unable to be
consented for and/or organize themselves to participate in
this sub-study.

The present pilot study lays the foundation for the
development of a longitudinal study of neurocognitive health
among unhoused older adults in San Francisco in collaboration
with community-based centers that serve this population. Such
a study is necessary because most forms of NDDB have years
long natural histories, hence longitudinal neurological studies
are needed to investigate brain health as both precipitant to,
and recipient of, the experience of homelessness among older
adults. In addition to detailed clinical and neuropsychological
assessments that are gold standard within the field of behavioral
neurology and neuropsychiatry, we intend to add brain
health biomarkers, including imaging and serum markers of
neurodegeneration, to characterize the overall brain health
of this population more deeply. We hope that through this
longitudinal approach we will be able to contribute to our
understanding of the causes and consequences of homelessness
and inform person-centered support and policies to prevent and
address this complex condition.
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