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Abstract

Background: Atherosclerosis of the carotid bifurcation with plaque formation causes
asymptomatic carotid artery stenosis (ACAS), which may also be associated with cerebral
hypoperfusion. Cerebral hypoperfusion adversely affects multiple aspects of mobility and
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cognition. This study tests the hypothesis that community-dwelling older adults with a 50% or
greater diameter-reducing ACAS will have mobility and cognitive impairments that heighten their
risk for falls.

Methods: Eighty community-dwelling adults completed a mobility assessment (Short Physical
Performance Battery, Berg Balance Scale, Four Square Step Test, Dynamic Gait Index, Timed Up
and Go, and gait speed), self-reported physical function (Activities-Specific Balance Confidence,
SF-12 Physical Function Component), and cognitive tests (Mini-Mental State Examination). Falls
were recorded for the past 6 months. Standardized carotid ultrasound examination classified
participants into no stenosis (<50% diameter reduction) (n = 54), moderate stenosis (50%—-69%) (n
= 17), and high-grade stenosis (70%-99%) (n = 9) groups. Linear and logistic regression analyses
determined the associations between these measures and the degree of stenosis (three groups).

Results: Logistic regression analysis showed their degree of stenosis was associated with
reductions in mobility (Short Physical Performance Battery [~ =.008], Berg Balance Scale [P
.0008], Four Square Step Test [£=.005], DGI [P=.0001], TUG [P=.0004], gait speed [P
.02]), perceived physical function (ABC [P < .0001], SF-12 Physical Function Component [P
.0001]), and cognition (MMSE [P =.003]). Adults with moderate- and high-grade stenosis had a
greater incidence of falls compared with those without stenosis (relative risk, 2.86; £=.01).
Results remained unchanged after adjustment for age, sex and cardiovascular risk factors.

N

Conclusions: ACAS is associated with impaired mobility and cognition that are accompanied
with increased fall risk. These impairments increased with worsening severity.

Keywords
Asymptomatic carotid artery stenosis; Cognition; Balance; Physical function; Falls

Asymptomatic carotid artery stenosis (ACAS) with a 50% or greater diameter reduction is a
complication of atherosclerotic cardiovascular disease (ASCVD) that occurs in
approximately 10% of adults older than 65 years.} High-grade ACAS (270% diameter
reduction) identifies individuals at a higher risk of ASCVD events. Although stroke occurs
in only 2% of patients with ACAS per year, its prevention has been the traditional focus of
treatment.23 Recent evidence suggests that 40% to 50% of older adults with ACAS may also
have cognitive dysfunction.#> This decline in cognitive function may be associated with
cerebral hypoperfusion.® To our knowledge, there is no systematic assessment of mobility
function and fall risk in patients with ACAS. Cognitive and mobility dysfunction frequently
coexist in older individuals.”~® This has important clinical and behavioral implications, as
because cognition and mobility function are major determinants of health and well-being,
independent living, falls, frailty, disability, and survival in the elderly.10-14 This exploratory
pilot study tests the hypothesis that community-dwelling, functionally independent older
adults with 50% or greater ACAS will have impairments in mobility and cognitive function
and will report more falls over the prior 6-month period than participants without stenosis.

METHODS

Ambulatory adults living independently were recruited from the rehabilitation and vascular
clinics of the Baltimore Veterans Affairs Medical Center and the University of Maryland.
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The University of Maryland, Baltimore, Institutional Review Board approved the protocol,
and informed consent was obtained from all participants. Carotid artery stenosis was
determined by duplex ultrasound in a vascular laboratory accredited by the Intersocietal
Accreditation Commission.1® Participants were classified as having no stenosis (<50%
diameter reducing), moderate (50%—-69% diameter reducing) stenosis, and high grade (70%
-99% diameter reducing) stenosis. Doppler velocity thresholds to determine the degree of
stenosis were according to consensus criteria used by our group previously (<50% stenosis
when the internal carotid artery [ICA] peak systolic velocity [PSV] is <125 cm/second; 50%
-69% stenosis when ICA PSV is 125-230 cm/second; and >70% stenosis to near occlusion
when ICA PSV is >230 cm/second).16

Exclusions were a disability that limited ambulation or ability to undergo mobility testing,
stroke or transient ischemic attack referable to either hemisphere, sedative drugs, prior
carotid revascularization procedure, carotid artery occlusion, or known vertebral-basilar or
intracranial stenosis or occlusion. Three people were excluded owing to lower extremity
amputations and severe knee arthritis. Cardiovascular risk factors, including coronary artery
disease, peripheral arterial disease, diabetes mellitus, hypertension, hyperlipidemia, and
prior or current smoking, were recorded.1” Coronary artery disease was defined as a positive
history of myocardial infarction or angina pectoris.

Five objective, standardized, validated performance tests were used to assess mobility
function in all participants.11:18-22 A physical therapist blinded to study participant status
(ACAS vs no stenosis) performed all tests in a dedicated space. The order of testing was
consistent over time, and scoring occurred within 24 hours. We do not believe that the
performance of the measure would induce learning effects. However, a fixed order would
ensure that any influence on performance would affect everyone similarly and not influence
the results. The total testing time varied from 20 to 30 minutes among the participants
because of interindividual variability in the completion time of some tests that had no time
limits. The Short Physical Performance Battery (SPPB) assesses gait speed, static balance,
and lower extremity strength (time to complete 5 repeated chair rises).1 The items are
scored on a scale of 0 to 4, with a total maximum score of 12. The short form Berg Balance
Scale (BBS) measures ability to safely balance during a series of predetermined positions
that alter the base of support.18:22 The items are scored on a scale of 0 to 4, with a total
maximum score of 28. The timed Four Square Step Test (FSST) assesses ability to step
quickly over an object forward, sideways and backward.2! The four-item Dynamic Gait
Index (DGI) assesses ability to modify balance while walking in the presence of external
demands (walking on a level surface, changes in walking speed, walking with horizontal
head turns, and walking with vertical head turns).1® The scale ranges from 0 to 3 with a total
maximum score of 12. The Timed Up and Go (TUG) requires rising from a chair, walking 3
meters, turning around, walking back to the chair and sitting down.20

We assessed cognitive status, balance confidence, and physical activity as follows: Mini-
Mental State Examination (MMSE) for cognitive function; Physical Activity Scale for the
Elderly (PASE; range, 0-400) for level of physical activity related to leisure, household and
occupational activities23; Activities-Specific Balance Confidence (ABC) for perceived
confidence in the ability to maintain balance under different circumstances on a scale of 0%
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(no confidence) to 100% (total confidence)?4; and the Medical Outcome Survey Short Form
(SF-12), a 12-item self-report questionnaire for overall health-related quality of life and two
subscales related to physical and cognitive health.

At the time of evaluation, participants were asked if they had fallen in the past 6 months. A
fall is defined as a sudden, unintentional change in position causing an individual to land at a
lower level on an object, the floor, or the ground, other than as a consequence of a sudden
onset of paralysis, epileptic seizure, or overwhelming external force.2>

Statistical analysis.

RESULTS

Data are reported as means and standard deviations, medians, 25th and 75th percentiles, and
minimum and maximum values, and analyzed using SPSS for Windows v. 22.0 (IBM,
Chicago, Ill) and SAS version 9.4 (SAS Institute, Cary, NC). The participants were divided
into three groups based on carotid ultrasound examination: (1) no stenosis (<50%), (2)
moderate stenosis (50%—-69%), and (3) high-grade stenosis (70%-99%). Baseline
differences in characteristics between the three groups were analyzed using X2 tests and
analysis of variance. Linear and logistic regression estimated the association between
stenosis and mobility function (SPPB, BBS, FSST, DGI, TUG, and gait speed), cognitive
function (MMSE), as well as self-reported measures of physical activity level (PASE),
balance confidence (ABC), physical function (SF-12 Physical Function Component) and
falls. Models were constructed with stenosis group (one, two, or three) as the independent
variable and in a backward elimination selection procedure with a staying 2 value of .05
with stenosis forced in and cardiovascular risk factors (coronary artery disease, diabetes
mellitus, hypertension, hyperlipidemia, and prior or current smoking), age, and sex as
possible covariates initially. Adjusted and unadjusted P values are presented. Box and
whisker plots of measures are presented for each group. Pearson correlation coefficients are
used to assess relationships between scores for MMSE, for mobility and balance (SPPB,
BBS, FSST, DGI, TUG, gait speed), and for perceived physical activity (PASE), balance
confidence (ABC), and physical function (SF-12). The frequency of impairment by the
presence of stenosis (yes vs none) was calculated and X2 tests and logistic regression
ascertain differences in the frequencies of impairments between groups. For this analysis,
impairment is defined as scores that are 1 standard deviation or more below (or above, for
the timed tests) the mean of the group without stenosis. Logistic regression modeling with
backward selection calculated the relative risk for reported falls in participants with a
stenosis compared with those without stenosis. 2 values of .05 or less indicate statistical
significance.

The participants in the three groups were of comparable age, sex, and race (Table I).
Consistent with the presence of atherosclerotic disease, rates of coronary artery disease and
diabetes are higher in participants with ACAS than in those without a stenosis (Table I).
There were 67.5% of participants with no stenosis, 21.3% with moderate stenosis, and
11.2% with high-grade stenosis, of which 12.5% had bilateral disease. The participants with
moderate- and high-grade ACAS have worse scores on all measures of mobility function
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compared with those without a stenosis (Table II; Fig 1), including greater balance deficits
(SPPB, BBS, FSST, and DGI) and worse gait measures (TUG, gait speed) with increasing
stenosis (Table I1). Linear regression shows that scores on all tests of mobility and cognition
were worse in participants with moderate or high-grade stenosis than in those without
stenosis. Adjusting for clinical characteristics did not change the significance of the
association with stenosis. Similarly, the self-reported measures of cognitive function
(MMSE), balance confidence (ABC), and SF-12 physical function were lower in participants
with stenosis than in those without. The impairments in mobility and cognitive function in
the ACAS participants compared with controls persisted after adjustment for the ASCVD
risk factors (Table I1; Fig 2).

We next assessed whether mobility function, perceived balance confidence, and physical
activity were associated with cognitive function across the three groups. Gait speed
measured during complex tasks such as rising from a chair and walking (TUG) or walking
while performing additional dual-task maneuvers (DGI) correlated with MMSE (rryg =
-0.30 [P=.008] and rpg; = —0.34 [P=.003]). The performance of other complex physical
tasks involving balance (BBS and FSST) also correlated with MMSE (rggs = 0.27 [P =.02]
and rpsst = 0.36 [P=.001]). However, gait speed measured at the participant’s usual self-
selected walking pace, correlated weakly with cognitive function (rpymse = 0.21; £=.07).

A significantly higher proportion of participants with ACAS were cognitively impaired
(61% vs 15%; P =.003) and have impaired DGI (62% vs 15%; P =.002) compared with
those without stenosis. In addition, a higher proportion of participants with ACAS have a
combination of cognitive dysfunction and objective evidence of impaired mobility,
compared with those without a stenosis (39% vs 6%; £ =.001). These functional
impairments in ACAS are associated with a 2.86 times greater (95% confidence interval,
1.31-6.24; P =.01) propensity for falls during the most recent 6 months compared with
those without stenosis.

DISCUSSION

In community-dwelling adults living independently without evidence of a prior stroke, the
presence of a 50% or greater diameter-reducing asymptomatic carotid stenosis is associated
with mobility and cognitive dysfunction that heightens their likelihood of falling. The
impaired cognitive and mobility performance, the reduction in perceived physical function,
and the reduced confidence in maintaining balance during walking and daily activities
worsens with increasing severity of the stenosis. This finding suggests that these functional
limitations collectively contribute to the greater incidence of falls in participants with ACAS.
Thus, asymptomatic carotid stenosis may not be a benign disease, but rather an insidious one
that is accompanied by mobility and cognitive dysfunction and a heightened risk for falls.

There is considerable evidence for an association between cognitive impairment and
mobility dysfunction with falls in older adults.8-26-29 The ability to walk at a normal self-
selected speed, once considered an automated, spontaneous motor behavior that requires
minimal cognitive resources,3%-32 depends on more complex neural networks involving
executive and visuospatial input.33 Our results show that gait speed and balance are both
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impaired in participants with ACAS during normal walking, but are impaired to an even
greater extent under more cognitively challenging conditions, such as during the DGI, FSST,
and TUG. This finding suggests a relationship between impaired cognition with mobility
function, congruent with the findings of others where older adults with cognitive dysfunction
are limited in their ability to maintain a normal gait rhythm and balance during normal
walking.”~9:27:33-36 Fyrthermore, their mobility impairments are more evident under more
challenging conditions, especially in conjunction with acute perturbations, such as turning
the head or visual or auditory distractions.27:3537 The inability to successfully complete
these more complex and challenging tasks seem to be related to deficits in the integration of
motor signaling across multiple regions of the brain required for the interaction of attention,
executive, visuospatial, and motor processing.”-3%:36:38 The coexistence of mobility
dysfunction with impaired global cognition in adults with ACAS would increase their risk
for injurious falls when their cognitive and physical resources are unable to compensate for
these impairments, as shown in this study.

Decreased brain perfusion may be related to impaired cognitive function.® Mobility
dysfunction is also found in older adults28 and diabetics3® with impaired cerebrovascular
hemodynamics. Carotid stenosis in patients with inadequate cross-collateralization can result
in flow restriction, hypoperfusion, and cerebral hemodynamic compromise.540 This
hemodynamic compromise in patients with ACAS may, therefore, form a potential pathway
to explain the mobility and cognitive dysfunction in patients with ACAS observed in our
study.>#! Further studies need to be performed to determine the relationship because we did
not perform brain perfusion studies in this population. In addition, atherosclerosis-related
inflammation contributes to neurodegeneration, with functional decline and falls in older
adults.4243 Thus, it is likely that a combination of hypoperfusion, cerebrovascular
hemodynamic abnormalities, inflammation, silent cerebral infarction, and intracranial
atherosclerosis contribute to impaired mobility in carotid stenosis.

Atherosclerosis, a chronic progressive disease with plague accumulation, has been
associated with microembolization and subsequently brain microinfarctions in 15% to 19%
of individuals with ACAS.4445 These microinfarcts could lead to decreases in mobility and
cognitive function. However, in our previous study, we did not find a difference in silent
brain microinfarct rates between individuals with ACAS who had cognitive impairment and
those who were cognitively impaired.> Further studies would be needed to investigate
whether brain microinfarctions are associated with decreases in mobility and cognitive
function.

The participants in this study had a high prevalence of coronary artery disease and diabetes,
as well as hypertension, dyslipidemia, and cigarette smoking. Cognitive function and
mobility worsen with increasing vascular risk factors and with older age,*647 and these
changes are associated with falls.#8 Our results indicate that increasing severity of carotid
stenosis has a significant and independent effect on mobility and cognition. Low scores on
functional activities of daily living have been observed in patients with high-grade ACAS.
49.50 Correction of the stenosis by surgery improves quality of life in patients with severe
stenosis®L; however, a surgical strategy is not applicable for all grades of stenosis.
Rehabilitation strategies that emphasize dual task cognitive-motor training and aggressive
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cardiovascular risk factor management may attenuate these disabilities and decrease fall risk
in this population.52:53

The small sample sizes within subgroups classified by the degree of stenosis limits
generalizability and the ability to ascertain relative contributions of ACAS and vascular risk
factors to cognitive and mobility impairment in this population. This is an exploratory pilot
study that lays the groundwork for further studies. More comprehensive vascular risk factor,
mobility, and cognitive testing in a larger group of participants with ACAS is needed to
clarify the relationship between the severity of stenosis and incident falls. All these
participants have multiple comorbidities, and the pathogenesis of their impairments are
likely multifactorial. Nevertheless, our analytical model adjusted for clinical risk factors.
participants with a stenosis had a 2.8-fold heightened fall rate compared with those without.
This fall rate is higher than that reported in participants of a similar agel? and indicates a
substantial risk for fracture. Neuroimaging studies and comprehensive cognitive evaluations
are required to assess the underlying mechanisms for these functional impairments and aid
in the development of effective interventions to slow the progression of ACAS and its impact
on cognition, mobility, and risk for fall-related disability.

CONCLUSIONS

This study shows that asymptomatic carotid stenosis is an important risk factor for mobility
and cognitive dysfunction and a higher incidence of falls. These disabilities are strongly
associated with greater morbidity, disability, nursing home institutionalization, and mortality
in older adults. The identification and treatment of risk factors and mechanisms mediating
these ACAS-associated disabilities may attenuate declines in cognition and mobility
function and reduce the risk of falls in these vulnerable adults. This goal could be
accomplished through comprehensive mechanistically driven clinical strategies directed at
the reduction of plaque burden, cognitive and mobility rehabilitation, and, in severe stenosis,
the addition of surgical revascularization to improve blood flow.
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ARTICLE HIGHLIGHTS
Type of Research: Single-center prospective study

Key Findings: Individuals with asymptomatic carotid stenosis with diameter
reducing of more than 50% performed worse on measures of mobility,
perceived their physical function as poorer, and scored lower on the Mini
Mental State Examination. They also had a greater incidence of falls than
those without stenosis (relative risk, 2.86; P=.01).

Take Home Message: Asymptomatic carotid artery stenosis is associated
with impaired mobility and cognition and a greater fall risk.
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Fig 1.

Boxplots of mobility function measures (gait and balance) for participants without carotid
artery stenosis (black boxes), with moderate stenosis (50%—-69% diameter reducing) (red
boxes) and with high-grade stenosis (70%-99% diameter reducing) (blue boxes). Median,
horizontal line in the box; top line of the box, upper quartile (75th percentile); bottom line of
the box, lower quartile (25th percentile); Filled square, mean. The ends of the whiskers
(vertical lines) indicate the minimum and maximum values. *Adjusted £ values based on
logistic regression. BBS, Berg Balance Scale; DG/, Dynamic Gait Index; £FSST, Four Square
Step Test; SPPB, Short Physical Performance Battery; 7UG, Timed Up and Go.
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Fig 2.

Boxplots of cognitive function, and self-reported balance confidence, physical activity, and

physical function for participants without carotid artery stenosis (b/ack boxes), with

moderate stenosis (50%—-69% diameter reducing) (red boxes) and with high-grade stenosis
(70%-99% diameter reducing) (b/ue boxes). Median, central line in the box; fop line, upper
quartile (75th percentile), lower quartile (25th percentile), mean is central square. The ends
of the whiskers (vertical lines) indicate the minimum and maximum values. *Adjusted P
values based on logistic regression. ABC, Activities-Specific Balance Confidence Scale;
MMSE, Mini-Mental State Examination; PASE, Physical Activity Scale for the Elderly;
SF12, Medical Outcome Survey Short Form 12 Physical Function Component.
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