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Introduction: Peripheral arterial disease, as measured by the ankle—brachial index (ABI),
is prevalent among the elderly, and is associated with functional performance, assessed
by the 6-minute walk test (6MWT). Executive cognitive function (ECF) impairments are
also prevalent in this population, but no existing study has investigated the association
between ECF and functional performance in an elderly population including individuals
with low ABI.

Aim: To investigate the association between functional performance, as measured by the 6MWT,
and loss in ECF, in an elderly sample including individuals with low ABI.

Method: The ABI group was formed by 26 elderly individuals with low ABI (mean ABI:
0.63£0.19), and the control group was formed by 40 elderly individuals with normal ABI (mean
ABI: 1.08%0.07). We analyzed functional performance using the 6 MWT, global cognition using
the Mini-Mental State Examination (MMSE), and ECF using the Digit Span for assessing atten-
tion span and working memory, the Stroop Color Word Test (SCWT) for assessing information
processing speed and inhibitory control/impulsivity, and the Controlled Oral Word Association
Test (COWAT) for assessing semantic verbal fluency and phonemic verbal fluency. We also
used a factor analysis on all of the ECF tests (global ECF).

Results: Before adjustment, the ABI group performed worse on global cognition, attention span,
working memory, inhibitory control/impulsivity, semantic verbal fluency, and phonemic verbal
fluency. After adjustment, the ABI group performance remained worse for working memory
and semantic verbal fluency. In a simple correlation analysis including all of the subjects, the
6MWT was associated with global cognition, attention span, working memory, information
processing speed, inhibitory control/impulsivity, semantic verbal fluency, and global ECF. After
adjustment, all the associations remained statistically significant.

Conclusion: This study found an independent association between functional performance and
ECF in an elderly population including low ABI individuals, showing that, in elderly popula-
tions with functional impairment, ECF may also be impaired.

Keywords: cognition, vascular disease, 6-minute walk test

Introduction

Lower extremity peripheral arterial disease (PAD), a cardiovascular disease (CVD)
resulting from atherosclerotic processes affecting the lower limbs,' is prevalent among
the elderly.? Low ankle—brachial index (ABI), the most utilized criterion for detecting
PAD,? may lead to pain on exertion, skeletal muscle atrophy and weakness,* resulting
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in loss of functional performance.’ Studies have shown that a
low ABI is related to decreased walking speed® even among
asymptomatic subjects.” However, physical dysfunction
seems to increase with the severity of symptoms resulting
from a low ABLS®

The 6-minute walk test (6MWT) has been utilized in
several studies of low ABI populations, in order to investi-
gate different outcomes of PAD.*'? In many of these stud-
ies, symptoms resulting from low ABI and its severity were
shown to be associated with and completely or partially
explain shorter distances on the 6MWT,’!! pointing to an
important relationship with functional loss.

Cognitive impairment is also prevalent among the
elderly.”® Executive cognitive functions (ECF), which encom-
pass the cognitive abilities of making decisions, judging,
and suiting behaviors in order to solve problems,' like any
other cognitive function, may be impaired in the elderly.'
This impairment can lead to poor treatment adherence'® and
loss of independence' and ultimately increase the risk of
developing dementia itself.'® The different manifestations
of CVD, as well as the risk factors that lead to its develop-
ment, have been shown to associate with cognitive losses —
especially the ones related to executive functioning'’ — that
may increase with the severity'® and with the number of CVD
manifestations."

Thus, early detection of executive dysfunction and
functional impairments in patients with low ABI may be
useful to prevent future problems and cognitive decline that
affect quality of life. To our knowledge, no existing study
has investigated the specific relationship between ECF
and functional performance in an elderly sample including
individuals with low ABI. Given the associations mentioned
earlier, we hypothesized that, in such individuals, functional
performance, as measured by the 6 MWT, will be associated
with loss in ECF.

Method

Population

The low ABI group (ABI group) for the study was recruited
consecutively from the Vascular Clinic at Hospital das
Clinicas, in Sdo Paulo, Brazil, from April 2011 to August
2013. The normal ABI group (control group) was recruited
from elderly communities near the Hospital and was similar
to the ABI group in terms of age and sex. The inclusion
criterion for the ABI group was an ABI value <1.00, thus
including borderline and PAD subjects in the ABI group,
while the inclusion criterion for control group was an ABI
value =1.00.%°

The exclusion criteria for both groups were history of
stroke, epilepsy, psychotic disorder, traumatic brain injury
and developmental delay, all assessed in self-reports. The
study project was evaluated and approved by the Ethical
Committee of the Hospital das Clinicas. All subjects were
fully informed about the purpose and procedures of the study,
and gave written informed consent.

Sociodemographic investigation

All individuals were contacted by phone and invited to attend
a scheduled appointment at the hospital. We performed
an interview collecting sociodemographic information
such as age, sex, education level, social level, and family
income.

Clinical and functional assessment

The weight and height of each participant were measured
using a regular scale, and the body mass index (BMI) was
calculated as the ratio between weight and squared height.
Systolic blood pressure, diastolic blood pressure and heart
rate were measured in the supine position, after 5 minutes
of rest, and repeated after 1 minute. The second measure-
ment was considered in the analysis. With the subject still
in the supine position, the ABI was measured using a calf, a
sphygmomanometer, and a portable vascular Doppler (DV
610, Medmega, SP, Brazil); systolic pressures were measured
in the following order: left brachial artery, left dorsalis pedis
artery, left posterior tibial artery, right dorsalis pedis artery,
right posterior tibial artery, and right brachial artery. The
ABI value for each leg was calculated as the ratio between
the highest pressure in the arms and the highest pressure in
each leg. The lowest value between the two legs was consid-
ered in the analysis.! The 6MWT was performed in a 20 m
hall, and the subject was instructed to walk for 6 minutes,
according to his or her tolerance, and to slow down or stop
if necessary. The time was registered by the researcher,
and every minute, words of encouragement were spoken.
The test was interrupted every time the individual cited leg
pain that did not allow him or her to continue the activity,
but the timer continued to run during this period, and the
participant resumed activity as soon as the pain attenuated.
The total distance walked by the subject was considered in
the analysis.*

Executive cognitive functions assessment

The cognitive assessment consisted of three steps. In the first
step we assessed the intelligence quotient (IQ) and psychiatric
symptoms, for use in the correction of the analysis, given
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their association with cognitive performance. The Block
Design and the Vocabulary subtests of the Wechsler Adult
Intelligence Scale — third edition (WAIS-III) were utilized as
a short form of 1Q assessment. On the Block Design subtest,
the subject is presented with geometric figures in two colors,
increasing in complexity, and is asked to reproduce them
with blocks in the same colors, in a certain amount of time.
Each completed figure was scored, and the total score was
computed. On the Vocabulary subtest, the subject is presented
with spoken words, increasing in difficulty, and is asked to
tell their meanings or their synonyms. Every correct word
was scored, and the total score was computed. Scores for both
subtests were added and weighted to be transformed into the
I1Q value by age groups.?® The Beck Depression Inventory is
a self-administered test assessing depressive symptoms. It is
composed of 21 questions, which go from 0 to 3, assessing
psychological and physical symptoms. The total score was
computed and was used in the analysis. The Beck Anxiety
Inventory is also a self-administered test assessing anxiety
symptoms. It is also composed of 21 questions, which go from
0 to 3, assessing psychological and physical symptoms. The
total score was computed and used in the analysis.*

In the second step, we assessed global cognition. The
Mini-Mental State Examination (MMSE) is the most utilized
screening of global cognition. It is composed of 19 questions
or commands, divided into 6 cognitive domains: orientation,
immediate recall, attention and calculation, delayed recall,
language, and construction. We used the total score in the
analysis (up to 30 points).?

In the third step, we assessed ECF. The Digit Span test
assesses verbal attention and is composed of two tasks: Digit
Forward, assessing attention span, and Digit Backward,
assessing working memory. In the first task, sequences of
numbers with an increasing degree of difficulty are presented
to the subject, and he or she is asked to reproduce them in
the same order. In the second task, different sequences of
numbers with an increasing degree of difficulty are presented
to the subject, and he or she is asked to reproduce them in
reverse order. The score on each task goes up to 14. We used
separate scores for each task in the analysis.”

The Controlled Oral Word Association Test (COWAT)
assesses verbal fluency, and it is a test in which the subject is
asked to name specific kinds of words within 1 minute. The
“Animals” category was used to assess semantic verbal fluency,
and the “Letters” category, using the letters “F,” “A”, and “S”
(FAS), was used to assess phonemic verbal fluency. We used
the total score for the “Animals” category and the sum of the
scores on the letters F, A and S for the “Letters” category.?

The Stroop Color Word Test (SCWT) is a test in which
the subject is asked to inhibit the reading of the written word
and indicate the color in which the word is written. The test is
composed of three different parts, with colored figures/words,
which increase in difficulty, and the time the subject takes
to complete each part is registered. The first one assesses
information processing speed and the second and third ones
assess inhibitory control/impulsivity. We utilized separate
times for each part.?

Executive functions, cognitive aspects that involve mul-
tiple domains, are all related to the functioning of the pre-
frontal cortex, and belong to the same cognitive construct.'*
Thus, in addition to the separate scores for each test, we also
analyzed a unit of every ECF category verified in the third
step of the cognitive assessment.

Covariates

e Education level: This variable was used as a covariate
because it is closely related to cognition and cognitive
loss,?”” in either young and elderly populations,?®? and
could bias the performance of the groups. Number of
years of formal education was used to represent the
education level.

e Social level (socioeconomic level): Social level has also
been associated with cognitive performance, and was
measured in this study to be used as another covariate.’
The level was defined by an instrument based on the num-
ber of material goods the person possesses at home.’!

e Family income: Low income has been associated with
poor performance on cognitive tests. Therefore, we used
this variable as a covariate, since it could influence the
analysis.*? Family income was based on total monthly
household income.

e Intelligence quotient: Intellectual performance is also
related to either poor or favorable results in cognitive
assessment.* That is why 1Q was measured in this study,
and used as another covariate in the analysis. The descrip-
tion of the assessment can be found in the study method.

e Depressive symptoms: There is evidence to indicate that
depressive symptoms can also impair cognition, espe-
cially in the elderly.** Thus, we utilized these symptoms
as another covariate in the analysis. The description of
this assessment also can be found in the study method.

e Anxiety symptoms: Elderly complaints about cognitive
difficulties can also be associated to anxiety symptoms.>
Therefore, we utilized this variable as a covariate to avoid
its bias in the analysis. The description of the assessment
can be found in the study method.
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Statistical analysis

Comparative analyses on the groups’ performance were done
using the Chi-square test for the categorical variables and the
Student’s #-test and the Mann—Whitney test for the continuous
parametric and nonparametric variables, respectively.

Pearson correlation analyses of the total study sample
were used to investigate the associations between functional
performance and global cognition/ECF. Partial correlation
analyses were performed to investigate the associations
between functional performance and global cognition/ECF,
adjusted for the confounding variables described in the
previous section.

Principal component analysis was used for two pur-
poses: first, to generate a global factor for socioeconomic
characteristics, uniting the information on education level,
social level, family income, and IQ, because they were
highly correlated (minimum correlation between them
was R=0.482, P<<0.001), in order to generate a new factor
that could unite their characteristics. The new variable was
saved, named “sociodemographic factor”, and utilized in
the adjustment analysis, instead of the separate variables,
along with depressive symptoms and anxiety symptoms. A
similar process was used as a second purpose, which was to

Table | Sociodemographic, clinical and functional characterization

generate a global factor for ECF, identifying the common
variance in the Digit Forward, Digit Backward, SCWT
I, SCWT II, SCWT III, COWAT — FAS, and COWAT —
Animals tests, due to their mentioned similarity in terms of
cognitive constructs. The resulting factor values are decreas-
ing and negatively related to our variables of interest. The
new variable was saved, named “ECF factor”, and utilized
in the analysis, along with the independent scores for each
ECF measurement.

Results

During the research period, 32 individuals with low ABI
were contacted, 27 agreed to participate in the study, and
26 actually came to the examination and were included
in the study sample. For the control group, 41 individu-
als (with similar ages and sex to the ABI group) were
contacted, of whom 40 agreed to participate, and all of
them came to the examination and were included in the
study sample.

Sociodemographic, clinical, and functional character-
istics are described in Table 1. The mean age for the control
(67.1748.24) and ABI (68.57£8.34) groups was similar
(P=0.504), and so were male (control =65.4%, n=17 vs

Variable Control (n=40) ABI (n=26) P-value
Age

Mean (years) 67.17 (8.24) 68.57 (18.34) 0.504°

Range 54-88 53-87
Sex 0.812°

Male 65.4% (n=17) 62.5% (n=25)

Female 34.6% (n=9) 37.5% (n=15)
Education level (years) 12.85 (£5.16) 8.30 (+4.76) 0.001*
Social level 0.029°

A 5% (n=2) 0% (n=0)

B 62.5% (n=25) 30.8% (n=8)

C 17.5% (n=7) 38.5% (n=10)

D 0% (n=0) 7.7% (n=2)

E 0% (n=0) 0% (n=0)
Family income ($ per month) 2491.29 (£1601.77) 1227.35 (+755.62) 0.002
IQ 111.94 (+8.96) 98.47 (+25.06) 0.007
BDI 6.79 (+5.23) 12.56 (+9.30) 0.008"
BAI 5.47 (+4.59) 11.48 (17.23) 0.001°
BMI (kg/m?) 25.49 (+3.84) 25.81 (+4.65) 0.773°
SBP (mmHg) 134.68 (+20.04) 147.05 (+22.93) 0.099*
DBP (mmHg) 80.50 (+10.85) 80.20 (£12.68) 0.941°
HR (bpm) 66.31 (£13.34) 63.78 (£10.36) 0.533
ABI 1.08 (+0.07) 0.63 (+0.19) 0.001°
6MWT (m) 394.74 (+88.28) 294.20 (+76.05) 0.001"

Notes: *General Linear Model; chi-squared test. Significant P-values are highlighted in bold.
Abbreviations: |Q, intelligence quotient; BDI, Beck Depression Inventory; BAI, Beck Anxiety Inventory; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic

blood pressure; HR, heart rate; ABI, ankle-brachial index; 6MWT, 6-minute walk test.
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ABI=62.5%, n=25; P=0.812) and female (control =34.6%,
n=9 vs ABI=37.5%, n=15; P=0.812) sex frequencies. On
the other hand, the ABI group had a lower education level
(control =12.8545.16 vs ABI=8.30+4.76; P=0.001), lower
distribution of social level (P=0.029), lower family income
(control =2,491.29+£1601.77 vs ABI=1,227.35+£755.62,
P=0.002), lower 1Q levels (control =111.94£8.96 vs
ABI=98.471+25.06, P=0.007), a higher prevalence of depres-
sive symptoms (control =6.791£5.23 vs ABI=12.5629.30,
P=0.008), and a higher prevalence of anxiety symptoms
(control =5.4744.59 vs ABI=11.48%7.23, P=0.001).

The groups were similar in some of the clinical char-
acteristics, such as BMI (control =25.49+3.84 kg/m?
vs ABI=25.81+4.65 kg/m?; P=0.773), systolic
blood pressure (control =134.68+£20.04 mmHg vs
ABI=147.05+22.93 mmHg; P=0.099), diastolic blood pressure
(control =80.50£10.85 mmHg vs ABI=80.20£12.68 mmHg;
P=0.941), and heart rate (control =66.31£13.34 bpm vs
ABI=63.78+10.36 bpm; P=0.533). However, the ABI
group had lower values of ABI (control =1.08%£0.07 vs
ABI=0.63%0.19; P=0.001), as expected, and walked shorter
distances in the 6MWT (control =394.744+88.28 m vs
ABI=294.20176.05 m; P=0.001).

In the comparative analysis of ECF between groups
(shown in Table 2), in the unadjusted model, the ABI group
performed worse on global cognition (control =28.55+1.46
vs ABI=27.44%1.73; P=0.007). It also performed worse
on several ECF subdomains, such as attention span (con-
trol =5.94+1.98 vs ABI=4.80£1.19; P=0.023), working
memory (control =5.11£1.72 vs ABI=3.90£1.20; P=0.008),
inhibitory control (control =22.89+8.91 vs ABI=30.14+14.29,
P=0.015), semantic verbal fluency (control =18.924+7.49 vs

Table 2 Comparison of ECF performance between groups

ABI=15.53143.55; P=0.036), and phonemic verbal fluency
(control =35.27£15.04 vs ABI=26.92+10.12; P=0.016).
After adjustment, working memory performance (P=0.013)
and phonemic verbal fluency (P=0.005) remained worse for
ABI patients.

Association between functional
performance and executive cognitive

functions

In the analysis of the association between functional perfor-
mance and ECF (Figure 1), the unadjusted model showed
that the 6MWT was associated with global cognition
(p=0.412; P=0.001), attention span (p=0.427; P=0.001),
working memory (p=0.360; P=0.008), information process-
ing speed (p=—0.306; P=0.016), inhibitory control/impulsivity
(p=—0.366; P=0.003), phonemic verbal fluency (p=0.365;
P=0.003), and global ECF (p=-0.332; P=0.018). After
adjustment (Table 3), the 6MWT remained associated with
global cognition (r=0.375, P=0.015), attention span (r=0.371,
P=0.016), working memory (r=0.373, P=0.015), information
processing speed (r=—0.332, P=0.032), inhibitory control/
impulsivity (r=—0.352, P=0.022), phonemic verbal fluency
(r=0.412, P=0.007), and global ECF (r=—0.444, P=0.003).

Discussion

This study found an independent association between func-
tional performance and ECF in an elderly population includ-
ing low ABI individuals. The performance in the 6MWT
was independently associated with global cognition, atten-
tion span, working memory, information processing speed,
inhibitory control/impulsivity, phonemic verbal fluency,
and global ECF.

Variable Control (n=40) ABI (n=26) Unadjusted Adjusted?®
MMSE 28.55 (+1.46) 27.44 (£1.73) 0.007 0.270
Digit Span

Digit Forward 5.94 (£1.98) 4.80 (£1.19) 0.023 0.062

Digit Backward 5.11 (£1.72) 3.90 (£1.20) 0.008 0.013
SCWT

I 16.11 (+£6.35) 18.81 (£6.98) 0.116 0.165

l 22.89 (£8.91) 30.14 (£14.29) 0.015 0.084

11l 40.70 (£19.21) 43.00 (£18.18) 0.635 0.949
COWAT

Letters FAS 18.92 (£7.49) 15.53 (£3.55) 0.036 0.005

Animals 35.27 (£15.04) 26.92 (£10.12) 0.016 0.228
ECF factor —0.08 (£1.07) 0.37 (+0.82) 0.172 0.056

Notes: *Adjusted for sociodemographic factor, depressive symptoms, and anxiety symptoms. Significant P-values were highlighted in bold.

Abbreviations: MMSE, Mini-Mental State Examination; SCWT, Stroop Color Word Test; COWAT, Controlled Oral Word Association Test; ECF, executive cognitive

functions; ABI, ankle-brachial index.
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ECF, executive cognitive functions.

Our findings contribute to a growing body of evidence
which shows that in elderly populations, impairment in
functional performance might be associated with ECF impair-
ment. In a prospective study of 2,776 elderly subjects, gait
speed was associated with decline in attention and psychomo-
tor speed after 5 years of follow-up.*® This association occurs
in the opposite way as well. In a cross-sectional analysis

of a normal ABI population of 3,075 subjects, the Digit
Symbol Substitution Test was associated with performance
on gait speed, chair stands, and standing balance tests.’” On
the other hand, low ABI has formerly been associated with
ECF impairment even in its asymptomatic form.*® When
it comes to cognition, ECF have also been associated with
different manifestations of functional loss, such as decreases
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Table 3 Adjusted associations between functional performance
and ECF

Variable 6MWT? P-value
MMSE 0.375 0.015
Digit Span

Digit Forward 0.371 0.016

Digit Backward 0.373 0.015
SCWT

I -0.332 0.032

Il -0.302 0.052

1] —-0.352 0.022
COWAT

Letters FAS 0.412 0.007

Animals 0.207 0.189
ECF factor —0.444 0.003

Notes: *Adjusted for sociodemographic factor, depressive symptoms, and anxiety
symptoms. Significant P-values were highlighted in bold.

Abbreviations: MMSE, Mini-Mental State Examination; SCWT, Stroop Color
Word Test; COWAT, Controlled Oral Word Association Test; ECF, executive
cognitive functions; 6MWT, 6-minute walk test.

in mobility,* gait speed,*’ and route learning,*' as well as an
increased risk of falls.*

To our knowledge, this is the first study to find an asso-
ciation between functional performance, as measured by
the 6MWT, and ECF in an elderly population including low
ABI patients. One previous study, analyzing the relationship
between functional performance and cognitive function in a
low ABI population, utilized only the Clock Drawing Test,
which does not assess ECF specifically.* Some other studies
have investigated the ECF of low ABI subjects, along with
other cognitive functions, but have not assessed the functional
performance of their populations.*¢

We also included a novel variable in the adjustment
analysis. To our knowledge, the IQ has never been used
as a covariate in any study assessing the association
between functional performance and cognition in popula-
tions including individuals with low ABI. As mentioned,
this variable is an important predictor of cognitive
performance,*® and thus, should be considered carefully
in this type of study.

The physiology of this specific association between
functional performance and ECF might be explained, at least
in part, by the pathophysiological mechanisms underlying
atherosclerotic vascular disease, a process that might lead to
hemorrhagic and ischemic major and minor tissue losses.*’
As a systemic process, it might be related to peripheral and
central impairments concomitantly, as was observed in this
study. These findings highlight a dangerous association,
especially in the elderly, and should be carefully considered,
since any functional or cognitive impairment in the elderly
may lead to loss of independence and quality of life.

The sample analyzed in our study showed that the group
with lower ABI also had lower educational, social, and eco-
nomic statuses. One possible reason for this difference might
be related to the establishment of vascular impairment. People
with lower educational levels and lower economic status might
be less exposed to information on diseases, risk factors for their
development and health care, which would lead to increased
incidence of diseases, including vascular impairment.
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