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Abstract

Background: We investigated the associations among car-
diovascular risk factors, carotid atherosclerosis and cogni-
tive function in a Canadian First Nations population. Meth-
ods: Individuals aged =18 years, without stroke, nonpreg-
nant and with First Nations status were assessed by the Trail
Making Test Parts A and B. Results were combined into a Trail
Making Test executive function score (TMT-exec). Doppler
ultrasonography assessed carotid stenosis and plaque vol-
ume. Anthropometric, vascular and metabolic risk factors
were assessed by interview, clinical examinations and blood
tests. Results: For 190 individuals with TMT-exec scores, the
median age of the population was 39 years. Compared to the
reference group, individuals with elevated levels of left ca-
rotid stenosis (LCS) and total carotid stenosis (TCS) were less
likely to demonstrate lowered cognitive performance [LCS,
odds ratio (OR): 0.47, 95% confidence interval (Cl): 0.24-0.96;
TCS, OR: 0.40, 95% Cl: 0.20-0.80]. No effect was shown for
plaque volume. In structural equation modeling, we found
that for every 1-unit change in the anthropometric factor in
kg/m?, there was a 0.86-fold decrease in the percent of TCS

(p < 0.05). Conclusions: Individuals with elevated levels of
LCS and TCS were less likely to demonstrate lowered perfor-
mance. There was some suggestion that TCS mediates the
effect of anthropometric risk factors on cognitive function.
Copyright © 2009 S. Karger AG, Basel

Introduction

An aging population is associated with an increased
frequency of cognitive decline and dementia [1]. An early
indication of cognitive decline and dementia is lowered
performance on tests of executive function [2, 3], how-
ever, measurement of executive function in predementia
disorders is still developing [4]. The association between
a number of cardiovascular risk factors measured at
midlife and diseases of cognition in late life suggests a
common mediating biological mechanism, such as the
apolipoprotein E &4 allele [5]. The role for small platelet
aggregates or cholesterol microemboli shed from athero-
sclerotic lesions in the carotid arteries implicated among
symptomatic and asymptomatic individuals in the etiol-
ogy of stroke [6] may also affect cognitive function. Ath-
erosclerosis is a systemic vascular disease of the arteries
that develops through an insidious process, is initiated
during early adolescence and requires prolonged expo-

KA RG E R © 2009 S. Karger AG, Basel
0251-5350/09/0334-0321$26.00/0
Fax +41 61 306 12 34
E-Mail karger@karger.ch

www.karger.com

Accessible online at:
www.karger.com/ned

Jennifer H. Fergenbaum, MSc

Dalla Lana School of Public Health, University of Toronto, Health Sciences Building
155 College Street

Toronto, Ont. M5T 3M7 (Canada)

Tel. +1 416 558 1219, Fax +1 416 978 8299, E-Mail jennifer.fergenbaum @ utoronto.ca



sure to predisposing factors [7]. It is not known whether
cardiovascular risk factors exert their effects on cognitive
function by mechanisms involving carotid atherosclero-
sis [8]. Recent studies have linked carotid atherosclerosis
with a number of anthropometric, vascular [9-11], and
metabolic [12-14] risk factors. In epidemiological studies,
the relationship between carotid atherosclerosis and cog-
nitive decline and dementia remains unclear. Two large
reviews on the relationship could not provide a definite
conclusion due to a number of methodological limita-
tions including the use of symptomatic populations, lack
of a control group and poorly characterized measures of
atherosclerosis [15], and lack of a well-defined study pop-
ulation [16]. Recent investigations have also been limited
in that they have not included cardiovascular risk factors
as confounders in their multivariable analysis [17-19].
Only one previous study had information on cardiovas-
cular risk factors, carotid atherosclerosis and cognitive
function. In this study, carotid stenosis was associated
with an approximately 7-fold increased risk for cognitive
impairment [20].

The objectives of this study were to investigate the in-
terrelationships between cardiovascular risk factors, ca-
rotid atherosclerosis and cognitive function in a Cana-
dian First Nations population. The First Nations popula-
tion experiences a larger proportion of deleterious risk
factors and chronic disease compared to their Canadian
counterparts [21] strengthening the ability to detect as-
sociations, if they exist. We hypothesize that an increased
burden of carotid atherosclerosis would be associated
with an increased risk for lowered cognitive performance
and that carotid atherosclerosis mediates the effect of an-
thropometric risk factors on cognitive function.

Materials and Methods

This was a cross-sectional study conducted in a road-accessi-
ble Plains Ojibwa First Nations community in southern Manito-
ba, Canada. Eligible individuals were community residents 18
years of age or older, without stroke, nonpregnant, and designated
with First Nations status. Recruitment occurred through home
visits to each home in the community without sampling and ad-
vertisements in the local Health Center newsletter. All eligible
community members were invited to participate. Demographic,
anthropometric, vascular, and metabolic data were collected as
part of a larger cross-sectional study on diabetes and diabetes
complications [22]. After exclusions, there were 510 eligible indi-
viduals. Measures of carotid atherosclerosis and cognitive func-
tion were assessed among a subset of the participants in the con-
text of another cross-sectional study on this population. Cogni-
tive tests were administered by two graduate student research
assistants at the research study site. A total of 190 individuals
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completed the Trail Making Test Parts A and B, a majority of
whom (n = 148) had information on risk factors and carotid ath-
erosclerosis, therefore the study population was limited by the
number of individuals who had also completed the cognitive tests.
The study was approved by the Human Ethics Boards of the Uni-
versity of Manitoba and the University of Toronto. The study was
conducted with the approval of, and in partnership with, the par-
ticular First Nation community. Individuals who participated
provided informed consent.

The Trail Making Test Parts A and B were administered ac-
cording to standard protocols [23]. A measure of executive func-
tion was calculated [(B - A)/A] [24], which we designated the Trail
Making Test executive function score (TMT-exec). Those with
TMT-exec =2.33 were classified as having lowered cognitive per-
formance [TMT-exec(+)], whereas individuals with TMT-exec
<2.33 were classified as not having lowered cognitive perfor-
mance [TMT-exec(-)]. The cutoff point was determined from pre-
liminary analyses in which the distribution of TMT-exec was bi-
modal (data not shown).

For carotid plaque volume, a series of parallel two-dimension-
al images were collected and used to reconstruct a three-dimen-
sional image [25, 26]. Values for the right and left sides of the neck
were determined in millimeters cubed and total plaque volume
was calculated as the sum of both sides. Peak systolic velocity of
the right and left internal carotid arteries was used to estimate the
percent stenosis [27]. Percent carotid stenosis was determined for
the right and left sides of the neck and total carotid stenosis was
calculated as the sum of both sides.

Information on risk factors was ascertained through clinical
examination and in-person questionnaires administered by
trained personnel. Hypertension was defined as systolic blood
pressure =130 mm Hg and/or diastolic blood pressure =85 mm
Hg [28]. Self-report of at least one of the following was used to
define a previous history of cardiovascular disease: angina, his-
tory of angioplasty or revascularization, myocardial infarction,
and peripheral arterial disease. Weight and height were collected
and used to calculate the BMI. Individuals were classified as obese
if their BMI was =30 [29]. Waist circumference was determined
at the level of noticeable waist narrowing using an inelastic tape
measure. For individuals in whom waist narrowing was difficult
to identify, an indeterminate waist was approximated by taking
the girth at the estimated lateral level of the twelfth or lower float-
ing rib. An increased waist circumference and the presence of
dyslipidemia were defined according to standard criteria [28].
Fasting venous blood samples were collected, stored at -20°C and
analyzed for triglycerides, cholesterol, high- and low-density li-
poproteins, glucose, insulin, and total homocysteine. Insulin re-
sistance was examined by the homeostasis model of assessment
[30], and ever having smoked and duration of smoking from self-
reports.

The proportion of individuals classified as having lowered
cognitive performance was examined. For risk factor information
and carotid atherosclerosis, individuals lacking complete data for
specific variables were reassigned a value for each variable. Con-
tinuous variables were assigned to the mean value from among
the total eligible population (n = 510), except where the mean and
median values were quite different in which case the median val-
ue was assigned. Descriptive statistics and risk estimates using
this approach for handling missing data were compared to the
strategy of deleting individuals with incomplete information. The
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Fig. 1. SEM model. V| = Cholesterol; V, = triglycerides; V; = low-density lipoprotein; V4, = BMI; V5 = waist cir-
cumference; Vg = insulin resistance; V; = high-density lipoprotein; Vg = systolic blood pressure; Vy = diastolic
blood pressure; Vo = smoking duration; V;; = homocysteine; Vy, = age; Vi3 = TCS (CAD); V4 = TMT-exec;
Pro-Ath = proatherogenic; Anthro = anthropometric; Vasc = vascular.

results were similar and the former was used for subsequent anal-
yses. For categorical variables, individuals were assigned to the
reference group. For descriptive analyses, each continuous vari-
able was examined for its distribution and normality, and non-
normal variables were log-transformed using the natural loga-
rithm, when appropriate, for the structural equation modeling
(SEM) analysis. Descriptive analysis showed similar results for
smoking duration when those who never smoked were assigned a
smoking duration of zero years compared to those assigned to the
mean value from among the total population, with the latter used
for subsequent analysis and log-transformed for SEM analysis.
Unadjusted odds ratios (ORs) with corresponding 95% confi-
dence intervals (CIs) were calculated using logistic regression to
examine the associations between categories of carotid athero-
sclerosis and TMT-exec. Categories of risk factors were also ex-
amined in unadjusted analysis. Categories were based on cutoff
points according to standard criteria (e.g. BMI =30 for obese) or
the median value among TMT-exec(-) individuals (e.g. carotid
measures), as determined from preliminary analysis. Multivari-
able logistic regression models were used to examine the associa-
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tions between right (RCS), left (LCS) and total (TCS) carotid ste-
nosis and right, left and total plaque volume and TMT-exec, while
accounting for confounding variables that have been identified in
the literature. Potential confounders included hypertension, a
history of cardiovascular disease, dyslipidemia, obesity, insulin
resistance, diabetes, homocysteine, and ever having smoked. Sta-
tistical models were built for the right and left sides and the total,
with age and sex considered in all models. Multivariable models
were used to calculate the adjusted ORs, 95% Cls and p values.
An SEM analysis was conducted to examine the a priori spec-
ified network of interrelationships between cardiovascular risk
factors, TCS and TMT-exec as shown in an SEM model (fig. 1).
This multivariate modeling technique is a useful tool that allows
complex theoretical relationships to be statistically modeled [31,
32]. Path coefficients and factor loadings with their correspond-
ing standard errors and p values were determined for the SEM
model. x? statistics were reviewed to examine model fit. Power
calculations were performed and the model was overidentified.
The latent variables included in the model and labeled as anthro-
pometric, proatherogenic and vascular were predetermined using
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Table 1. Descriptive characteristics (n = 190)

Mean SD Median IQR Range Percent

Age, years 38.8 9.9 38.5 12 19-66 -
Sex (female) - - - - - 53.7
Systolic blood pressure, mm Hg 127.9 15.7 127.7 12 92-200

Diastolic blood pressure, mm Hg 76.1 8.4 76.4 9 58-106

BMI, kg/m? 32.5 7 31.5 9.8 19.2-53.3 -
Waist circumference, cm 105.4 15.7 104 23 67-150 -
Insulin resistance, units 6.2 7.3 4.5 52 0.5-67.4 -
Triglycerides, mmol/l 22 1.7 1.7 1 0.4-11.3 -
Cholesterol, mmol/I 5 1.1 4.9 1 2.2-84 -
High-density lipoprotein, mmol/l 1.2 0.3 1.2 0.2 0.6-2.5 -
Low-density lipoprotein, mmol/l 2.8 0.8 2.8 0.5 0.8-5.9 -
Smoking duration, years 16.3 8 16.1 10 1-40 -
Homocysteine, pmol/l 8.9 2.9 8.9 1.7 4.5-30 -
Right carotid stenosis, % 21 9.3 20 2.5 0-50 -
Left carotid stenosis, % 22 10 22.7 20 0-50 -
Total carotid stenosis, % 41.8 16.7 40 20 0-100 -
Right plaque volume, mm? 9.9 15.8 4.6 8.6 0-112.4 -
Left plaque volume, mm? 7.3 8.7 4.6 5.9 0-51.6 -
Total plaque volume, mm? 17.5 19.8 11.4 11.6 0-133.1 -

SD = Standard deviation.

a data-driven approach of principal components analysis and a
promax rotation according to standard guidelines [32]. The
amount of mediation was determined from two different SEM
models [33]. All analyses were calculated in SAS v. 9.1 (SAS Insti-
tute, Cary, N.C., USA).

Results

The descriptive characteristics are shown in table 1.
The median age of the sample was 38.5 years and 54%
were female. Except for waist circumference, all risk fac-
tors were non-normally distributed. Overall, the data in-
dicated that while the median values were not exception-
al, the range of values exceeded optimal levels according
to standard criteria [29]; for example, BMI was as high
as 53.3. Examining the median and interquartile range
(IQR) for RCS and LCS suggested mild stenosis (RCS:
21.0, IQR: 9.3%; LCS: 22.0, IQR: 10.0%), and for TCS,
moderate stenosis (T'CS: 41.8, IQR: 16.7%) [6].

There were 72 individuals who were classified as TMT-
exec(+) (37.9%), while 118 individuals were classified as
TMT-exec(-) (62.1%). Table 2 shows the unadjusted ORs
for risk factors and carotid atherosclerosis in relation
to TMT-exec. Individuals classified as having LCS of
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=22.7% were less likely to demonstrate lowered cognitive

performance compared to those with LCS 0of <22.7% (un-
adjusted OR: 0.47, 95% CI: 0.26-0.85). A similar effect
was shown for TCS, where individuals classified as hav-
ing TCS of =40% were less likely to demonstrate lowered
cognitive performance compared to those with TCS of
<40% (OR: 0.35, 95% CI: 0.19-0.67). There were no ef-
fects for RCS or plaque volume. Among TMT-exec(-),
there were a number of individuals with TCS values de-
fined by the 40% cutoff point. When we changed who was
included in the reference group and examined the asso-
ciation for TCS of >40% compared to those with TCS of
<40%, there was no effect. For the covariates, those clas-
sified as obese had a 3-fold increased risk for lowered cog-
nitive performance (OR: 3.02, 95% CI: 1.57-5.81). In-
creased waist circumference was the only other risk fac-
tor that was significantly associated with the outcome
(OR:2.97,95% CI: 1.44-6.13).

Table 3 shows the multivariable ORs for RCS, LCS and
TCS and TMT-exec. Individuals with elevated levels of
LCS and TCS were less likely to demonstrate lowered cog-
nitive performance (LCS, OR: 0.47, 95% CI: 0.24-0.96;
TCS, OR: 0.40, 95% CI: 0.20-0.80). There were no effects
for RCS. There were also no effects for plaque volume
(data not shown).
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Table 2. Unadjusted ORs and 95% CIs for risk factors and carotid
atherosclerosis with TMT-exec

Table 3. Multivariable adjusted ORs and 95% CIs for carotid ste-
nosis and TMT-exec

Covariates TMT-exec(+) TMT-exec(-) OR (95% CI)
(n=72) (n=118)
Age
<35 years 22 33 1.00
35-44 years 29 59 0.74 (0.37-1.48)
45-54 years 16 19 1.26 (0.54-2.97)
55+ years 5 7 1.07 (0.30-3.81)
Sex
Males 27 61 1.00
Females 45 57 1.78 (0.98-3.24)
Hypertension
No 61 110 1.00
Yes 11 8 2.48 (0.95-6.49)
History of cardiovascular disease
No 60 103 1.00
Yes 12 15 1.37 (0.60-3.13)
Dyslipidemia
No 13 30 1.00
Yes 59 88 1.55(0.75-3.21)
Obese
No 17 57 1.00
Yes 55 61 3.02 (1.57-5.81)*
Ever smoked
No 22 40 1.00
Yes 50 78 1.17 (0.62-2.19)
Right carotid stenosis
<22.5% 46 58 1.00
>22.5% 26 60 0.55 (0.30-1.00)
Left carotid stenosis
<22.7% 44 50 1.00
>22.7% 28 68 0.47 (0.26-0.85)*
Total carotid stenosis
<40.0% 32 26 1.00
240.0% 40 92 0.35 (0.19-0.67)*
Right plaque volume
<4.6 mm’® 24 40 1.00
>4.6 mm?® 48 78 1.03 (0.55-1.91)
Left plaque volume
<4.6 mm?® 29 42 1.00
>4.6 mm?® 43 76 0.82 (0.45-1.50)
Total plaque volume
<11.4 mm’ 24 46 1.00
>11.4 mm3 48 72 1.28 (0.69-2.36)
*p < 0.05.

Table 4 shows the SEM results for the interrelation-
ships between cardiovascular risk factors, TCS and
TMT-exec. All variables were log-transformed except
age, TMT-exec and TCS. The x? statistic for model 1 was
234.3 (p < 0.0001) and for model 2, it was 256.5 (p <

Carotid Atherosclerosis and Cognitive
Function

OR (95% CI) p value
Right carotid stenosis
Age 1.00 (0.97-1.03) 0.9321
Sex 1.67 (0.88-3.17) 0.1194
Right carotid stenosis 0.61 (0.30-1.24) 0.1739
Hypertension 2.27 (0.80-6.42) 0.1236
CVD 1.21 (0.50-2.94) 0.6743
Obesity 2.46 (1.25-4.84) 0.0093
Ever smoked 0.81 (0.38-1.72) 0.5837
Left carotid stenosis
Age 1.00 (0.97-1.04) 0.9010
Sex 1.87 (0.97-3.62) 0.0625
Left carotid stenosis 0.47 (0.24-0.96) 0.0368
Hypertension 2.20 (0.77-6.29) 0.1399
CVD 1.13 (0.46-2.79) 0.7919
Obesity 2.30 (1.16-4.56) 0.0173
Ever smoked 0.73 (0.35-1.55) 0.4182
Total carotid stenosis
Age 1.00 (0.97-1.03) 0.9084
Sex 1.68 (0.88-3.23) 0.1193
Total carotid stenosis 0.40 (0.20-0.80) 0.0092
Hypertension 2.05 (0.71-5.90) 0.1847
CVD 1.17 (0.47-2.90) 0.7431
Obesity 2.38 (1.20-4.72) 0.0129
Ever smoked 0.83 (0.41-1.68) 0.5973

Age is a continuous variable. The remaining variables are cat-
egorical as in table 2. CVD = History of cardiovascular disease.
The p values in italics are significant.

0.0001), suggesting that our theoretical model was not
consistent with our dataset. In model 1, no factor was
associated with TMT-exec. For TMT-exec in model 2,
no associations were shown. For TCS in model 2, the
anthropometric factor was associated with a decrease
(0.86 times, p < 0.05) in the percent of TCS. Therefore,
for every l-unit change in the anthropometric factor
standardized to kg/mz, there was a 0.86-fold decrease
in the percent of TCS when adjusted for age, and proath-
erogenic and vascular factors. No other factor was as-
sociated with TCS. Factor loadings were similar in mag-
nitude and significant across models. The total effect of
the anthropometric factor on TMT-exec was 65% and
the amount of mediation was 31%, though not all path
coefficients were significant. No modifications were
performed. The final model with standardized esti-
mates is shown in figure 1.
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Table 4. Structural equation models

Path models Path coefficients
model 1 model 2

TMT-exec

Age 0.02+0.04 -0.003 £0.009

Anthropometric 0.84%0.78 0.53+0.42

Proatherogenic 0.06+0.17 0.03+0.17

Vascular -326%11.73 1.82+1.29

TCS - -0.14£0.08
TCS

Age - -0.01£0.009

Anthropometric - -0.86 + 0.40%

Proatherogenic - -0.02£0.17

Vascular - -1.44%1.39
Measurement models Factor loadings

model 1 model 2

Anthropometric

BMI 1.00 1.00

Waist circumference 0.71£0.04***  0.72£0.04***

Insulin resistance 2.69£0.25%* 270 0.26%**

High-density lipoprotein ~ -0.35+0.08***  -0.36 £ 0.08***
Proatherogenic

Cholesterol 1.00 1.00

Triglycerides 0.93+0.18***  0.94+0.18***

Low-density lipoprotein 0.72£0.10***  0.72£0.10***
Vascular

Systolic blood pressure 1.00 1.00

Diastolic blood pressure 0.57 £0.23* 0.73£0.15%**

Smoking duration 9.40+2.21***  2.14£0.75%*

Homocysteine 1.65+0.57%* 0.82 % 0.28**

*p < 0.05; ** p < 0.01; *** p < 0.001. Results are estimates *
standard error. Estimates shown are not standardized.

Discussion

Our study found that individuals with elevated levels
of LCS and TCS were less likely to demonstrate lowered
performance on a test of executive function suggesting
that carotid stenosis is not detrimental to cognitive func-
tioning. The role of TCS in cognitive functioning may
additionally include acting as a mediator, whereby an-
thropometric risk factors affect the levels of TCS, which
in turn have the potential to influence cognitive func-
tioning.

This study showed that higher levels of LCS and TCS
were associated with a decreased likelihood for lowered
cognitive performance of an executive origin. The ab-
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sence of an association between carotid measures and the
Trail Making Test Part A also suggests that the results for
TMT-exec are attributed to executive function and not
processing speed. The Cardiovascular Heart Study is the
only previous study that also had detailed information on
carotid atherosclerosis, cardiovascular risk factors and
cognitive function [20]. For the cross-sectional compo-
nent, they showed that LCS of =75% was associated with
an approximately 7-fold increased risk for cognitive im-
pairment in multivariable analysis. This study differs
from ours in the use of no stenosis as the reference group,
a higher cutoff point, an older population, and a global
measure of cognitive function (i.e. MMSE). In our study,
there was only 1 individual with zero TCS and only 8 in-
dividuals with TCS above 80%. Information for both
sides of the neck suggested that the effect shown for TCS
was predominately accounted for by LCS. The lack of
consistent results between carotid stenosis and plaque
volume was expected given their weak correlation. Also
contributing to the different results is the advanced na-
ture of stenosis compared to plaque volume [34].

We anticipated that increased levels of carotid athero-
sclerosis would be associated with an increased risk for
lowered cognitive performance. Our results therefore are
contradictory to our a priori hypothesis. One reason we
observed the opposite effect may be due to the phenom-
enon of compensatory vessel enlargement, where up to
40% of stenosis, the lumen area and the vessel wall in-
crease to maintain a normal diameter in response to in-
creases in plaque [35]. In our study population, carotid
stenosis values at or slightly above this threshold may be
better at triggering compensatory enlargement than low-
er values and may explain why no effect was shown for
TCS of >40% relative to <40%, compared to =40% rela-
tive to <40%. Also contributing to the paradoxical results
is the youthfulness of our study population, which pre-
cluded individuals with severe stenosis (=75%) and those
who would be symptomatic. Inclusion of a predominate-
ly asymptomatic study population suggests that our re-
sults are consistent with the notion that individuals with
mild to moderate stenosis may have a healthier vascular
microenvironment than individuals with higher values,
and therefore they would be expected to perform better
on tests of cognitive function of an executive origin. Age-
associated changes in brain structure and function be-
ginning at midlife with concomitant effects shown for
midlife cardiovascular risk factors on diseases of cogni-
tion in late life highlight the presence of a latency effect,
with their interrelationships across the life course not
known [5]. Had we conducted a longitudinal study with
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an increasing aging population, an association between
moderate to severe levels of carotid stenosis and an in-
creased risk for lowered cognitive performance may have
been detected. Although our results were in the opposite
direction from anticipated, our study supports the role of
vascular factors and disease in cognitive function of an
executive origin.

The associations shown for the anthropometric risk
factors were varied depending on the outcome involved
and may have resulted due to a number of methodologi-
cal reasons. First, our observation that the anthropomet-
ric factor was negatively associated with TCS is in con-
trast to previous findings that showed a positive associa-
tion [11]. Reasons include the use of different measures of
atherosclerosis, which reflect different stages of the dis-
ease [36]. Excess adiposity may have a role in the very
early stages of atherosclerosis such as with intima-media
thickness and not carotid stenosis due to the inflamma-
tory effects of adipokines [37]. Second, the First Nations
population provided unique data, unlike previous stud-
ies. As in other First Nations populations in Canada un-
dergoing rapid socioeconomic and lifestyle changes lead-
ing to increasingly prevalent health problems and chron-
ic diseases such as diabetes, this population included
individuals who were extremely obese. Therefore, in-
creased levels of BMI and lower levels of TCS resulted in
an overall negative correlation in our study. Third, con-
sistent with a number of previous studies [38], obesity
and waist circumference and an increased risk for low-
ered cognitive performance were shown in our unadjust-
ed analysis. Similar risks suggest the accelerated effect of
an obesity milieu [39], given that the median age was 39
years in our study population. Finally, obesity influences
atherosclerosis through a number of complex mecha-
nisms including diabetes, hypertension and lipoproteins
[37], therefore alternative SEM models may be needed.

This study has several limitations, including the ab-
sence of information on past history of traumatic brain
injury [40], psychiatric [41], or depressive conditions [42],
and alcohol use [43] that may affect cognitive function-
ing. Additionally, we did not have information on statin
use. Temporality is an issue when using a cross-sectional
design to examine etiology, though the influence of low-
ered cognitive performance on carotid stenosis is unlike-
ly. Limitations to the generalizability of the results in-
clude the social and cultural context of the Manitoba
First Nations population. Analysis of times to completion
for Part A of the Trail Making Test with age was consis-
tent with normative data [44], suggesting that our sample
is representative. However, in comparison to a similarly
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aged population, times for Trail Making Test Part B were
slightly higher, indicating that our volunteer sample may
be less healthy [45]. There is no normative data for TMT-
exec.

Conclusion

In conclusion, this study showed that individuals with
elevated levels of LCS and TCS were less likely to demon-
strate lowered cognitive performance. Our results do not
support the hypothesis of carotid atherosclerosis being
associated with an increased risk for lowered cognitive
performance. However, given a plausible biological mech-
anism, our results support the role of vascular factors and
disease in cognitive function of an executive origin. Also,
this study showed that anthropometric risk factors were
associated with a decrease in the percent of TCS but an
increased risk for lowered cognitive performance. Our
findings highlight the importance of careful consider-
ation when examining complex biological relationships.
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