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Ultrasound markers of carotid atherosclerosis are asso-
ciated with various vascular risk factors and incident 

cardiovascular disease.1,2 Two distinct measures of carotid ath-
erosclerosis are carotid plaque burden, quantified by plaque 
presence or area, and carotid intima–media thickness (cIMT). 
Plaque represents significant atherosclerotic disease in the 
vessel lumen, whereas cIMT reflects thickening of the inti-
mal and medial layers of the vessel wall. Although cIMT may 
better represent subclinical vascular disease amendable to 
preventative measures, current evidence suggests that plaque 

burden may be a stronger predictor of cardiovascular disease 
than cIMT.3 Although cardiovascular disease has been previ-
ously associated with cognitive impairment, less is known 
about the ability of these carotid ultrasound markers to predict 
cognitive impairment.3,4

Dementia and age-related cognitive decline represent lead-
ing threats to public health.5 Evidence suggests that cIMT and 
carotid plaque may be associated with cognitive impairment 
and dementia.6–9 These data suggest that early intervention of 
carotid atherosclerosis may prevent cognitive impairment.9,10 

Background and Purpose—Ultrasound markers of carotid atherosclerosis may be related to cognitive status. We 
hypothesized that individuals with greater carotid intima–media thickness (cIMT) and carotid plaque burden would 
exhibit worse cognition.

Methods—One thousand one hundred sixty-six stroke-free participants from the NOMAS (Northern Manhattan 
Study) underwent carotid ultrasound and neuropsychological examination. Among them, 826 underwent a second 
neuropsychological examination an average of 5 years later. cIMT and plaque were assessed by a standardized B-mode 
ultrasound imaging and reading protocol. We used multivariable linear regression to examine cIMT, carotid plaque 
presence, and carotid plaque area as correlates of domain-specific neuropsychological Z scores cross-sectionally and 
over time. We also investigated possible effect modification by APOE ε4 allele, age, and race/ethnicity.

Results—Participants had a mean (SD) age of 70 (9) years and were 60% women, 66% Hispanic, 15% white, and 18% black. 
Those with greater cIMT exhibited worse episodic memory after adjustment for demographics and vascular risk factors 
(β=−0.60; P=0.04). APOE ε4 carriers with greater cIMT exhibited worse episodic memory (β=−1.31; P=0.04), semantic 
memory (β=−1.45; P=0.01), and processing speed (β=−1.21; P=0.03). Participants with greater cIMT at baseline did not 
exhibit significantly greater cognitive decline after adjustment. APOE ε4 noncarriers with greater cIMT exhibited greater 
declines in executive function (β=−0.98; P=0.06). Carotid plaque burden was not significantly associated with cognition 
at baseline or over time.

Conclusions—Subclinical carotid atherosclerosis was associated with worse cognition among those at higher risk for 
Alzheimer disease. Interventions targeting early stages of atherosclerosis may modify cognitive aging.   (Stroke. 
2017;48:1855-1861. DOI: 10.1161/STROKEAHA.117.016921.)

Key Words: alleles ◼ Alzheimer disease ◼ atherosclerosis ◼ carotid intima–media thickness ◼ cognitive dysfunction

Ultrasound Markers of Carotid Atherosclerosis 
and Cognition

The Northern Manhattan Study

Hannah Gardener, ScD*; Michelle R. Caunca, BS*; Chuanhui Dong, PhD;  
Ying Kuen Cheung, PhD; Mitchell S.V. Elkind, MD, MS; Ralph L. Sacco, MD, MS;  

Tatjana Rundek, MD, PhD; Clinton B. Wright, MD, MS

Received February 1, 2017; final revision received April 4, 2017; accepted May 1, 2017.
From the Evelyn F. McKnight Brain Institute, Neuroscience Program (H.G., M.R.C., C.D., R.L.S., T.R.), Department of Neurology (H.G., M.R.C., 

C.D., R.L.S., T.R.), and Department of Public Health Sciences (M.R.C., R.L.S., T.R.), Miller School of Medicine, University of Miami, FL; Department 
of Neurology, College of Physicians and Surgeons (M.S.V.E.), Department of Biostatistics, Mailman School of Public Health (Y.K.C.), and Department 
of Epidemiology, Mailman School of Public Health (M.S.V.E.), Columbia University, New York, NY; and National Institute of Neurological Diseases and 
Stroke, National Institutes of Health, Bethesda, MD (C.B.W.).

*H. Gardener and M.R. Caunca contributed equally.
Guest Editor for this article was Georgios Tsivgoulis, MD.
Presented in part at the International Stroke Conference, Los Angeles, CA, February 17–19, 2016, and the 141st American Neurological Association 

Annual Meeting, Baltimore, MD, October 16–18, 2016.
Correspondence to Hannah Gardener, ScD, 13th Floor, 1120 NW, 14th St, Miami, FL 33136. E-mail hgardener@med.miami.edu
© 2017 The Authors. Stroke is published on behalf of the American Heart Association, Inc., by Wolters Kluwer Health, Inc. This is an open access 

article under the terms of the Creative Commons Attribution Non-Commercial-NoDerivs License, which permits use, distribution, and reproduction in any 
medium, provided that the original work is properly cited, the use is noncommercial, and no modifications or adaptations are made.

Stroke is available at http://stroke.ahajournals.org DOI: 10.1161/STROKEAHA.117.016921

 by guest on June 26, 2017
http://stroke.ahajournals.org/

D
ow

nloaded from
 

mailto:hgardener@med.miami.edu
http://stroke.ahajournals.org/


1856  Stroke  July 2017

However, more research is needed in racially and ethnically 
diverse populations, which have a disproportionate cardiovas-
cular disease burden compared with whites.11 Further, results 
from previous studies have been inconsistent, especially on 
which cognitive domains are most affected.

We hypothesized that greater carotid plaque burden and 
cIMT would be associated with domain-specific cognitive 
performance and decline in the racially and ethnically diverse 
NOMAS (Northern Manhattan Study). Carotid atherosclerosis 
represents a potentially valuable target for early intervention 
and risk stratification for those at risk for cognitive decline.

Methods

Study Population
The study sample includes a subset of participants from the NOMAS, 
as previously described.12 The NOMAS is an ongoing longitudinal 
cohort study of stroke in a multiethnic urban population. From 1993 
to 2001, participants were identified by random digit dialing with 
the following eligibility criteria: (1) had never been diagnosed with 
a stroke, (2) were >40 years of age, and (3) resided in Northern 
Manhattan for ≥3 months, in a household with a telephone. The 
telephone response rate was 91% (9% refused to be screened), and 
75% of these participants were enrolled with an in-person baseline 
interview and assessment by trained bilingual research assistants 
(enrollment n=3497). Beginning in 2001, we recruited a subgroup 
of 1290 participants during telephone follow-up who remained clini-
cally stroke-free for MRI and neuropsychological assessments, after 
providing written informed consent. The following eligibility crite-
ria applied: (1) age >55 and (2) no contraindications to MRI. Of 
the 1290 in this NOMAS subsample, 1166 had carotid ultrasound 
imaging. The current study included the NOMAS participants with 
both MRI/neuropsychological assessments and carotid ultrasound 
imaging (n=1166). Of this sample of 1166 participants, 836 people 
had available neuropsychological data at time 2 (average of 5 years 
after the initial neuropsychological assessment). The NOMAS was 
approved by the institutional review boards at the University of 
Miami and Columbia University, and all participants provided writ-
ten informed consent.

Enrollment Evaluation
The enrollment evaluation has been previously described.12 Race/
ethnicity was self-reported through questions modeled after the US 
Census and conforming to standard definitions outlined by Directive 
15. Standardized questions were adapted from the Behavioral Risk 
Factor Surveillance System by the CDC on vascular risk factors. 
Smoking was categorized as current (within the past year), former, 
or never smoker of cigarettes, cigars, or pipes. Moderate alcohol 
use was defined as current drinking of >1 drink per month and ≤2 
drinks per day. Moderate-to-heavy physical activity level was defined 
as engaging in one or more of selected rigorous physical activities 
in a typical 14-day period, as described previously.12 Blood pressure 
was obtained from the right brachial artery after a 10-minute rest in 
a seated position (Dinamap Pro100; Critikon, Inc), measured twice, 
before and after each examination, and averaged. Hypertension was 
defined as a blood pressure ≥140/90 mm Hg, the subject’s self-report 
of hypertension, or antihypertensive medication use. Diabetes mel-
litus was defined by the subject’s self-report of such a history, use 
of insulin or oral anti-diabetic medication, or fasting glucose ≥126 
mg/dL. Hypercholesterolemia was defined as having a total choles-
terol level of >200 mg/dL, cholesterol-lowering medication use, or 
self-reported history of hypercholesterolemia. Body mass index was 
calculated as kilograms per meter squared.

DNA samples were extracted from peripheral blood white cells 
using HhaI digestion and amplified by polymerase chain reaction as 
previously described.13 APOE ε4 carriers were identified as individu-
als with a genotype of ApoE4/4, ApoE4/3, and ApoE4/2.

Carotid Ultrasound
Carotid IMT and plaque were measured as part of the NOMAS 
starting in 2000 using high-resolution B-mode ultrasound imaging 
(GE LogIQ 700; 9- to 13- MHz linear-array transducer) by trained 
and certified sonographers, as previously described.14,15 Plaque was 
defined as a focal wall thickening or protrusion in the lumen >50% of 
the surrounding thickness. The automated computerized edge track-
ing software program M’Ath (M’Ath, Inc, Paris, France) was used 
to measure cIMT (mm) and quantify carotid plaque area (mm2).16 
Total carotid plaque area was defined as the sum of all plaque areas 
measured in any of the carotid artery segments within an individual. 
M’Ath uses an automated plaque edge detection algorithm to detect 
boundaries of plaque from multiple images, such that the total plaque 
area is averaged across multiangle plaque images. cIMT was mea-
sured in areas without plaque and was calculated as a composite aver-
age measure of the IMT measured in the near and far walls of the 
common carotid artery, bifurcation, and internal carotid artery, bilat-
erally. cIMT was examined continuously as a mean of the maximum 
measurements of the 12 carotid sites.

Neuropsychological Examination
A neuropsychological examination (NPE) was conducted in English 
or Spanish in a quiet room by trained bilingual research assistants as 
described previously.17 Tests were grouped into 4 cognitive domains 
based on an exploratory factor analysis and a review of the literature. 
Z scores for each domain were calculated by averaging Z-transformed 
neuropsychological test scores. Episodic memory was assessed with 
3 subscores on a 12-word, 5-trial list-learning task: list-learning 
total score, delayed recall score, and delayed recognition score.18 
Executive function was assessed with 2 subscores: the difference in 
time to complete the color trails test form 1 and form 219 and the sum 
of the odd-man-out subtests 2 and 4.20 Processing speed was assessed 
with the Grooved Pegboard task in the nondominant hand,21 the color 
trails test form 1,19 and the visual–motor integration test.22 Semantic 
memory was assessed with the picture naming (modified Boston 
naming) test,23 category fluency (animal naming),24 and phonemic flu-
ency test (C, F, and L in English speakers and F, A, and S in Spanish 
speakers).24 A mini–mental state examination was also performed.25 
An average of 5 years after the initial assessment, participants were 
invited to participate in a second NPE.

For the change from initial to second NPE, we subtracted scores of 
second NPE from the first NPE and regressed the result on the corre-
sponding initial test score adjusting for age, education, and time inter-
val between the 2 assessments using linear regressions and used the 
standardized residuals from the regression models as the standardized 
change NPE test scores. The domain-specific individual standardized 
residuals were then averaged to compute the values for the change in 
neuropsychological domain scores.

At the time of the first NPE, brain MR imaging was performed on 
a 1.5T MRI system (Philips Medical Systems, Best, the Netherlands) 
at the Hatch Research Center. MRI scans were processed to estimate 
white matter hyperintensity and cerebral and intracranial volumes 
and identify subclinical brain infarcts, as described previously.26,27

Statistical Analysis
The primary exposures of interest were (1) cIMT, (2) carotid plaque 
presence, and (3) total carotid plaque area. As a secondary expo-
sure, we also examined total carotid plaque area in quartiles. These 
exposures were examined in relation to the 4 cognitive domains at 
initial assessment and to the change in cognitive domains over time 
in a series of multivariable linear regression models. Model 1 was 
adjusted for age at NPE, years of education, time from baseline to 
carotid ultrasound, and time from carotid ultrasound to NPE. Model 
2 was further adjusted for sex, race/ethnicity, Medicaid/no insurance 
status, physical activity, alcohol use, smoking, body mass index, 
diabetes mellitus, hypercholesterolemia, and hypertension. Model 3 
further adjusted for brain MRI markers, including white matter hyper-
intensity, brain volume, and presence of subclinical brain infarcts, 
allowing us to examine the association of interest independently from 
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subclinical brain pathology. Analyses of cognitive decline in cogni-
tion over time did not include age and education as covariates because 
they were included in the regression models created to derive the Z 
scores. We examined the potential effect modification by APOE ε4 
carrier status by including interaction terms between APOE genotype 
and the carotid atherosclerosis phenotypes for all of the cognitive 
domain outcomes, controlling for the variables in model 2 and APOE 
genotype. We also examined the potential effect modification by age 
and race/ethnicity. When the interaction term P was <0.10, we per-
formed stratified analyses.

A set of sensitivity analyses were conducted in participants free of 
cognitive impairment at enrollment, defined as a mini–mental state 
examination score of ≥17 among those with <8 years of education, 
and a mini–mental state examination score of ≥24 among those with 
≥8 years of education, consistent with previous studies.28 These sen-
sitivity analyses excluded 154 participants (95 with repeated NPEs). 
All analyses were performed with SAS 9.3 (SAS, Cary, NC).

Results
A total of 1166 NOMAS participants had both carotid ultra-
sound data and neuropsychological assessment (n=836 with 
follow-up NPE). Availability of follow-up neuropsychological 

assessment was related neither to cIMT nor APOE4 carrier 
status (data not shown). The characteristics of the study popu-
lation are stratified by plaque presence and the top quartile of 
cIMT (0.97 mm; Table 1). The mean (SD) age at initial NPE 
was 70 (9) years. At initial NPE, the sample had 698 (60%) 
women, 777 (66%) Hispanics, 179 (15%) non-Hispanic 
whites, and 213 (18%) non-Hispanic blacks. Plaque was pres-
ent in 639 people, which was 55% of the study sample. Mean 
cIMT was 0.93±0.09 mm. Participants with carotid plaques 
were more likely to be older, non-Hispanic blacks and whites, 
current and former smokers, hypertensive, hypercholesterol-
emic, and diabetics as compared with those without plaque. 
Participants with carotid plaques also had greater white mat-
ter hyperintensity, but less cerebral volume than those without 
plaque (Table 1). Participants with cIMT in the top quartile 
were more likely to have an APOE ε4 allele, subclinical brain 
infarct, and greater white matter hyperintensity and age than 
those who had cIMT less than the top quartile (Table 1).

Carotid IMT was inversely associated with episodic mem-
ory at initial NPE after adjustment for demographics and 

Table 1. Sample Characteristics

 

Total Sample 
(n=1166)

Plaque 
Present 
(n=639)

No Plaque 
Present 
(n=527)

IMT >0.97 
mm (Quartile 

4; n=310)

IMT ≤0.97 mm 
(Quartiles 1–3; 

n=839)

Frequency, %

Women 698 (60) 272 (42) 199 (38) 151 (48) 317 (37)

Race/ethnicity

  Hispanic/Latino 777 (66) 399 (62) 378 (72) 191 (61) 584 (69)

  Black 213 (18) 125 (19) 88 (17) 66 (21) 147 (17)

  White 179 (15) 120 (19) 59 (11) 57 (18) 121 (14)

Moderate-to-heavy physical activity 117 (10) 66 (10) 51 (10) 34 (11) 83 (10)

Smoking status 

  Current 185 (16) 117 (18) 68 (13) 56 (18) 129 (15)

  Former 429 (37) 258 (40) 171 (33) 132 (42) 296 (35)

  Never 555 (47) 269 (42) 286 (55) 126 (40) 427 (50)

Moderate alcohol consumption 487 (42) 271 (42) 216 (41) 130 (41) 355 (42)

Hypertension 797 (68) 469 (73) 328 (62) 223 (71) 573 (67)

Hypercholesterolemia 756 (65) 442 (69) 314 (60) 210 (67) 543 (64)

Diabetes mellitus 218 (19) 145 (23) 73 (14) 60 (19) 157 (18)

APOE e4 allele status 268 (24) 150 (25) 118 (24) 81 (28) 186 (23)

Subclinical brain infarct 99 (8) 71 (11) 28 (5) 42 (13) 57 (7)

Medicaid/no insurance 546 (47) 280 (43) 266 (51) 136 (43) 410 (48)

Mean, SD

Age at carotid ultrasound, y 70 (9) 73 (9) 68 (9) 73 (10) 70 (8)

Education, y 10 (5) 10 (5) 10 (5) 10 (5) 10 (5)

BMI, kg/m2 28 (5) 28 (5) 28 (5) 28 (4) 28 (5)

White matter hyperintensity 
volume*

0.7 (0.8) 0.7 (0.9) 0.6 (0.7) 0.8 (0.9) 0.6 (0.7)

Cerebral parenchymal fraction* 72 (4) 72 (4) 73 (4) 72 (4) 73 (4)

*Expressed as a percentage of total intracranial volume. BMI indicates body mass index.
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vascular factors (Table 2; β=−0.604; P=0.042). This asso-
ciation attenuated and did not reach statistical significance 
after adjusting for brain MRI markers (β=−0.576; P=0.052). 
Overall, the inverse associations between cIMT and initial 
assessment of semantic memory, executive function, and pro-
cessing speed did not reach statistical significance. The APOE 
ε4 allele was an effect modifier of the association between 
cIMT and cognition (P for interaction <0.10 for episodic 
memory, semantic memory, and processing speed). Stratified 
analyses showed that cIMT was inversely associated with 
episodic memory (β=−1.313; P=0.035), semantic memory 
(β=−1.451; P=0.008), and processing speed (β=−1.211; 
P=0.025) at initial assessment only among APOE ε4 carriers 
(24% of individuals). Carotid plaque presence and area were 
not significantly associated with any of the cognitive domains 
at the initial assessment, nor was there significant effect modi-
fication by APOE ε4 allele status (Table 2). When examined 
in quartiles, plaque area was also not significantly associated 
with baseline cognitive assessment (data not shown). There 
was no effect modification by age or race/ethnicity for the 
association of cIMT, carotid plaque presence, or area with any 
cognitive domain (data not shown). The results were similar 
when we restricted the analysis to those cognitively unim-
paired at enrollment (data not shown).

Table 3 shows the relationship between carotid atheroscle-
rosis markers and change in cognitive performance over time 
(mean time between the initial and repeated NPE was 5 years). 
cIMT was positively associated with change in episodic mem-
ory, suggesting less decline in episodic memory with increased 

cIMT at baseline (model 3; β=0.907; P=0.032). APOE ε4 was 
a significant effect modifier of the association between cIMT 
and executive function performance (P=0.04). Only APOE 
ε4 noncarriers with greater cIMT had more decline in execu-
tive function, although this did not reach statistical signifi-
cance (β=−0.978; P=0.056). Plaque presence and area were 
not associated with change in any of the cognitive domains 
(Table 3). There was no effect modification by age or race/
ethnicity for any of the exposures (data not shown). There 
were no significant associations between quartiles of plaque 
area and cognitive decline (data not shown). The results were 
similar when we restricted the analysis to those cognitively 
unimpaired at enrollment (data not shown).

Discussion
In this longitudinal, racially and ethnically diverse, popula-
tion-based study, subclinical carotid atherosclerosis was asso-
ciated with worse episodic memory. APOE ε4 carriers with 
greater cIMT exhibited worse cognition across most domains, 
suggesting that subclinical vascular disease may exacer-
bate cognitive dysfunction in those who are at higher risk 
for Alzheimer disease. In contrast, carotid plaque presence 
and burden were not significant predictors of cognitive per-
formance. None of the carotid atherosclerosis markers were 
significantly associated with cognitive decline after repeated 
NPE an average of 5 years apart, and greater cIMT was associ-
ated with less decline in episodic memory, contradicting our 
initial hypothesis. This may be explained by competing mor-
tality or a healthy cohort effect in our study.

Table 2. Association of Carotid Atherosclerosis Markers and Baseline Cognitive Performance (n=1166)

 

Episodic Memory Semantic Memory Executive Function Processing Speed

β P Value β P Value β P Value β P Value

cIMT

  Model 1 −0.992 0.001 −0.389 0.157 −0.301 0.304 −0.249 0.379

  Model 2 −0.604 0.042 −0.483 0.080 −0.448 0.0124 −0.195 0.492

  Model 3 −0.576 0.052 −0.494 0.075 −0.444 0.129 −0.171 0.546

APOE ε4 carrier* −1.313 0.035 −1.451 0.008 … … −1.211 0.025

APOE ε4 noncarrier* −0.358 0.315 −0.203 0.545 … … 0.323 0.356

Plaque presence

  Model 1 −0.043 0.419 0.042 0.381 0.023 0.657 −0.019 0.693

  Model 2 −0.027 0.599 0.026 0.591 0.005 0.918 0.000 0.998

  Model 3 −0.026 0.621 0.026 0.586 0.004 0.930 0.003 0.958

Plaque area

  Model 1 −0.004 0.004 −0.001 0.361 0.001 0.424 −0.002 0.150

  Model 2 −0.003 0.055 −0.001 0.375 0.001 0.510 −0.001 0.487

  Model 3 −0.002 0.077 −0.001 0.431 0.001 0.525 −0.001 0.622

Model 1: adjusted for age at NPE, education (y), time from baseline to ultrasound, and time from ultrasound to NPE. Model 2: Model 
1 further adjusted for sex, race/ethnicity, Medicaid/no insurance status, physical activity, alcohol use, smoking, BMI, diabetes mellitus, 
hypercholesterolemia, and hypertension. Model 3: Model 2 further adjusted for brain MRI markers (WMHV, brain volume, and SBI). 
No statistically significant interactions with APOE ε4 allele presence, so stratified analysis was not performed. BMI indicates body 
mass index; cIMT, carotid intima–media thickness; MRI, magnetic resonance imaging; NPE, neuropsychological examination; SBI, 
subclinical brain infarcts; and WMHV, white matter hyperintensity.

*Model 2 and further adjusted for APOE genotype. Stratified analyses done when P<0.10 for the interaction term.
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Several large cross-sectional studies have associated 
greater cIMT with worse cognition, but these studies exam-
ined general, and not domain-specific, cognition.29,30 Studies 
in middle-aged and nondemented older adults that examine 
domain-specific cognition show that elevated cIMT is associ-
ated with decline in executive function and processing speed, 
but not verbal memory.10,31 We found similar results in our lon-
gitudinal analysis for APOE ε4 noncarriers, consistent with 
the pathogenesis of vascular cognitive impairment.

Our cross-sectional results also demonstrate that episodic 
memory is the primary domain affected by subclinical carotid 
atherosclerosis, especially in APOE ε4 carriers, which is con-
sistent with results from a large Brazilian cohort.32 Greater 
cIMT could result in increased arterial stiffness, causing 
impaired episodic memory because of chronic cerebral hypo-
perfusion. An animal model of carotid artery stenosis has 
demonstrated hippocampal atrophy and impaired perfor-
mance in working memory tasks resulting from prolonged 
bilateral carotid artery stenosis.33 Our domain score for epi-
sodic memory is heavily weighted toward free recall, which 
also involves prefrontal demands similar to executive con-
trol. Therefore, although episodic memory was preferentially 
affected in our study, this finding may still represent the effect 
of large vessel disease on prefrontal processes that underlie 

executive function. In this context, our findings are consistent 
with previous studies. Additionally, we found an association 
between APOE ε4 allele presence and greater cIMT in the 
NOMAS (article in preparation), supporting the APOE ε4 
allele as a possible mediator between cIMT and cognition. 
These data suggest that individuals in our cohort at risk for 
Alzheimer disease because of their APOE allele status may 
be more vulnerable to the deleterious effects of large vessel 
disease on cognitive function related to prefrontal processes.

Other studies have found significant associations between 
plaque presence, number, and total plaque area and cog-
nition,34,35 but we did not. This may be because of acoustic 
shadow in the assessment of carotid ultrasounds affecting the 
accuracy of our plaque measurements. Also, those with carotid 
plaques may have received primary prevention treatment that 
attenuated the natural history of the disease and subsequently 
the effect of atherosclerosis on cognition. Plaque may not be 
an effective marker of cognitive performance in our cohort.

There were no statistically significant findings in our longi-
tudinal analysis, except for episodic memory, which paradoxi-
cally exhibited less decline on average with greater cIMT. This 
may be explained by the healthy cohort effect because partici-
pants who were available for a second NPE are likely healthier 
than those who did not complete the second NPE. Competing 

Table 3. Association of Carotid Atherosclerosis Markers and Change in Cognitive Performance (n=836)

 

Episodic Memory Semantic Memory Executive Function Processing Speed

β P Value β P Value β P Value β P Value

cIMT

  Model 1 0.805 0.051 0.356 0.390 −0.268 0.522 0.111 0.790

  Model 2 0.869 0.039 0.244 0.569 −0.470 0.270 −0.157 0.973

  Model 3 0.907 0.032 0.379 0.380 −0.447 0.300 −0.037 0.932

APOE4 carrier* … … … … 1.042 0.236 … …

APOE4 noncarrier* … … … … −0.978 0.056 … …

Plaque presence

  Model 1 0.055 0.422 0.063 0.363 0.066 0.346 −0.002 0.977

  Model 2 0.085 0.233 0.062 0.399 0.012 0.873 0.026 0.713

  Model 3 0.088 0.216 0.085 0.248 0.014 0.846 0.034 0.646

APOE4 carrier* … … … … … … −0.186 0.180

APOE4 noncarrier* … … … … … … 0.110 0.199

Plaque area

  Model 1 −0.004 0.641 0.002 0.305 0.001 0.819 −0.003 0.164

  Model 2 0.001 0.761 0.002 0.292 −0.0003 0.886 −0.001 0.375

  Model 3 0.001 0.697 0.003 0.131 −0.0002 0.936 −0.002 0.433

APOE4 carrier* … … … … … … −0.006 0.107

APOE4 noncarrier* … … … … … … −0.0004 0.860

Model 1: adjusted for time from baseline to ultrasound and time from ultrasound to NPE. Model 2: Model 1 further adjusted for sex, 
race/ethnicity, Medicaid/no insurance status, physical activity, alcohol use, smoking, BMI, diabetes mellitus, hypercholesterolemia, 
and hypertension. Model 3: Model 2 further adjusted for brain MRI markers (WMHV, brain volume, and SBI). No statistically significant 
interactions with APOE ε4 allele presence, so stratified analysis was not performed. BMI indicates body mass index; cIMT, carotid 
intima–media thickness; MRI, magnetic resonance imaging; NPE, neuropsychological examination; SBI, subclinical brain infarcts; and 
WMHV, white matter hyperintensity.

*Model 2 and further adjusted for APOE genotype. Stratified analyses done when P<0.10 for the interaction term.
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risk of mortality is also a concern in this older cohort. Because 
our cohort was older at the initial NPE, pathology affecting 
cognition may have already progressed substantially; so a 
change in cognition may not be readily detected. Evidence 
suggests that midlife risk factor burden is more important for 
predicting cognitive performance than late-life risk factors.36 
Therefore, our longitudinal analysis may not be sensitive to 
changes in cognition in this elderly cohort and should be inter-
preted with caution.

Strengths of the current study include its population-based 
design in a mostly Hispanic/Latino community, multiple time 
points of domain-specific cognitive assessments, and various 
measures of subclinical carotid atherosclerosis. The limita-
tions of this study are important to note. The current study was 
conducted within a subcohort of NOMAS participants, and 
the findings may not generalize to the full study cohort, espe-
cially given the survival bias and competing risk of mortality 
that is common in longitudinal cohort study designs. Although 
our ultrasound protocol specifies the use of multiple angles of 
insonation to improve the accuracy of plaque area measure-
ments, acoustic shadowing may still decrease the accuracy of 
these measurements. Longitudinal cognitive data were miss-
ing for 340 participants in this study, but the missingness of 
follow-up NPE was unrelated to cIMT and unrelated to APOE 
ε4 allele status, limiting the likelihood of selection bias for the 
analysis of cognitive decline.

Summary
Increased cIMT was associated with cognitive performance 
but not with cognitive decline. Further studies should explore 
the mediating effects of the APOE ε4 allele on vascular wall 
changes and cognition.
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