
Schneider, B.C., Gross, A.L., Bangen, K.J., Skinner, J.C., Benitez, A., Glymour, M.M., Sachs, B.C., Shih, R., Sisco, S., Manly, J.J., & Luchsinger, J.A. (2014). Association of vascular risk factors with 
cognition in a multiethnic sample. Journals of Gerontology, Series B: Psychological Sciences and Social Sciences, 70(4), 532–544, doi:10.1093/geronb/gbu040. Advance Access publication May 12, 2014

© The Author 2014. Published by Oxford University Press on behalf of The Gerontological Society of America. All rights reserved. 
For permissions, please e-mail: journals.permissions@oup.com.
Received July 2, 2013; Accepted March 24, 2014
Decision Editor: Bob Knight, PhD

Association of Vascular Risk Factors With Cognition in a 
Multiethnic Sample

Brooke C. Schneider,1 Alden L. Gross,2,3 Katherine J. Bangen,4 Jeannine C. Skinner,5 Andreana Benitez,6 
M. Maria Glymour,7,8 Bonnie C. Sachs,9 Regina A. Shih,10 Shannon Sisco,11 Jennifer J. Manly,12  

and José A. Luchsinger13,14 

1Psychology Service, VA Greater Los Angeles Healthcare System, California.
2Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland.

3Center on Aging and Health, Johns Hopkins University, Baltimore, Maryland.
4Department of Psychiatry, University of California, San Diego, La Jolla.

5Department of Psychiatry and Behavioral Sciences, University of Washington School of Medicine, Seattle.
6Department of Radiology and Radiological Sciences, Center for Biomedical Imaging, Medical University of South Carolina, Charleston.

7Department of Society, Human Development, and Health, Harvard School of Public Health, Boston, Massachusetts.
8Department of Epidemiology and Biostatistics, University of California, San Francisco.

9Department of Neurology, Virginia Commonwealth University School of Medicine, Richmond.
10RAND Corporation, Arlington, Virginia.

11North Florida/South Georgia Veterans Health System, Department of Veterans Affairs, Gainesville.
12Cognitive Neuroscience Division, Department of Neurology, College of Physicians and Surgeons, Columbia  

University, New York, New York. 
13Department of Epidemiology, Joseph P. Mailman School of Public Health, and 

14Department of Medicine, Columbia University Medical Center, New York.

Abstract

Objectives. To examine the relationship between cardiovascular risk factors (CVRFs) and cognitive performance in a 
multiethnic sample of older adults.

Method. We used longitudinal data from the Washington Heights-Inwood Columbia Aging Project. A composite score 
including smoking, stroke, heart disease, diabetes, hypertension, and central obesity represented CVRFs. Multiple group par-
allel process multivariate random effects regression models were used to model cognitive functioning and examine the con-
tribution of CVRFs to baseline performance and change in general cognitive processing, memory, and executive functioning.

Results. Presence of each CVRF was associated with a 0.1 SD lower score in general cognitive processing, memory, 
and executive functioning in black and Hispanic participants relative to whites. Baseline CVRFs were associated with 
poorer baseline cognitive performances among black women and Hispanic men. CVRF increase was related to baseline 
cognitive performance only among Hispanics. CVRFs were not related to cognitive decline. After adjustment for medica-
tions, CVRFs were not associated with cognition in Hispanic participants.

Discussion. CVRFs are associated with poorer cognitive functioning, but not cognitive decline, among minority older 
adults. These relationships vary by gender and medication use. Consideration of unique racial, ethnic, and cultural factors 
is needed when examining relationships between CVRFs and cognition.

Key Words:  Cardiovascular disease—Cognitive decline—Ethnic differences—Racial differences.

CARDIOVASCULAR risk factors (CVRFs) and dis-
eases are prevalent among older adults such that by age 

60, approximately 70% of Americans have at least one car-
diovascular disease (Go et al., 2013). Rates of many CVRFs 
and diseases are higher among Hispanic and non-Hispanic 
black (black) adults compared with non-Hispanic white 
(white) adults (Go et al., 2013). Minority older adults also 
have an elevated risk for cognitive impairment and demen-
tia (Manly et al., 2008). CVRFs such as diabetes (Bangen 
et al., 2013; Cahana-Amitay et al., 2013; Köhler et al., 2012), 
and vascular diseases such as hypertension (Sims, Madhere, 
Callender, & Campbell, 2008; Waldstein, Brown, Maier, & 

Katzel, 2006), and stroke (Köhler et  al., 2012; Rafnsson, 
Deary, Smith, Whiteman, & Fowkes, 2007) are associ-
ated with poorer cognition and may also be implicated in 
the progression of mild cognitive impairment (Luchsinger 
et  al., 2009; Manly et  al., 2008) and Alzheimer’s disease 
(Manly et al., 2008). In the present study, we investigated 
the relationship between CVRFs and cognition.

Cognitive Functioning and CVRFs
Asymptomatic vascular changes likely begin prior to 

the fourth decade of life and disruption of the frontostri-
atal pathway results from these cerebrovascular changes in 
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both subcortical structures and the white matter pathways 
that connect these structures to the frontal lobes (Craft, 
2007). Cognitive changes related to CVRFs typically 
include executive dysfunction (Brickman et  al., 2011; 
Elias et  al., 2004), slowed information processing speed 
(Laughlin et  al., 2011), impaired attention (Elias et  al., 
2004), and worsening general cognitive performance (Van 
den Berg, Kloppenborg, Kessels, Kappelle, & Bissels, 
2008). However, CVRFs have also been associated with 
declines in verbal and nonverbal learning and memory 
(Elias et al., 2004; Laughlin et al., 2011; Luchsinger et al., 
2005; Sims et al., 2008), visuospatial abilities (Elias et al., 
2004), and language (Cahana-Amitay et  al., 2013). It is 
possible that CVRFs such as diabetes have a direct effect 
on increasing Alzheimer’s pathology (Craft, 2007), which 
would manifest as deficits in learning and memory.

Longitudinal Effects of CVRFs
The long-term effects of CVRFs on changes in cogni-

tive functioning remain unclear. Studies measuring midlife 
CVRFs have reported significant associations between 
CVRFs and cognitive decline (Bangen et  al., 2013; 
Laughlin et  al., 2011); however, the amount of follow-
up time needed to sufficiently capture cognitive changes 
due to vascular factors varies between studies (Duron & 
Hanon, 2008). A  restricted follow-up time period (e.g., 
less than 3 years) may account, in part, for null findings 
given the progressive onset of many vascular conditions 
(Bowler & Gorelick, 2009; Spiro & Brady, 2011).

Findings regarding the effect of CVRFs on cognition 
differ for specific vascular diseases and vascular risk fac-
tors, as well as whether participants have received treat-
ment for a vascular condition (Spiro & Brady, 2011; 
Starr et  al., 2004)  and by demographic factors such as 
race/ethnicity and gender (Insel, Merkle, Hsiao, Vidrine, 
& Montgomery, 2012; Waldstein & Katzel, 2004). 
Consideration of overall CVRF burden is also important 
as a greater number of CVRFs may increase risk for cog-
nitive decline beyond the presence of a single vascular 
risk factor alone (O’Brien et al., 2003). Single risk factors, 
namely stroke (Rafnsson et al., 2007), diabetes (Laughlin 
et al., 2011; Stanek et al., 2009), and hypertension (Sims 
et  al., 2008; Waldstein et  al., 2006), account for signifi-
cant proportions of variance in the difference in cognitive 
scores between those with and without several CVRFs 
(Van den Berg et  al., 2008). However, multiple CVRFs 
may contribute to greater cognitive decline in an additive 
manner (Unverzagt et al., 2011).

Disparities in Vascular Risk Factors and Cognitive 
Impairment Among Minority Populations

Due to a greater prevalence of vascular conditions in 
minority older adults (Noble, Manly, Schupf, Tang, & 
Luchsinger, 2012), it is of particular interest to examine 

how CVRFs are associated with cognitive functioning in 
this population. Disparities in cognitive impairment have 
been partly explained by the higher prevalence of spe-
cific diseases, such as diabetes, in minorities (Noble et al., 
2012); however, racial/ethnic factors contribute to these 
discrepancies at multiple levels (Sisco et al., forthcoming; 
Whitfield, Edwards, & Nelson, 2010). Factors such as per-
ceived discrimination (Pascoe & Richman, 2009), immigra-
tion patterns (Turra & Goldman, 2007), health behaviors 
(Morrissey et  al., 2007), genetic differences (Kalinowski, 
Dobrucki, & Malinski, 2004), self-perceptions regarding 
aging (Williams & Mohammed, 2009), and socioeconomic 
status (SES; Sims et  al., 2011) determine access to and 
quality of health care, as well as diagnosis and treatment of 
health conditions. Education, particularly quality of early 
life education, is also a contributor to racial/ethnic differ-
ences in the relationship between CVRFs and cognition 
functioning (Barnes et al., 2011; Brickman et al., 2011).

In this study, we examined the association of CVRFs 
with level and longitudinal change in general cognitive 
processing, memory, and executive functioning in a large 
population-based sample of ethnically, linguistically, and 
educationally diverse older adults. We contrasted the effect 
of CVRFs on cognitive functioning in white, black, and 
Hispanic older adults. We hypothesized that black and 
Hispanic older adults would demonstrate lower baseline 
cognitive functioning and would experience steeper rates of 
cognitive decline over time, and further that vascular bur-
den would be associated with both baseline level of cogni-
tive functioning and accelerated decline in these groups.

Method

Participants
Longitudinal data collected as part of the Washington 

Heights-Inwood Columbia Aging Project (WHICAP) 
were used for this study. WHICAP is an ongoing study 
of Medicare recipients aged 65 or older residing in three 
contiguous census tracts in Northern Manhattan, NY, and 
in the neighborhoods of Washington/Hamilton Heights 
and Inwood. The population from which participants were 
drawn was comprised of English- or Spanish-speaking 
individuals from several countries of origin representing 
Caribbean Hispanic (Hispanic), black, and white older 
adults. Participants were invited to participate in a study 
of aging, cognitive function, and dementia during two 
recruitment efforts in 1992 and 1999 and were contacted 
for follow-up approximately every 18–30 months. In each 
interview, participants completed an extensive set of ques-
tions about their health, cognitive function, and early life 
experiences. Details of the sampling strategies, recruit-
ment outcomes, and study design and procedures have 
been published previously (Tang et al., 2001). Institutional 
review boards at Columbia Presbyterian Medical Center, 
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Columbia University Health Sciences, and the New York 
State Psychiatric Institute approved this project. All indi-
viduals discussed the study with a trained research assistant 
and provided written informed consent before their baseline 
visit and at each follow-up visit.

There were data from 4,108 Hispanic, black, and white 
participants for use in the present study. We excluded obser-
vations in which a neuropsychological battery was not per-
formed (n  =  31). This resulted in a sample size of 4,077 
participants.

Assessment Procedures

Racial/ethnic group.—Race and ethnic group were deter-
mined by self-report using the format of the 2000 U.S. 
Census (United States Office of Management and Budget, 
2007). Participants were first asked whether they were 
Hispanic. In a second question, participants were asked to 
report their race (i.e., American Indian/Alaska Native, Asian, 
Native Hawaiian or other Pacific Islander, black or African 
American, or white). We excluded the small number of par-
ticipants who were not white, black, or Hispanic (n = 51).

CVRFs and medications.—At the initial visit and each 
follow-up, a physician recorded medical history and medi-
cations in a semistructured formal interview. Neurological 
and physical examinations were performed. Diabetes mel-
litus and hypertension were defined by self-report at base-
line and at each follow-up interval or by self-reported use 
of disease-specific medications. Hypertension was also 
defined by systolic blood pressure equal to or greater than 
140 mmHg or diastolic blood pressure equal to or greater 
than 90 mmHg (Chobanian et al., 2003). Heart disease was 
defined by a history of atrial fibrillation or other arrhyth-
mias, myocardial infarction, congestive heart failure, or 
angina pectoris. Smoking was classified by self-reported 
current smoking. Hip and waist measurements were taken 
at baseline and follow-up. Central obesity was defined 
as a waist–hip ratio of 1.0 and 0.9 for men and women, 
respectively (World Health Organization, 2008). Stroke 
was defined by World Health Organization criteria (Hatano, 
1976). We had self-reported information on medications 
without doses, which were classified as follows for the 
purpose of characterizing the treatment of the vascular risk 
factors: for diabetes, oral hypoglycemic medications and 
insulin; for hypertension, angiotensin-converting enzyme 
(ACE) inhibitors, beta-blockers, calcium channel blockers, 
or diuretics; for heart disease, aspirin and other antiplate-
let medications. These classes were assigned a value of 1 
if taken, and 0 if not taken. For those CVRFs for which 
multiple indicators of disease were considered (e.g., diabe-
tes, hypertension, heart disease), participants were coded as 
having that CVRF if any one of those indicators was present 
(i.e., self-report, physiological measurements, medication).

Neuropsychological battery.—The evaluation included 
measures of learning and memory, orientation, abstract rea-
soning, language, and visuospatial ability. The neuropsycho-
logical battery was specifically designed for administration 
to both Spanish and English speakers. Specific ability 
areas and tests administered include verbal list learning 
and memory (Selective Reminding Test; Buschke & Fuld, 
1974), nonverbal memory (multiple-choice version of the 
Benton Visual Retention Test; Benton, 1955), orientation 
(items from the Mini-Mental State Examination; Folstein, 
Folstein, & McHugh, 1975), verbal reasoning (Similarities 
subtest of the Wechsler Adult Intelligence Scale-Revised 
[WAIS-R]; Wechsler, 1981), nonverbal reasoning (Identifies 
and Oddities subtest of the Mattis Dementia Rating Scale 
[I/O MDRS]; Mattis, 1976), mental flexibility (Color 
Trail Making Test, Part A and B; D’Elia, Satz, Uchiyama, 
& White 1994), naming (15-item version of the Boston 
Naming Test; Kaplan, Goodglass, & Weintraub, 1983), 
attention (two cancellation tasks involving the detection 
of a shape form and a consonant trigram from an array 
of shape and phonemic distractions, respectively; Ben-
Yishay, Diller, Mandleberg, Gordon, & Gerstman, 1974). 
letter fluency Benton, Hamsher, & Sivan (1976), category 
fluency for animals, repetition (high-frequency phrases 
of the Boston Diagnostic Aphasia Examination [BDAE]; 
Goodglass & Kaplan, 1983), auditory comprehension (first 
six items of the Complex Ideational Material subset of the 
BDAE; Goodglass & Kaplan, 1983), visuoconstruction 
(Rosen Drawing Test; Rosen, 1981), and visuoperceptual 
skills (multiple-choice matching of figures from the Benton 
Visual Retention Test; Benton, 1955).

Analysis Plan
The analysis plan followed five steps. First, demo-

graphic, clinical characteristics, and mean cognitive scores 
were compared across racial/ethnic groups. Continuous 
variables were compared by analysis of variance, and 
categorical variables were compared by chi-square tests. 
Second, we derived composites using factor analysis for 
general cognitive performance, memory, and executive 
functioning. Third, we created a sum score for CVRFs and 
diseases (Luchsinger et al., 2005). Fourth, we modeled cog-
nitive functioning over time, including data from all avail-
able follow-up evaluations, and examined associations with 
CVRFs. Fifth, sensitivity analyses were performed in which 
subgroups (male/female participants; CVRF changers/non-
changers) were examined using the same model. Finally, 
medication classes were entered into the model to ascer-
tain the contributions of vascular risk factor treatment to the 
association between cognition and CVRFs.

Neuropsychological tests were assigned to domains 
based on their content, expert opinions from teams of clini-
cal neuropsychologists (see Gross, Jones, Fong, Tommet, & 
Inouye, 2014), and empirical examination of dimensional-
ity. Composite scores were constructed for general cognitive 
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performance (GCP), memory (MEM), and executive func-
tion (EF) from factor analyses of the neuropsychological 
battery consisting of 11 tests. Each composite was scaled to 
have a mean of 50 and a standard deviation (SD) of 10. The 
composites were scaled to national norms using measures 
that were administered in both the WHICAP study and the 
Aging, Demographics, and Memory Study, part of the Health 
and Retirement Survey. The MEM composite was created 
using total recall, delayed free recall, and delayed recogni-
tion from the Selective Reminding Test. The EF composite 
was created using the Color Trail Making Test (Parts A and 
B), WAIS-R Similarities, I/O MDRS, cancellation tests 
(shape and trigram), and category fluency. All of the above 
variables, as well as letter fluency, Boston Naming Test, 
repetition, and comprehension contributed to the composite 
for GCP. GCP was significantly associated with both MEM 
(Pearson’s r = .92; p < .05) and EF (Pearson’s r = .84; p < 
.05). EF and MEM composite scores were also significantly 
correlated (Pearson’s r =  .65; p < .05). These correlations 
likely reflect the shared variance among neuropsychological 
tests attributable to global cognitive processes. We decided 
to consider all domains, as a goal of this study was to exam-
ine whether CVRFs were associated with both general and 
specific cognitive processes and because the domains were 
defined a priori based on clinical input.

Vascular risk factors and diseases were assigned a value 
of 1 if present and 0 if absent. Each risk factor was treated 
as a time-dependent covariate specified by the follow-up 
date when the diagnosis was made. Because waist meas-
urements were not taken until 1999, data were missing for 
the central obesity variable in the 1992 cohort. Values for 
the first available waist measurements for participants from 
the 1992 cohort replaced these missing values. We summed 
the time-varying vascular risk factors (diabetes, hyperten-
sion, smoking, central obesity, heart disease, and stroke) 
into a composite score, which has been used in previous 
WHICAP studies (Luchsinger et  al., 2005). For Model 
2, each medication group was entered separately into the 
model as a time-invariant variable and those medications 
that significantly contributed to the model were retained.

Levels and changes in GCP, MEM, and EF were mod-
eled together using parallel process multivariate random 
effects regression (Johnson et al., 2012) utilizing data from 
all follow-up evaluations. Participants contributed time 
between their first and final study visit in which a neu-
ropsychological test battery was administered. Age was 
used as the timescale of interest instead of time in study 
to enhance interpretability of the model results. Age was 
centered at 75 years to make the model intercept interpret-
able. We adjusted for retest effects by including an indi-
cator coded as 0 at each participant’s first study visit and 
the difference in time between a participant’s second and 
first visits for subsequent visits (Gross et al., forthcoming). 
In addition to CVRFs, all models were adjusted for age, 
sex, race (white, black, Hispanic), education (continuous), 

recruitment cohort (1992 or 1999), and apolipoprotein E 
(APOE) ε4 status (ε4 carrier or noncarrier). All covari-
ates were centered at their means. Model 2 was addition-
ally adjusted for medications as time-invariant variables. 
Models were adjusted for selective attrition due to death 
using logistic regression to predict death based on age, sex, 
general cognitive status, APOE ε4 status, years of educa-
tion, recruitment cohort, and time-varying vascular risk 
factors. Attrition weights were the inverse of the predicted 
probability from this regression.

Analyses were conducted with Mplus version 7.0 
(Muthén & Muthén, 1998–2012) using a robust maximum 
likelihood estimation procedure that assumed outcome 
observations are missing at random, conditional on covari-
ates in the model (Little & Rubin, 1987). Fit of modeled 
trajectories to the data was assessed with an empirical R2 
statistic for each outcome, which represents the proportion 
of variability in the observed data explained by the model 
(Singer & Willet, 2003). The empirical R2 is calculated 
by squaring the correlation between observed and model-
estimated outcome scores. A p value cutoff of less than .01 
was employed to determine significance of our findings.

Results

Sample Characteristics
Sample characteristics are provided in Table  1. Median 

years of follow-up was 5.41  years. Participants who were 
excluded for having no neuropsychological testing data 
tended to be older (p < .001), were recruited in 1992 (p < 
.001), had fewer years of education (p = .01), were less likely 
to have hypertension (p  =  .001), and thus fewer CVRFs 
(p = .03). Counts of CVRFs by race/ethnicity and study visit 
indicated that most participants of each racial/ethnic group 
had one or two CVRFs (see Supplementary Table 1). The 
number of CVRFs remained constant in 52.5% of the par-
ticipants across time (see Supplementary Graphic 1).

Racial and Ethnic Differences in Cognition
Findings of the parallel process multivariate random 

effects analysis adjusted for sex, race, years of education, 
recruitment cohort, practice effects, APOE ε4 status, and 
attrition are summarized in Table  2. Pseudo-R2 statistics 
reported in Table  2 indicated excellent fit of the model 
to observed data (GCP pseudo-R2  =  .88; MEM pseudo-
R2 =  .81; EF pseudo-R2 =  .82). On average, white partici-
pants aged 75 in WHICAP performed at levels comparable 
with or slightly above the U.S. population of older adults 
(mean T = 50). Each point difference seen in Table 2 signi-
fies a 0.1 SD difference in each cognitive score. GCP among 
black and Hispanic participants aged 75 was approximately 
0.4–0.5 SD below that of white participants. A similar pat-
tern was observed for EF and MEM performances though 
the difference in performances of white participants with 
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black and Hispanic participants was slightly less (approxi-
mately 0.3–0.4 SD).

With regard to change in cognitive functioning over the 
follow-up period, compared with black and Hispanic par-
ticipants, white participants exhibited the steepest rates of 
cognitive decline in GCP (−0.07 SD per year), MEM (−0.07 
SD), and EF (−0.06 SD). Black participants and Hispanic 
participants also demonstrated cognitive decline, although 
the annual change was attenuated by approximately 0.01–
0.02 SD compared with that of white participants.

Vascular Burden as a Predictor of Cognitive Function
Each additional CVRF was associated with a 0.14 SD and 

0.10 SD lower score in GCP among black and Hispanic par-
ticipants, respectively, at age 75 (see Figure 1). The associa-
tion was in the same direction but not statistically significant 

among white participants. For MEM, each additional CVRF 
was associated with a 0.12 SD and 0.09 SD lower memory 
score for black and Hispanic groups, respectively. CVRFs 
were not associated with MEM among white participants 
at age 75. For EF, each additional CVRF was significantly 
associated with a 0.11 SD and 0.10 SD lower executive 
functioning score among black and Hispanic participants, 
respectively. A  trend for an association between EF and 
CVRFs (p = .5) was found among white participants. There 
were no significant differences in the effect of CVRFs on 
cognitive performance between racial/ethnic groups.

Vascular Burden as a Predictor of Cognitive Change
CVRFs were associated with a small though significant 

attenuated decline in MEM (0.01 SD) in black partici-
pants, but not among white or Hispanic participants for any 

Table 1. Baseline Demographic, Vascular, and Cognitive Characteristics of the Sample: Results From WHICAP (n = 4,077)

Variable White Black Hispanic
p Value for group  

differencesa

Sample size 1,014 1,375 1,688
Age at baseline, mean (SD) 78.0 (7.4) 77.8 (7.1) 76.6 (6.7) <.001b,c

Male, n (%) 370 (36.5) 393 (28.6) 520 (30.8) <.001d; .002b

Years of education, n (%) <.001b,c,d

 7 years or less 144 (14.3) 438 (32.0) 1301 (77.1)
 8 or more years 864 (85.7) 932 (68.0) 386 (22.9)
Recruitment cohort, n (%) <.001b,d; .01c

 1992 cohort 370 (36.5) 669 (48.7) 897 (53.1)
 1999 cohort 644 (63.5) 706 (51.3) 791 (46.9)

Apolipoprotein ε4 carrier, n (%) 185 (18.2) 365 (26.5) 369 (21.9) <.001c,d

Vascular risk factors
 Sum of vascular risk factors, n (%) .01d; .03b

  None 263 (25.9) 269 (19.6) 354 (21.0)
  One 342 (33.7) 481 (35.0) 588 (34.8)
  Two 278 (27.4) 404 (29.4) 489 (29.0)
  Three or more 131 (12.9) 231 (16.1) 257 (15.2)
 Heart disease, n (%) 264 (26.0) 307 (22.3) 342 (20.3) .04d; <.001b

 Self-reported hypertension or elevated blood pressure, n (%) 641 (63.2) 972 (70.7) 1141 (67.6) <.001d; .02b

 Current smoker, n (%) 94 (9.3)  203 (16.1) 175 (11.4) <.001c,d

 Diabetes, n (%) 100 (9.9)  245 (17.8) 357 (21.1) <.001b,d; .02c

 Stroke, n (%) 66 (6.5)  80 (5.8)  79 (4.7) .04b

 Central obesity, n (%) 145 (18.8) 201 (21.8) 291 (25.1) .001b

CVRF increase, n (%) 459 (45.2) 643 (46.7) 835 (49.5) .03b

Cognitive composite scores, mean (SD)
 General cognitive performance 52.8 (12.0) 45.9 (12.0) 42.7 (10.2) <.001b,c,d

 Memory 54.3 (10.3) 49.2 (10.3) 48.1 (8.8) <.001b,d; .002c

 Executive functioning 51.7 (11.2) 44.4 (10.7) 41.1 (9.0) <.001b,c,d

Medications, n (%)
 Diuretics 206 (20.3) 374 (27.2) 354 (21.0) <.001c,d

 Insulin/oral hypoglycemics 94 (9.3) 207 (15.1) 304 (18.0) <.001b,d; .03c

 Calcium channel blockers 261 (25.7) 448 (32.6) 501 (29.7)  <.0001d, .03b

 Antiplatelet medications 353 (34.8) 377 (27.4) 517 (30.6) < .001d; .02b; .05c

 ACE inhibitors 5 (0.5) 17 (1.2) 18 (1.1)
 Beta-blockers 172 (17.0) 154 (11.2) 165 (9.9) <.001b,d

Notes. CVRFs = cardiovascular risk factors; SD = standard deviation. Sum vascular risk factors: summation of diabetes, hypertension, smoking, central obesity, 
heart disease, and stroke; CVRF increase indicates that the participant’s overall number of CVRFs increased by at least one during the study period.

aBased on analysis of variance for continuous data and chi-square test for categorical data.
bSignificant difference between white and Hispanic groups.
cSignificant difference between black and Hispanic groups.
dSignificant difference between white and black groups.
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cognitive domain (see Figure 2). There were no significant 
differences in the associations of CVRFs and cognitive 
decline among groups.

Sensitivity Analyses for Specific CVRFs, Gender, and 
Change in CVRFs

No major conclusions were changed when components 
of the CVRF composite replaced the overall composite 
score. The presence of diabetes was significantly associ-
ated with a 0.3–0.4 SD lower EF score at age 75 among all 
participants, as well as with approximately 0.3 SD lower 
score at age 75 in both MEM and GCP among black and 
Hispanic participants. In black participants, heart disease 
was associated with a 0.3 SD lower score in GCP and MEM 
at age 75 as well as a small though significant attenuation 
in MEM decline (0.03 SD). Black participants with a his-
tory of stroke exhibited lower performance at age 75 in all 
three cognitive domains, which were on average 0.4–0.5 SD 
lower than those without stroke. White participants with a 
history of stroke demonstrated an approximately 0.05 SD 
decline in GCP and EF. Current smoking was associated 
with a 0.1–0.2 SD decline in GCP and MEM among white 
participants. No significant associations were found for 
hypertension or central obesity with cognitive performance 
at age 75 or cognitive decline.

Sensitivity analyses for gender revealed that among black 
women, CVRFs were associated with poorer performances 
in GCP (−0.15 SD) and MEM (−0.14 SD) at age 75, as well 
as with attenuated decline in these domains (0.01 SD). No 
significant associations were found for CVRFs with base-
line cognition or cognitive change for black men. Among 
Hispanics, each additional CVRF was associated with a 
0.09 SD lower score in EF for women as well as a 0.14–
0.18 SD lower score in all three cognitive domains for men. 
As before, there were no significant associations between 
CVRFs and cognitive performance at age 75 among white 
older adults or with cognitive change for Hispanic or white 
older adults.

Sensitivity analyses for participants whose CVRFs 
increased compared with those whose CVRFs remained 
constant over the study period were consistent with findings 
from the main analysis with the exception of Hispanics. 
Among those Hispanic participants whose CVRFs increased 
over the study period (i.e., changers), each additional CVRF 
at age 75 was associated with an approximately 0.1 SD 
lower cognitive performance. Number of CVRFs in neither 
changers nor nonchangers was related to cognitive change. 
The lack of findings for black participants may reflect loss 
of power due to a reduced sample size combined with use 
of a stringent p value for determining significance (p < .01).

Table 2. Parallel Process Latent Growth Model of Changes in General Cognitive Processing, Memory, and Executive Functioning (N = 4,077)

Parameter

General cognitive performance Memory Executive functioning

Estimate (95% CI) Estimate (95% CI) Estimate (95% CI)

White (n = 1,014)
 Mean level at age 75 51.90* (47.78, 56.02) 53.79* (50.71, 56.87) 49.60* (45.76, 53.44)
 Mean annual change −0.74* (−0.86, −0.62) −0.66* (−0.78, −0.54) −0.59* (−0.71, −0.47)
 Level on CVRFs −0.68 (−1.72, 0.36) −0.33 (−1.31, 0.65) −1.20 (−2.26, −0.14)
 Annual change on CVRFs −0.03 (−0.13, 0.07) 0.00 (−0.10, 0.10) −0.03 (−0.13, 0.07)
Black (n = 1,375)
 Mean level at age 75 46.85* (43.17, 50.53) 50.12* (47.49, 52.75) 44.82* (41.39, 48.25)
 Mean annual change −0.60* (−0.68, −0.52) −0.58* (−0.66, −0.50) −0.42* (−0.50, −0.34)
 Level on CVRFs −1.39* (−2.29, −0.49) −1.20* (−2.04, −0.36) −1.14* (−1.90, −0.38)
 Annual change on CVRFs 0.10 (0.02, 0.18) 0.11* (0.05, 0.17) 0.02 (−0.06, 0.10)
Hispanic (n = 1,688)
 Mean at Age 75 47.76* (45.31, 50.21) 51.01* (49.09, 52.93) 46.06* (44.06, 48.06)
 Mean annual change −0.57* (−0.65, −0.49) −0.53* (−0.59, −0.47) −0.48* (−0.56, −0.40)
 Level on CVRFs −0.95* (−1.54, −0.36) −0.87* (−1.40, −0.34) −1.02* (−1.57, −0.47)
 Annual change on CVRFs 0.06 (−0.02, 0.14) 0.06 (0.00, 0.12) 0.02 (−0.06, 0.10)
Group differences in the association with CVRFs
 Mean level at age 75
  White–black 0.72 (−0.65, 2.09) 0.87 (−0.42, 2.16) −0.06 (−1.37, 1.25)
  White–Hispanic 0.27 (−0.93, 1.47) 0.54 (−0.58, 1.66) −0.17 (−1.37, 1.03)
  Black–Hispanic −0.45 (−1.53, 0.63) −0.33 (−1.33, 0.67) −0.11 (−1.05, 0.83)
 Annual change
  White–black −0.12 (−0.26, 0.02) −0.11 (−0.23, 0.01) −0.05 (−0.17, 0.07)
  White–Hispanic −0.09 (−0.23, 0.05) −0.06 (−0.18, 0.06) −0.04 (−0.16, 0.08)
  Black–Hispanic 0.04 (−0.06, 0.14) 0.05 (−0.05, 0.15) 0.01 (−0.09, 0.11)
Pseudo-R2 .88 .81 .82

Notes. APOE = apolipoprotein E; CI = confidence interval; CVRFs = cardiovascular risk factors. Results from multiple group parallel process multivariate 
random effects regression models of general and domain-specific cognitive functioning over age. Models are adjusted for sex, years of education, recruitment cohort, 
and APOE ε4 status.

*p < .01.
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Effect of Medication on the Association Between 
Vascular Risk Factors, Cognition, and Cognitive Change

To examine the impact of medications on the association 
between CVRFs and cognition, we entered disease-specific 
medications into the model. Diuretics, insulin/oral hypogly-
cemics, calcium channel blockers, and antiplatelet medica-
tions were significant predictors of GCP and were retained; 
ACE inhibitors and beta-blockers were not statistically sig-
nificant and were excluded from the model. Differing from 
the first model, relationships between CVRFs, cognitive 
functioning at age 75, and cognitive change were significant 

upon entry of medications only for black participants. Each 
additional CVRF was associated with a 0.15 SD lower score 
in GCP, a 0.15 SD lower score in MEM, and a 0.13 SD lower 
score in EF among black participants at age 75. CVRFs were 
associated with a small though significant attenuated decline 
in GCP and MEM (0.01 SD) after adjustment for medication. 
CVRFs were not significantly associated with change in EF 
over time among black older adults. There were no signifi-
cant relationships between CVRFs and cognitive function-
ing at age 75 or cognitive decline among white and Hispanic 
participants and no significant group differences were found.

Figure 1. Regressions of age 75 performance in general cognitive performance, memory, and executive functioning on vascular risk factors among white, black, 
and Hispanic participants (N = 4,077). Horizontal bars indicate 95% confidence intervals. The vertical dotted line at 0 indicates a null association between model-
estimated cognitive function at age 75 and the composite of vascular risk factors.

Figure 2. Regressions of annual change in general cognitive performance, memory, and executive functioning on vascular risk factors among white, black, 
and Hispanic participants (N = 4,077). Horizontal bars indicate 95% confidence intervals. The vertical dotted line at 0 indicates a null association between model-
estimated change in cognitive functioning and the composite of vascular risk factors.
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Discussion
This study explored the association of vascular burden 

and cognitive functioning in a sample of participants with 
diverse ethnic, linguistic, and educational backgrounds. 
Among black and Hispanic participants, a greater num-
ber of CVRFs, as measured by the presence of heart dis-
ease, diabetes, hypertension, stroke, smoking, and central 
obesity, was associated with lower scores on measures of 
GCP, MEM, and EF at age 75. A trend was found between 
CVRFs and EF at age 75 for white participants. In clinical 
terms, these findings suggest that for each CVRF, black and 
Hispanic participants perform approximately one T-score 
point worse in these cognitive domains at age 75 com-
pared with their peers without any CVRFs. We found that 
approximately half of participants experienced an increase 
in CVRFs. Persistence of these CVRFs over time was not 
significantly associated with cognitive change with the 
exception of an attenuated memory decline in black par-
ticipants, which remained after consideration of medication 
use. No significant between-group differences were found 
for the effect of CVRFs on cognitive function at age 75 or 
over the follow-up period.

The cognitive performance of black and Hispanics was 
below that of white participants at age 75 and black and 
Hispanic participants demonstrated declines in cogni-
tion over the follow-up period that were slightly less than 
their white peers. This is in line with recent work using the 
WHICAP data (Sisco et al., forthcoming), and other studies 
demonstrating relatively larger race/ethnicity differences 
in cross-sectional cognitive functioning versus cognitive 
change (Castora-Binkley, Peronto, Edwards, & Small, 
forthcoming). Given that our analyses were adjusted for 
attrition of participants due to death, our findings likely can-
not be attributed to selective loss of minority participants 
due to illness, death, or dementia, but rather to the tendency 
for individuals with higher education to experience steeper 
cognitive decline (Scarmeas, Albert, Manly, & Stern, 2006). 
White participants in our study had significantly more years 
of education, a contributor to cognitive reserve. The cogni-
tive reserve hypothesis suggests that individuals with high 
cognitive reserve may be able to tolerate more brain pathol-
ogy before demonstrating cognitive changes at a relatively 
rapid rate of decline, whereas those with lower cognitive 
reserve may demonstrate cognitive declines earlier and at a 
gradual rate (Stern, 2012).

These findings do not support the notion that the asso-
ciation of CVRFs with cognition in minority older adults 
is significantly greater than in white older adults but is in 
line with literature indicating that vascular burden may be 
associated with functioning in a broader range of cognitive 
domains among minority older adults (Köhler et al., 2012; 
Luchsinger et  al., 2005; Unverzagt et  al., 2011). Though 
a relationship of greater magnitude between CVRFs 
and executive impairment among minority older adults 
compared with whites has been demonstrated by others 

(Robbins, Elias, Elias, & Budge, 2005), our findings sug-
gest that minority older adults may not be at a greater risk 
for executive impairment due to vascular factors. Work on 
the association of domains of cognition other than executive 
functioning and vascular disease has not demonstrated a 
consistent pattern among black (Robbins et al., 2005; Sims 
et al., 2008; Unverzagt et al., 2011) or Hispanic older adults 
(Yaffe et al., 2007), as well as white older adults (Elias et al., 
2004; Laughlin et al., 2011; Waldstein & Katzel, 2004).

Sensitivity analyses revealed that having a greater num-
ber of CVRFs was significantly associated with poorer per-
formances in two cognitive domains among black women, 
but none among black men, as well as all with poorer per-
formances across three cognitive domains among Hispanic 
men, but only with poorer executive functioning among 
Hispanic women. These findings suggest that black women 
and Hispanic men may be at a greater risk for cognitive 
impairment due to vascular factors. Previous work has 
reported differing associations between CVRFs and cog-
nition by gender (Insel et  al., 2012; Waldstein & Katzel, 
2004), and our findings suggest that these gender-specific 
relationships may also vary within racial/ethnic groups.

Upon consideration of medications, the associations 
between vascular risk and cognition were no longer sig-
nificant for Hispanic older adults. These results should be 
interpreted with caution as medication use was based solely 
on self-report and we were unable to ascertain whether med-
ications led to control of conditions such as diabetes. We 
can only speculate that the use of medications could be a 
proxy for better control of vascular risk factors. Increase of 
CVRFs over time may be an indicator of poorer control and 
may explain our finding of the poorer cognitive functioning 
observed in Hispanic participants whose CVRFs increased 
over the study period. It is reported that conditions such as 
hypertension and congestive heart failure do not have the 
same response across ethnic groups (Taylor & Wright, 2005; 
Taylor et al., 2004) and treatment regimens tailored to blacks 
have been proposed. This might explain the residual associa-
tion of CVRFs with lower cognitive performance in blacks 
after controlling for medications. Our findings are also 
supported by studies demonstrating diminished health dis-
parities between Hispanic and white adults after controlling 
for SES (Crimmins, Kim, Alley, Karlamangla, & Seeman, 
2007). As such, medication use may also serve as an indi-
cator of SES, but further work is needed to examine social 
correlates of medication use in our study. Additionally, com-
plex race/ethnicity-specific relationships have been reported 
regarding disparities in the use of medical services and 
adherence to medical interventions (Kim, Ford, Chiriboga, 
& Sorkin, 2012). Cardiovascular medication use and adher-
ence is lower among subgroups of minority older adults 
(Qato, Lindau, Conti, Schumm, & Alexander, 2010; Traylor, 
Schmittdiel, Uratsu, Mangione, & Subramanian, 2010). 
Minority older adults are also more likely to have delayed 
medical treatment (Kim et  al., 2012). These factors may 
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limit the ability of medications to hinder the effects of vascu-
lar disease processes on cognitive functioning and account 
for within-group differences in cognitive functioning.

Hispanic participants whose CVRFs increased over the 
study period had poorer baseline cognitive functioning, 
which is in line with previous work demonstrating that 
poorer baseline cognition is associated with increased risk 
of CVRF onset (Skoog et al., 2005). With the exceptions of a 
small though significant attenuated memory decline among 
black older adults with heart disease, as well as in general 
cognitive processing among black women, our analyses did 
not find an effect of CVRFs on cognition over time. CVRF 
increase was not associated with cognitive change, sug-
gesting that gaining additional CVRFs does not contribute 
to cognitive decline, at least over an approximately 5-year 
period after age 75. Interpretation of these results is compli-
cated by the fact that many of our participants were taking 
medications. The relationships between CVRFs and cogni-
tion may have therefore been partially masked, especially in 
cases in which diseases were well managed. Our findings 
indicating that CVRFs were no longer related to cognitive 
functioning in Hispanic older adults after entry of medica-
tions provide support for this, yet evidence of whether medi-
cations may lower risk for cognitive impairment remains 
unclear and findings vary by medication class (Starr et al., 
2004)  and whether diseases are adequately managed by 
medications (Cahana-Amitay et al., 2013). Careful consid-
eration of adjustment variables is therefore needed when 
examining relationships between CVRFs and cognition. 
Further work utilizing methods closely monitoring disease 
control would improve understanding of how medications 
and preventative interventions may affect the relationship 
of vascular factors with cognition. Future analyses should 
consider whether differences between CVRF changers and 
nonchangers among Hispanics may be due to factors such as 
overall poorer health among changers, inadequate medica-
tion, or disease control, as well as SES (e.g., access to care).

Our hypothesis that a steeper rate of cognitive decline 
would be associated with greater vascular burden was not 
supported. It may be that the association between vascular 
diseases and cognition is less profound with increased age 
(Verhaegen, Borchelt, & Smith, 2003). By age 75, the neuro-
logical consequences of long-term vascular risk factors may 
have already occurred resulting in less significant cognitive 
changes due to continued vascular burden after this age. 
Secondly, though significant associations between CVRFs 
and cognitive change have been reported over similar time 
periods (Duron & Hanon, 2008), our follow-up period of an 
average of 5 years may have been insufficient. Due to the 
slow, progressive nature of vascular disease, shorter follow-
up times (i.e., 3 years or less) may be insufficient to cap-
ture long-term changes due to vascular disease (Bowler & 
Gorelick, 2009) and some authors argue that 10–20 years of 
follow-up may be necessary (Spiro & Brady, 2011). Studies 
examining midlife vascular risk factors and cognitive 

decline have found significant relationships (Bangen et al., 
2013) and such longitudinal studies could extend upon our 
work to determine if there are critical treatment periods 
for the prevention of vascular-related cognitive declines. 
For example, by examining the earliest cognitive changes 
attributable to vascular burden or whether ongoing treat-
ment from time of diagnosis is sufficient to prevent or delay 
cognitive declines (Spiro & Brady, 2011).

Although we found no between-group differences in the 
association of CVRFs with cognition, it is notable that the 
relationship between CVRFs and cognition was significant 
only among minority older adults. Reasons that are appar-
ent in our data are that the sample size and the prevalence 
of CVRFs for whites were smaller than for blacks and 
Hispanics, resulting in less power to find an association 
between CVRFs and cognition. Biobehavioral models sug-
gest that health disparities may be understood through the 
examination of the complex interactions between early life, 
midlife, and late-life risk factors as well as consideration of 
sources of within-group heterogeneity (e.g., SES; Whitfield 
et  al., 2010). Cognitive reserve (Brickman et  al., 2011), 
which may be lower in minorities in Northern Manhattan 
with lower educational attainment, could account for the 
lack of an association in whites. Although years of edu-
cation are often used as an indicator of cognitive reserve 
(Barnes et  al., 2011), educational quality, reading ability, 
and engagement in lifelong cognitively stimulating events 
also contribute to cognitive reserve (Manly, Schupf, Tang, 
& Stern, 2005) and disparities in late-life cognition (Sisco 
et al., forthcoming) but were not considered in our study.

Consistent with previous work, among CVRFs, diabe-
tes and stroke had the greatest effects on cognition (Köhler 
et al., 2012; Luchsinger et al., 2005; Van den Berg et al., 
2008) and diabetes was more prevalent among minority 
older adults, specifically black participants. The impact 
of stroke on cognitive functioning generally depends on 
infarct location and size (O’Brien et  al., 2003); however, 
the association of diabetes with cognition is less well 
understood and is likely related to factors such as glyce-
mic control, effectiveness of treatment, and presence of 
microvascular complications (Sullivan et  al., 2013; Van 
den Berg et al., 2008). Significantly higher prevalence rates 
of diabetes found in minority older adults may contribute 
to diabetes having a greater effect on cognitive function-
ing within minority elders (Gregg et al., 2000; Luchsinger, 
Tang, Stern, Shea, & Mayeux, 2001; Noble et  al., 2012). 
However, prevalence rates alone likely do not fully explain 
differences in cognitive functioning as previous WHICAP 
studies have demonstrated that consideration of vascu-
lar burden, and specifically disparities in Type 2 diabetes, 
only partially reduces disparities in cognitive functioning 
between white and minority older adults (Noble et al., 2012; 
Sisco et al., forthcoming). Consideration of unique modifi-
ers by ethnic/racial group including SES, access to health 
care, cultural attitudes regarding health care and aging, 
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perceived discrimination, and migration history (Williams, 
Mohammed, Leavell, & Collins, 2010) is needed to better 
understand group differences that contribute to greater risk.

A strength of this study is the inclusion of a large sam-
ple of older adults not only representing major ethnic and 
racial groups in the United States but also with diverse 
socioeconomic, health, and educational backgrounds. 
Administration of neuropsychological measures and inter-
views in Spanish likely allowed for more accurate meas-
urement of cognitive functioning and data collection from 
Spanish-speaking older adults. The neuropsychological 
battery was comprised of a wide range of well-validated 
measures, normative data used were based on a nation-
ally representative cross-sectional sample of older adults. 
Importantly, this study included time-varying CVRFs and 
adjusted for potential confounders and practice effects, 
which potentially reduces bias and allows for a more accu-
rate examination of the relationship between CVRFs and 
cognition over time.

Despite these strengths, there are also limitations to our 
study. Data for all medications and CVRFs, except central 
obesity and hypertension, were obtained through self-report 
and we were unable to ascertain factors such as medication 
adherence. Self-reported rates of health conditions may not 
be accurate and rates are generally higher than diagnosed, 
particularly in minority populations. Though participants 
were asked in several different ways about their health condi-
tions and medications, and self-report is commonly used in 
research, it may be a weakness when gathering health-related 
information (Spiro & Brady, 2011). Our method of coding 
CVRFs when multiple indices were available (e.g., for dia-
betes, hypertension, and heart disease) represents a conserva-
tive approach to disease identification but may be a strength 
of our study as this method has the advantage of not relying 
solely on self-report. Finally, we did not exclude individuals 
based on current cognitive functioning or dementia; however, 
we did use APOE ε4 status as a covariate in our analyses as 
it has been shown to affect the relationship between vascular 
risk factors and cognitive decline (Bangen et al., 2013), and 
the presence of vascular disease may contribute to the pro-
gression and onset of disorders such as Alzheimer’s disease 
and vascular dementia. As our goal was to study cognitive 
aging among a wide range of older adults, exclusion of par-
ticipants based on memory impairment would have limited 
the generalizability of our findings.

In conclusion, this study showed that in a large multi-
ethnic sample, vascular risk factors were associated with 
cognitive functioning within minority older adults at age 
75; however, they were not associated with cognitive 
decline over time. Vascular risk factors were significantly 
associated with poorer cognitive performances primarily 
in black women and Hispanic men. An increase in CVRFs 
over the study period was associated with baseline cogni-
tive performance only among Hispanics. Among risk fac-
tors, diabetes and stroke had the largest associations with 

cognitive functioning. Consideration of unique ethnic and 
cultural influences on the relationship between vascular 
burden and cognition in minority older adults is needed to 
improve understanding of the factors contributing to cogni-
tive impairment among this group of older adults.

Supplementary Material

Supplementary material can be found at: http://psychsocgerontology.
oxfordjournals.org/

Funding

A. L.  Gross was supported by a National Institute on Aging 
(T32AG023480 and R03 AG045494-01). K. J. Bangen was supported by 
the National Institutes of Health (T32 MH1993417). J.  C. Skinner was 
supported by the National Institute on Aging (T32AG000258). A. Benitez 
was supported by the Litwin Foundation and National Institutes of Health 
grants (UL1 TR000062 and KL2 TR000060). M. M. Glymour was partially 
supported by a pilot grant from the National Institute on Aging-funded 
Harvard Program on the Global Development of Aging and by a National 
Institute on Aging grant (R21 AG03438501). J. J. Manly was supported 
by the National Institute on Aging (R01 AG028786). J.  A. Luchsinger 
was supported by grants from the National Institute of Minority Health 
and Health Disparities (P60 MD000206) and National Institute on Aging 
(1R01AG037212-01). This content is solely the responsibility of the 
authors and does not necessarily represent the official view of the support-
ing institutions.

Acknoweldgments

We gratefully acknowledge the support of this publication by the 
National Center for Advancing Translational Sciences, National Institutes 
of Health (UL1 TR000040), and the National Institute on Aging (R01 
AG037212, PI: Mayuex; R13 AG030995, PI: Mungas).

Correspondence

Correspondence should be addressed to José A. Luchsinger, MD, MPH, 
Department of Medicine, Columbia University Medical Center, PH9 
Center, Room 210, 630 West 168th Street, New York, NY 10032. E-mail: 
jal94@columbia.edu.

References
Bangen, K. J., Beiser, A., Delano-Wood, L., Nation, D. A., Lamar, M., 

Libon, D. J., … Au, R. (2013). APOE genotype modifies the relation-
ship between midlife vascular risk factors and later cognitive decline. 
Journal of Stroke and Cerebrovascular Diseases, 22, 1361–1369. 
doi:10.1019/j.strokecerebrovasdis.2013.03.013

Barnes, L. L., Wilson, R. S., Hebert, L. E., Scherr, P. A., Evans, D. A., & 
Mendes de Leon, C. F. (2011). Racial differences in the association 
of education with physical and cognitive function in older Blacks 
and Whites. The Journals of Gerontology, Series B: Psychological 
Sciences and Social Sciences, 66, 354–363. doi:10.1093/geronb/
gbr0116

Benton, A. L. (1955). The Visual Retention Test. New York, NY: The 
Psychological Corporation.

Benton, A. L., Hamsher, K. d.,  & Sivan, A. (1976). Multilingual aphasia 
examination. Iowa City: University of Iowa.

Ben-Yishay,Y., Diller, L., Mandleberg, I., Gordon, W., & Gerstman, L.J. 
(1974). Differences in matching persistence behavior during block 
design performance between older normal and brain-damaged 
persons: a process analysis. Cortex. 10(2):121–32. doi: 10.1016/
S0010-9452(74)80003-1.

Bowler, J. V., & Gorelick, P. B. (2009). Advances in vascular cog-
nitive impairment. Stroke, 40, e315–e318. doi:10.1161/
STROKEAHA.108.544650

Brickman, A. M., Siedlecki, K. L., Muraskin, J., Manly, J. J., Luchsinger, 
J. A., Yeung, L.-K., … Stern, Y. (2011). White matter hyperintensities 

541

D
ow

nloaded from
 https://academ

ic.oup.com
/psychsocgerontology/article/70/4/532/647759 by guest on 10 April 2024

http://psychsocgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/geronb/gbu040/-/DC1
http://psychsocgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/geronb/gbu040/-/DC1
mailto:jal94@columbia.edu?subject=


SCHNEIDER ET AL.

and cognition: Testing the reserve hypothesis. Neurology of Aging, 
32, 1588–1598. doi:10.1016/j.neurobiolaging.2009.10.13

Buschke, H., & Fuld, P. A. (1974). Evaluating storage, retention, and 
retrieval in disordered memory and learning. Neurology, 24, 1019–
1025. PMID: 4473151

Cahana-Amitay, D., Albert, M. L., Ojo, E. A., Sayers, J., Goral, M., Obler, 
L. K., & Spiro, A. (2013). Effects of hypertension and diabetes on 
sentence comprehension in aging. The Journals of Gerontology, 
Series B: Psychological Sciences and Social Sciences, 68, 513–521. 
doi:10.1093/geronb/gbs085

Castora-Binkley, M., Peronto, C. L., Edwards, J. D., & Small, B. J. (forth-
coming). A longitudinal analysis of the influence of race on cognitive 
performance. The Journals of Gerontology, Series B: Psychological 
Sciences and Social Sciences. doi:10.1093/geronb/gbt112

Chobanian, A. V., Bakris, G. L., Black, H. R., Cushman, W. C., Green, 
L. A., Izzo, J. L., … Rocell, E. J. (2003). The seventh report of the 
Joint National Committee on Prevention, Detection, Evaluation, 
and Treatment of High Blood Pressure: The JNC 7 report. 
[Erratum appears in JAMA. 2003; 290(2):  197]. Journal of the 
American Medical Association, 28, 2560–2572. doi:10.1161/01.
HYP.0000107251.49515.c2

Craft, S. (2007). Insulin resistance and Alzheimer’s disease pathogen-
esis: Potential mechanisms and implications for treatment. Current 
Alzheimer Research, 4, 147–152. doi:10.2174/156720507780362137

Crimmins, E. M., Kim, J. K., Alley, D. E., Karlamangla, M. D., & 
Seeman, T. (2007). Hispanic paradox in biological risk profiles. 
American Journal of Public Health, 97, 1305–1310. doi:10.2105/
AJPH.2006.091892

D’Elia, L. F., Satz, P., Uchiyama, C. L., & White, T. (1994). Color Trails 
Test professional manual. Odessa, FL: Psychological Assessment 
Resources.

Duron, E., & Hanon, O. (2008). Vascular risk factors, cognitive decline, 
and dementia. Vascular Health and Risk Management, 4, 363–381. 
PMID: PMC2496986

Elias, M. F., Sullivan, L. M., D’Agostino, R. B., Elias, P. K., Beiser, A., Au, 
R., … Wolf, P. A. (2004). Framingham stroke risk profile and low-
ered cognitive performance. Stroke, 35, 404–409. doi:10.1161/01.
STR.0000103141.82869.77

Folstein, M. F., Folstein, S. E., & McHugh, P. R. (1975). ‘Mini-mental 
State’: A practical method for grading the cognitive state of patients 
for the clinician. Journal of Psychiatric Research, 12, 189–198. 
doi:10.1016/0022-3956(75)90026-6

Go, A. S., Mozaffarian, D., Roger, V. L., Benjamin, E. J., Berry, J. D., 
Borden, W. B., … Woo, M. B. (2013). Heart disease and stroke 
statistics – 2013 update. Circulation, 127, e6–e245. doi:10.1161/
CIR.0b13e31828124ad

Goodglass, H., & Kaplan, E. (1983). The assessment of aphasia and 
related disorders. Philadelphia, PA: Lea & Febiger.

Gregg, E. W., Yaffe, K., Cauley, J. A., Rolka, D. B., Blackwell, T. L., 
Narayan, K. M. V., & Cummings, S. R. (2000). Is diabetes asso-
ciated with cognitive impairment and cognitive decline among 
older women? Study of Osteoporotic Fractures Research Group. 
Archives of Internal Medicine, 160, 174–180. doi:10.1001/
archinte.160.2.174

Gross, A. L., Benitez, A., Shih, R., Bangen, K. J., Glymour, M. M., Sachs, 
B., … Manly, J. J. (forthcoming). Predictors of retest effects in a com-
munity-based longitudinal study of cognitive aging. The Journals of 
Gerontology, Series B: Psychological Sciences and Social Sciences. 
PMID: PMC2858766

Gross, A. L., Jones, R. N., Fong, T. G., Tommet, D., & Inouye, S. K. 
(2014). Calibration and validation of an innovative approach for 
estimating general cognitive performance. Neuroepidemiology, 42, 
144–153. doi:10.1159/000357647

Hatano, S. (1976). Experience from a multicentre stroke register: A pre-
liminary report. Bulletin of the World Health Organization, 54, 541–
553. PMID: PMC2366492

Insel, K. C., Merkle, C. J., Hsiao, C.-P., Vidrine, A. N., & Montgomery, 
D. W. (2012). Biomarkers for cognitive aging part I: Telomere 
length, blood pressure and cognition among individuals with 
hypertension. Biological Research for Nursing, 14, 124–132, 
doi:10.1177/1099800411406433

Johnson, J. K., Gross, A. L., Pa, J., McLaren, D. G., Park, L. Q., & Manly, 
J. J.; for the Alzheimer’s Disease Neuroimaging Initiative. (2012). 
Longitudinal change in neuropsychological performance using 
latent growth models: A study of mild cognitive impairment. Brain 
Imaging and Behavior, 6, 540–550. doi:10.1007/s11682-012-9161-8

Kalinowski, L., Dobrucki, I. T., & Malinski, T. (2004). Race-specific dif-
ferences in endothelial function: Predisposition of African Americans 
in vascular disease. Circulation, 109, 2511–2517. doi:10.1161/01.
CIR.0000129087.81352.7A

Kaplan, E., Goodglass, H., & Weintraub, S. (1983). Boston Naming Test. 
Philadelphia, PA: Lea & Febiger.

Kim, G., Ford, K. L., Chiriboga, D. A., & Sorkin, D. H. (2012). Racial 
and ethnic disparities in healthcare use, delayed care, and manage-
ment of diabetes mellitus in older adultsin California. Journal of 
the American Geriatrics Society, 60, 2319–2325. doi:10.1111/
jgs.12003

Köhler, M., Kliegel, M., Kaduszkiewicz, H., Bachmann, C., Wiese, B., 
Bickel, H., … Wager, M. (2012). Effect of cardiovascular and meta-
bolic disease on cognitive test performance and cognitive change in 
older adults. Journal of the American Geriatrics Society, 60, 1286–
1291. doi:10.1111/j.1532-5415.2012.04032

Laughlin, G. A., McEvoy, L. K., von Mühlen, D., Daniels, L. B., Kritz-
Silverstein, D., Bergstrom, J., … Barrett-Connor, E. (2011). Sex dif-
ferences in the association of Framingham Cardiac Risk Score with 
cognitive decline in community-dwelling elders without clinical 
heart disease. Psychosomatic Medicine, 73, 683–689. doi:10.1097/
PSY.0b013e31822f9089

Little, R. J. A., & Rubin, D. B. (1987). Statistical analysis with missing 
data. New York, NY: John Wiley & Sons.

Luchsinger, J. A., Brickman, A. M., Reitz, C., Cho, S. J., Schupf, N., 
Manly, J. J., … Brown, T. R. (2009). Subclinical cerebrovascu-
lar disease in mild cognitive impairment. Neurology, 73, 450–456. 
doi:10.1212/WNL.0b013e3181b1636a

Luchsinger, J. A., Reitz, C., Honig, L. S., Tang, M.-X., Shea, S., & Mayeux, 
R. (2005). Aggregation of vascular risk factors and risk of incident 
Alzheimer’s disease. Neurology, 65, 545–551. doi:10.1212/01.
wnl.0000172914.08967.dc

Luchsinger, J. A., Tang, M.-X., Stern, Y., Shea, S., & Mayeux, R. (2001). 
Diabetes mellitus and risk of Alzheimer’s disease and dementia with 
stroke in a multiethnic cohort. American Journal of Epidemiology, 
154, 635–641. doi:10.1093/aje/154.7.635

Manly, J. J., Schupf, N., Tang, M.-X., & Stern, Y. (2005). Cognitive 
decline and literacy among ethnically diverse elders. Journal 
of Geriatric Psychiatry and Neurology, 18, 213–217. 
doi:10.1177/0891988705281868

Manly, J. J., Tan, M.-X., Schupf, N., Stern, Y., Vonsattel, J.-P. G., & 
Mayeux, R. (2008). Frequency and course of mild cognitive impair-
ment in a multiethnic community. Annals of Neurology, 63, 494–506. 
doi:10.1002/ana.21326

Mattis, S. (1976). Mental status examination for organic mental syndrome 
in the elderly patient. In L. Bellak & T. B. Karasu (Eds.), Geriatric 
psychiatry (pp. 77–121). New York, NY: Grune & Stratton.

Morrissey, N. J., Giacovelli, J., Egorova, N., Gelijns, A., Moskowitz, A., 
McKinsey, J., … Greco, G. (2007). Dispartities in the treatment 
and outcomes of vascular disease in Hispanic patients. Journal of 
Vascular Surgery, 46, 971–978. doi:10/1016/j.jvs.2007.07.021

Muthén, L. K., & Muthén, B. O. (1998–2012). Mplus user’s guide (7th 
ed.). Los Angeles, CA: Muthén & Muthèn.

Noble, J. M., Manly, J. J., Schupf, N., Tang, M. X., & Luchsinger, J. A. 
(2012). Type 2 diabetes and ethnic disparities in cognitive impair-
ment. Ethnicity & Disease, 22, 38–44. PMID: PMC3398739 

542

D
ow

nloaded from
 https://academ

ic.oup.com
/psychsocgerontology/article/70/4/532/647759 by guest on 10 April 2024



VASCULAR BURDEN AND COGNITION IN MULTIETHNIC SAMPLE

O’Brien, J. T., Erkinjuntti, T., Reisbert, B., Roman, G., Sawada, T., Pantoni, 
L., … DeKosky, S. T. (2003). Vascular cognitive impairment. Lancet 
Neurology, 2, 89–98. doi:10.1016/S1474-4422(03)00305-3

Pascoe, E. A., & Richman, L. S. (2009). Perceived discrimination and 
health: A  meta-analytic review. Psychological Bulletin, 135, 531–
554. doi:10.1037/a0016059

Qato, D. M., Lindau, S. T., Conti, R. M., Schumm, L. P., & Alexander, G. 
C. (2010). Racial and ethnic disparities in cardiovascular medication 
use among older adults in the United States. Pharmacoepidemiology 
& Drug Safety, 19, 834–842. doi:10.1002/pds.1974

Rafnsson, S. B., Deary, I. J., Smith, F. B., Whiteman, M. C., & Fowkes, 
F. G.  R. (2007). Cardiovascular diseases and decline in cogni-
tive function in an elderly community population: The Edinburgh 
Artery Study. Psychosomatic Medicine, 69, 425–434. doi:10.1097/
psy.0b013e318068fce4

Robbins, M. A., Elias, M. F., Elias, P. K., & Budge, M. M. (2005). 
Blood pressure and cognitive function in an African-American 
and a Caucasian-American sample: the Main-Syracuse Study. 
Psychosomatic Medicine, 67, 707–714. doi:10.1097/01.
psy.0000171164.50990.80

Rosen, W. (1981). The Rosen Drawing Test. Bronx, NY: Veterans 
Administration Medical Center.

Scarmeas, N., Albert, S. M., Manly, J. J., & Stern, Y. (2006). Education and 
rates of cognitive decline in incident Alzheimer’s disease. Journal of 
Neurology, Neurosurgery and Psychiatry, 77, 308–316. doi:10.1136/
jnnp.2005.072306

Sims, M., Diez Roux, A. V., Boykin, S., Sarpong, D., Gebreab, S. Y., 
Wyatt, S. B., … Taylor, H. A. (2011). The socioeconomic gradient of 
diabetes prevalence, awareness, treatment and control among African 
Americans in the Jackson Heart Study. Annals of Epidemiology, 21, 
892–898. doi:10.1016/j.annepidem.2011.05.006

Sims, R., Madhere, S., Callender, C., & Campbell, A., Jr. (2008). Patterns 
of relationships between cardiovascular disease risk factors and neu-
rocognitive function in African Americans. Ethnicity & Disease, 18, 
471–476. PMID: PMC3804014

Singer, J. D., & Willet, J. (2003). Applied longitudinal data analysis: 
Modeling change and event occurrence. New York, NY: Oxford 
University Press.

Sisco, S., Gross, A. L., Shih, R. A., Sachs, B. C., Glymour, M. M., 
Bangen, K. J., … Manly, J. J. (forthcoming). The role of early-
life educational quality and literacy in explaining racial disparities 
in cognition in late life. The Journals of Gerontology, Series B: 
Psychological Sciences and Social Sciences. doi:10.1093/geronb/
gbt133

Skoog, I., Lithell, H., Hansson, L., Elmfeldt, D., Hofman, A., Olofsson, 
B., … Zanchetti, A. (2005). Effect of baseline cognitive functioning 
and antihypertensive treatment on cognitive function and cardiovas-
cular outcomes: Study on COgnition and Prognosis in the Elderly 
(SCOPE). American Journal of Hypertension, 18, 1052–1059. 
doi:10.1016/j.amjhyper.2005.02.2013

Spiro, A., & Brady, C. B. (2011). Integrating health into cognitive aging: 
Toward a preventative cognitive neuroscience of aging. The Journals 
of Gerontology, Series B: Psychological Sciences and Social 
Sciences, 66, 17–25. doi:10.1093/geronb/gbr018

Stanek, K. M., Gunstad, J., Paul, R. H., Poppas, A., Jefferson, A. L., Sweet, 
L. H., … Cohen, R. A. (2009). Longitudinal cognitive performance 
in older adults with cardiovascular disease: Evidence for improve-
ment in heart failure. Journal of Cardiovascular Nursing, 24, 192–
197. doi:10.1097/JCN.0b013e31819b54de

Starr, J. M., McGurn, B., Whiteman, M., Pattie, A., Whalley, L. J., & 
Deary, I. J. (2004). Life long changes in cognitive ability are associ-
ated with prescribed medications in old age. International Journal of 
Geriatric Psychiatry, 19, 327–332. doi:10.1002/gps.1093

Stern, Y. (2012). Cognitive reserve in aging and Alzheimer’s dis-
ease. The Lancet Neurology, 11, 1006–1012. doi:10.1016/
S1474-4422(12)70191-6

Sullivan, M. D., Katon, W. J., Lovato, L. C., Miller, M. E., Murray, A. M., 
Horowitz, K. R., … Launer, L. J. (2013). Association of depression 
with accelerated cognitive decline among patients with type 2 diabe-
tes in the ACCORD-MIND Trial. JAMA Psychiatry, 70, 1041–1047. 
doi:10.1001/jamapsychiatry.2013.1965

Tang, M.-X., Cross, P., Andrews, H., Jacobs, D. M., Small, S., Bell, K., 
… Mayeux, R. (2001). Incidence of AD in African-Americans, 
Caribbean Hispanics, and Whites in northern Manhattan. Neurology, 
56, 49–56. doi:10.1212/WNL.56.1.49

Taylor, A. L., & Wright, J. T. (2005). Importance of race/ethnicity in clini-
cal trials: Lessons from the African-American Heart Failure Trial 
(A-HeFT), the African-American Study of Kidney Disease and 
Hypertension (AASK), and the Antihypertensive and Lipid-Lowering 
Treatment to Prevent Heart Attack Trial (ALLHAT). Circulation, 
112, 3654–3666. doi:10.1161/CIRCULATIONAHA.105.540443

Taylor, A. L., Ziesche, S., Yancy, C., Carson, P., D’Agostino R., Jr., 
Ferdinand, K., … Cohn, J. N. (2004). Combination of isosorbide 
dinitrate and hydralazine in blacks with heart failure. New England 
Journal of Medicine, 351, 2049–2057. doi:10.1056/NEJMoa042934

Traylor, A. H., Schmittdiel, J. A., Uratsu, C. S., Mangione, C. M., & 
Subramanian, U. (2010). Adherence to cardiovascular disease medi-
cations: Does patient-provider race/ethnicity and language concord-
ance matter? Journal of General Internal Medicine, 25, 1172–1177. 
doi:10.1007/s11606-010-1424-8

Turra, C. M., & Goldman, N. (2007). Socioeconomic differences in mor-
tality among U.S.  adults: Insights into the Hispanic paradox. The 
Journals of Gerontology, Series B: Psychological Sciences and 
Social Sciences, 62, 184–192. doi:10.1093/geronb/62.3.S184

United States Office of Management and Budget. (1997). Revisions to the 
standards for the classification of federal data on race and ethnic-
ity (October 30, 1997). Standards for maintaining, collecting and 
presenting federal data on race and ethnicity. Retrieved from http://
www.whitehouse.gov/omb/fedreg_1997standards

Unverzagt, F. W., McClure, L. A., Wadley, V. G., Jenny, N. S., Go, R. C., 
Cushman, M., … Howard, G. (2011). Vascular risk factors and cog-
nitive impairment in a stroke-free cohort. Neurology, 77, 1729–1736. 
doi:10.1212/WNL.0b013e318236ef23

Van den Berg, E., Kloppenborg, R. P., Kessels, R. P. C., Kappelle, L. J., & 
Bissels, G. J. (2008). Type 2 diabetes mellitus, hypertension, dyslipi-
demia and obesity: A systematic comparison of their impact on cog-
nition. Biochimica et Biophysica Acta-Molecular Basis of Disease, 
1792, 470–481 doi:10.1016/j.bbadis.2008.09.004

Verhaegen, P., Borchelt, M., & Smith, J. (2003). Relation between 
cardiovascular and metabolic disease and cognition in very 
old age: Cross-sectional and longitudinal findings from 
the Berlin Aging Study. Health Psychology, 22, 559–569. 
doi:10.1037/0278-6133.22.6.559

Waldstein, S. R., Brown, J. R.  P., Maier, K. J., & Katzel, L. I. (2006). 
Diagnosis of hypertension and high blood pressure levels negatively 
affective cognitive function in older adults. Annals of Behavioral 
Medicine, 29, 174–180. doi:10.1207/s15324796abm2903_3

Waldstein, S. R., & Katzel, L. I. (2004). Gender differences in the relation 
of hypertension to cognitive function in older adults. Neurological 
Research, 26, 502–506. doi:10.1179/016164104225016173

Wechsler, D. (1981). Wechsler Adult Intelligence Test. New York: NY: The 
Psychological Corporation.

Whitfield, K. E., Edwards, C. L., & Nelson, T. L. (2010). Methodological 
considerations for the examination of complex systems in aging. 
Annual Review of Gerontology and Geriatrics, 30, 35–56. 
doi:10.1891/0198-8794.30.35

Williams, D. R., & Mohammed, S. A. (2009). Discrimination and 
racial disparities in health: Evidence and needed research. 
Journal of Behavioral Medicine, 32, 20–47. doi:10.100//
s10865-008-9185-0

Williams, D. R., Mohammed, S. A., Leavell, J., & Collins, C. (2010). Race, 
socioeconomic status and health: Complexities, ongoing challenges 

543

D
ow

nloaded from
 https://academ

ic.oup.com
/psychsocgerontology/article/70/4/532/647759 by guest on 10 April 2024

http://www.whitehouse.gov/omb/fedreg_1997standards 
http://www.whitehouse.gov/omb/fedreg_1997standards 


SCHNEIDER ET AL.

and research opportunities. Annals of the New York Academy of 
Sciences, 1186, 69–101. doi:10.1111/j.1749-6632.2009.05339.x

World Health Organization. (2008). Waist circumference and waist-hip 
ratio, report of a WHO expert consultation. Retrieved from http://
whqlibdoc.who.int/publications/2011 /9789241501491_eng.pdf

Yaffe, K., Haan, M., Blackwell, T., Cherkasova, E., Whitmer, R. A., & 
West, N. (2007). Metabolic syndrome and cognitive decline in 
elderly Latinos: Findings from the Sacramento Area Latino Study of 
Aging Study. Journal of the American Geriatrics Society, 55, 758–
762. doi:10.1111/j.1532-5415.2007.01139.x

544

D
ow

nloaded from
 https://academ

ic.oup.com
/psychsocgerontology/article/70/4/532/647759 by guest on 10 April 2024

http://whqlibdoc.who.int/publications/2011 /9789241501491_eng.pdf
http://whqlibdoc.who.int/publications/2011 /9789241501491_eng.pdf

