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A Longitudinal Study of Acculturation in 
Context and Cardiovascular Health and 
Their Effects on Cognition Among Older 
Latino Adults
Melissa Lamar , PhD; Mayra L. Estrella , PhD; Ana W. Capuano, PhD; Sue Leurgans , PhD;  
Debra A. Fleischman , PhD; Lisa L. Barnes , PhD; Brittney S. Lange- Maia , PhD, MPH;  
David A. Bennett , MD; David X. Marquez , PhD

BACKGROUND: We previously outlined the importance of considering acculturation within the context of older Latino adults’ lived 
experience (ie, acculturation in context) to better capture contributors to cognitive aging. We now examine this conceptual 
framework as related to level of and change in cardiovascular health, and whether cardiovascular health modifies previously 
documented associations of acculturation in context with cognition.

METHODS AND RESULTS: Acculturation in context data from 192 Latino participants without dementia at baseline (age ~70 years) 
were compiled into 3 separate composite scores: acculturation- related (nativity, language- , and social- based preferences), 
contextually related socioenvironmental (experiences of discrimination, social isolation, social networks), and familism- related 
(Latino- centric family ethos). A modified American Heart Association’s Life’s Simple 7 (mLS7; ie, smoking, physical activity, 
body mass index, blood pressure, total cholesterol, blood glucose) was used to measure cardiovascular health. Mixed ef-
fects regressions simultaneously tested the association of all 3 composite scores with total mLS7 adjusting for confounders. 
Separate models tested whether mLS7 modified associations of the 3 composite scores and cognition. The contextually re-
lated socioenvironmental composite score reflecting higher discrimination, higher social isolation, and smaller social networks 
(estimate=0.22, SE=0.10, P=0.02) and the familism score (estimate=0.16, SE=0.07, P=0.02) both significantly associated with 
change in total mLS7. The acculturation- related composite was not significantly associated with change in mLS7. No com-
posite was significantly associated with level of mLS7. Total mLS7, however, significantly modified associations between the 
acculturation- related composite and change in working memory (estimate=−0.02, SE=0.01, P=0.043).

CONCLUSIONS: Acculturation within the context of older Latino adults’ lived experience is important for maintaining cardiovas-
cular health, relationships that also affect domain- specific cognitive decline.
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Brain health is an important component of success-
ful aging, as is cardiovascular health. In fact, de-
clines in age- specific incidence rates of Alzheimer’s 

disease and related dementias in the United States 
may be due, in part, to improvements in cardiovascular 
health.1,2 Cardiovascular health may be quantified using 

The American Heart Association’s (AHA) Life’s Simple 7 
(LS7)3 that considers ideal, intermediate (ie, average), or 
poor levels of AHA- defined health behaviors (ie, smoking 
status, physical activity, and ranges of body mass index) 
as well as AHA- defined biological factors (ie, blood pres-
sure, blood glucose, and total cholesterol). LS7 has been 
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cited as an ideal metric to study successful brain aging 
given the role of cardiovascular health in preserving cog-
nition across the lifespan.1 Multiple large- scale epidemi-
ological studies in primarily non- Latino White older adults 
have reported that higher LS7 scores, indicative of better 
cardiovascular health, are independently associated with 
better cognitive functioning and lower risk of dementia.4– 7 
Of the few predominantly or exclusively Latino cardiovas-
cular health and cognition studies, results suggest that 
higher baseline LS7 scores were associated with higher 
baseline levels of8 and fewer declines in9 cognition. 
Although these studies are important, evidence sug-
gests that culturally relevant factors are associated with 
Latino adults’ cardiovascular health,10 and this should be 
incorporated into research within this population.

Acculturation, that is, the process of adapting to a 
new environment and potentially adopting its values 
and practices, is a culturally relevant construct that has 
been associated with many cardiovascular health fac-
tors in the Latino population in both positive and nega-
tive ways; however, this acculturation- related work has 
primarily been cross- sectional and more consistently 
focused on AHA- defined biological factors than AHA- 
defined health behaviors. For example, some studies 
report that Latino adults with lower levels of accultura-
tion to the United States— quantified by non- US- based 
nativity, shorter length of residence in the United States, 
later age at immigration, and/or Spanish language- 
based preferences— have lower levels of cardiovas-
cular risk when considering the presence/absence of 
hypertension, diabetes, hypercholesterolemia, obesity, 

and smoking11– 13; other studies report associations in 
the opposite direction,14,15 and still others report no re-
lationship.16,17 Mixed results have also been reported 
for the associations of acculturation with dietary pat-
terns,13,18 with less work focused on acculturation and 
older Latino adults’ physical activity levels.19 Only 1 
study directly assessed the relationship between ac-
culturation and cardiovascular health using the AHA’s 
LS7, reporting that, for a multiethnic cohort (22% 
Latino), higher levels of acculturation to the United 
States (ie, US nativity, longer length of residence in the 
United States, and speaking English in the home) were 
associated with lower odds of having average to ideal 
cardiovascular health.20

Mixed results regarding the relationship between 
acculturation and cardiovascular health may be due, 
in part, to the fact that the acculturation- related mea-
sures employed were often investigated in isolation, 
focused primarily on nativity and language- based 
metrics, and did not take into consideration that ac-
culturation is multifaceted and context dependent.21– 25 
In fact, a relatively recent study reported that psycho-
logically based measures of acculturation that pertain 
to an individual’s lived experience were more robustly 
associated with a healthier diet than residence-  or 
language- based metrics of acculturation.18 We recently 
described acculturation within the context of the lived 
experience of Latino adults living in the United States 
taking into consideration not only key social determi-
nants of health like experiences of discrimination, but 
also key Latino- centric considerations (eg, the impor-
tance of family) as they contributed to cognitive aging 
profiles of older Latino adults.26 We did not, however, 
examine these factors as related to Latino adults’ car-
diovascular health.

In the current study, we examined the relation-
ship between acculturation in the context of Latino 
adults’  lived experience (ie, acculturation in context) 
and level of as well as change in cardiovascular health 
among older Latino adults without dementia at base-
line participating in 1 of 2 Rush Alzheimer’s Disease 
Center cohort studies. Previous studies in non- Latino 
Black and White adults have reported that lower lev-
els of self- reported discrimination27 and higher lev-
els of social support/networks28 were independently 
associated with more ideal (ie, better) AHA- defined 
cardiovascular health. Work in a combined cohort of 
Latino, European, and East Asian Americans suggests 
that a greater emphasis on family and family ties (akin 
to Latino- centric considerations regarding the impor-
tance of family, also known as “familism”) is related 
to higher health ratings.29 Based on results of these 
studies and those discussed here, we hypothesized 
that acculturation- related (ie, nativity, language- , and 
social- based metrics of acculturation), contextually 
related social determinants of health (ie, experiences 

CLINICAL PERSPECTIVE

What Is New?
• To address prior mixed results of studies investi-

gating acculturation (primarily based on nativity 
and language- based metrics) and cardiovas-
cular health in Latino adults, we examined the 
relationship between acculturation in the con-
text of Latino adults’ lived experience (eg, so-
cial support and experiences of discrimination) 
and level of as well as change in cardiovascular 
health (ie, Life’s Simple 7).

• Our results suggest that socioenvironmental 
and Latino- centric aspects of acculturation 
contribute to change in (more so than level 
of) cardiovascular health, and, when taken to-
gether, affect cognitive decline in older Latino 
adults.

What Are the Clinical Implications?
• Clinicians should query acculturation and lived 

experiences when evaluating cardiovascular 
health in older Latino adults.
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of discrimination, social support, and social networks), 
and familism- related aspects of our acculturation in 
context framework26 would be differentially related to 
level of and change in cardiovascular health as mea-
sured by LS7. Furthermore, we explored whether LS7 
modified previously documented26 associations be-
tween these same aspects of our acculturation in con-
text framework and cognition in older Latino adults.

METHODS
All data and materials can be found at the Rush 
Alzheimer’s Disease Center Research Resource 
Sharing Hub (www.radc.rush.edu).

Participants
Participants were self- identified Latino adults enrolled 
in either the Rush MAP (Memory and Aging Project)30 
or the Rush Alzheimer’s Disease Center Latino Core.31 
These ongoing longitudinal cohort studies began in 
1997 and 2015, respectively, as community- based 
studies of aging recruiting from a variety of settings 
in and around Chicago. Both studies are identical in 
essential details (eg, overlapping and standardized 
evaluations of acculturation in context, cardiovascular 
health, and cognition). Specifically, they enroll older 
Latino adults free of known dementia at baseline who 
agree to annual, in- home evaluations conducted by 
bilingual investigators with a single population stud-
ies team and trainer to ensure data can be efficiently 
merged and compared across cohorts. Both studies 
were approved by an institutional review board of Rush 
University Medical Center and participants gave written 
informed consent in accordance with the Declaration 
of Helsinki.

At the time of these analyses, 256 Latino partici-
pants had completed their baseline evaluation. We 
excluded 5 participants who received a diagnosis 
of dementia at the time of their baseline evaluation, 
which was determined via a uniform structured clini-
cal evaluation32 and National Institute of Neurological 
and Communicative Diseases and Stroke/Alzheimer’s 
Disease and Related Disorders Association criteria.33 
We further excluded 7 participants missing data on key 
variables required for the LS7 calculation. An additional 
52 participants who had not yet reached their first lon-
gitudinal follow- up visit were also excluded. This left 
192 individuals with a mean follow- up of 3.3 years con-
tributing to our analyses.

Acculturation in Context
As previously outlined,26 we chose acculturation in 
context metrics that reflected acculturation-  and con-
textually related factors outlined in the literature as 
important to the lived experience of Latino adults21– 25 

and were aligned with the National Institute on Aging 
Health Disparities Research Framework.34 Based on 
previously reported unrotated factor loadings,26 we 
created 3 acculturation in context composite scores. 
The item- level data that were included in each com-
posite were as follows: the acculturation- related com-
posite included nativity status (based on country of 
origin documented separately for participants [United 
States or non- United States] and their parents [nei-
ther parent, 1 parent, or both parents born outside 
mainland United States]), total and domain- specific 
language-  and social- based acculturation scores from 
the Short Acculturation Scale for Hispanics,35 and par-
ticipants’ language preference for testing (English or 
Spanish); the contextually related socioenvironmental 
composite included scores from the Williams Everyday 
Discrimination Scale,36 a modified 5- item version of 
the de Jong- Gierveld Loneliness Scale assessing so-
cial isolation,37 and an evaluation of social network 
size38; and the familism composite was composed of 
only 1 item- level data point: the total score of the 6- 
item Sabogal Familism Measure.39 Raw scores from 
these 10 metrics were converted to standard Z scores 
using the baseline mean (SD) of the entire sample. 
Select Z scores were multiplied by −1 to ensure that 
a higher score reflected higher levels of acculturation 
to the United States or higher exposure to an adverse 
contextually related socioenvironmental milieu. Higher 
familism scores reflected higher levels of identification 
and attachment of an individual to their family.

American Heart Association’s Life’s 
Simple 7
Information necessary to quantify a modified version of 
the AHA’s LS7 score3 was derived from the annual in-
terview, self- reported medical history and physical, as 
well as the annual visual inspection, identification, and 
coding of medications according to the Master Drug 
Data Base System (MediSpan). As outlined in Table 1, 
we derived a modified LS7 score (mLS7) comprising 3 
of the 4 health behaviors (we did not have a measure 
of overall diet quality) and all 3 biological factors as de-
lineated by the AHA.

Health behaviors were measured as follows: smok-
ing status was defined via self- report (0=never, 1=for-
mer, 2=current)40 with additional questions probing 
the age a participant last smoked “regularly.” Physical 
activity was evaluated using questions adapted from 
the National Health Interview Survey and summed the 
hours per week (transposed into minutes for mLS7 
derivation) that participants engaged in 5 categories 
of activities including walking, gardening, calisthenics, 
bicycle riding, and swimming/water exercises.41 Body 
mass index was calculated using the formula kg/m2. 
Biological factors were measured either by a trained 

http://www.radc.rush.edu
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research assistant who measured systolic and dia-
stolic blood pressure in participants’ right arm using 
an Omron automated blood pressure machine (twice 
seated and once standing)42 or by Quest Diagnostics 
who performed analyses of total glucose and choles-
terol levels via venipuncture- obtained blood draws; 
fasting status (yes/no) was documented at the time of 
blood draw. All relevant medication use for biological 
factors was documented using MediSpan. Each of 
the 6 items was scored based on the criteria outlined 
in Table 1 for ideal (2 points), intermediate/average (1 
point), or poor (0 points) cardiovascular health. All item 
scores were summed to create the mLS7 total score 
(range: 0 to 12); health behaviors (range: 0 to 6) and 
biological factors (range: 0 to 6) were summed to cre-
ate mLS7 subscores. Across all 3 variables of interest, 
a higher score reflected better cardiovascular health.

Cognition
All participants underwent a cognitive evaluation ad-
ministered in an identical fashion at annual evaluations 
and conducted in the participant’s preferred language, 
Spanish or English.31 Nineteen tests assessed the 
following 5 cognitive domains: episodic memory, se-
mantic memory, working memory, perceptual speed, 
and visuospatial ability. In addition to domain- specific 
Z scores derived by converting all raw test scores to 
standard scores using the baseline mean and SD of 
the entire cohort and then averaging the Z scores of 
all tests for each domain, we created a global cogni-
tive function score averaging an individual’s standard 
scores across all 19 test scores. Psychometric prop-
erties of these summary scores have been deemed 
adequate,43 and the list of individual test items included 
in each cognitive domain may be found in Table S1.

Covariates
In addition to age, sex, and education, we adjusted 
for depressive symptomatology given its potential to 
confound the association between acculturation in 

context and cardiovascular health. A 10- item version 
of the Center for Epidemiologic Studies of Depression 
Scale44 assessed depressive symptoms with a higher 
score reflecting a higher number of symptoms experi-
enced (maximum=10).

Statistical Analysis
All analyses were conducted using SAS/STAT soft-
ware, Version 9.4 of the SAS System for Linux (SAS 
Institute, Cary, NC), and statistical significance was set 
at P<0.05 unless otherwise noted.

Descriptive summaries of all variables of interest 
including covariates were conducted for the analytic 
sample. Linear mixed effects regressions were used 
to test the association of all 3 acculturation in context 
composite scores (acculturation- related, contextually 
related, and familism) with baseline level and longi-
tudinal change in cardiovascular health (mLS7 total 
score). Models included terms for the 3 acculturation 
in context composite scores, age, sex, education, 
and Center for Epidemiologic Studies of Depression 
Scale- 10, as well as time- in- study and interactions of 
each variable with time. Given that the familism scale 
was introduced after the other acculturation in context 
measures, it was missing in 53 participants; thus, the 
sample size for analyses including this variable were 
reduced.

Where relevant, we followed these analyses with an 
investigation of mLS7 health behaviors and biological 
factors subscores as separate outcomes. Given that 
the distributions of these 2 subscores reflected sparse 
observations at the end of the ordinal distribution, we 
combined lower scores and recalibrated all remaining 
scores.45 Thus, scores of 0, 1, or 2 for health behav-
iors were combined and the subscore recalibrated to 
a range of 0 to 4 (higher=more ideal); scores of 0 or 1 
for biological factors were combined and the subscore 
recalibrated to a range of 0 to 5 (higher=more ideal). 
Ordinal mixed effects models assuming proportionality 
of odds46 were then used to assess the association 

Table 1. Modified American Heart Association’s Life’s Simple 7 as Applied in This Study

Ideal (2 points) Intermediate/average (1 point) Poor (0 points)

Health behaviors

Smoking (self- report) Never or quit>12 mo Former ≤12 mo Current

Physical activity (self- report) ≥150 min/week moderate 1 to 149 min/week moderate None

Body mass index 18.5 to <25 kg/m2 25 to <30 kg/m2 ≥30 kg/m2

Biological factors

Blood pressure (average of 3 
readings)

<120/<80 mm Hg without 
medication

SBP 120 to 139 or DBP 80 to 89 or 
treated to <120/<80 mm Hg

SBP≥140 or DBP≥90 mm Hg

Total cholesterol <200 mg/dL without medications 200– 239 or treated to <200 mg/dL ≥240 mg/dL

Fasting blood glucose* <100 mg/dL without medication 100 to 125 mg/dL or treated <100 mg/dL ≥126 mg/dL

DBP indicates diastolic blood pressure; and SBP, systolic blood pressure.
*Random levels accommodated for participants with nonfasting venipunctures.
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of all 3 acculturation in context composite scores with 
the odds of having higher level of and slower change in 
each of the recalibrated subscores separately adjust-
ing for the same confounders noted previously.

Finally, to explore whether mLS7 modified the ef-
fect of previously documented associations between 
acculturation in context composite scores and cogni-
tion, the original mixed effects regression model out-
lined previously was augmented with terms for mLS7 
total, its interaction with time, and its 3- way interaction 
with each of the 3 acculturation in context compos-
ite scores; global cognition and the 5 domain- specific 
cognitive composite scores became the separate out-
come variables of interest.

RESULTS
Participants (N=192) were on average 70 years of age, 
primarily female, with an average education of nearly 
11 years. Participants’ mLS7 total scores were approxi-
mately 7 out of a possible 12 suggesting intermediate 
or average levels of cardiovascular health. Additional 
baseline characteristics are outlined in Table 2. There 
were no significant differences in key participant char-
acteristics (ie, age, sex, education, or depressive 
symptomatology) between Latino participants with 
and without familism scores (P≥0.06; Table S2).

Acculturation in Context and mLS7
The mixed effects regression simultaneously testing the 
association of all 3 acculturation in context composite 
scores with level of and change in total mLS7 adjusting 
for age, sex, education, and depressive symptomatol-
ogy as well as their interactions with time resulted in 
significant associations of higher contextually related 
socioenvironmental composite scores and higher levels 

of familism with faster increases in mLS7 scores over 
time (P≤0.024; Table 3 and Figure 1). Follow- up analyses 
investigating mLS7 health behavior and biological fac-
tor subscores as separate outcomes did not enlighten 
the seemingly paradoxical positive association between 
the contextually related socioenvironmental compos-
ite representing higher self- reported experiences of 
discrimination, social isolation, and smaller social net-
works together as a composite score and improvement 
over time in overall cardiovascular health; however, they 
did reveal that the relationship between higher levels 
of self- reported identification/attachment to family (ie, 
familism) and improvement over time in overall cardio-
vascular health was driven by faster increases in the 
health behavior subscore reflecting smoking status, 
physical activity levels, and body mass index profiles 
(estimate=0.31, SE=0.14, P=0.029). The acculturation- 
related composite score was not significantly associ-
ated with change in total mLS7 (Table 3). None of the 
acculturation in context variables significantly associ-
ated with baseline level of mLS7.

Post Hoc Analyses

Given the somewhat paradoxical finding that higher 
levels of the contextually related socioenvironmental 
composite score, reflecting greater self- reported ex-
periences of discrimination and social isolation as well 
as smaller social networks, were associated with im-
provements in overall cardiovascular health over time, 
we investigated the individual items that comprised the 
contextually related socioenvironmental composite to 
determine which component(s) may have been driv-
ing the aforementioned result (Table  4). Although no 
one item was significantly associated with level of or 
change in the total mLS7 (P≥0.32), individuals report-
ing a smaller network size (higher score=smaller net-
work; raw score multiplied by −1 to ensure that a higher 
score reflected higher exposure to an adverse soci-
oenvironmental milieu) tended to have higher baseline 
biological health subscores (estimate=0.08, SE=0.04, 
P=0.043), and faster increases in health behavior sub-
scores (estimate=0.02, SE=0.01, P=0.04); however, 
these post hoc associations did not reach threshold for 
significance after correcting for multiple comparisons 
given the unplanned nature of these analyses (0.05/2 
terms of interest=P<0.025).

Exploratory Analyses: mLS7 as Effect 
Modifier of Acculturation in Context and 
Cognition
The mLS7 total score did not significantly modify 
(P≥0.86) previously documented26 (and currently con-
firmed; Table  S3) associations of the acculturation- 
related and contextually related socioenvironmental 
composite scores with level of global cognition. Familism 

Table 2. Participant Characteristics at Baseline

N=192

Age, y 69.7 (6.6)

Sex, male:female ratio 37:155

Education, y 10.9 (4.7)

Center for Epidemiologic Studies of 
Depression Scale 10- item version

1.7 (2.1)

Acculturation in context

Acculturation- related composite 0.08 (0.87)

Contextually related 
socioenvironmental composite

−0.006 (0.69)

Familism −0.01 (1.0)

Modified Life’s Simple 7 (mLS7)

mLS7 total score (max=12) 7.37 (1.81)

Health behaviors subscore (max=6) 3.95 (1.27)

Biological factors subscore (max=6) 3.42 (1.22)

All values are mean (SD) unless otherwise noted.
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neither significantly associated with (Table  S3) nor 
showed significant effect modification by mLS7 (P 
>0.29) when considering global cognition.

We next investigated previously documented asso-
ciations between acculturation in context and cognitive 

domain scores for effect modification by mLS7. The 
mLS7 total score did not significantly modify (P≥0.53) 
the previously documented26 (and currently confirmed; 
Table  S3) association between the acculturation- 
related composite score and level of semantic memory 

Table 3. Associations of Acculturation in Context Composite Scores With Cardiovascular Health as Measured by Modified 
Life’s Simple 7 (mLS7)

Composite scores mLS7 total score

mLS7 subscores

Health behaviors Biological factors

Acculturation- related factors 0.12 (0.22)
P=0.56

0.05 (0.44)
P=0.90

0.65 (0.43)
P=0.13

Socioenvironmental factors 0.02 (0.22)
P=0.91

−0.32 (0.43)
P=0.45

0.34 (0.42)
P=0.41

Familism −0.10 (0.16)
P=0.50

0.01 (0.30)
P=0.97

−0.16 (0.30)
P=0.59

Acculturation- related factors×time −0.08 (0.11)
P=0.45

−0.20 (0.20)
P=0.32

−0.18 (0.21)
P=0.38

Socioenvironmental factors×time 0.22 (0.10)
P=0.024*

0.20 (0.19)
P=0.27

0.25 (0.18)
P=0.19

Familism×time 0.16 (0.07)
P=0.020*

0.31 (0.14)
P=0.029*

0.18 (0.13)
P=0.16

Values are unstandardized coefficient (SE), P value from fully adjusted linear (mLS7 total) or ordinal (mLS7 health behaviors and biological factors subscores) 
mixed effects models (3 models in total represented by the 3 columns) including additional terms for time (in study) as well as age, sex, education, depressive 
symptomatology, and interactions of these variables with time.

*Denotes significance at P<0.05.

Figure 1. Representation of the associations of acculturation in context composite scores of the contextually related 
socioenvironment (left panel), and familism (right panel) with level of the modified Life’s Simple 7 (mLS7) total score 
(represented as the point of each composite score at 0.0 on the x axis) as well as change in mLS7 total score (represented by 
the entirety of the lines) in fully adjusted models accounting for age, sex, education, time- in- study, CESD- 10, and interactions 
of each variable with time.
Figures display the estimated mean composite mLS7 total scores for participants in 3 percentiles, that is, 10th (red line), 50th (black 
line), and 90th (blue line), with all other terms in the model held constant (ie, continuous variables were centered, and sex was female) 
for ease of interpretation. The acculturation- related composite score is not represented as it was not associated with level of or 
change in mLS7 total score. CESD- 10 indicates 10- item Center for Epidemiologic Studies of Depression Scale.
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or the previously documented26 (and currently con-
firmed; Table  S3) associations of the acculturation- 
related and contextually related socioenvironmental 
composite scores with levels of perceptual speed. The 
mLS7 did unmask a novel association not previously 
documented between higher acculturation- related 
composite scores and faster rates of decline in percep-
tual speed performance (estimate=−0.07, SE=0.03, 
P=0.033). Because this indirect effect modification 
was not a planned term of interest, we applied the 
same correction for multiple comparisons used in our 
prior work (0.05/5 cognitive domains=P<0.01)26 after 
which, the association no longer reached threshold for 
significance. Familism neither significantly associated 
with (Table S3) nor showed significant effect modifica-
tion by mLS7 (P≥0.73) when considering these 2 cog-
nitive domains.

The mLS7 score modified the association be-
tween the acculturation- related composite score 
and change in working memory over time (esti-
mate=−0.02, SE=0.01, P=0.043) such that better 
cardiovascular health in the face of lower levels of 
acculturation to the United States resulted in slower 
rates of decline in working memory (Figure 2). As ear-
lier, the incorporation of mLS7 also unmasked other 
previously undocumented associations. Specifically, 
higher levels of the contextually related socioenvi-
ronmental composite score (ie, higher self- reported 
experiences of discrimination and social isolation as 
well as smaller social networks) were associated with 
lower levels of working (estimate=−0.16, SE=0.07, 
P=0.027) and episodic (estimate=−0.16, SE=0.07, 
P=0.022) memory. The indirect effect modification by 
cardiovascular health evidenced by these unmasked 
associations did not, however, reach threshold for 
significance after correction for multiple comparison. 
No effect modification interaction terms (direct or in-
direct) were significant for the visuospatial domain 
score (P≥0.44).

DISCUSSION
In this cohort study of nearly 200 older Latino adults 
without dementia at baseline, we investigated the as-
sociation of acculturation in context with level of and 
change in cardiovascular health and explored whether 
cardiovascular health modified associations of accul-
turation in context with cognition and cognitive decline. 
Consistent with our hypothesis, acculturation in context 
differentially related to overall cardiovascular health. 
Specifically, higher contextually related socioenviron-
mental composite scores and higher familism scores 
were both associated with increases in overall cardio-
vascular. Although the acculturation- related compos-
ite score did not significantly associate with level of, or 
change in cardiovascular health, exploratory analyses 
suggested that cardiovascular health modified asso-
ciations between this acculturation in context factor 
and changes in domain- specific cognitive (ie, working 
memory) functioning. Taken together, results suggest 
that socioenvironmental and Latino- centric aspects of 
acculturation in context contribute to change in (more 
so than level of) cardiovascular health, and that com-
binations of cardiovascular health and acculturation- 
related aspects of acculturation in context may further 
impact cognitive decline in older Latino adults.

A closer investigation of the seemingly paradoxical 
association between the contextually related socio-
environmental composite and changes in cardiovas-
cular health revealed a nuanced profile that helps to 
belie any notion that higher exposure to an adverse 
socioenvironmental milieu is good for cardiovascular 
health. First, some AHA- derived criteria for ideal car-
diovascular health could, paradoxically, be less than 
“ideal” for older adults. For example, current clini-
cal guidelines recommend blood pressure targets 
lower than 130/80 mm Hg instead of the LS7 ideal of 
120/70 mm Hg, which might place (and keep) many of 
our participants in the intermediate or “average” range 

Table 4. Post Hoc Associations of Individual Contextually Related Socioenvironmental Items With Ideal Cardiovascular 
Health as Measured by Modified Life’s Simple 7

mLS7 total score

mLS7 subscores

Health behaviors Biological factors

Social isolation 0.11 (0.21) P=0.59 0.09 (0.32) P=0.77 0.007 (0.35) P=0.98

Social isolation×time 0.01 (0.04) P=0.72 0.01 (0.06) P=0.79 0.03 (0.07) P=0.59

Discrimination 0.02 (0.06) P=0.67 0.02 (0.10) P=0.85 0.08 (0.11) P=0.47

Discrimination×time 0.01 (0.01) P=0.48 −0.01 (0.02) P=0.59 0.03 (0.02) P=0.20

Network size 0.02 (0.02) P=0.32 −0.04 (0.03) P=0.31 0.08 (0.04) P=0.04*

Network size×time −0.002 (0.007) P=0.72 0.02 (0.01) P=0.041* −0.01 (0.01) P=0.13

Values are unstandardized coefficient (SE), P value from fully adjusted linear (mLS7 total) or ordinal (mLS7 health behaviors and biological factors subscores) 
mixed effects models with individual contextually related socioenvironmental items as separate predictors in each model that also included additional terms for 
time (in study) as well as age, sex, education, depressive symptomatology, and interactions of these variables with time. mLS7 indicates Modified Life’s Simple 7.

*Denotes significance at P<0.05, although these associations did not meet the threshold for significance after correction for multiple comparisons (0.05/2 
terms of interest in each model=P<0.025).
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of this LS7 item. Thus, changes noted in the face of 
higher contextually derived socioenvironmental factors 
when taken as a composite may, in part, reflect a move 
from poor to intermediary levels of blood pressure in 
pursuit of current clinical guidelines rather than an in-
crease of ideal health. Furthermore, perceptions of dis-
crimination may vary based on generational status47 
and time in the United States.22 Our older Latino par-
ticipants reported an average of 40 years of residence 
in the United States, which may have tempered their 
reports of discrimination. Moreover, when our contex-
tually related socioenvironmental composite reflect-
ing higher levels of discrimination and social isolation 
and smaller social networks was broken down into its 
constituent parts, only smaller social network size sig-
nificantly associated with cardiovascular health. Older 
Latino adults often live in multigenerational homes48; 
this smaller, presumably familial- based social network 

may provide opportunities for in- home support of a 
participant’s medication adherence and other health- 
related behaviors.49 Thus, although a smaller social 
network size was the only constituent composite score 
part significantly associated with cardiovascular health 
in our older Latino participants, further exploration of 
whether this network is family- based through a more 
formal assessment of where older Latino adults live 
and who they live with may be warranted. Such an 
assessment may also provide a more robust associ-
ation with cardiovascular health than that seen in the 
current study for social network size more generally. 
In keeping with the idea of the importance of family, 
familism was related to longitudinal change in overall 
cardiovascular health, driven primarily by increases in 
health behaviors. This suggests that family as referent 
and perceived familial obligations may further support 
a participant’s positive health- related behaviors (eg, 

Figure 2. Representation of the effect modification of cardiovascular health 
quantified using the modified Life’s Simple 7 score (mLS7) on the association 
between the acculturation- related composite score and change in working 
memory in fully adjusted models accounting for age, sex, education, time- in- study, 
CESD- 10, and interactions of each variable with time.
The figure displays the estimated mean mLS7 score in 2 percentiles, that is, low/10th 
percentile (dotted lines) and high/90th percentile (solid lines) as related to the estimated 
mean acculturation- related composite displayed in 3 percentiles, that is, 10th (red 
line), 50th (black line), and 90th (blue line) percentiles, with all other terms in the model 
held constant (ie, continuous variables were centered, and sex was female) for ease of 
interpretation. CESD- 10 indicates 10- item Center for Epidemiologic Studies of Depression 
Scale.
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96% of our participants met ideal criteria for smoking 
behaviors), or maintenance of healthy physical and/or 
dietary patterns that promote an age- appropriate body 
mass index. Some,50 but not all,51 studies support this 
interpretation, however, more work is needed.

Although the acculturation- related composite score 
did not significantly associate with level of or change 
in overall or domain- specific cardiovascular health, 
exploratory analyses found that levels of cardiovas-
cular health directly modified the association between 
acculturation- related factors and cognitive change. 
Specifically, higher levels of cardiovascular health in in-
dividuals with lower levels of acculturation to the United 
States resulted in slower rates of working memory de-
cline. This may provide a more nuanced, longitudinal 
counterpoint to previous cross- sectional findings that 
demonstrated high (not low) levels of acculturation 
were associated with better working memory per-
formance more generally.52 Thus, maintaining higher 
levels of cardiovascular health may protect against 
working memory declines in older Latino adults re-
porting lower levels of US- based acculturation- related 
behaviors. This may be due, in part, to the fact that the 
acculturation- relatedbehaviors queried in this study 
may predispose one toward lived experience that bol-
sters health more generally53 yet requires the combi-
nation with cardiovascular health to exert an effect on 
a cardiovascular- reliant cognitive domain like working 
memory.54 Additionally, levels of cardiovascular health 
indirectly modified other relationships between accul-
turation in context and domain- specific cognitive per-
formance, unmasking associations between select 
composite scores and levels of as well as changes in 
cognition not previously reported.26 Although explor-
atory analyses suggest cardiovascular health may be 
important in the face of acculturation in context experi-
ences when considering cognitive aging in older Latino 
adults, directed study in larger samples are necessary.

CONCLUSIONS
This study contributes to the literature on acculturation 
and cardiovascular health in several important ways. 
First, our results continue to support the accultura-
tion in context framework as a multifaceted concept 
that differentially contributes to cognitive health in the 
older Latino population26 and extends this work to 
include cardiovascular health. Second, although as-
pects of our acculturation in context framework have 
been examined in isolation,11– 13,19 we are among the 
first to employ composite scores of acculturation and 
extend this work to include broader socioenvironmen-
tal determinants as related to cardiovascular health in 
Latino adults. Third, our work also demonstrates that 
Latino- centric constructs, for example, familism, may 
differentially contribute to general and domain- specific 

cardiovascular health, extending previous cross- 
sectional studies into a longitudinal framework, and 
answering calls in the literature for such investiga-
tions.53 Additionally, whereas studies in older Latino 
adults have reported relationships between LS7 and 
cognition8,9 or acculturation in context and cognition,26 
the current study investigated all 3 over a mean follow-
 up of 3.3 years. Although these results require replica-
tion and longer follow- up, they nonetheless suggest 
the importance of considering acculturation in context 
and cardiovascular health when assessing cognitive 
aging in older Latino adults and further support the 
assertion1 that LS7 may be a useful metric to monitor 
successful brain aging.

This study has several strengths. The comprehen-
sive nature of our conceptualization of acculturation in 
context allowed us to discuss the effect of socioenvi-
ronmental and culturally- relevant factors on cardiovas-
cular health in older Latino adults. Thus, we studied 
acculturation in the older Latino population in a way 
that has not been extensively examined as related 
to cardiovascular health and LS7 more specifically. 
Additionally, this study represents one of only a few 
studies to investigate, within a single study, accultur-
ation in context as it relates to cardiovascular health, 
and the role of cardiovascular health on the relation-
ship between acculturation and cognition. It suggests 
that cardiovascular health may directly and indirectly 
modify relationships between acculturation in context 
and level of as well as change in cognition.

This study also has limitations. Definitions of ideal 
cardiovascular health have changed since LS7’s in-
ception in 2010.3 As previously stated, guidelines for 
those over 60 years of age no longer target blood pres-
sure at the LS7 ideal of 120/70 mm Hg. We are cur-
rently compiling all guideline changes to LS7 factors 
since 2010 to determine if and how evolving guidelines 
may affect reported relationships. We are also collect-
ing dietary and sleep information to more fully capture 
the latest AHA guidelines for cardiovascular health.55 
Our current measure of physical activity encompassed 
some (eg, walking),56 but not all (eg, dancing)56 of the 
most reported types of physical activities for older 
Latino adults, which may have led to lower reports of 
physical activity as applied to the mLS7 used in this 
study. Additionally, although we adjusted for demo-
graphic and affective variables, other variables such 
as acculturation- related stress and neighborhood- level 
environmental factors were not accounted for and 
may help to explain our results given their importance 
in explaining health disparities in LS7 between non- 
Latino Black and White adults of other cohort stud-
ies.57 Furthermore, although our cohort was relatively 
diverse, composed of self- identified Mexican, Puerto 
Rican, Cuban, and Central and South American par-
ticipants, we did not have adequate representation 
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across these backgrounds to investigate background 
differences as has been done in other epidemiologic 
studies of cardiovascular health.11,58 Moreover, our 
overall sample size was relatively small. Lastly, work in 
other cohorts suggests that familism may be a multi-
faceted construct reflecting distinct aspects of familial 
obligations, perceived family support, and family as 
referents.59 We are actively exploring these distinctions 
to determine if they are a better reflection of familism in 
our Latino cohort. Thus, future larger- scale studies are 
needed that incorporate additional factors for accultur-
ation in context as they relate to cardiovascular health 
and how cardiovascular health may interact with ac-
culturation in context to influence cognition over time.
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Table S1. List of the five cognitive domains and the items that comprised each composite score 
 

COGNITIVE DOMAIN NEUROPSYCHOLOGICAL TESTS (AND ITEMS) INCLUDED 

Episodic Memory The Consortium to Establish a Registry for Alzheimer’s Disease 
(CERAD) Word List Recall Immediate, Delayed, and Recognition; 
Immediate and Delayed Recall of Story A from the Logical Memory 
Subtest of the Wechsler Memory Scale-Revised (WMS-R); Immediate 
and Delayed Recall of the East Boston Story 

Semantic Memory Verbal Fluency from the CERAD; 15-item Boston Naming Test; 15-
item reading test 

Working Memory Digit Span Forward and Backward from the WMS-R; Digit Ordering 

Perceptual Speed Symbol Digits Modality Test (oral); Number Comparison; Stroop Color 
Naming and Word Reading 

Visuospatial Ability Progressive Matrices; 15-item Judgement of Line Orientation 

 

 

  



Table S2. Baseline Characteristics for Participants with and without Familism 

 Familism Score  

 Present 
(n=139) 

Missing 
(n=53) 

Relevant statistical 
comparison 

Age (years) 70.1 (6.1) 68.5 (7.8) t-test=-1.30, p=0.19 

Sex (male:female ratio) 29:110 8:45 Chi-squared=0.82, p=0.36 

Education (years) 10.5 (4.7) 11.9 (4.5) t-test=1.87, p=0.063 

CESD-10 1.8 (2.2) 1.3 (1.9) Wilcoxon Z=-1.47, p=0.14 

Note. All values are mean (standard deviation) unless other-wise noted. CESD-10=10-item 

version of the Center for Epidemiologic Study of Depression. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S3. Effect modification of modified Life’s Simple 7 (mLS7) scores on the associations between acculturation in context and 
cognition (focus of the current research) plus direct associations between mLS7 and acculturation in context with cognition  
 
 Global 

Cognition 
Episodic 
Memory 

Semantic 
Memory 

Working 
Memory 

Perceptual 
Speed 

Visuospatial 
Ability 

EFFECT MODIFICATION OF MLS7 ON THE ASSOCIATIONS BETWEEN ACCULTURATION IN CONTEXT AND COGNITION 
mLS7*Acculturation-

related factors  

-0.001 (0.02) 
p=0.95 

-0.007 (0.02) 
p=0.80 

-0.002 (0.03) 
p=0.94 

-0.009 (0.02) 
p=0.73 

0.01 (0.03) 
p=0.62 

0.01 (0.03) 
p=0.63 

mLS7*Acculturation-

related factors*time 

-0.002 (0.007) 
p=0.74 

0.001 (0.01) 
p=0.89 

-0.004 (0.01) 
p=0.72 

-0.02 (0.01) 
p=0.043 

0.003 (0.01) 
p=0.77 

-0.008 (0.01) 
p=0.63 

mLS7*Socioenvironmental 

factors 

0.005 (0.03) 
p=0.86 

0.004 (0.04) 
p=0.91 

0.005 (0.05) 
p=0.92 

-0.02 (0.04) 
p=0.58 

0.03 (0.05) 
p=0.53 

0.03 (0.05) 
p=0.55 

mLS7*Socioenvironmental 

factors*time  

0.008 (0.009) 
p=0.36 

-0.003 (0.01) 
p=0.85 

0.005 (0.01) 
p=0.76 

0.03 (0.01) 
p=0.097 

0.02 (0.01) 
p=0.29 

0.01 (0.02) 
p=0.64 

mLS7*Familism -0.02 (0.02) 
p=0.29 

0.004 (0.04) 
p=0.91 

0.009 (0.03) 
p=0.79 

-0.02 (0.02) 
p=0.37 

-0.009 (0.03) 
p=0.79 

0.02 (0.03) 
p=0.44 

mLS7*Familism*time 0.006 (0.006) 
p=0.30 

0.006 (0.01) 
p=0.52 

0.004 (0.01) 
p=0.73 

0.01 (0.01) 
p=0.18 

0.001 (0.01) 
p=0.90 

-0.001 (0.01) 
p=0.94 

DIRECT ASSOCIATIONS OF MLS7 AND ACCULTURATION IN CONTEXT WITH COGNITION 
mLS7 -0.003 (0.02) 

p=0.88 
0.005 (0.03) 

p=0.86 
-0.02 (0.03) 

p=0.44 
-0.02 (0.03) 

p=0.47 
0.04 (0.03) 

p=0.23 
-0.02 (0.03) 

p=0.42 
mLS7*time 0.01 (0.007) 

p=0.027 
0.001 (0.01) 

p=0.89 
0.03 (0.01) 

p=0.006 
0.02 (0.01) 

p=0.039 
0.01 (0.01) 

p=0.42 
0.03 (0.01) 

p=0.077 
Acculturation-related factors  0.13 (0.06) 

p=0.024 
0.09 (0.07) 

p=0.23 
0.23 (0.09) 

p=0.012 
0.06 (0.07) 

p=0.36 
0.27 (0.09) 

p=0.003 
0.15 (0.08) 

p=0.080 
Acculturation-related 

factors*time 

-0.03 (0.01) 
p=0.097 

-0.03 (0.03) 
p=0.31 

-0.008 (0.03) 
p=0.79 

-0.007 (0.03) 
p=0.83 

-0.07 (0.03) 
p=0.033 

-0.03 (0.04) 
p=0.42 



Socioenvironmental factors -0.15 (0.05) 
p=0.011 

-0.16 (0.07) 
p=0.022 

-0.14 (0.09) 
p=0.11 

-0.16 (0.07) 
p=0.027 

-0.20 (0.09) 
p=0.022 

-0.01 (0.08) 
p=0.88 

Socioenvironmental 

factors*time  

0.007 (0.01) 
p=0.63 

0.002 (0.02) 
p=0.93 

0.004 (0.03) 
p=0.87 

-0.01 (0.03) 
p=0.70 

0.03 (0.03) 
p=0.21 

0.003 (0.04) 
p=0.93 

Familism 0.01 (0.04) 
p=0.74 

0.08 (0.05) 
p=0.12 

-0.07 (0.06) 
p=0.27 

-0.02 (0.05) 
p=0.63 

-0.005 (0.06) 
p=0.94 

-0.08 (0.06) 
p=0.20 

Familism*time -0.005 (0.01) 
p=0.66 

-0.008 (0.02) 
p=0.67 

0.02 (0.02) 
p=0.28 

-0.006 (0.02) 
p=0.78 

-0.009 (0.02) 
p=0.68 

-0.01 (0.03) 
p=0.65 

Note. Associations between acculturation in context composite scores and cognition have been previously documented26 and are 
presented here for confirmation purposes only. Values are unstandardized coefficient (standard error), p-value from fully-adjusted 
linear mixed effects models including additional terms for time (in study) as well as age, sex, education, depressive symptomatology, 
and interactions of these variables with time. Bolded terms denote primary focus of analyses while bolded values denote novel 
findings from the current research using significance of p<0.05. 
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