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BACKGROUND: Greater acculturation is associated with increased risk of cardiovascular disease. However, little is known
about the association between acculturation and ideal cardiovascular health (CVH) as measured by the American Heart
Association’s 7 CVH metrics. We investigated the association between acculturation and ideal CVH among a multi-ethnic
cohort of US adults free of clinical cardiovascular disease at baseline.

METHODS AND RESULTS: This was a cross-sectional analysis of 6506 men and women aged 45 to 84 years of 4 races/eth-
nicities. We examined measures of acculturation(birthplace, language spoken at home, and years lived in the United States
[foreign-born participants]) by CVH score. Scores of O to 8 indicate inadequate, 9 to 10 average and 11 to 14 optimal CVH. We
used multivariable regression to examine associations between acculturation and CVH, adjusting for age, sex, race/ethnicity,
education, income and health insurance. The mean (SD) age was 62 (10) years, 53% were women, 39% non-Hispanic White-,
26% non-Hispanic Black-, 12% Chinese- and 22% Hispanic-Americans. US-born participants had lower odds of optimal CVH
(odds ratio [OR]: 0.63 [0.50-0.79], P<0.001) compared with foreign-born participants. Participants who spoke Chinese and
other foreign languages at home had greater odds of optimal CVH compared with those who spoke English (1.91 [1.08-3.36],
P=0.03; and 1.65 [1.04-2.63], P=0.03, respectively). Foreign-born participants who lived the longest in the United States had
lower odds of optimal CVH (0.62 [0.43-0.91], P=0.02).

CONCLUSIONS: Greater US acculturation was associated with poorer CVH. This finding suggests that the promotion of ideal
CVH should be encouraged among immigrant populations since more years lived in the United States was associated with
poorer CVH.
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immigrants from minority ethnic groups have bet-

ter health outcomes compared with native-born
residents in the United States.'-* However, the health
patterns of both populations become similar over time
through the process of acculturation, which is defined
as psychological, behavioral and attitudinal changes
that occur when people from different cultures are
in prolonged and direct contact with one another."58
Most epidemiological studies show that greater US

Despite being less acculturated, recent voluntary

acculturation is positively associated with greater fre-
quency of smoking, unhealthy diet, less physical ac-
tivity, hypertension, diabetes mellitus and obesity.”®
Although in contrast, another study found that foreign-
born non-Hispanic Asian adults who had lived in the
United States for <15 years (ie, less US acculturation)
had a higher prevalence of diabetes mellitus compared
with US-born non-Hispanic Asian adults as well as
foreign-born non-Hispanic Asian adults who had lived
in the United States for 15 years or longer.'° Thus, there
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CLINICAL PERSPECTIVE

What Is New?

e In this study, greater US acculturation was as-
sociated with poorer cardiovascular health in a
multi-ethnic cohort of adult men and women
free of cardiovascular disease at baseline.

What Are the Clinical Implications?

e The foreign-born population in the United States
is expected to increase from 44 million in 2016
to 69 million in 2060 which translates to 1 in 5
people living in the United States.

e Therefore, promoting the achievement of ideal
cardiovascular health among the US immigrant
population has the potential to reduce the over-
all socioeconomic burden of cardiovascular
disease.

Nonstandard Abbreviations and Acronyms

CVH cardiovascular health
MESA Multi-Ethnic Study of Atherosclerosis

has been some inconsistencies in the prior literature
about the impact of acculturation on cardiovascular
health (CVH).

As part of the strategy to promote CVH and well-
ness, as well as to prevent and reduce cardiovascular
disease (CVD) morbidity and mortality in the United
States and globally, the American Heart Association
recommends the use of 7 CVH metrics, known as
“Life’s Simple 77, as surveillance tools to accurately
measure CVH and CVD mortality, incidence, and out-
comes in the general population.’'® A person achieves
ideal CVH by meeting specific criteria for 7 modifi-
able risk factors, which include smoking, body mass
index (BMI), physical activity, diet, cholesterol, blood
pressure and blood glucose.!-"® Although prior stud-
ies have examined CVD risk factors among immigrant
populations, research on the relationship between ac-
culturation and the construct of ideal CVH is sparse
and these studies assessed a single proxy measure of
acculturation.'#-1

Our aim is to explore the associations between
proxy measures of acculturation (birthplace, lan-
guage spoken at home and years lived in the United
States) and CVH using data from the MESA (Multi-
Ethnic Study of Atherosclerosis). Understanding
these relationships may provide opportunities for tar-
geted intervention and prevention strategies in efforts
to improve CVH and further decrease CVD morbidity
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and mortality among the diverse populations of the
United States. Our study will test the hypothesis that
greater US acculturation will be associated with less
favorable CVH status.

METHODS

The data that support the findings of this study are
available through the National Heart, Lung, Blood
Institute Biologic Specimen and Data Repository
Coordinating Center (BioLINCC). Requests for access
to the data can be made through the website: https:/
biolincc.nhlbi.nih.gov/studies/mesay/.

Study Population

The MESA study methodology has been previously
described.!” Briefly, between July 2000 and August
2002, MESA recruited 6814 adult women and men
between the ages of 45 and 84 years with no previ-
ous history of clinical CVD at baseline from 6 centers
(Baltimore, MD; Chicago, IL; Forsyth County, NC; Los
Angeles, CA; New York, NY and St Paul, MN) in the
United States. MESA recruited study participants to
investigate the characteristics of subclinical CVD and
the risk factors that predict progression to clinical
CVD. Among participants, 38% were non-Hispanic
White, 12% Chinese American, 28% non-Hispanic
Black and the remaining 22% were Hispanic. Each
participant gave informed consent and the institu-
tional review boards of all the recruitment centers
approved the study protocol. MESA collected base-
line information from participants using standardized
questionnaires, physical examinations and fasting
laboratory blood tests. The MESA questionnaires
were available in English, Spanish and Chinese lan-
guages. For this study, we included 6506 participants
from the baseline exam after excluding participants
with missing information for the CVH metrics (n=308).

Independent Variable: Acculturation

Based on previous research, we selected 3 variables
(birthplace, language spoken at home and number
of years lived in the United States) from the baseline
questionnaire as the proxy measures of accultura-
tion.'®° These proxy measures are relatively simple
to use within large studies without increasing par-
ticipant burden. They characterize some of the major
factors of acculturation and show strong correlations
and high internal consistency with existing accul-
turation scales."?® We assessed birthplace from the
question “where were you born” and categorized it
as US-born (within the 50 states of the United States)
and foreign-born (including Puerto Rico). Language
spoken at home was assessed by the question;
“what language is generally spoken in your home”,


https://biolincc.nhlbi.nih.gov/studies/mesa/
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and it was categorized as English, Spanish, Chinese
and other foreign languages. Additionally, for foreign-
born participants, we assessed years lived in the
United States from the question; “how many years
have you lived in the United States”.

Dependent Variable: Cardiovascular
Health

The American Heart Association defines ideal CVH as
follows: non-smoking; BMI <25 kg/m?; physical activ-
ity of 150 minutes/week for moderate exercise or 75
minutes/week for vigorous exercise; a healthy diet
consistent with recommended dietary guidelines; total
cholesterol <200 mg/dL (without lipid-lowering medi-
cations); blood pressure <120/<80 mm Hg (without
anti-hypertensive medications) and fasting blood glu-
cose <100 mg/dL (without anti-diabetic medications)."
Self-report questionnaires were used to obtain informa-
tion on smoking status defined as non-smokers (par-
ticipants who reported they had never smoked or quit
>12 months), former smokers (participants who quit
within the past 12 months) and current smokers. We
calculated BMI in kg/m? from the measured weights
and heights of participants. MESA assessed physical
activity from a self-report survey instrument that was
adapted from the Cross-Cultural Activity Participation
Study?! containing 28 questions on time and frequency
of activities during a week in the past month. The total
minutes of moderate and vigorous exercise were esti-
mated in metabolic equivalent of task per minute and

Acculturation and Ideal Cardiovascular Health

used in our study analysis.??> MESA used a 120-item
validated food frequency questionnaire modified from
the Insulin Resistance Atherosclerosis Study instru-
ment?324 to evaluate dietary habits. Components of a
healthy diet based on recommended dietary guidelines
include fruits and vegetables, fish, whole grains, intake
of sodium <1500 mg/day and sugar-sweetened bever-
ages <450 kcal (36 oz.)/week."" Total cholesterol (mg/
dL) and blood glucose (mg/dL) levels were measured
from blood samples collected after a 12-hour fast.
MESA took 3 blood pressure readings from partici-
pants after 5 minutes of rest in a seated position and
documented the mean of the last 2 readings.

Covariates

Baseline sociodemographic variables included as
covariates in this study were age, sex, race/ethnicity,
education, income and health insurance. We assessed
age as a continuous variable and categorized sex into
women and men. Race/ethnicity was classified as
non-Hispanic White, Chinese-American, non-Hispanic
Black and Hispanic. Education and income had 9 and
13 categories, respectively, but were presented as di-
chotomized variables in Table 1 while health insurance
status was grouped into “Yes” and “No” responses.

Statistical Analysis

We reported the characteristics of study participants for
the overall population and by the CVH score. We also
reported frequencies with percentages for categorical

Table 1. Characteristics of Study Participants by Cardiovascular Health Score, MESA 2000 to 2002

Total (N=6506) Inadequate (n=3080) Average (n=2120) Optimal (n=1306) P Value
Age, mean (SD), y 62 (10) 63 (10) 62 (11) 60 (10) <0.001
Sex
Men, n (%) 3074 (47%) 1465 (48%) 1002 (47%) 607 (46%) 0.80
Women, n (%) 3432 (53%) 1615 (52%) 1118 (53%) 699 (54%)
Race/Ethnicity
Non-Hispanic White, n (%) 2539 (39%) 980 (32%) 907 (43%) 652 (50%) <0.001
Chinese American, n (%) 796 (12%) 216 (7%) 319 (15%) 261 (20%)
Non-Hispanic Black, n (%) 1715 (26%) 1042 (34%) 474 (22%) 199 (15%)
Hispanic, n (%) 1456 (22%) 842 (27%) 420 (20%) 194 (15%)
Education
> Bachelor’s degree, n (%) 2331 (36%) 796 (26%) 834 (39%) 701 (54%) <0.001
< Bachelor’s degree, n (%) 4175 (64%) 2284 (74%) 1286 (61%) 605 (46%)
Income
>$40 000, n (%) 3214 (49%) 1272 (41%) 1125 (53%) 817 (63%) <0.001
<$40 000, n (%) 3292 (51%) 1808 (59%) 995 (47%) 489 (37%)
Health insurance
Yes, n (%) 5925 (91%) 2792 (91%) 1945 (92%) 1188 (91%) 0.39
No, n (%) 581 (9%) 288 (9%) 175 (8%) 118 (9%)

Cardiovascular health score ranges from 0 to 14; inadequate score, 0 to 8; average, 9 to 10; optimal, 11 to 14. Percentages (%) rounded up to whole numbers.

MESA indicates Multi-Ethnic Study of Atherosclerosis.

J Am Heart Assoc. 2021;10:e019828. DOI: 10.1161/JAHA.120.019828




220z ‘0¢ Inbny uo Aq Bio'seu.nofeye//:dny wolj papeojumoq

Osibogun et al

variables and means with SD for continuous variables.
We used the Chi-square and ANOVA tests to compare
baseline characteristics of participants by the CVH score
for categorical and continuous variables, respectively.
We categorized each CVH metric into poor, intermediate
and ideal as presented in Table S1." We assigned points
to the categories as follows: 0 points for poor, 1 point
for intermediate and 2 points for ideal giving a total CVH
score that ranged from O to 14.%° Based on previous
studies, the CVH score was further categorized as inad-
equate (0-8), average (9-10) and optimal (11-14),22:26-29

We reported the proportions of each category of
the CVH metrics by the measures of acculturation (i.e.,
birthplace, language spoken at home and years lived
in the United States). We estimated the associations
between the measures of acculturation and the CVH
score using multinomial logistic regression. We fitted
2 separate models. Model 1 was unadjusted and we
adjusted model 2 for sociodemographic factors (age,
sex, race/ethnicity, education [9 categories], income
[13 categories] and health insurance status). We re-
ported the odds ratios (ORs) and the corresponding
95% Cl for the average and optimal CVH scores. The
reference groups were the “inadequate score” for the
CVH score, “foreign-born” for birthplace, “English” for
language spoken at home and “tertile 1” for years lived
in the United States. We tested for effect modification
by age (<65 versus >65 years), sex and race/ethnicity
by inserting interaction terms in model 2. In addition,
we estimated the associations between the measures
of acculturation and the CVH metrics using multinomial
logistic regression adjusting for sociodemographic fac-
tors. The reference group was the "poor metric" for the
CVH metrics. Furthermore, in supplemental analysis,
we examined the associations of the number of gener-
ations in the United States (a proxy measure of accul-
turation)'® with the CVH score and metrics. Generation
was coded as: O (foreign-born), first (one or both par-
ents foreign-bom), second (both parents US-born and
at least 2 grandparents foreign-born) and third (both
parents and 3 or more grandparents US-born).'® STATA
version 15.0 (StataCorp LP, College Station, TX) was
used for all statistical analyses and a 2-sided alpha level
of <0.05 was considered statistically significant.

RESULTS

Most of the baseline characteristics of study partici-
pants (N=6506) varied by the categories of the CVH
score as reported in Table 1. The mean age (SD) of
participants was 62 (10) years and 53% were women.
The mean (SD) of the CVH score by the measures
acculturation are as follows: birthplace(US-born,
8.5 [2.2]; foreign-born, 8.8 [2.2]), language spo-
ken at home (English, 8.5 [2.2]; Spanish, 8.0 [2.2];
Chinese, 9.6 [1.9]; Other, 9.3 [2.1]) and years lived in
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the US (tertile 1, 9.2 [2.0]; tertile 2, 8.8 [2.3]; tertile
3, 8.3 [2.2]). As illustrated in the Figure 1, US-born
participants had a higher proportion with inadequate
CVH scores compared with foreign-born participants
(49% versus 44%). Participants who spoke English or
Spanish as the primary language at home had the
highest proportion with inadequate CVH scores and
the lowest proportion with optimal CVH scores (48%
versus 59% for inadequate scores and 19% versus
13% for optimal scores, respectively). Participants
who had lived the longest in the United States (tertile
3) had the highest proportion with inadequate scores
and the lowest proportion with optimal scores (54%
and 18%, respectively).
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Figure 1. Percentage distribution of the cardiovascular
health score by measures of acculturation (birthplace,
language spoken at home and years lived in the United
States, tertiles 1-3).

Red: inadequate (0-8 points); Orange: average (9-10 points);
and Green: optimal (11-14 points). Error bars on the bar graphs
represent percentage error.
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Table 2 shows the distribution of the CVH metrics
by the measures of acculturation. Majority of partic-
ipants regardless of birthplace or language spoken
at home met the ideal criteria for smoking, physical
activity, total cholesterol and blood glucose. A quar-
ter of US-born and over a third of foreign-born par-
ticipants met the ideal criteria for BMI. Participants
who spoke English or Spanish at home had the low-
est proportion in the ideal category of BMI. Between
one half and 2 percent of participants met the ideal
criteria for diet regardless of birthplace or language
spoken at home. About a third or more of the partici-
pants were in the ideal category of blood pressure ir-
respective of birthplace or language spoken at home.
Participants with the highest median number of years
lived in the United States were in the poor categories
of smoking, BMI, total cholesterol and blood pres-
sure. However, participants with the highest median
number of years lived in the United States were in the
ideal categories for physical activity and diet.

Table 3 shows the multivariable-adjusted associations
between acculturation and the CVH score. US-born par-
ticipants had lower odds of having average and optimal
CVH scores compared with foreign-born participants
(ORs, 0.80 [95% Cl, 0.66—0.96] and 0.63 [0.50-0.79],
respectively). For languages spoken at home, partici-
pants who spoke Chinese and other foreign languages
had greater odds of having optimal CVH scores (1.91
[1.08-3.36] and 1.65 [1.04-2.63], respectively) compared
with those who spoke English at home. Participants who
had lived the longest in the United States (tertile 3) had
lower odds of having average and optimal CVH scores
(0.58 [0.42—0.80] and 0.62 [0.43-0.91)), respectively.

Table 4 shows the multivariable-adjusted associ-
ations between acculturation and the individual CVH
metrics. US-born participants had lowers odd of ideal
smoking, BMI, diet and blood pressure compared with
foreign-born participants (ORs, 0.65 [0.51-0.84], 0.59
[0.47-0.74], 0.30 [0.14-0.60], 0.80 [0.65-0.99], respec-
tively). In contrast, US-born participants had greater
odds of ideal physical activity compared with foreign-
born participants (1.22 [1.01-1.49]). Participants who
spoke Spanish, Chinese and other foreign languages
at home had greater odds of ideal BMI (1.56 [1.12—
2.17], 3.08 [1.35-6.80], 1.66 [1.01-2.70]), respectively,
compared with those who spoke English at home.
In addition, those who spoke Spanish at home had
greater odds of ideal diet (5.47 [1.19-25.20]) while
those who spoke other foreign languages at home had
greater odds of ideal blood pressure (1.80 [1.14-2.83]).
Participants who had lived the longest in the United
States (tertile 3) had lower odds of ideal BMI (0.57
[0.37-0.86]) and ideal blood pressure (0.66 [0.47-0.94]).

We found that age modified the association be-
tween 2 of the independent variables (birthplace
and years lived in the United States) and CVH with
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P<0.05. However, there was no meaningful interac-
tion by sex and race/ethnicity. Among participants
aged <65 years, US-born and those who had lived
the longest in the United States had lower odds
of optimal CVH scores (ORs, 0.58 [0.44-0.78] and
0.39 [0.24-0.63], respectively) (Table S2). Tables S3
through S5 and Figure S1 examine the associations
of the number of generations in the United States
with the CVH score and metrics. In comparison with
participants who were considered O generations in
the United States, participants who were second and
third generations had lower odds of having optimal
CVH scores (0.63 [0.47-0.84] and 0.51 [0.40-0.66],
respectively). Participants who were third generation
had lower odds of ideal smoking, BMI, diet, blood
pressure and blood glucose (Table S5).

DISCUSSION

In this cross-sectional analysis of 6506 adults free of
clinical CVD at baseline, after adjusting for sociode-
mographic factors, we found that US-born partici-
pants had lower odds of having average and optimal
CVH scores compared with foreign-born participants.
Participants who spoke Chinese or other foreign lan-
guages at home had greater odds of having optimal
CVH scores compared with participants who spoke
English. In addition, we found that participants who
had lived the longest in the United States had lower
odds of having average and optimal CVH scores.

A few other studies using different populations have
examined the association between measures of accul-
turation and the CVH metrics. For example, a cross-
sectional study of Asian Americans and Latinos using
the National Health and Nutrition Examination Survey
from 2011 to 2016 examined the association of lan-
guage spoken at home with the metrics of smoking,
blood pressure, glucose and total cholesterol. The au-
thors found that after adjusting for age, sex, education
and income, participants who spoke their native lan-
guages at home had a lower prevalence of the poor/
intermediate category of smoking and blood pressure
compared with those who spoke English at home(prev-
alence ratios: Asian Americans, 0.60 [0.45-0.81] and
0.83 [0.75-0.92]; Latinos, 0.56 [0.47-0.68] and 0.86
[0.80-0.93], respectively)."* These findings are com-
parable with the findings of our study where partici-
pants who spoke other foreign languages at home had
greater odds of ideal blood pressure compared with
those who spoke English at home (1.80 [1.14-2.83]).

Another cross-sectional study examined the length
of residence in the United States and CVH among
Afro-Caribbean immigrants in New York City using a
community health survey from 2011 to 2014. The study
found that after adjusting for age, sex, education, em-
ployment, insurance status and healthcare access,



220z ‘0¢ Inbny uo Aq Bio'seu.nofeye//:dny wolj papeojumoq

Osibogun et al

Acculturation and Ideal Cardiovascular Health

Table 3. Multivariable-Adjusted Associations Between Acculturation and Cardiovascular Health Score

Average vs Inadequate

Optimal vs Inadequate

Average vs Inadequate

Optimal vs Inadequate

Model 1

Model 2

OR (95% ClI)

OR (95% Cl)

Birthplace

Foreign-born

Reference

Reference

Reference

Reference

US-born

0.86 (0.76-0.97)"

0.76 (0.66-0.87)*

0.80 (0.66-0.96)*

0.63 (0.50-0.79)"

Language spoken at home

English Reference Reference Reference Reference
Spanish 0.70 (0.60-0.81)* 0.57 (0.46-0.69)* 1.00 (0.77-1.29) 1.38 (0.98-1.94)
Chinese 2.31 (1.88-2.83)" 3.12 (2.51-3.88)" 1.65 (0.97-2.80) 1.91 (1.08-3.36)"
Other 1.47 (1.06-2.03)" 1.99 (1.40-2.82)* 1.27 (0.84-1.94) 1.65 (1.04-2.63)"
Years lived in the United States’
Tertile 1 Reference Reference Reference Reference
Tertile 2 0.62 (0.48-0.81)* 0.71 (0.54-0.94)* 0.71 (0.53-0.94)* 0.87 (0.63-1.20)
Tertile 3 0.47 (0.36-0.60)* 0.43 (0.32-0.57) 0.58 (0.42-0.80)" 0.62 (0.43-0.91)*

Model 1: unadjusted. Model 2: adjusted for age, sex, race/ethnicity, education, income and health insurance. Cardiovascular health score ranges from O to
14; inadequate score, 0 to 8; average, 9 to 10; optimal, 11 to 14. Other indicates other foreign languages spoken at home. Interaction by age was significant for

birthplace and years lived in the United States at P<0.05. OR indicates odds ratio.

*denotes statistically significant results at P<0.05.
TYears lived in the United States for foreign-born participants, n=1855.

immigrants of Guyanese and Haitian origin who had
lived in the United States for >10 years had higher prev-
alence odds of the poor/intermediate category of the
CVH score compared with those who had lived in the
United States for <10 years (ORs: 3.51 [1.03-11.95] and
8.02 [1.88-34.12], respectively).'® Similarly, our study
found that participants who had lived the longest in the
United States had lower CVH scores. Another study
from the Hispanic Community Health Study/Study of
Latinos found that among various measures of accultur-
ation, the length of residency in mainland United States
was the strongest predictor of moderate and extreme
obesity.? We also found that our study participants who
had lived in the United States for the greatest number
of years were less likely to have ideal BMI of <25 kg/m?.

Lastly, a cross-sectional analysis of 15 965 adults
from the 2011 to 2016 National Health and Nutrition
Examination Survey examined the associations be-
tween nativity/length of residence in the United States
and CVD risk factors.'® The authors found that in sex-,
age-, education-, race- and Hispanic origin- adjusted
analyses, a greater proportion of US-born adults had
>1 CVD risk factor compared with non-US born adults
(US-born, 86.6%; versus non-US born >15 years in
United States, 85.1%; versus non-US born <15 years
in United States, 80.1%). Non-US born adults had a
lower prevalence ratio of hypertension and overweight/
obesity compared with US-born adults (hyperten-
sion: non-US born >15 years in United States, 0.89
[0.83-0.96]; non-US born <15 years in United States,
0.79 [0.72-0.87]; overweight/obesity: non-US born
<15 years, 0.92 [0.88-0.97]). Comparably, our results

J Am Heart Assoc. 2021;10:e019828. DOI: 10.1161/JAHA.120.019828

showed that US-born and foreign-born participants
(who had lived the longest in the United States) had
lower odds of ideal blood pressure and BMI.

Our study adds to this growing body of literature by
investigating these relationships in a well-characterized
diverse population consisting of 4 racial/ethnic groups
who were free of CVD at baseline. We assessed addi-
tional measures of acculturation including generational
status. The findings of our study and the other studies
described above may be explained by the healthier life-
styles of foreign-born participants compared with US-
born participants. For example, in 2016, the prevalence
of obesity among US adults was =36% compared with
6%, 28% and 29% among adults in China, Dominican
Republic and Mexico, respectively.®° Study participants
born in these 3 countries made up a larger proportion of
our study population. The higher prevalence of obesity
among US adults is most likely driven by poorer dietary
patterns of high calorie and sodium intake representa-
tive of the typical American diet, which may also be re-
sponsible for the higher blood pressure levels. However,
foreign-born participants were less likely to meet the rec-
ommendations for ideal physical activity compared with
US-born participants. This may be due to several factors
that include cultural dispositions towards physical activ-
ity®! as well as socioeconomic barriers that limit access to
fitness facilities and safe recreational areas.®? In addition,
foreign-born participants who had lived the longest in the
United States were more likely to have poorer CVH, and
in particular, lower odds of ideal BMI and blood pressure.
The process of acculturation may explain these findings.
Greater acculturation is associated with health-reducing
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behaviors such as a decrease in fruit and vegetable con-
sumption, 3 which may lead to an increase in the prev-
alence of CVD risk factors.

According to projections from the US Census Bureau,
the foreign-born population in the United States is ex-
pected to rise from 44 million people in 2016 to 69 mil-
lion in 2060, a significant increase from 14% to 17% of
the overall US population.®* The findings of this study
underscore the importance of promoting CVH and well-
ness in the US immigrant population since =1 in 5 peo-
ple living in the United States will be foreign-born in a few
decades. Our study highlights the role acculturation may
play in worsening CVH since foreign-born participants
who had lived the longest in the United States had less
favorable CVH. Furthermore, since recent migrants are in
better health compared with the native-born residents of
their host country, community-based health intervention
programs targeting recent migrants should be designed
to promote the retention of original healthy behaviors
and discourage the adoption of unhealthy behaviors
that may worsen CVH.3%-3" Additionally, the annual di-
rect and indirect cost of CVD was estimated at $550
billion in 2015 accounting for 17% of the total healthcare
expenditure.®®39 This estimate is projected to increase
to ~$1.1 trillion by 2035.%8 Therefore, maintaining healthy
lifestyles among recent migrants may contribute to cur-
tailing the rising healthcare costs attributable to CVD in
the United States.

The strengths of our study include the use of a
multi-ethnic sample of US adults and the availability
of data on several proxy measures of acculturation.
However, some limitations should be considered in the
interpretation of our findings. First, we cannot make
causal inferences or determine temporality because
of the cross-sectional study design. Second, in this
study, we evaluated 3 established proxy measures
of acculturation, which have been examined in other
studies.’®940 However, the process of acculturation is
complex and no single measure can accurately cap-
ture it in its entirety. Other measures of acculturation
or summary scores of acculturations, which were
not examined here, may also correlate with CVH. Of
note, prior studies have demonstrated that the multi-
dimensional acculturation scales strongly correlate
with proxy measures of acculturations such as years
lived in the United States with correlation coefficients
of 0.6 to 0.8.4"*2 Third, the metrics of smoking, diet and
physical activity were self-reported and may be subject
to recall bias. Fourth, the administered MESA question-
naires were available in English, Spanish and Chinese,
but not in other foreign languages. Fifth, the CVH sta-
tus assessed at baseline may not be representative of
the future CVH status of the study participants. Finally,
our findings may not be generalizable to adults outside
the ages of 45 to 84 years and to all adults of Hispanic
origin because of the substantial heterogeneity of the

J Am Heart Assoc. 2021;10:e019828. DOI: 10.1161/JAHA.120.019828
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population.”*3 Therefore, new studies may be required
to examine the association between acculturation and
ideal CVH by subpopulations of Hispanic ethnicity.

CONCLUSIONS

Greater US acculturation was associated with poorer
CVH. This finding suggests that the promotion of
ideal CVH should be encouraged among immigrant
populations since greater number of years lived in
the United States was associated with lower CVH
scores. Future research may be required to inves-
tigate how the process of acculturation may worsen
or improve CVH. In addition, understanding the rela-
tionship between acculturation and CVH may facili-
tate the development of culturally tailored programs
that promote CVH and wellness among immigrant
populations.
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Table S1 - Distribution of the CVH metrics

CVH metrics Point Definition % MESA
Participants N =
6506
Smoking 0 Current smoker 839 (13%)
1 Former smoker, quit <12 months ago 80 (1%)
2 Never smoker or quit >12 months ago 5,587 (86%)
Body Mass 0 >30 kg/m? 2,073 (32%)
Index
1 25.0-29.99 kg/m? 2,558 (39%)
2 <25.0 kg/m? 1,875 (29%)
Physical Activity 0 No exercise 1,486 (23%)
1 1-149 min of moderate exercise or 1-74 min 1,128 (17%)
of vigorous exercise/week
2 150+ min of moderate exercise or 75+ min 3,892 (60%)
of vigorous exercise/week
Diet 0 0-1 components of healthy diet 2,943 (45%)
1 2-3 components of healthy diet 3,493 (54%)
2 4-5 components of healthy diet 70 (1%)
Total 0 >240 mg/dL 872 (13%)
Cholesterol
1 200-239 mg/dL or treated to <200mg/dL 2,544 (39%)
2 <200 mg/dL, unmedicated 3,090 (47%)
Blood Pressure 0 SBP >140 mmHg or DBP >90 mmHg 2,439 (37%)
1 SBP 120-139 mmHg or DBP 80-89 mmHg 1,819 (28%)
or treated to <120/80 mm Hg
2 <120/80 mm Hg, unmedicated 2,248 (35%)
Blood Glucose 0 >126 mg/dL fasting 700 (11%)
1 100-125 mg/dL fasting or treated to <100 987 (15%)
mg/dL
2 <100 mg/dL fasting, unmedicated 4,819 (74%)
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Adapted from Lloyd Jones et al [11] and Unger et al [22].

Abbreviations: CVH, cardiovascular health; DBP, diastolic blood pressure, MESA, Multi-Ethnic
Study of Atherosclerosis and SBP, systolic blood pressure. Poor=0 points; Intermediate=1 point;
ideal =2 points. *When combining vigorous and moderate exercise, vigorous exercise was
weighted double.
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Table S2. Multivariable association between acculturation and cardiovascular health score
stratified by age

<65 years >=65

Average vs Optimal vs Average vs Optimal vs

Inadequate Inadequate Inadequate Inadequate
Birthplace OR (95% CI) OR (95% CI)
Foreign-born reference reference reference reference
US-born 0.72 (0.57-0.92) 0.58 (0.44-0.78) 0.91 (0.67-1.23)  0.75 (0.51-1.09)
Years lived in the US* OR (95% CI) OR (95% CI)
Tertile 1 reference reference reference reference
Tertile 2 0.74 (0.52-1.06) 0.79 (0.53-1.17) 0.58 (0.35-0.96)  1.02 (0.57-1.81)
Tertile 3 0.47 (0.31-0.70)  0.39 (0.24-0.63) 0.73 (0.43-1.22)  0.86 (0.45-1.64)

Abbreviations: ClI, confidence interval; OR, odds ratio; US, United States.
Model adjusted for sex, race/ethnicity, education, income and health insurance.
Cardiovascular health score ranges from 0-14; inadequate score, 0-8; average, 9-10; optimal, 11-14.
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Table S3. Distribution of CVH metrics by generations in the US, N = 6,281

0 1st 2rd 3rd
n= 2,093 n= 798 n= 743 n= 2,647
Smoking
Poor 205 (10%) 77 (10%) 83 (11%) 442 (17%)
Intermediate 22 (1%) 9 (1%) 11 (1%) 35 (1%)
Ideal 1,866 (89%) 712 (89%) 649 (87%) 2,170 (82%)

Body mass index

Poor
Intermediate
Ideal

485 (23%)
831 (40%)
777 (37%)

273 (34%)
321 (40%)
204 (26%)

242 (33%)
291 (39%)
210 (28%)

995 (38%)
1,023 (39%)
629 (24%)

Physical activity

Poor
Intermediate

615 (29%)
368 (18%)

152 (19%)
120 (15%)

118 (16%)
137 (18%)

557 (21%)
462 (17%)

Ideal 1,110 (53%) 526 (66%) 488 (66%) 1,628 (62%)
Diet

Poor 789 (38%) 378 (47%) 359 (48%) 1,301 (49%)
Intermediate 1,278 (61%) 411 (52%) 376 (51%) 1,322 (50%)
Ideal 26 (1%) 9 (1%) 8 (1%) 24 (1%)
Total Cholesterol

Poor 301 (14%) 107 (13%) 111 (15%) 334 (13%)
Intermediate 751 (36%) 330 (41%) 331 (45%) 1,034 (39%)
Ideal 1,041 (50%) 361 (45%) 301 (41%) 1,279 (48%)
Blood pressure

Poor 722 (35%) 296 (37%) 192 (26%) 1,127 (43%)
Intermediate 580 (28%) 227 (28%) 217 (29%) 739 (28%)
Ideal 791 (38%) 275 (34%) 334 (45%) 781 (30%)
Blood glucose

Poor 266 (13%) 72 (9%) 54 (7%) 277 (10%)
Intermediate 368 (18%) 124 (16%) 86 (12%) 380 (14%)

Ideal

1,459 (70%)

602 (75%)

603 (81%)

1,990 (75%)

Abbreviation: CVH, cardiovascular health; US, United States.

Percentages (%) are rounded up to whole numbers.
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Table S4. Multivariable association between generations in the US and cardiovascular health score

Average Vs Optimal vs Average Vs Optimal vs Inadequate
Inadequate Inadequate Inadequate
Model 1 Model 2

Generations OR (95% CI) OR (95% CI)
0 reference reference reference reference
1st 1.04 (0.86-1.25)  0.95(0.76-1.17) 0.92 (0.74-1.15) 0.77 (0.59-1.01)
2nd 1.13(0.93-1.38) 1.27(1.02-1.57) 0.77 (0.60-0.99) 0.63 (0.47-0.84)
3rd 0.76 (0.67-0.87)  0.62 (0.53-0.73) 0.70 (0.56-0.86) 0.51 (0.40-0.66)

Abbreviations: Cl, confidence interval; OR, odds ratio; US, United States.

Model 1: unadjusted.

Model 2: adjusted for age, sex, race/ethnicity, education, income and health insurance.
Cardiovascular health score ranges from 0-14; inadequate score, 0-8; average, 9-10; optimal, 11-14.
Interaction by age, sex and race/ethnicity were not statistically significant at P<0.05.




Table S5 - Multivariable association between generations in the US and the CVH metrics 7

Smoking Body Mass Index Physical Activity Diet
Intermediate vs. ldeal vs. Poor Intermediat Ideal vs. Poor Intermediate  ldeal vs. Poor Intermediate Ideal vs. Poor
poor e VS. poor VS. poor VS. poor
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Generations
0 reference reference reference reference reference reference reference reference
1st 0.74 0.78 0.64 0.54 1.20 1.30 0.62 0.40
(0.29-1.89) (0.57-1.08) (0.51-0.81) (0.41-0.71) (0.88-1.65) (1.02-1.66) (0.51-0.76) (0.16-0.99)
2nd 0.79 0.76 0.66 0.54 1.44 1.30 0.58 0.33
(0.30-2.06) (0.54-1.07) (0.51-0.84) (0.40-0.71) (1.02-2.05) (0.98-1.71) (0.46-0.72) (0.12- 0.87)
3rd 0.63 0.55 0.76 0.63 1.20 1.13 0.50 0.22
(0.27-1.48) (0.41-0.73) (0.61-0.95) (0.49-0.81) (0.89-1.62) (0.89-1.42) (0.41-0.61) (0.10- 0.49)
Total Cholesterol Blood Pressure Blood Glucose
Intermediate Ideal vs. Poor Intermediate Ideal vs. Poor Intermediate vs. Ideal vs. Poor
VS. poor VS. poor poor
OR (95% CI) OR (95% CI) OR (95% CI)
_Generation
20 reference reference reference reference reference reference
g1st 1.19 1.14 0.86 0.97 0.93 0.94
(0.88-1.60) (0.85-1.53) (0.67-1.09) (0.76-1.24) (0.64-1.36) (0.68-1.30)
2nd 1.12 0.86 0.93 0.96 0.60 0.63
(0.81-1.54) (0.62-1.19) (0.70-1.23) (0.73-1.27) (0.38-0.95) (0.43-0.93)
3rd 1.14 1.10 0.69 0.59 0.66 0.68
(0.86-1.52) (0.83-1.46) (0.54-0.87) (0.47-0.75) (0.45-0.97) (0.49-0.94)

Abbreviations: Cl, confidence interval; CVH, cardiovascular health; OR, odds ratio; US, United States.
Model adjusted for age, sex, race/ethnicity, education, income and health insurance.
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Figure S1 Legend

Percentage distribution of the cardiovascular health (CVH) score by generations in the United
States (US). Red: inadequate (0-8 points), Orange: average (9-10 points) and Green: optimal (11-

14 points). Error bars on the bar graphs represent percentage error.



