American Journal of Preventive Cardiology 13 (2023) 100437

Contents lists available at ScienceDirect P T

American Journal of Preventive Cardiology

ELSEVIER journal homepage: www.journals.elsevier.com/american-journal-of-preventive-cardiology

Check for

Association of Acculturation with Cardiovascular Risk Factors in  updaies
Asian-American Subgroups™

Yuemeng LI*", Alicia ZHU >, Austin LE®“, Jaiveer SINGH?, Latha P. PALANIAPPAN ¢,
Malathi SRINIVASAN *¢, Nilay S. SHAH B Sally S. WONG ¥, Tali ELFASSY b
Javier VALERO-ELIZONDO ', Eugene YANG ™

2 Stanford University Center for Asian Healthcare Research and Education, Stanford, CA, USA

Y Nell Hodgson Woodruff School of Nursing, Emory University, Atlanta, GA, USA

¢ College of Arts and Sciences, School of Global Public Health, New York University, New York, NY, USA

94 Environmental Health Sciences Division, University of California, Berkeley, School of Public Health, Berkeley, CA, USA

€ Division of Primary Care and Population Health, Stanford University School of Medicine, Stanford, CA, USA

f Departments of Medicine (Cardiology) and Preventive Medicine, Northwestern University Feinberg School of Medicine, Chicago, IL, USA

8 American Heart Association, Office of Science, Medicine, and Health, Dallas, TX, USA

" Department of Medicine, Division of Nephrology and Hypertension, University of Miami Miller School of Medicine, Miami, FL, USA

! Division of Cardiovascular Prevention and Wellness, Department of Cardiology, Houston Methodist DeBakey Heart and Vascular Center, Houston, TX, USA
I Division of Cardiology, University of Washington School of Medicine, Seattle, WA, USA

ARTICLE INFO ABSTRACT

Keywords: Objective: This cross-sectional study aims to better understand the heterogeneous associations of acculturation
Asian american level on CV risk factors among disaggregated Asian subgroups. We hypothesize that the association between
Acculturation

acculturation level and CV risk factors will differ significantly by Asian subgroup.

Methods: We used the National Health Interview Survey (NHIS), a nationally representative US survey, years
2014-18. Acculturation was defined using: (a) years in the US, (b) US citizenship status, and (c) level of English
proficiency. We created an acculturation index, categorized into low vs. high (scores of 0-3 and 4, respectively).
Self-reported CV risk factors included diabetes, high cholesterol, hypertension, obesity, tobacco use, and suffi-
cient physical activity. Rao-Scott Chi Square was used to compare age-standardized, weighted prevalence of CV
risk factors between Asian subgroups. We used logistic regression analysis to assess associations between
acculturation and CV risk factors, stratified by Asian subgroup.

Results: The study sample consisted of 6,051 adults > 18 years of age (53.9% female; mean age 46.6 [SE 0.33]).
The distribution by race/ethnicity was Asian Indian 26.9%, Chinese 22.8%, Filipino 18.1%, and other Asian
32.3%. The association between acculturation and CV risk factors differed by Asian subgroups. From multi-
variable adjusted models, high vs. low acculturation was associated with: high cholesterol amongst Asian Indian
(OR=1.57, 95% CI: 1.11, 2.37) and other Asian (OR=1.48, 95% CI: 1.10, 2.01) adults, obesity amongst Filipino
adults (OR= 1.62, 95% CI: 1.07, 2.45), and sufficient physical activity amongst Chinese (OR= 1.54, 95% CI:
1.09, 2.19) and Filipino adults (OR=1.58, 95% CI: 1.10, 2.27).

Conclusion: This study demonstrates that acculturation is heterogeneously associated with higher prevalence of
CV risk factors among Asian subgroups. More studies are needed to better understand these differences that can
help to inform targeted, culturally specific interventions.

Cardiovascular risk factors
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1. Introduction

Cardiovascular disease (CVD) is the leading cause of death in the
United States (US) [1]. Asians are the fastest-growing racial/ethnic
group in the US [2]. Census data from 2020 revealed that roughly 20
million people identified as Asian alone — a 36% increase since 2010
[3]. Many Asians living in the US are immigrants and the impact of
acculturation on prevalence of cardiovascular (CV) risk factors has not
been well established. Acculturation can be defined as a process in
which individuals integrate, adapt, and retain behaviors, attitudes, and
values between two cultures [4]. Many studies have shown that accul-
turation level is related to population health, including CV risk factors. A
nationally representative study using the National Health and Nutrition
Examination Survey (NHANES) found that Asian and Hispanic adults
with higher American acculturation levels, measured by amount of
English spoken at home, were more likely to be current smokers or have
hypertension [5]. A National Health Interview Survey (NHIS) study from
2010 to 2014 found that higher years of US residency was associated
with a higher prevalence of hypertension, obesity, and diabetes mellitus
among immigrants [6]. Another NHANES study found higher accultur-
ation level was associated with greater intake of ultra- processed foods
among Asian-Americans [7]. The major Asian-American subgroups in
the US include Asian Indian, Chinese, Filipino, Japanese, Koreans, and
Vietnamese who have heterogeneous CV mortality rates, with the
highest rates due to ischemic heart disease and heart failure occurring
among Asian Indian men and women [8]. Publicly available, dis-
aggregated Asian subgroup identification in nationally representative
data from NHANES and NHIS are limited, thus presenting challenges to
understand the association between acculturation level and CV risk
factors among the subgroups. As a result, few contemporary studies
analyze the association of acculturation with CV risk factor prevalence
among Asian subgroups [9]. One study found that higher acculturation
was associated with greater risk of type 2 diabetes mellitus and
increased carotid artery intima media thickness among South Asian
immigrants [10]. As the Asian American population continues to grow
rapidly, there is a critical need to evaluate the impact of acculturation on
CV risk factors in a contemporary cohort of Asian Americans to better
understand differences among major Asian subgroups.

2. Methods

We analyzed data from the NHIS, a nationally representative US
household survey, for years 2014-2018 (n = 155,556). Data collection
and survey construction methods for NHIS are described elsewhere [11].
Briefly, NHIS is conducted annually by individual adult and household
interview. NHIS is approved by the National Center for Health Statistics
Institutional Review Board and received informed consent from all
respondents.

We included non-Hispanic Asian respondents (n = 8260) who self-
identified as Asian Indian, Chinese, Filipino, or “other Asian,” an
aggregate category including Japanese, Korean, Vietnamese, and other
Asian individuals, which is not publicly available to maintain partici-
pant confidentiality due to low sample size. We limited respondents to
non-US born individuals answering “No” to the question “Were you born
in the United States?” (n = 6111). We excluded respondents with
missing acculturation (defined in detail below) data (n = 60). The an-
alytic sample consisted of 6051 non-US born adults. Sample size for each
analysis varies with availability of response data.

Acculturation was classified based on participant responses to the
three questions [12,13]: (1) “How long have you stayed in the United
States?” with less than 5 years assigned zero points, between 5 and 15
years assigned one point, and greater than 15 years assigned two points;
(2) “Are you a citizen of the United States?” with binary responses “Yes”
assigned one point and “No” assigned zero points; and (3) “How well do
you speak English, would you say...” with response options “Very well”
and “Well” assigned one point and “Not well”, “Not at all” assigned zero
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points (Fig. 1). The sum of these three variables (number of years in the
U.S., citizenship status, and English proficiency) was used to create a
novel summative acculturation index with 2 levels: low and high (scores
of 0-3 and > 4, respectively) to achieve an equal distribution between
the levels. Assigning points to create a summative acculturation score
has been used and validated in prior population studies using similar
variables (being born in the United States, speaking predominantly
English, and years living in the US) [14-16]. We also constructed a
secondary measure of acculturation removing citizenship status from
the score and dichotomized the sum score accordingly (low accultura-
tion: 0-2 points, high acculturation: 3 points).

Sex was coded as binary “Male” or “Female.” We categorized the
continuous age variable into 4 groups: 18-44, 45-64, 65-74, and 75
years and older. Marital status was coded as either “Married” or “Not
married.” We categorized education into less than high school, high
school completion or GED, some college, and greater than college edu-
cation. Income was based on annual family income and categorized into
<$34,999, $35,000-$74,999, $75,000-$99,999, and >$100,000. In-
surance status was categorized as “Public”, “Private”, and “Uninsured.”
We included seeing a general doctor in the past 12 months as a covariate
in our adjusted models to address the impact of care-seeking behavior on
CV risk factor prevalence.

CV risk factors were defined from self-reported responses. Binary
(yes/no) presence of 1) high cholesterol, 2) hypertension, and 3) dia-
betes mellitus was based on if the respondent was ever told by a health
professional that they had the condition. 4) Obesity status was derived
from self-reported height and weight and categorized based on World
Health Organization (WHO) body mass index (BMI) cutoffs for Non-
Hispanic Asians (BMI > 27.5 kg/mz), based on evidence for higher
prevalence of metabolic syndrome at lower BMI ranges in disaggregated
Asian subgroups compared to non-Hispanic White individuals [17,18].
We categorized the presence of 5) Tobacco use based on if the respon-
dent identified as a “former smoker”, “current every day smoker”,
“current some day smoker”, or “smoker with current status unknown” in
response to the question “Do you smoke every day, some days, or not at
all?” 6) Physical activity was dichotomized as sufficient vs. insufficient
physical activity (combined total amount of light- moderate and
vigorous physical activity >150 min/week), based on national standards
[19].

We described demographic and socioeconomic characteristics of the
sample stratified by Asian subgroups. Next, we determined the preva-
lence of each cardiovascular risk factor of interest according to Asian
subgroup and acculturation level, age standardized to the US 2010
standard population [20]. We determined whether the prevalence of
each CV risk factor differed by Asian subgroups using Rao-Scott Chi
Square tests [21] with a significance cutoff of p<0.05. Finally, we used
multivariable logistic regression analyses to determine whether accul-
turation was associated with each risk factor of interest after controlling
for age, sex, socioeconomic factors (marital status, education, income,
insurance status), and health behaviors (tobacco use and sufficient
physical activity) in successive models. When either tobacco use or
sufficient physical activity was the outcome in the regression model, it
was removed as a covariate in that model. We applied a Bonferroni
correction to account for multiple comparisons. We also tested for a
statistical interaction between Asian subgroups and acculturation. All
analyses accounted for the stratified design of the NHIS and were
weighted to adjust for sampling probability and non-response. Analyses
were conducted using RStudio Version 1.4.1717 and STATA Version 16
[22,23].

3. Results

Our population of Asian American immigrant adults was 53.9% fe-
male. The distribution by subgroup was Asian Indian 26.9%, Chinese
22.8%, Filipino 18.1%, and other Asian 32.3%. Asian Indian individuals
were younger, more likely to be married and have higher education and
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Yes (1 point)

No (0 point)
$ years (0 point)
0-3 point — Low Acculturation

15 years (1 point) -
4 points — High Acculturation
15 years (2 point)

Not at all/not well (0 point)

Wellivery well (1 point)

Fig. 1. Acculturation index based on acculturation variables from the National Health Interview Survey, 2014-2018.

income level compared with other Asian subgroups (p<0.01) (Table 1).
The presence of CV risk factors was common in the study population
with 9.7% (95% CI: 8.8, 11.0) with diabetes, 27.2%

(25.8, 29.0) with high cholesterol, 25.3% (24.1, 26.0) with hyper-
tension, 19.4% (18.2, 21.0) with obesity, and 50.6% (49.0, 52.0) with
sufficient physical activity (not shown).

Risk factors differed by Asian subgroup (Table 1). The prevalence of
diabetes ranged from 4.8% (3.6, 6.3) among Chinese adults to 12.1%
(9.9, 14.5) among Asian Indian adults (p<0.01). The prevalence of hy-
pertension ranged from 19.5% (17.3, 21.8) among Chinese adults to
33.7% (30.5, 37.1) among Filipino adults (p<0.01). The prevalence of
sufficient physical activity ranged from 47.2% (42.5, 51.9) among other
Asian adults to 55.6% (52.5, 58.7) among Asian Indian adults (p<0.05).
Tobacco use was lowest among Asian Indian adults at 3.9% (2.9, 5.0)
and highest among other Asian adults at 10.3% (8.6, 12.1) (p<0.01).
The age-standardized prevalence of CVD risk factors stratified by Asian
subgroup and according to acculturation level are shown in Fig. 2. High
acculturation was only associated with sufficient physical activity levels
for Chinese individuals (p<0.01). We did not find significant differences
between high and low acculturation for the age-standardized prevalence
of diabetes, high cholesterol, hypertension, obesity, or tobacco use for
other Asian subgroups.

The statistical interaction between acculturation among Asian sub-
groups was significant for diabetes, high cholesterol, hypertension, and
sufficient physical activity (p-values all <0.05), but not for obesity (p =
0.121) or tobacco use (p = 0.123), leading to stratified analyses. High vs.
low acculturation was associated with higher odds of high cholesterol by
66% for Asian Indian adults (OR=1.66, 95% CI: 1.18, 2.37) and 53% for
other Asian adults (OR=1.53, 95% CI: 1.14, 2.05) (Table 2). High vs. low
acculturation was associated with 65% higher adjusted odds of obesity
among Filipino adults (OR=1.65, 95% CI: 1.10, 2.49). High vs. low
acculturation was associated with higher odds of sufficient physical
activity by 55% among Chinese adults (OR=1.55, 95%: 1.10, 1.20) and
59% among Filipino adults (OR=1.59, 95% CI: 1.11, 2.27).

High vs. low acculturation was not associated with diabetes, hyper-
tension, or tobacco use in any Asian subgroup in all adjusted models.

4. Discussion

In this analysis representing 7.5 million immigrant adults in the US,
we found marked heterogeneity among Asian subgroups in the associ-
ation between acculturation level and CV risk factors. We found that
high acculturation is associated with high cholesterol in Asian Indian
and other Asian adults, obesity in Filipino adults, and sufficient physical
activity in Chinese and Filipino adults. This analysis demonstrates the
need to better characterize the differential health risks among Asian
subgroups to inform culturally specific health interventions. These ob-
servations are consistent with recently published work showing differ-
ences in CV mortality among Asian-American subgroups: Asian Indians
had the highest risk of CV due to ischemic heart disease and heart fail-
ure, while the highest cerebrovascular disease mortality rate occurred
among Vietnamese individuals [8].

Dietary changes related to assimilation strategies may lead to dif-
ferences in CV health factors among these Asian subgroups. Dietary
considerations and food choices affect CV health, as one out of every five
premature deaths may be attributed to poor diet [25]. Asian immigrant
diets have been observed to change pre- and post- immigration to a more
Western-style dietary pattern, exemplified by a significantly higher
consumption of fat and cholesterol post- immigration [26]. Highly
acculturated Asian Americans have higher consumption of
ultra-processed foods [7], which is associated with increased body mass
index and dyslipidemia [27,28]. As the Asian American population
grows, and the population of US born Asian-identifying individuals
grows concurrently, it will be important to understand how accultura-
tion across generations influences CV risk factors and health behaviors.

While tobacco use did not differ significantly by acculturation among
the Asian subgroups in this study, trends towards higher tobacco use
among highly acculturated other Asians, which includes Koreans, is
consistent with what has been documented in the literature: a study of
Koreans living in California found that acculturated Korean women were
more likely to smoke compared to their bicultural or traditional coun-
terparts [29]. Heterogeneity in tobacco use exists among Asian sub-
groups [30], with US born Filipinos more likely to report daily smoking
compared to foreign born Filipinos (12.6% vs. 7.5%). Furthermore,
acculturation has been linked to an overall increase in smoking patterns
among Asian American subgroups in California, possibly due to greater
social acceptance towards smoking [31].

Favorably, our study identified a higher likelihood of sufficient
physical activity among Chinese and Filipino respondents who had a
higher level of acculturation. This is consistent with a multi-ethnic study
that found that more years spent in the US was associated with
decreased odds of sedentary lifestyle [32]. These findings underscore
ways in which acculturation may lend to protective benefits for Asian
immigrants. In contrast, a previous study looking at Asian and Hispanic
immigrant adolescents found that acculturation was associated with
decreased physical activity levels [33]. Effective strategies to increase
physical activity among Asian Americans should take into account cul-
tural practices and behaviors specific to the country of origin for Asian
immigrants, such as what constitutes adequate physical activity or a
proper diet, since they may influence CV risk factors. Analyzing health
risks by Asian subgroups due to this cultural variability is necessary in
order to assess underlying reasons for these differences.

The nature of NHIS survey design and data has given rise to several
limitations in our study. The NHIS cross-sectional design also limits our
ability to discern if CV risk factor incidence occurred prior to or
following migration to the US. Asian subgroup sample sizes were small,
reducing the power of this study to detect additional differences be-
tween groups. Additionally, the NHIS is only conducted in English and
Spanish; underestimation of CV risk factors in Asian subgroups is
possible due to selection bias and may not include individuals with
lower acculturation levels. Susceptibility to information and social
desirability bias may be present due to the self-reporting nature of this
survey. While our study is able to discern differences in CV risk factors
by disaggregated Asian subgroups, the NHIS only has publicly available
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Table 1
Characteristics of Asian Immigrants in the National Health Information Survey
2014-2018.

Characteristics Weighted Percentages (95% CI)
Asian Indian Chinese (n Filipino (n Other Asian
(n =1626) =1377) =1094) (n =1954)
Weighted 1256,348 905,169 741,078 1329,127
Population
Frequency”* (1134,234.9, (803,610.1, (656,553.3, (1213,173.2,
1378,462.1) 1006,728.2) 825,601.9) 1445,081.1)
Female* 49.3 (45.9, 54.7 (51.5, 60.4 (56.4, 54.1 (51.1,
52.7) 57.8) 64.3) 57.1)
Age*
18-44 60.6 (56.9, 50.9 (47.0, 38.6 (35.0, 45.1 (41.8,
64.3) 54.8) 42.3) 48.4)
45-64 29.7 (26.5, 32.9 (29.7, 40.9 (36.9, 36.8 (34.0,
33.0) 36.1) 44.9) 39.8)
65-74 6.6 (5.2, 8.2) 9.5(7.7, 15.0 (12.6, 11.6 (9.9,
11.6) 17.8) 13.5)
>75 3.1(2.2,4.4) 6.7 (5.2, 5.5 (4.0, 6.5 (5.2, 8.0)
8.6) 7.4)
Married* 80.4 (77.8, 65.8 (62.5, 68.1 (64.4, 69.2 (66.6,
82.7) 69.0) 71.7) 71.7)
Education™
< High 5.2 (3.7,7.0) 11.1 (8.5, 4.3 (3.0, 15.4 (13.1,
School 14.2) 6.0) 17.9)
High 10.8 (8.9, 15.9 (12.7, 15.2 (12.3, 19.6 (17.0,
School/GED 13.0) 19.6) 18.6) 22.3)
Some 6.0 (4.4,7.8) 9.2(7.3, 16.5 (13.7, 11.0 (9.2,
College 11.3) 19.6) 12.9)
> College 77.9 (74.5, 62.8 (58.4, 63.6 (59.6, 53.2 (49.9,
81.0) 67.0) 67.4) 56.5)
Annual Income*
< $34,999 14.3(12.2, 29.9 (26.7, 15.2 (12.8, 27.4 (24.5,
16.7) 33.3) 17.8) 30.4)
$35,000 - 19.2 (16.7, 18.1 (15.4, 22.4 (19.3, 27.2(24.7,
$74,999 21.9) 20.9) 25.6) 29.8)
$75,000 - 12.5(10.5, 8.5 (6.8, 13.9 (11.6, 8.9(7.3,
$99,999 14.6) 10.4) 16.5) 10.7)
> 44.2 (40.6, 32.3 (28.6, 39.3(35.2, 26.7 (23.8,
$100,000 47.8) 36.1) 43.5) 29.9)
Health Insurance”
Private 16.1 (13.7, 29.3 (25.3, 31.5 (27.5, 33.1(29.9,
18.8) 33.5) 35.7) 36.4)
Public 77.8 (74.7, 63.4 (59.1, 59.2 (55.0, 56.2 (53.1,
80.6) 67.6) 63.4) 59.3)
Uninsured 6.0 (4.5,7.7) 6.5 (5.0, 8.2 (6.0, 10.3 (8.5,
8.4) 11.0) 12.2)
CV Risks
Diabetes 12.1 (9.9, 4.8 (3.6, 11.7 (9.2, 9.9 (8.4,
Mellitus* 14.5) 6.3) 14.5) 11.6)
High 28.1 (25.0, 21.3 (19.0, 30.5 (27.3, 27.8 (25.5,
Cholesterol* 31.4) 23.7) 33.8) 30.2)
Hypertension* 24.8 (22.1, 19.5(17.3, 33.7 (30.5, 23.8 (21.9,
27.6) 21.8) 37.1) 25.8)
Obesity* 26.3 (23.5, 10.7 (8.7, 24.8 (20.9, 17.0 (14.9,
29.1) 13.0) 29.0) 19.3)
Sufficient 55.6 (52.5, 51.3 (47.8, 47.2 (42.5, 47.5 (44.2,
Physical 58.7) 54.9) 51.9) 50.8)
Activity'
Tobacco Use* 3.9 (2.9,5.0) 6.2 (4.6, 8.1 (6.0, 10.3 (8.6,
8.1) 10.7) 12.1)
US Citizen* 52.4 (48.5, 57.1 (53.3, 73.5 (69.9, 66.0 (63.0,
56.4) 60.9) 76.8) 69.0)
Years in the US*
< 5 years 19.8 (17.2, 16.6 (14.0, 8.0 (5.7, 11.1 (9.3,
22.7) 19.4) 10.8) 13.1)
5-15years  30.8 (28.1, 25.5 (22.5, 24.1 (20.1, 19.8 (17.5,
33.7) 28.6) 28.5) 22.2)
>15years  49.3 (45.6, 58.0 (54.4, 67.9 (63.7, 69.1 (66.2,
53.0) 61.5) 71.9) 71.9)
English proficiency*
Notatall/ 7.4(5.8,9.4) 29.5 (25.3, 4.6 (3.1, 29.3 (26.2,
not well 33.9) 6.6)) 32.6)
Well/very 92.6 (90.6, 70.5 (66.1, 95.4 (93.4, 70.7 (67.4,
well 94.2) 74.7) 96.9) 73.8)

Note: “Other Asian” refers to Japanese, Korean, Vietnamese, and other Asian
respondents. Proportions for each Asian subgroup may not add up to 100% due
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to rounding.
Abbreviation: 95% CI: 95% Confidence Interval, CV: Cardiovascular.

" denotes Rao-Scott chi-square test is significant at p < 0.01.

f denotes Rao-Scott chi-square test is significant at p < 0.05.

¥ CV risk factor prevalence were age-standardized by direct method to the
2010 US standard population.

data for the three largest Asian subgroups in the United States, so we are
unable to make further comparisons among other Asians including
Japanese, Koreans, and Vietnamese where the association between CV
risk and acculturation remains poorly characterized. We acknowledge
that while Asian subgroup-stratified analyses were secondary and
intended to be hypothesis-generating, there is a possibility of type I error
in our study. To address this, we used a Bonferroni correction and found
that some findings were still significant.

One potential source of bias in our novel summative acculturation
index is the inclusion of citizenship status. In a sensitivity analysis using
an acculturation score without inclusion of citizenship status, our results
demonstrated even stronger associations between acculturation and CV
risk. In bivariable, age-standardized analyses, high vs. low acculturation
was associated with increased age-standardized obesity prevalence
among Filipino immigrant adults and age-standardized sufficient phys-
ical activity prevalence among both Asian Indian and other Asian
immigrant adults. We also found consistent and stronger associations in
multivariable logistic regression results (Supplemental Table). After we
removed citizenship status, high vs. low acculturation was associated
with greater odds of hypertension among Chinese immigrant adults and
greater odds of sufficient physical activity and tobacco use among other
Asian immigrant adults. These results support the use of a summative
score to assess the impact of acculturation factors. Future studies should
explore the specific pathways of citizenship on the heterogeneous as-
sociations between acculturation and CV risk by Asian subgroups.

Acculturation is a multidimensional process that accounts for various
domains of behavioral, cognitive, and emotional adaptive functioning
[34]. Due to the limited variables available in the NHIS and our
cross-sectional study design, it is difficult to capture the complex nature
of individual cultural adaptation processes or how one engages with the
various types of acculturation strategies (assimilation, separation, inte-
gration, and marginalization) directly and longitudinally [35]. There
has been scarce research on enculturation, the process of learning of
one’s own culture, and associations with any CV risk factors among the
Asian American population. Furthermore, NHIS evaluates a participant
at a single time point without long-term follow up of respondents. Since
acculturation is a fluid and dynamic process, this survey cannot capture
changes that may occur over time, such as improvement in English
proficiency [36]. One strength of our index is that it assesses the
multifactorial effect of immigration to the US based on previous mea-
sures of acculturation level (e.g., duration living in the US and English
proficiency level). Sensitivity analyses with each individual accultura-
tion variable reflected similar trends as our summative acculturation
index (results not shown). We acknowledge that studying the complex
process of acculturation requires more granular information we lack in
the NHIS but studied elsewhere, including but not limited to diet [37],
religion [38], social networks [39], generational status, and cultural
practices [40]. Our acculturation index also assumes a linear progres-
sion (low to high acculturation), whereas other scales, such as the
Suinn-Lew Asian Self-Identity Acculturation Scale, Short Acculturation
Scale for Korean Americans, and Short Acculturation Scale for Filipino
Americans, may capture more culturally-specific acculturation states
(traditional, bicultural, and acculturated) [41]. While these more
ethnically-specific models may more accurately capture the accultura-
tion process, they need to be expanded to include the many Asian sub-
groups living in the United States.
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Fig. 2. Age-standardized distribution of CV risk factors across acculturation levels in the National Health Interview Survey, 2014-2018. “Other Asian”
refers to Japanese, Korean, Vietnamese, and other Asian respondents. *denotes a Rao-Scott chi-square significant p-value <0.05. Acculturation remained significantly
associated with sufficient physical activity levels among Chinese immigrant adults under Bonferroni correction.

5. Conclusion

This study highlights that significant heterogeneity exists among
Asian subgroups in the association between acculturation level and CV
risk. We demonstrate the need for both more research and oversampling
of Asian respondents in the NHIS to better understand why these dif-
ferences exist and to develop ethnic-specific acculturation models that
can be applied to inform targeted and culturally specific interventions
that lead to improvements in CV risk factor profiles.
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Table 2
High vs. low acculturation by Asian subgroups for each CV risk factor, NHIS
2014-2018.

Model 1 OR Model 2 OR Model 3" OR
(95% CI) (95% CI) (95% CI)
Diabetes Mellitus
Asian Indian’ 1.07 (0.66, 1.16 (0.69, 1.16 (0.69, 1.97)
1.75) 1.95)
Chinese 0.60 (0.32, 0.70 (0.33, 0.70 (0.32,1.52)
1.12) 1.48)
Filipino 1.14 (0.65, 0.94 (0.53, 1.02(0.58, 1.80)
2.02) 1.69)
Other Asian 0.80 (0.54, 1.11 (0.71, 1.12(0.72,1.75)
1.18) 1.73)
High Cholesterol
Asian Indian 1.63 (1.17, 1.58 (1.11, 1.57(1.11,2.37)
2.28)* 2.23)*
Chinese 1.22 (0.87, 1.07 (0.71, 1.09(0.72,1.63)
1.70) 1.60)
Filipino 1.69 (1.14, 1.44 (0.96, 1.43(0.94, 2.16)
2.50)* 2.18)
Other Asian 1.48 (1.13, 1.47 (1.09, 1.48(1.10,2.01)
1.95)* 1.99)*
Hypertension
Asian Indian 1.14 (0.80, 1.14 (0.77, 1.14(0.76, 1.69)
1.62) 1.70)
Chinese 1.23 (0.84, 1.35 (0.87, 1.36(0.88,2.10)
1.81) 2.09)
Filipino 0.96 (0.65, 0.88 (0.57, 0.93(0.61,1.44)
1.43) 1.35)
Other Asian 0.86 (0.63, 1.03 (0.73, 1.03(0.73, 1.46)
1.20) 1.46)
Obesity
Asian Indian 0.85 (0.61, 0.92 (0.65, 0.92(0.64, 1.30)
1.18) 1.31)
Chinese 0.97 (0.61, 1.16 (0.72, 1.17(0.73,1.88)
1.53) 1.85)
Filipino 1.59 (1.08, 1.62 (1.07, 1.62(1.07, 2.45)
2.33)* 2.43)*
Other Asian 1.05 (0.77, 1.21 (0.89, 1.24(0.91,1.70)
1.44) 1.65)
Sufficient Physical
Activity
Asian Indian 1.11 (0.81, 0.96 (0.69, 0.96 (0.69, 1.33)
1.51) 1.32)
Chinese 1.93 (1.37, 1.54 (1.08, 1.54(1.09, 2.19)
2.70)"* 2.19)*
Filipino 1.67 (1.18, 1.57 (1.09, 1.58(1.10, 2.27)
2.38)* 2.25)*
Other Asian 1.43 (1.13, 1.16 (0.91, 1.18(0.92, 1.50)
1.82)* 1.49)
Tobacco Use
Asian Indian’ 0.62 (0.32, 0.65 (0.32, 0.65(0.33,1.29)
1.21) 1.29)
Chinese 0.64 (0.37, 1.09 (0.57, 1.12(0.59, 2.10)
1.13) 2.08)
Filipino 1.40 (0.67, 1.29 (0.60, 1.37(0.64, 2.93)
2.92) 2.81)
Other Asian 0.99 (0.67, 1.32 (0.86, 1.30(0.86, 1.98)
1.48) 2.03)

Note: “Other Asian” refers to Japanese, Korean, Vietnamese, and other Asian
respondents. OR: Odds ratio.
CI: Confidence interval.
Model 1: CV risk factor ~ acculturation + age + sex.
Model 2: Model 1 + education + income + marital status + insurance status +
seen a general doctor in the past 12 months.
Model 3: Model 2 + tobacco use + physical activity.

* denotes significant p-value<0.05.

" denotes significant p-value under Bonferroni correction.

f denotes a stratified sample size with insufficient power based on recom-
mendations for analyzing the NHIS data [24].

# When modeling tobacco use or physical activity as the outcome, we omitted
it as a covariate in that model.
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