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Abstract

Differences by nativity status for cardiovascular disease (CVD) risk factors have been previously 

reported. Recent research has focused on understanding how other acculturation factors, such as 

length of residence, affect health behaviors and outcomes. This study examines the association 

between CVD risk factors and nativity/length of US residence. Using cross-sectional data from 

15,965 adults in the 2011–2016 National Health and Nutrition Examination Surveys (analyzed in 

2018), prevalence ratios and predicted marginals from logistic regression models are used to 

estimate associations of CVD risk factors (i.e., hypertension, hypercholesterolemia, diabetes, 

overweight/obesity and smoking) with nativity/length of residence (< 15 years, ≥15 years) in the 

US. In sex-, age-, education- and race and Hispanic origin- adjusted analyses, a higher percentage 

of US (50 states and District of Columbia) born adults (86.4%) had ≥1 CVD risk factor compared 

to non-US born residents in the US < 15 years (80.1%) but not ≥15 years (85.1%). Compared to 

US born counterparts, regardless of length of residence, hypertension overall and smoking among 

non-Hispanic white and Hispanic adults were lower among non-US born residents. Overweight/

obesity overall and diabetes among Hispanic adults were lower among non-US born residents in 

the US < 15 years. In contrast, non-US born non-Hispanic Asian residents in the US < 15 years 

had higher prevalence of diabetes. Non-US born adults were less likely to have most CVD risk 

factors compared to US born adults regardless of length of residence, although, for smoking and 

diabetes this pattern differed by race and Hispanic origin.
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1. Introduction

Heart disease remains the leading cause of death in the United States (Kochanek et al., 

2017). Many cardiovascular disease (CVD) risk factors, such as high blood pressure, high 

cholesterol, diabetes, overweight and obesity, and cigarette smoking are either preventable or 

modifiable (World Heart Federation, n.d.). Approximately 32% of US adults have 

hypertension (Fryar et al., 2017), 29% have hypercholesterolemia (National Center for 

Health Statistics, 2018), 14% have diabetes (Mendola et al., 2018), 72% are overweight or 

have obesity (National Center for Health Statistics, 2018), and 14% smoke cigarettes (Clarke 

and Schiller, 2019). The American Heart Association has projected that CVD prevalence and 

the resulting healthcare costs will increase substantially by 2030 (Heidenreich et al., 2011).

One of the Healthy People 2020 objectives is to achieve health equity, eliminate disparities, 

and improve the health of all groups (U. S. Department of Health and Human Services, 

2010). By 2030, the US foreign-born population is projected to increase to 16%, up from 

13% in 2014, representing a significant and increasing segment of the US population (Colby 

and Ortman, 2014). In addition to sex and race-ethnic origin (Ford, 2013; Fryar et al., 2010; 

Pool et al., 2017; Kurian and Cardarelli, 2007; Mosca et al., 2011), differences in CVD 

burden also have been reported by nativity status (Huh et al., 2008; Lariscy et al., 2013; 

Akbulut-Yuksel and Kugler, 2016; Ford et al., 2016). Several of these studies comparing US 

and non-US born adults, primarily in Hispanic or Asian populations, have found that birth in 

the US conveys greater risk of chronic conditions. Although studies of CVD risk factors and 

nativity status have been published, more recent research has focused on understanding how 

other acculturation factors, such as length of residence, affect health behaviors and outcomes 

(Rodriguez et al., 2012; Yi et al., 2014; Kershaw et al., 2016; Bharmal et al., 2015; Albrecht 

et al., 2013).

In this study, nationally representative data are used to examine the association between 

CVD risk factors and nativity status (US born in 50 states or District of Columbia vs non-US 

born) disaggregating non-US born residents by length of residence in the US, a commonly 

used proxy of acculturation. It examines whether these associations differ by race and 

Hispanic origin groups. The predicted prevalence of CVD risk factors (hypertension, 

hypercholesterolemia, diabetes, overweight or obesity, and cigarette smoking) by nativity/

length of US residence is presented.

2. Methods

We analyzed data from the National Health and Nutrition Examination Survey (NHANES), 

a complex, multistage, probability survey conducted by the National Center for Health 

Statistics (NCHS). NHANES consists of nationally representative samples of the US 

civilian, non-institutionalized population. Participants in NHANES complete interviews in 

the home, and physical assessments, including collection of blood samples and measurement 

of blood pressure, weight, and height in a mobile examination center (MEC). NHANES was 

approved by the NCHS Research Ethics Review Board and written informed consent was 

obtained from adult participants. Interview and examination procedures have been 
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previously described (Centers for Disease Control and Prevention. National Center for 

Health Statistics, 2019).

NHANES has been in the field continuously since 1999 and data are released in two-year 

cycles. Data from three 2-year cycles (2011–2012, 2013–2014 and 2015–2016) (Centers for 

Disease Control and Prevention. National Center for Health Statistics, 2019) were combined 

for this analysis in order to produce statistically reliable estimates for subgroups. In 2011–

2016, oversampling was done for the non-Hispanic black, non-Hispanic Asian, and Hispanic 

population, as well as for other groups. The final cumulative examination response rate for 

adults aged ≥20 years was 64.5% in 2011–2012, 63.7% in 2013–2014, and 54.8% in 2015–

2016.

This study was limited to adults aged ≥20 years (n = 15,965) who participated in both the 

home interview and MEC examination. We excluded pregnant women (n = 192), and 

persons with missing information on their place of birth (n = 10) or length of US residence 

(n = 205). An additional 9 persons with missing education were excluded.

2.1. Outcome variables

The outcome variables include five traditional CVD risk factors: hypertension, 

hypercholesterolemia, diabetes, overweight or obesity, and cigarette smoking.

Hypertension was defined using the 2017 ACC/AHA guidelines (Cifu and Davis, 2017) as 

having at least one of the following conditions: systolic blood pressure (BP) of 130 mmHg 

or greater, or a diastolic BP of 80 mmHg or greater, or self-reported current use of a 

hypertension medication based on an affirmative response to a question asking whether the 

participant was currently taking blood pressure medication because of a doctor’s diagnosis. 

A maximum of three BP readings collected on the same day were obtained by examiners: 

the mean of these recorded values was used to represent the participants’ systolic and 

diastolic BP.

Hypercholesterolemia (high cholesterol) was defined as serum total cholesterol ≥240 mg/dL 

or self-reported current use of cholesterol-lowering medication.

Diabetes was defined as having a measured blood glycohemoglobin (A1c) ≥6.5 mg/dL or a 

positive response to the question “Have you ever been told by a doctor or health professional 

that you have diabetes or sugar diabetes?” Women with gestational diabetes were excluded.

Overweight or Obesity was determined using body mass index (BMI) cutoffs. BMI is 

calculated as measured weight in kilograms divided by measured height in meters squared 

(kg/m2) rounded to the nearest tenth. Overweight or obesity was defined as a BMI ≥25.

Cigarette Smoking was defined as a positive response to the question “Have you smoked at 

least 100 cigarettes in your entire life? and also reported smoking every day or some days to 

the question “Do you now smoke cigarettes?”.
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2.2. Independent variables

The key independent variable was nativity, which for non-US born was categorized by 

length of US residence. Nativity/length of US residence was defined based on self-report. 

US born was defined as being born in one of the 50 US states or the District of Columbia 

and all others, including those born in the US territories, were defined as non-US born. 

Those born in US territories (< 1% unweighted) are included in the “others” country of birth 

category (DMDBORN4) on the NHANES public release data files. Non-US born was 

categorized by length of residence in the US (i.e., the number of years non-US born 

participants have lived in the United States). NHANES computed years of residence for 

those who were born outside the U.S. based on their self-reported month and year when they 

came to the U.S. to live. Due to sample size constraints, length of residence was categorized 

as < 15 years and ≥15 years. Previous studies have used similar categories for length of 

residence with at least the ≥15 year cut point to study CVD risk factors (Bharmal et al., 

2015; Koya and Egede, 2007; Krueger et al., 2014). Therefore, nativity/length of US 
residence was categorized as US born, non-US born < 15 years, and non-US born ≥15 years.

A sensitivity analysis in which a second acculturation variable, self-reported usual language 

spoken at home (other language vs English), added to the fully adjusted models was also 

conducted.

2.3. Covariates

Demographic characteristics were assessed as covariates. Age, sex, and race and Hispanic 

origin were included because previous studies have shown variation in CVD risk factors by 

these demographics (Ford, 2013; Kurian and Cardarelli, 2007; Mosca et al., 2011). Age in 

years was categorized into 3 groups: 20–39, 40–59, and 60 and over. Race and Hispanic 

origin was self-reported during the home interview and classified as non-Hispanic white, 

non-Hispanic black, non-Hispanic Asian, and Hispanic. Participants who reported other race 

(including multiple races) were included in total estimates but were not reported separately. 

Education, a measure of socioeconomic status, was also included as a covariate. Education 

was categorized into 3 groups: High school diploma or less, some college, and college 

graduate. Because of small sample sizes for some subgroup analyses and statistical power 

concerns, no additional covariates were added.

2.4. Statistical analyses

First, demographic characteristics of US and non-US born residents in the US ≥15 years or < 

15 years were compared using chi-square tests for categorical variables and t-tests for 

continuous variables. Next, weighted logistic regression models were created for each CVD 

risk factor separately or for having one or more CVD risk factors. Because previous research 

has shown that the association between nativity status and health outcomes differs by race 

and Hispanic origin (Pool et al., 2017; Kurian and Cardarelli, 2007), an interaction term 

between nativity/length of residence and race and Hispanic origin was modeled for each 

outcome with age, sex, and race and Hispanic origin in the model. The interaction term was 

significant in the models for diabetes (p = 0.045) and smoking (p = 0.036). Consequently, 

the models and figures for these two outcomes are presented stratified by race and Hispanic 

origin. Age-, sex-, education- and race and Hispanic origin-adjusted prevalence estimates for 
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hypertension, hypercholesterolemia, overweight/obesity and ≥1 CVD risk factor were 

obtained from predicted marginals. Age-, sex-, and education adjusted predicted prevalence 

estimates were obtained for race and Hispanic origin specific diabetes and smoking risk 

factors. Finally, adjusted prevalence ratios (Bieler et al., 2010) from the logistic regression 

models are presented to assess the relationship between nativity/length of US residence and 

each CVD risk factor.

Taylor series linearization was used to estimate standard errors (SE). Effective sample size, 

absolute and relative CI widths, and degrees of freedom were evaluated to determine the 

reliability of estimates (Parker et al., 2017). NHANES examination sample weights, which 

take into account unequal probabilities of selection resulting from the sample design, 

nonresponse (from screener to interview and from interview to examination), and 

noncoverage were used to obtain estimates (Chen et al., 2018). All statistical testing was 

performed using an α-level of 0.05, denoting significance. Analyses were conducted using 

SAS (version 9.4; SAS Institute) and SUDAAN (version 11.0; RTI International).

3. Results

This analysis includes data for 11,111 US born and 4854 non-US born adults from 

NHANES 2011–2016. Table 1 shows the sample sizes and weighted distribution of 

demographic characteristics among adults 20 years and over according to nativity/length of 

residence. There were differences in the distribution of age, race and Hispanic origin, and 

education. On average, non-US born adults in the US < 15 years were younger (37.9 years) 

than US born adults (48.4 years) and non-US born adults in the US ≥15 years (50.4 years). 

Non-US born adults in the US ≥15 or < 15 years were largely comprised of Hispanic 

(47.9%, SE 3.1; 48.4%, SE 3.7, respectively) and non-Hispanic Asian (25.3%, SE 2.6; 

30.5%, SE 3.1) adults. Almost one-half of non-US born adults, regardless of length of 

residence, had a high diploma or less. US born adults were majority non-Hispanic white 

(76.8%, SE 1.9). There were no significant differences in the distribution of sex by nativity/

length of residence.

The unadjusted and adjusted predicted prevalence of hypertension, hypercholesterolemia, 

diabetes, overweight/obesity, cigarette smoking, and having ≥1 CVD risk factor by nativity/

length of residence are shown in Table 2. During 2011–2016, the unadjusted prevalence of 

hypertension (27.4% vs. 48.9%), hypercholesterolemia (16.4% vs. 30.9%), overweight/

obesity (60.6% vs. 71.5%) and having one or more of 5 CVD risk factors (72.8% vs. 86.8%) 

was lower among non-US born adults living in the US < 15 years than US born adults. 

When adjusted for age, sex, education, and race and Hispanic origin, the prevalence of 

hypertension (38.3%, 43.1% vs. 48.5%, respectively) and overweight/ obesity (65.6%, 

67.8% vs. 71.1%) was lower among non-US born adults, regardless of length of residence, 

compared with US born adults. There were no significant differences observed between non-

US born and US born adults in the adjusted prevalence of hypercholesterolemia. Overall, the 

adjusted prevalence of having one or more of the five CVD risk factors was lower among 

non-US born living in the US < 15 years(80.1%) than those born in the US (86.4%). There 

was no significant difference in having ≥1 CVD risk factors between US and non-US born 

adults living in the US ≥15 years (85.1%).
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The nativity/length of residence and race and Hispanic origin interaction term was 

significant for diabetes and cigarette smoking, suggesting that these findings vary by race 

and Hispanic origin. Table 2 and the figure panels show the age-, sex-, and education- 

adjusted predicted prevalence of diabetes and smoking by nativity/length of residence, 

stratified by race and Hispanic origin. Among non-Hispanic white and Hispanic adults, the 

prevalence of diabetes decreased as acculturation decreased. In contrast, among non-

Hispanic Asian adults, the prevalence of diabetes increased as acculturation decreased. Non-

US born Asian adults had similar prevalence of diabetes regardless of length of residence 

(14.5%, 15.4%). Among non-US born non-Hispanic black and Hispanic adults the 

prevalence of cigarette smoking decreased as acculturation decreased. Among non-Hispanic 

white and Asian adults, no significant difference was observed between US born and non-

US born in cigarette smoking (Fig. 1).

Table 3 provides unadjusted and adjusted prevalence ratios for having each CVD risk factor 

by nativity/length of residence. Compared to US born adults, the unadjusted prevalence ratio 

of hypertension was lower for non-US born adults living in the US < 15 years (PR = 0.56, 

95% CI 0.50–0.62). In models adjusted for sex, age, education, and race and Hispanic 

origin, non-US born adults had a lower prevalence ratio of hypertension regardless of length 

of residence in the US [≥15 years (PR = 0.89, 95% CI 0.83–0.96); < 15 years (PR = 0.79, 

95% CI0.72–0.87)].

Compared to US born adults, the unadjusted prevalence ratio of hypercholesterolemia was 

lower for non-US born adults living in the US < 15 years (PR = 0.53, 95% CI 0.47–0.60). In 

models adjusted for sex, age, education, and race and Hispanic origin, no significant 

difference was observed between non-US born adults, regardless of US length of residence, 

and their US born counterparts.

The unadjusted prevalence ratio of being overweight or having obesity was lower among 

non-US born adults living in the US < 15 years (PR = 0.85, 95% CI 0.80–0.90) compared to 

those born in the US. In models adjusted for sex, age, education, and race and Hispanic 

origin, non-US born adults living in the US < 15 years had a lower prevalence ratio of being 

overweight or having obesity (PR = 0.92, 95% CI 0.88–0.97) compared to US born adults.

The unadjusted prevalence ratio of having one or more CVD risk factors was lower among 

non-US born adults living in the US < 15 years (PR = 0.84, 95% CI 0.80–0.88) compared to 

those born in the US. In models adjusted for sex, age, education, and race and Hispanic 

origin, only non-US born adults living in the US < 15 years had a lower prevalence ratio of 

having one or more CVD risk factors (PR = 0.93, 95% CI 0.90–0.96) compared to US born 

adults.

Compared to their US born counterparts, the unadjusted prevalence ratio of diabetes was 

lower for non-US born non-Hispanic white (PR = 0.26, 95% CI 0.09–0.78) and Hispanic 

(PR = 0.57, 95% CI0.40–0.79) adults living in the US < 15 years. In contrast, the unadjusted 

prevalence was higher for non-US born Asian adults, regardless of length of US residence 

[≥15 years (PR = 3.18, 95% CI1.93–5.22); < 15 years (PR = 1.91, 95% CI 1.17–3.11)]. The 

unadjusted prevalence also was higher in non-US born Hispanic adults living in the US ≥15 
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years (PR = 1.38, 95% CI 1.16–1.64). In models adjusted for sex, age, and education only 

non-US born non-Hispanic white adults (PR = 0.62, 95% CI 0.39–0.98) in the US ≥15 years 

and non-US born Hispanics adults (PR = 0.67, 95% CI 0.50–0.89) in the US < 15 years had 

a lower prevalence ratio of diabetes. Non-Hispanic Asian adults living in the US < 15 years 

had a higher prevalence ratio of diabetes (PR = 1.63, 95% CI 1.06–2.51).

Both the unadjusted and adjusted prevalence ratios for cigarette smoking were lower among 

non-US born non-Hispanic black and Hispanic adults regardless of length of time in the US, 

compared to their US born counterparts. No significant difference for cigarette smoking was 

observed between non-US born non-Hispanic white and Asian adults, regardless of length of 

residence in the US, and their US born counterparts.

In sensitivity analyses with usual language spoken in the home in the model (English vs. 

non-English), results did not change for hypercholesterolemia, hypertension, overweight/

obesity and smoking. For diabetes among non-US born Hispanics residing in the US ≥15 

years, results became significant (change in PR from 0.87, 95% CI0.74–1.02 to 0.80, 95% 

CI 0.66–0.96) (data not shown).

4. Discussion

In 2011–2016, non-US born adults were less likely to have individual CVD risk factors 

compared to their US born counterparts. The one exception, non-US born Asian adults in the 

US < 15 years were more likely to have diabetes than their US born counterparts. Length of 

residence in the US impacted the likelihood of having 1 or more CVD risk factors; non-US 

born adults in the US ≥15 years had the same risk as those born in the US while those in the 

US < 15 years were less likely to have 1 or more risk factors. Adjustment for age, sex, 

education, and race and Hispanic origin impacted the prevalence of hypercholesterolemia, 

where there was no longer a difference between non-US and US born adults. Adjustment for 

demographic characteristics also resulted in differences in hypertension between US and 

non-US born adults who lived in the US ≥15 years that were not observed before 

adjustment.

Demographic differences by age, sex, and race/ethnicity, and nativity status exist in CVD 

outcomes.(Pool et al., 2017; Kurian and Cardarelli, 2007; Mosca et al., 2011; Huh et al., 

2008; Lariscy et al., 2013; Akbulut-Yuksel and Kugler, 2016; Ford et al., 2016) We show 

that non-US born adults in the US < 15 years tend to be younger than US born adults. The 

distribution of the US population by nativity/length of US residence also varied by race-

Hispanic origin. There are more non-Hispanic white and black US born adults and more 

non-Hispanic Asian and Hispanic non-US born adults. Hispanic and Asian Americans are 

two of the fastest growing racial-ethnic groups in the US. While the increase in the Hispanic 

population has been primarily attributed to an increased birth rate in the US, the growth in 

the Asian American population has been primarily from immigration (Brown, 2014). 

Nevertheless, the interaction between nativity/length of US residence and race-Hispanic 

origin was only significant in models for diabetes and smoking, suggesting that the 

relationship between nativity/length of US residence and hypertension, 

hypercholesterolemia, and overweight/obesity does not vary by race-Hispanic origin.
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Our results are generally consistent with other studies that have reported that non-US born 

persons are less likely to have most cardiovascular risk factors compared to their US 

counterparts (Wade et al., 2013; Echeverria et al., 2017; Baluja et al., 2003). However, 

previous studies of nativity/length of residence and some CVD risk factors have focused on 

one race/ethnic group (Rodriguez et al., 2012; Kershaw et al., 2016; Echeverria et al., 2017; 

O’Brien et al., 2014). For example, a previous study using NHANES 2011–2014 data 

examined diabetes, obesity, and smoking among US born and non-US born non-Hispanic 

Asian adults compared to non-Hispanic white adults. In that study, diabetes and obesity 

increased with longer length of residence in the US. However, that study only focused on 

three CVD risks among non-US born and US born Asians compared to US born whites only 

(Echeverria et al., 2017). Another study using NHANES 2007–2010 data examined nativity, 

language spoken at home, and duration of US residence and concluded that those measures 

were associated with higher risk of diabetes among US Latinos (O’Brien et al., 2014). Our 

study reports on more recent data, includes five CVD risk factors, and includes the entire US 

civilian, non-institutionalized adult population adjusting for or stratifying by race and 

Hispanic origin.

There are limitations of our study. First, the data are cross-sectional and inferences cannot be 

made about causal associations. Second, there were not enough data to examine individual 

countries or regions among those who were non-US born. Finally, sample sizes may not 

have been large enough to determine differences in subgroup comparisons when one indeed 

did exist.

In conclusion, non-US born adults were less likely to have most CVD risk factors compared 

to US born counterparts, regardless of length of US residence, although for smoking and 

diabetes this pattern differed by race and Hispanic origin.
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Fig. 1. 
Adjusted predicted prevalence of diabetes (panel A) and cigarette smoking (panel B) among 

adults 20 years and over by nativity/length of US residence and race and Hispanic origin, 

United States, 2011–2016.

Diabetes is defined as a self-reported physician’s diagnosis of diabetes or having a measured 

blood glycohemoglobin (A1c) ≥6.5 mg/dL. Cigarette Smoking is defined as self-reported 

ever smoking at least 100 cigarettes and currently smoking every day or some days.
aSignificant decreasing trend from most acculturated (US born) to least acculturated (non-

US born < 15 years). p < 0.05.
bSignificant increasing trend from most acculturated (US born) to least acculturated (non-

US born < 15 years). p < 0.05.

Note: NH indicates non-Hispanic; prevalence estimates are from age, sex and education 

adjusted predicted marginals from logistic regression. Covariate reference groups in models 

were age (20–39 years), sex (female), and education (college graduate).

Source: National Health and Nutrition Examination Survey
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