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Nativity, Immigration, and Cardiovascular Health in Older Mexican-origin Adults 

Tu My To 

 

Abstract 

Immigrants in the United States make up 13% of the total population and have been a critical 

component in the country’s population growth. Previous studies have shown that immigrants 

tend to perform better in overall mortality and other health conditions, a phenomenon commonly 

known as the healthy immigrant effect. However, the growing literature on immigrant health has 

been primarily cross-sectional. A longitudinal perspective is needed, particularly since age of 

immigration or duration of stay in the receiving country can influence risk factors for adverse 

health conditions. Mexico is the most common country of origin for immigrants, and Hispanic 

adults carry significant cardiovascular burden due to their high levels of cardiovascular risk 

factors.  

 This dissertation focuses on two particular risk factors: low density lipoprotein 

cholesterol (LDL-C) and blood pressure, which are both strongly associated with myocardial 

infarction (MI) and stroke. In the first two chapters, a variable for immigration history is used 

and incorporates both nativity and age of immigration. The first chapter examines the role of 

immigration history on longitudinal changes in elevated LDL-C. The second chapter evaluates 

how immigration history affects trajectories of systolic blood pressure over time. Analyses also 

examine the associations between immigration history, LDL-C, and systolic blood pressure with 

MI/stroke. Chapter 3 extends the work of Chapter 2 by assessing the differences by nativity 

status in systolic and diastolic blood pressure trajectories before and after MI/stroke.  



 vi 

 Analyses used data from the Sacramento Area Latino Study on Aging, a cohort study of 

community-dwelling older adults of Mexican-origin. Mixed effects and Cox proportional 

hazards models were used to address the research questions. Results indicate that participants 

born outside the United States and immigrated in later adulthood (i.e. after age 20) had poorer 

cardiovascular risk factors over time: they were more likely to have elevated LDL-C and had a 

faster rate of increase in systolic blood pressure. While risk of incident MI/stroke did not differ 

between each group of immigration history, there were nativity-related differences in blood 

pressure trajectories before and after MI/stroke. These results provide evidence to reevaluate 

previous perspectives on immigrant health and the healthy immigrant effect. 
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Longitudinal changes in low density lipoprotein cholesterol and risk of cardiovascular disease: 

the influence of immigration history in a cohort of Mexican-origin older adults 
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Introduction 

An estimated 40 million immigrants live in the United States (US) and make up almost 13% of 

the total population.1 The rapidly growing immigrant population in the US may influence 

population health. In 2015, almost half of all immigrants were Hispanic; in fact, Mexico is the 

most common sending country for immigrants living in the US, though that is expected to 

change with recent shifts in immigration patterns.1,2 Prior studies, which have mainly focused on 

the Hispanic population, have reported a protective advantage against overall mortality and other 

health conditions among Hispanic immigrants when compared to US-born individuals.3–7 

Explanations for this healthy immigrant effect include, among other factors, 1) health selection: 

people who immigrate may often be wealthier, younger and healthier than those who choose to 

stay behind and 2) reverse migration: immigrants may return to their country of origin as they 

become ill, and are not counted in health estimates based in the receiving country.8–10  

In addition to the place of birth, age at migration and the duration spent in the receiving 

country are also critical components of immigrant history. Social, economic, and behavioral 

factors influence health of immigrants. Individuals who migrate in early life (i.e. before age 20) 

to a wealthier country may have greater opportunities for more education and employment and 

may better assimilate to the country compared to older migrants.11,12 As they continue to live in 

the receiving country, immigrants may adopt lifestyle behaviors that lead to changes in risk 

factors.9 In a population-based study of older Mexican-origin adults, those who immigrated to 

the US in early life experienced higher risk of cardiovascular mortality than those who migrated 

later in life.13 In another cohort study of older Mexican-origin immigrants, those who migrated to 

the US in mature adulthood (age 50 or older) had notably lower mortality risk compared to those 

who arrived in childhood (before age 18) or midlife (age 19-49).10 However, few studies have 
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simultaneously examined nativity and age at migration and their roles in cardiovascular disease 

(CVD) within the immigrant population.    

Heart disease is a leading cause of death for the Hispanic population. Previous studies on 

cardiovascular health among Hispanics have noted a cardiovascular-related mortality advantage 

that favors those of Hispanic origin compared to non-Hispanic whites (NHW).7,14–16 However, 

some findings challenge this view, showing that some Hispanics may have similar or worse 

mortality risk compared to NHW.16,17 Many of these studies tend to compare all Hispanics with 

to NHW, which may mask differences due to foreign nativity within the Hispanic population. 

There are profound differences between US- and foreign-born Hispanics, with self-reported 

prevalence of heart disease being 89% higher for US-born Hispanics.14 Few studies have 

examined longitudinal changes in CVD risk factors within immigrant populations and in 

comparison to native-born counterparts. Since age and duration of exposure to the US host 

culture are critical components of the healthy immigrant effect, a longitudinal perspective is 

important to consider when assessing how CVD risk factors may differ between native and 

foreign born individuals.  

Elevated low-density lipoprotein cholesterol (LDL-C), an important cardiovascular risk 

factor, has seldom been explored within this population.18–20 A large population-based study of 

Hispanic/Latino adults indicated that prevalence of elevated LDL-C was 36.0%.21 Notable 

differences have also been reported in mean LDL-C levels between Hispanics and non-Hispanic 

whites (around 7 mg/dL higher for Hispanic men but 2 mg/dL lower for Hispanic women 

compared to their non-Hispanic white counterparts).22 However, differences in LDL-C levels 

have not been well documented between immigrant and native born Hispanic populations. Our 

study aims to bridge this gap by integrating nativity and age of immigration in order to examine 
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their associations with elevated LDL-C levels and CVD within a longitudinal context. First, we 

will test whether immigration history (nativity and age of immigration) influences the risk of 

elevated LDL-C level over ten years of study follow-up. Second, we will assess whether 

immigration history and elevated LDL-C are each associated with risk of myocardial infarction 

(MI)/stroke. Finally, we will also determine if the risk of incident MI/stroke by immigration 

history is modified by time under follow-up. We hypothesize that participants who immigrated to 

the US at an older age will be at lower risk of both elevated LDL-C and MI/stroke compared to 

those who are US-born or immigrated at a younger age. 

 

Methods 

Study Population 

This analysis includes participants from the Sacramento Area Latino Study on Aging (SALSA). 

Details for SALSA have been published previously.23 Briefly, SALSA is a longitudinal cohort 

study of 1,789 Mexican-Americans living in California’s Sacramento Valley who were aged 58-

101 years at baseline.23 Study recruitment began in 1998-1999. Participants were followed every 

12–15 months until 2008 with home visits that included clinical, cognitive, and functional 

assessments. Participants were briefly interviewed by telephone every six months between 

annual home visits to report changes in medications, update marital and vital status, and confirm 

contact information. Fasting blood samples were collected at baseline and at follow-up visit 3-6. 

Only participants with information on nativity, age at immigration to the US, and at least 

one LDL-C measurement were included in the analyses. There were 10 people who did not 

report place of birth, 138 who were born outside the US but did not provide age at immigration 

or length of time in the US, 161 without baseline LDL-C measures and 117 lacking LDL-C 
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measures at any visit. Participants with baseline prevalent MI or stroke (n=291) or censored at 

baseline (n=51) were also excluded from analyses assessing risk of incident events. Total unique 

exclusions were 203 for analysis on odds of high LDL-C and 492 for analysis of incident 

MI/stroke. SALSA has been approved by the Institutional Review Boards at the University of 

Michigan, the Universities of California at San Francisco and Davis, and the University of North 

Carolina at Chapel Hill. 

 

Measurements 

Low-density lipoprotein cholesterol 

Fasting blood samples for LDL-C ascertainment were collected at baseline, follow-up visit (FV) 

3, FV4, FV5, and FV6. These samples were assayed using the LDL Direct Liquid Select from 

Equal diagnostics (No.7120), a homogeneous method used for directly measuring LDL-C in 

serum or plasma. Elevated LDL-C level was defined as a laboratory measurement of 130 mg/dL 

or above. The LDL-C level was dichotomized at 130 mg/dL according to standard guidelines, 

which define LDL-C ≥130 mg/dL as borderline high risk for adverse cardiovascular health.24,25 

Myocardial infarction and stroke 

Incident MI or stroke during the study was either fatal or non-fatal. Non-fatal events were 

determined by asking participants if a physician ever informed them that they had an MI or 

stroke. Fatal events were deaths where MI or stroke was listed anywhere in the death certificate. 

Mortality was ascertained using online obituary surveillance, the National Death Index, the 

Social Security Death Index, California vital statistics data, and interviews with family members 

of the deceased. Approximately 83% of deaths were reviewed using death certificates. For 

participants with both incident MI and stroke, only the earliest event was included in analyses. 
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Those who were alive at the end of the study without incident MI or stroke were censored at the 

date of last contact.  

Immigration history 

Participants were categorized as being born in the US or in Mexico/Latin America. Age at 

immigration was defined as immigration to the US before or at/after age 20 to distinguish those 

who immigrated in early life.26,27 These were integrated into an immigration history variable with 

three categories: US-born, born in Mexico/Latin America and immigrated before age 20 

(MLA<20), and born in Mexico/Latin America and immigrated at or after age 20 (MLA20+). All 

foreign-born individuals were categorized into one group as Mexico/Latin American as very few 

(i.e. less than 10%) were born outside Mexico.  

Other covariates 

Remaining covariates included baseline measurements of age in years, sex, body mass index 

(BMI, kg/m2), presence of type 2 diabetes (yes/no) and hypertension (yes/no), smoking status 

(non-, former, or current smoker), acculturation score, and years of education. Diabetes was 

defined as a self-report of physician-diagnosed diabetes, the use of insulin or oral hypoglycemic 

agents, or a fasting glucose ≥126 mg/dL. Hypertension was defined as a self-report of physician-

diagnosed hypertension, the use of antihypertensive medications, or a sitting systolic/diastolic 

blood pressure of ≥140/90 mmHg. Acculturation was quantified using the Acculturation Rating 

Scale for Mexican Americans Version II, a widely used measure of cultural orientation that 

assesses multiple dimensions of the acculturative process, including ethnic identity and co-ethnic 

social ties. In this scale, higher scores indicated greater Anglo orientation.28 Statin use (yes/no) 

was time-updated to indicate current use; this allows for report of statin use to change at each 

visit time. Time (in years) was measured as the interval between baseline enrollment and the date 
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in which the LDL-C sample was collected. Baseline physical activity was measured by asking 

participants how many hours per week they spent on 17 different kinds of activities; a summary 

score was composed by summing up these individual item scores, resulting in a possible range of 

0-51. Other covariates included baseline indicators for having access to a doctor (yes/no) and 

having health insurance (yes/no).  

 

Statistical Analyses 

ANOVA, Kruskal-Wallis, and chi-square tests were used to assess bivariate associations 

between participant characteristics and immigration history. To examine the association between 

immigration history and odds of elevated LDL-C, we used mixed effects logistic models with 

random intercepts in order to account for repeated measurements of LDL-C for each participant. 

Predictors in the base model (Model 1) consisted of immigration history, time, and the 

interaction term as a product of immigration history and time. We included the time interaction 

to determine if the association between  immigration history and elevated LDL-C varied with 

time. Baseline age and sex were added in Model 2 as potential confounders. Remaining 

covariates were added in Model 3. Using this full model, we calculated the predicted 

probabilities of elevated LDL-C across the study period for each immigration history group and 

graphically displayed the results. We also conducted sensitivity analyses with the addition of 

physical activity level, access to a regular doctor, and having health insurance in the final model. 

For analyses evaluating the association between immigration history, high LDL-C, and 

risk of incident MI/stroke, we used an extension of the Cox proportional hazards model that 

allowed for time-dependent effects. The extended Cox model was used in order to allow for 

time-dependent effects of immigration history (i.e. interaction between immigration history and 
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time), which would violate the proportional hazards assumption of the standard Cox model. 

Participants were observed from study enrollment to occurrence of an incident event (MI/stroke) 

or being censored (last date of contact or death). The base model (Model A) consisted of 

immigration history and time interaction with immigration history (the main effect of time is 

excluded in extended Cox models). Model B included baseline age and sex as potential 

confounders. Elevated baseline LDL-C and all other remaining covariates were added in the final 

model (Model C). Statin use was time-updated, allowing for survival time to depend on changing 

exposure values. All covariates were interacted with time in order to test for violation of 

proportional hazards assumption.We conducted sensitivity analyses with the addition of physical 

activity level, access to a regular doctor, having health insurance, and interaction between 

immigration history and elevated LDL-C in the final model, as well as the use of time-updated 

LDL-C (rather than using baseline LDL-C), which would assume a cross-sectional association 

between LDL-C and incident MI/stroke. To account for competing risk due to non MI/stroke-

related deaths, we also ran sensitivity analyses using Fine-Gray models to examine association 

between immigration history and incident MI/stroke while accounting for non MI/stroke-related 

deaths as a competing event. All analyses were conducted using Stata 13 (StataCorp, College 

Station, TX).  

 

Results 

Table 1 shows the baseline characteristics of the sample by immigration history. In total, there 

were 1,586 participants and almost half of these individuals were born outside the US (47.7%). 

Immigration as a young adult or an older adult were nearly equal in the Mexican/Latin 

American-born group. Mean age at enrollment did not differ by immigration history as all three 
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groups were on average 70 years old, but there were statistically significantly more females in 

the MLA20+ group compared to the MLA<20 and US-born groups. Years of education were 

highest in the US-born group, followed by the MLA<20 group. People who immigrated after age 

20 had the lowest amount of education with an average of 4.7 years. The average length of stay 

in the US was about as long for the MLA<20 group compared to the MLA20+ group. 

All three groups had high BMI (≥29 kg/m2) but the US-born were highest at mean of 

30.1 (p-value across the three groups=0.04).  Most participants (70.5%) were hypertensive at 

baseline but there was no statistically significant difference across groups. Prevalent diabetes 

was highest in the US-born group (37.5%). Medical insurance coverage and access to a regular 

doctors or health professional was lowest for the MLA20+ group. Smoking status were 

significantly different across the groups; however, percentages of current smokers were very low 

(<12% for all three groups). Baseline LDL-C was highest and baseline HDL-C lowest in the 

MLA20+ group, and the percentage of those with borderline high LDL-C was also largest in this 

group (45.3%). By the end of the study, of those who remained and had an LDL measurement 

(n=719), elevated LDL-C was highest in the US-born group (14.3%). The number of incident 

MI/stroke cases was not significantly different across the three groups.  

Table 2 presents results from the mixed logistic models examining within subject changes 

in immigration history and risk of elevated LDL-C over time. However, since immigration 

history is a predictor that does not vary within subjects, we focus on the predictors that do 

change over the course of the study – time. There is evidence that the subject-specific odds of the 

elevated LDL-C decreased over the study period (OR=0.79, 95% CI: 0.76, 0.83). Though the 

MLA<20 group appeared to be similar to the US-born group at baseline while the MLA20+ 

group was significantly different, the subject-specific changes in the odds of elevated LDL-C did 
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not depend on their immigration history (p-value for interaction>0.05 for both groups). This lack 

of statistically significant time by group interaction indicates that the trajectories of elevated 

LDL-C were not different across the groups of immigration history, though the magnitude of the 

interaction term suggests that these trajectories among the two foreign-born groups were 

protective over time. In Model 2, adjustment for covariates did not affect the associations found 

in Model 1, and neither age nor sex was significant. In the fully adjusted Model 3, the effect 

estimates remain nearly unchanged, though the association for the MLA20+ increased in 

magnitude. Other significant covariates in this model included diabetes status at baseline and 

current statin use; both covariates were associated with lower odds of elevated LDL-C. 

Sensitivity analyses with physical activity level, access to a regular doctor, and having health 

insurance showed no statistical significance for these covariates.  

We used the final model in Table 2 to calculate odds of elevated LDL-C for each group 

of immigration history after one, five, and ten years compared to the odds at baseline. As shown 

in Table 3, the odds of elevated LDL-C decreased similarly all three groups. Figure 1 depicts the 

predicted probabilities of high LDL-C over the study period for each group, calculated from the 

fully adjusted model (Model 3) in Table 2. In this figure, those who were born outside the US 

and immigrated after age 20 started with a higher probability of high LDL-C; US-born 

participants had the lowest probability. However, as time progressed, the predicted probabilities 

for all three groups converged to a similar (and lower) value as they decreased at a similar rate 

over time. Notably, the MLA<20 appeared to be most similar to the US-born group.  

Results from the extended Cox models for risk of incident MI/stroke in each of the 

immigration history groups are shown in Table 4. The magnitude of the interaction between 

immigration history and time was null and not statistically significant, indicating that time effects 
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were not different between these groups. Both foreign-born groups exhibited higher but non-

significant risk of an incident event at baseline (Model A). In Model B, the addition of baseline 

age and sex to the model did not affect the associations found in Model A. Older age was a 

significant predictor of incident MI/stroke (HR=1.05, 95% CI: 1.03, 1.07) while being female 

was protective (HR=0.70, 95% CI: 0.53, 0.91). Inclusion of the remaining covariates (Model C) 

also did not change the statistical associations found in the previous two models (though the 

direction of the effect estimate for MLA20+ changed, the association was still not statistically 

significant). Baseline LDL-C was not associated with MI/stroke. Having diabetes at baseline was 

a significant predictor for incident MI/stroke (HR=1.86, 95% CI: 1.40, 2.46) as was baseline 

hypertension (HR=1.52, 95% CI: 1.09, 2.12). The remaining covariates were not statistically 

associated with MI/stroke. Since the interaction between immigration history and time was not 

significant in all three models, the proportional hazards (PH) assumption was held for this 

predictor and the extended Cox model was not needed. PH assumption also held for other 

covariates in the model as well. In our sensitivity analyses, the addition of physical activity, 

access to a regular doctor, having health insurance, and interaction between immigration history 

and LDL-C were not significant in the final model. Results using time-updated LDL-C in the 

Cox models were also not significant and near null, suggesting no cross-sectional association 

between current LDL-C status and incident MI/stroke. Results from sensitivity analyses using 

Fine-Gray models were not different from the Cox models. 

 

Discussion 

In this population-based study of older Mexican Americans, our results show that the early life 

migrants were most similar to the US-born individuals and that odds of elevated LDL-C were 
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highest for those who immigrated after age 20. Over the course of the study period, odds of 

elevated LDL-C decreased as an effect of time. However, there was no significant evidence that 

the trajectory of elevated LDL-C was different across the groups of immigration history nor that 

foreign nativity was protective against elevated LDL-C. Statins use among participants increased 

by the end of the study (highest for MLA<20 group at 44.4%) but was not significantly different 

between the three groups. The extended Cox models indicate that neither immigration history nor 

elevated LDL were associated with greater risk of incident MI/stroke. Furthermore, these models 

also suggested that there were no time-dependent associations between immigration history and 

MI/stroke. Our study adds to the literature as it is the first, to our knowledge, to examine 

longitudinal changes in elevated LDL-C within the context of nativity and age of immigration. It 

is also unique in examining how these immigration measures relate to cardiovascular outcomes.  

The direction of the association between immigration history and elevated LDL-C in our 

results are noteworthy in that they appear to conflict with the healthy immigrant effect and 

reaffirm the need to further examine the relationship between immigration and health. There are 

several reasons that may explain the study results. According to Spallek et al., the migration 

experience should be approached through a life-course perspective, with the understanding that 

exposures occur before, during, and after migrating into the host country.29 For example, the 

migration process itself can be a stressful experience that has lasting impacts on various 

conditions, including cardiovascular risk factors. The negative effects of stress due to migration 

can permeate long after the immigrants have settled into the host country. While immigrant 

populations are characterized by factors that are protective against adverse health outcomes, such 

as having better health behaviors, they are prone to risk accumulation as a result of the poorer 

conditions they may face.30,31 A critical component of this risk accumulation includes 
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acculturative stress, where immigrants (particularly those who immigrated at an older age) often 

face difficulties in gaining employment, accessing resources such as housing or healthcare, 

adapting to a new culture, and learning a new language.32 The stress that results from this, along 

with the poorer socioeconomic conditions in which they live, can have notable impacts on their 

risk factors for chronic conditions. Therefore, our results highlight the need to reexamine the 

healthy immigrant effect, particularly among older immigrants, and how it may pertain to CVD. 

Mechanisms that characterize the healthy immigrant effect may not fully explain the patterns in 

risk factors and health outcomes among immigrant and non-immigrant populations, and our 

findings suggest that this phenomenon may not always be consistently present in all immigrant 

populations. 

The odds of elevated LDL-C declined over time, which is similar to declines in LDL-C 

levels associated with aging.33,34 Interestingly, the decrease led to a convergence in all three 

groups. Similar convergence patterns are found in the literature, although they are typically in the 

context of immigrants having worse risk factor profiles over the course of their residence in the 

host country.8,9 The characteristics of factors typically associated with elevated LDL-C are 

notable: prevalent obesity was similar in across the three groups, though presence of type 2 

diabetes was lowest in the MLA<20 group. The decline of the immigrant health advantage over 

time can result from assimilation to the culture of the host country and adoption of less healthy 

lifestyles, leading immigrants to become more similar to their US-born counterparts and non-

Hispanic whites.32 While our study shows a convergence in the positive direction, it is 

nonetheless important to understand the varying influences on immigrant health that result in 

individuals becoming more similar to non-immigrants in the host country. These results 
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underline the age-related patterns of LDL-C decline among older populations that are not 

accounted for by differences in immigration history. 

Previous literature on the association between nativity and cardiovascular health has been 

varied. Studies show that various immigrant groups have lower rates of cardiovascular events 

compared to native-born or long-term residents of the receiving country, or have lower incidence 

of coronary heart disease (CHD) compared to NHWs.31,35 However, there is evidence that 

immigration and time spent in the host country are both associated with greater risk of 

subclinical atherosclerosis.36 The lack of an association between immigration and MI/stroke in 

our study can be explained by a multitude of factors, including the race/ethnic makeup of the 

population studied, the health, social, and cultural behaviors of the participants, and the 

exposures they may face in the host country. While we see that the lipid risk profile of our 

participants changed over time according to their nativity and immigration history, this did not 

translate into higher risk for CVD. Sensitivity analyses indicate that LDL-C levels did not 

modify the association between immigration history and MI/stroke. In fact, elevated LDL-C 

itself was not associated with greater MI/stroke risk. This is consistent with evidence that finds 

the association between serum lipids (including LDL-C) and CVD to remain inconclusive, 

particularly for older adults, despite trials showing that reduction in LDL-C levels can be 

protective against cardiovascular outcomes.37–39 Indeed, emerging data suggest that lipid particle 

sizes are likely more important in ascribing CVD risk, though little data are available in 

Mexican-origin populations.40  

There are several limitations to our study. First, as we only examined adults of Mexican-

origin, our study does not capture heterogeneity in CVD risk based on race/ethnicity of various 

immigrant populations. A previous systematic review found that Chinese immigrants had 
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differing patterns of CHD incidence and short term mortality after MI compared to NHWs and 

adults of South Asian origin. Host countries can differ by the social, cultural, and economic 

barriers immigrants may face, with critical implications for health outcomes. People immigrating 

from different countries may vary widely in terms of health status and behaviors, social and 

economic characteristics, and cultural factors, resulting in important differences that affect their 

interactions and exposures within the host country. Future studies can help determine if CVD 

risks vary across all US immigrant populations. 

Second, our study population consisted of older adults, including many immigrants who 

have lived in the US for several decades. This would mean that any acculturative processes 

would have been in place, resulting in the groups being more similar to one another and to their 

US-born peers. Because our study captures the population long after they have arrived into the 

US, we are unable to accurately assess the differences in risk factors and health outcomes 

between recent immigrants, long-term immigrants, and native-born residents. Third, participants 

self-reported CVD risk factors and outcomes which might be subject to reporting bias, albeit 

validation of self-report in this cohort suggests moderate to high correlation with medical record 

review. Additionally, we did not include coronary revascularizations as part of our definition of 

incident CVD outcomes because this information was not collected. 

Our study contributes to the existing literature in a number of ways. First, the longitudinal 

nature of the study population allows us to examine changes in elevated LDL-C over time and 

determine incident cases of cardiovascular events. Our population-based cohort has been 

followed over ten years and social, biological, and health changes were captured over the course 

of the study period. Furthermore, studies on immigrant health often compare foreign-born 

populations to NHWs, which can conflate differences due to both nativity and race/ethnicity. Our 
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study population consisted of only older Hispanic adults, which allowed us to capture any 

heterogeneity in health that may be primarily due to nativity within a particular ethnic group. Our 

findings also add to the growing literature on immigrant health, which is critical as rising trends 

in immigration pose to significantly shift US population dynamics. Immigration, in particular 

from Latin America, accounts for much of the population growth in the US in the past few 

decades. The foreign-born population living in the US increased from 9.6 million in 1970 to 

nearly 45 million in 2015 and is predicted to compose 18% of the total population by 2065.2 In 

conclusion, our results highlight the heterogeneity of LDL-C changes by immigration history in a 

population of older adults primarily of Mexican-origin. Moreover, we observed no relationship 

between LDL-C and incident MI/stroke, highlighting the need to re-evaluate LDL-C as a 

singular risk factor for CVD. Overall, these findings underscore the need to better understand the 

role of CVD risk factors and health outcomes within the rapidly growing US immigrant 

populations, especially within the contexts of other social determinants of health.  
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Chapter 2 

 

Nativity and age of immigration: the association with systolic blood pressure trajectories and risk 

of cardiovascular disease 
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Introduction 

High blood pressure is consistently associated with increased risk of cardiovascular disease 

(CVD).1 In addition, racial, ethnic, and age differences in hypertension prevalence are also 

documented. For example, hypertension prevalence is nearly 30% for Hispanic men and 

women.2,3 Furthermore, hypertension awareness, treatment, and control are lowest within 

Hispanics compared to other races/ethnicities.4 The Hispanic population in the United States 

(US) has grown by 40 million between 1980 and 2014, calling for a greater need to address and 

understand cardiovascular risk factors among these individuals.5 Immigrants comprised 35% of 

the US Hispanic population, and much evidence suggests that nativity influences health 

outcomes over the long term.5 

Findings from the National Health Interview Survey indicate that the odds of 

hypertension is higher in US-born adults compared to foreign-born adults.2 These findings are 

critical as the rapidly growing immigrant population in the US comprises almost 13% of the total 

US population, with Mexico as the most common country of origin.6,7 The protective influence 

of foreign nativity on health has been documented in the literature, specifically among Hispanics, 

and is commonly known as the healthy immigrant effect. Studies have reported a protective 

advantage against overall mortality and other health conditions within the Hispanic immigrant 

population when compared to US-born individuals.8–12 In particular, Hispanics may have a 

cardiovascular-related mortality advantage compared to non-Hispanic whites.12–15 However, 

examinations of cardiovascular risk factors in Hispanics, both US- and foreign-born, have 

primarily been cross-sectional.16–18 

Studies on immigrant health tend to compare all Hispanics to non-Hispanic whites, which 

may mask differences due to foreign nativity among Hispanics. Differences in health status can 
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exist even within the foreign-born group, resulting from factors such as age of immigration. 

According to the United Nations, almost 16% of all migrants are under the age of 20.19 The age 

in which an individual immigrates can be critical for various social, economic, and behavioral 

conditions, including receiving more education or learning a new language, greater access to jobs 

and resources, and adoption of new lifestyle behaviors. Compared to immigration at a later age, 

immigration during formative years in childhood and young adulthood can influence processes 

that result in variations in socioeconomic opportunities and health outcomes in later life.20 

Previous studies evaluating both nativity and age of immigration simultaneously found that 

early-life Hispanic migrants (i.e. those who immigrated to the US before age 20) had cognitive 

functioning similar to their US-born counterparts and exhibit greater cardiovascular death rates 

than later-life migrants.21–23 

Building on previous work in immigrant health and drawing from health patterns for US-

born versus foreign-born adults, we consider how cardiovascular health in older Hispanics can 

vary depending on immigration history, a collective term that incorporates both nativity and age 

of immigration. First, we examine how immigration history may be associated with systolic 

blood pressure (SBP) and how this association changes longitudinally. Second, we will assess 

whether immigration history and SBP are associated with risk of myocardial infarction 

(MI)/stroke. We hypothesize that foreign-born individuals will exhibit higher SBP at baseline 

and have faster rates of SBP increase over time, and that they will have greater risk of MI/stroke. 
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Methods 

Study Population 

Participants come from the Sacramento Area Latino Study on Aging (SALSA). Details for 

SALSA have been published previously.24 Briefly, SALSA is a longitudinal cohort study of 

1,789 Mexican-Americans living in California’s Sacramento Valley who were aged 58-101 years 

at baseline.24 Study recruitment began in 1998-1999 and participants were followed every 12–15 

months until 2008. Follow-ups consisted of annual home visits that included clinical, cognitive, 

and functional assessments. Participants also had telephone interviews every six months between 

annual home visits to report changes in medications, update marital and vital status, and confirm 

contact information.  

Participants were included in analyses if they provided information on nativity, age at 

immigration to the US, and had at least one SBP measurement. There were 10 people who did 

not report place of birth, 138 who were born outside the US but did not provide age at 

immigration or length of time in the US, 143 without baseline SBP measure and 94 without SBP 

measures at any visit. Participants with baseline prevalent MI or stroke (n=291) or censored at 

baseline (n=51) were also excluded from analyses assessing risk of incident events. In total, there 

were 1,599 participants for analysis on average SBP and 1,352 for analysis of incident MI/stroke. 

SALSA has been approved by the Institutional Review Boards at the University of Michigan, the 

Universities of California at San Francisco and Davis, and the University of North Carolina at 

Chapel Hill. 
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Measurements 

Systolic blood pressure 

Sitting SBP (mmHg) was measured at baseline and at follow-up visits (FV) 1 through 6. At each 

visit, participants were seated for at least five minutes before having their blood pressure 

measured. Two measurements were taken with an Omrom automated blood pressure machine, 

five minutes apart, which were averaged. 

Myocardial infarction and stroke 

Analyses for incident MI or stroke during the study included either fatal or non-fatal events. 

Non-fatal events were participants’ self-report of a physician informing them that they had an MI 

or stroke. Fatal events were deaths where MI or stroke was listed anywhere in the death 

certificate. Mortality was ascertained using online obituary surveillance, the National Death 

Index, the Social Security Death Index, California vital statistics data, and interviews with family 

members of the deceased. Only the first event (fatal or nonfatal) was included for participants 

who had either or both incident MI and stroke. Those who were alive at the end of the study 

without incident MI or stroke were censored at the date of last contact. During follow-up, there 

were 55 deaths due to MI or stroke among individuals who did not previously report having 

either of these conditions; these deaths were counted as a MI/stroke case in the analyses. 

Immigration history 

Participants reported their nativity as born in the US or in Mexico/other Latin American country. 

There were fewer than ten people who were born in Latin American countries outside of Mexico; 

therefore, all foreign-born individuals were aggregated into Mexico/Latin America. Similar to 

previous literature, age at immigration was defined as immigration to the US before or at/after 

age 20 to distinguish those who immigrated in early life.21,22 These information were then coded 
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into an immigration history variable with three categories: 1) US-born, 2) born in Mexico/Latin 

America and immigrated before age 20 (MLA<20), and 3) born in Mexico/Latin America and 

immigrated at or after age 20 (MLA20+).  

Other covariates 

Remaining covariates included sex, years of education, and the following baseline 

measurements: age in years (mean-centered), body mass index (BMI, kg/m2, mean-centered), 

type 2 diabetes status (yes/no), smoking status (non-, former, or current smoker), and 

acculturation score. Diabetes was defined as a self-report of physician-diagnosed diabetes, the 

use of insulin or oral hypoglycemic agents, or a fasting glucose ≥126 mg/dL. Acculturation was 

quantified using the Acculturation Rating Scale for Mexican Americans Version II, a measure of 

cultural orientation that assesses multiple dimensions of the acculturative process, including 

ethnic identity and co-ethnic social ties. In this scale, higher scores indicated higher Anglo 

orientation.25 Other covariates included time-updated antihypertensive medication use (none, 

one, two or more). The time variable is the interval between baseline enrollment and the most 

current date when SBP was measured. 

 

Statistical Analyses 

We assessed bivariate associations between participant characteristics and immigration history 

using ANOVA, Kruskal-Wallis, and chi-square tests. We examined the association between 

immigration history and SBP over a ten-year period using linear mixed models with random 

intercepts in order to account for repeated measurements of SBP. Predictors in the base model 

(Model 1) consisted of immigration history, time, and the interaction term as a product of 

immigration history and time. We included a time by immigration history interaction to 
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determine if the association between immigration history and average SBP varied with time and 

tested for statistical significance using the likelihood ratio test. Remaining covariates were added 

in Model 2. Using this adjusted model, we calculated the predicted trajectories of SBP across the 

study period for each immigration history group and graphically displayed the results. We 

conducted sensitivity analyses to determine the influence of access to medical care on average 

SBP by adding in variables for having medical insurance and a regular doctor at baseline to the 

final model. 

We used Cox proportional hazards models to evaluate the association between 

immigration history and risk of incident MI/stroke while adjusting for SBP and other covariates. 

Our Cox models consisted of two models: one using a 10mmHg difference in baseline SBP and 

one using a 10mmHg change in time-updated (or current) SBP. Use of time-updated SBP allows 

for hazards of MI/stroke to change depending on updated values of the exposure. Participants 

were observed from study enrollment to occurrence of an incident event (MI/stroke) or being 

censored (last date of contact or death). The base model (Model A) consisted of immigration 

history, age at baseline, and sex. We tested for statistical significance of immigration history in 

Model A using the likelihood ratio test. Baseline SBP and all remaining covariates were added to 

the first adjusted model (Model B). Similarly, time-updated SBP was added to base model, along 

with all remaining covariates, to create a second adjusted model (Model C). Antihypertensive 

medication use was time-updated. We also conducted sensitivity analyses by adding the 

following terms to the final adjusted models: interaction between immigration history and SBP 

(both baseline and time-updated), and interaction between immigration history and 

antihypertensive medication use. We checked for violations of the proportional hazards 
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assumption using log-log survival curves and Schoenfeld residuals. All analyses were conducted 

using Stata 14 (StataCorp, College Station, TX).  

 

Results 

Baseline descriptive statistics by immigration history are shown in Table 1. There were 1,599 

participants in the study and over half were born outside the US (52.2%). There were more 

foreign-born individuals who immigrated at or after age 20 than before age 20 (36.7% versus 

11.1%). Mean age at study enrollment did not differ statistically by immigration history. There 

were more females in the MLA20+ group compared to the US-born and MLA<20 groups. 

Baseline SBP was not statistically significantly different across immigration history groups. 

Many participants were hypertensive at baseline and prevalence was slightly higher among the 

US-born group (70.3%). Both foreign-born groups were more likely compared to the US-born 

group to not be using any antihypertensive medication at baseline. Prevalence of baseline 

diabetes was also higher among the US-born (37.6%) compared to either immigrant group. There 

was no difference in this between the two immigrant groups. All three groups had high BMI 

(≥29 kg/m2) but the US-born were statistically highest at mean of 30.2.  Years of education were 

highest in the US-born group, followed by the MLA<20 group. Incident MI/stroke was not 

statistically different across the three groups.  

Table 2 presents results for the mixed linear models examining within subject changes in 

immigration history and the association with average SBP. There is evidence that subject-

specific changes in SBP over time varied by the immigration history of the participant 

(likelihood ratio test p-value<0.001). In particular, there is a significant interaction between the 

MLA20+ group and time (ß=0.63, 95% CI: 0.32, 0.95, p-value<0.001). For US-born participants, 
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SBP increased by 0.45 mmHg per year (95% CI: 0.25, 0.66, p-value<0.001). In the MLA<20 

group, SBP increased by 0.48 mmHg per year (95% CI: 0.06, 0.91, p-value=0.03). In the 

MLA20+ group, SBP increased by 1.09 mmHg per year 95% CI: 0.84, 1.33, p-value<0.001). At 

baseline, immigration history was not significantly associated with SBP, even after adjustment 

for covariates. Adjustment for covariates did not affect the direction of change or change the 

magnitude of the estimates of the main predictor variables. 

Baseline measures of education, age and type 2 diabetes were significantly associated 

with SBP. Current use of antihypertensive medication was not associated with SBP. Sensitivity 

analyses with indicators for access to a regular doctor and having health insurance showed no 

statistical significance for these covariates. We used the final model in Table 2 to calculate 

predicted trajectories of SBP over a ten year period for each group of immigration history, as 

shown in Figure 1. In this figure, those who were born outside the US had lower SBP values at 

baseline, though this was not significant. However, as time progressed, average SBP increased at 

a faster rate for the MLA20+ compared to the US-born group and the MLA<20 group. The SBP 

trajectory of US-born and MLA<20 individuals maintained a slower and parallel increase in SBP 

over the study period. 

Results from the Cox models for risk of incident MI/stroke are shown in Table 3. The 

risk of incident MI/stroke was not associated with immigration history even after adjusting for 

baseline age and sex (Model A, likelihood ratio test p-value=0.98). In Model A, older age was a 

statistically significant predictor of higher risk of incident MI/stroke (HR=1.05, 95% CI: 1.04, 

1.07) while being female was protective (HR=0.74, 95% CI: 0.57, 0.96). A 10 mmHg increase in 

both baseline and time-updated SBP led to a 6-12% increase in MI/stroke risk, though this was 

only significant in Model B after adjusting for baseline SBP (HR=1.12, 95% CI: 1.04, 1.19). 
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Having diabetes at baseline was also a significant predictor for incident MI/stroke in both 

Models B (HR=1.79, 95% CI: 1.35, 2.37) and C (HR=1.79, 95% CI: 1.35, 2.38). The remaining 

covariates were not statistically associated with MI/stroke, except for time-updated values of 

using only one anti-hypertensive medication. In our sensitivity analyses, we included an 

interaction term between immigration history and SBP (both baseline and time-updated), and 

interaction between immigration history and antihypertensive medication use. These terms were 

not statistically significant. We confirmed that the proportional hazards assumption was held. 

 

Discussion 

In this cohort of US- and foreign-born older Mexican Americans, foreign nativity was associated 

with a faster increase in SBP over time compared to the US-born group. Specifically, within the 

foreign-born groups, we found that age of immigration resulted in differences in the rate of 

increase. Those who immigrated into the US in later adulthood exhibited the most rapid SBP 

increase out of all three groups of immigration history. Those who immigrated in childhood or 

young adulthood (i.e. before age 20) were very similar to the US-born group and did not differ 

from the US-born in SBP change over time. Despite being associated with faster change in SBP, 

immigration history was not significantly associated with incident MI/stroke risk. A ten-mmHg 

increase in SBP alone resulted in higher risk of MI/stroke, though this was only statistically 

significant for baseline values of SBP. The association between SBP and MI/stroke risk did not 

differ across the groups of immigration history. 

 We observed a general increase in SBP during the study, which is consistent with studies 

in the literature that suggest SBP tends to increase with time, particularly among older adults.26–

28 With advancing age in older adults, blood pressure shifts to predominately systolic blood 



 38 

pressure, leading to higher prevalence of systolic hypertension in this population.29 While 

various age-related processes affect systolic changes in blood pressure, it is commonly due to 

loss of elasticity in the arterial walls and thickening and stiffening of the arteries that lead to 

higher hypertension prevalence.30,31 Our study population exhibited the same pattern of 

increasing SBP over the ten years of study follow-up, though this trend differed by their nativity 

and age of immigration. 

 Our findings that show lack of statistically significant differences in baseline SBP 

between the three groups of immigration history, a more rapid increase in SBP for the late-

migrant group compared to the US-born, and no association between immigration history and 

MI/stroke are unexpected and conflict with the healthy immigrant effect, which would suggest 

more favorable cardiovascular health among those of foreign nativity. Though the healthy 

immigrant effect can be explained by many factors, common explanations include selection of 

healthy migrants into the receiving country, reverse migration of unhealthy individuals to the 

sending country, and more favorable health behaviors among immigrants.32,33 However, the 

healthy immigrant effect may not be consistently true for all immigrant groups. A study on 

Canadian immigrants found that the health advantage against cardiovascular events and mortality 

was not present among recent migrants or those with no previous education.34 A meta-analysis, 

also on Canadian immigrants, showed that the healthy immigrant effect for health status and 

morbidity can vary across groups of immigrants, particularly across the different stages in the 

life-course.35 In Europe, comparisons of health status between native- and foreign-born 

individuals can depend on the country in which immigrants settle, with the healthy immigrant 

effect being present in only some countries.36 It is worth noting that this effect can vary widely 

due to a multitude of factors, and our results adds to current findings that the healthy immigrant 
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effect may not always be consistently present in immigrant populations. 

The role of stress can also explain the differences in SBP change between native- and 

foreign-born individuals in our results. Immigration to a host country can be a stressful 

experience with lasting impacts on physical and mental health. The negative effects of stress due 

to migration can permeate long after the immigrants have settled into the host country, and 

immigrants are prone to risk accumulation as a result of the poorer socioeconomic conditions 

they may face.37 One of these components include acculturative stress, where immigrants often 

face difficulties in gaining employment, accessing resources such as housing or healthcare, 

adapting to a new culture, and learning a new language.33 Chronic stress can have negative 

impacts on health outcomes, including higher blood pressure.38 Pathways involving chronic 

stress can also include age of immigration, as migrating during formative years (such as in 

childhood) can affect language acquisition and socioeconomic attainment.20 Early migration can 

lead to better opportunities that mitigate the effects of stress, leading to better health outcomes. 

Conversely, immigrating in later life can worsen existing disparities that lead to poorer health. 

Our results show that the US-born and MLA<20 groups were more similar to each other than to 

the MLA20+ group, underlining that immigrating early in life can result in greater similarities to 

US-born counterparts.   

 The statistically significant association between baseline SBP and MI/stroke suggests that 

SBP history may be a stronger predictor of cardiovascular outcomes than current SBP. Few 

studies have compared current versus prior measures of blood pressure as predictors for CVD or 

for other health outcomes, particularly among Hispanics. For example, a previous study 

comparing the association for current versus remote (i.e. previous) blood pressure with cognitive 

decline, found that only blood pressure measured nine years prior was significantly associated 
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with errors on a mental status test.39 A large Finnish study using history of hypertension status 

ascertained twenty years prior found it to be strong predictors of stroke and stroke mortality.40 

Our results provide insight on the use of either past SBP or current SBP as a predictor of 

cardiovascular events. 

Our study has several limitations. First, we were not able to assess heterogeneity in CVD 

risk for foreign-born populations of various races and ethnicities since our cohort consisted of 

only Hispanic, mostly Mexican-origin, adults. Immigrants of various races and ethnicities vary 

widely in health status and behaviors, social and economic characteristics, and cultural factors, 

resulting in important differences that affect their interactions and exposures within the host 

country. Future studies can help determine if CVD risks vary across all US immigrant 

populations. Second, our study population consisted of only older adults, including foreign-born 

individuals who have lived in the US for several decades. It is possible that these individuals are 

very similar to their US-born peers due to their long residence in the US. Because our study 

captures the population long after they have arrived, we are unable to accurately assess the 

differences in risk factors and health outcomes between recent immigrants, long-term 

immigrants, and native-born residents.  

A major strength of this study is the large sample size and population-based longitudinal 

design, which allowed us to study the changes in SBP over ten years and discern the differences 

between the groups of immigration history. Few studies, particularly those on immigrant health, 

have been able to assess longitudinal changes in cardiovascular risk factors. Furthermore, studies 

often compare foreign-born populations to non-Hispanic whites, which can conflate differences 

due to both nativity and race/ethnicity. Our study population consisted of only older Hispanic 

adults, which allowed us to capture any heterogeneity in health that may be primarily due to 
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nativity within a particular ethnic group. Our findings also add to the growing literature on 

immigrant health, which is critical as rising trends in immigration pose to significantly shift US 

population dynamics.  

In conclusion, our results highlight the heterogeneity of longitudinal changes in SBP by 

immigration history in a population of older adults primarily of Mexican-origin. Moreover, we 

observed no relationship between immigration history and incident MI/stroke, and that the 

association between SBP and incident MI/stroke was only significant for SBP measured at the 

beginning of the ten-year study initiation. Overall, these findings underscore the need to better 

understand the role of CVD risk factors and health outcomes within the rapidly growing US 

immigrant populations and to reevaluate the role of the healthy immigrant effect within the 

contexts of different immigrant populations.  
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Figure 2.1. Predicted Trajectories of Systolic Blood Pressure Over Study Period by  
Immigration History 
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Chapter 3 

 

Differences in Blood Pressure Trajectories by Nativity Status Before and After Myocardial 

Infarction or Stroke 
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Introduction 

Increases over time in systolic and diastolic blood pressure (SBP and DBP) are known to be 

associated with greater risks of both MI and stroke.1–4 Blood pressure may exhibit different 

trajectories over time that may affect the association with fatal and non-fatal MI/stroke risk.5 For 

example, a study conducted on the Atherosclerosis Risk in Communities cohort found six 

patterns of SBP change and three patterns of DBP change over the course of the study visits.6 

The incidence rates for CVD grew larger across SBP patterns that showed an increase in SBP 

over time. Another study combining participants from several clinical trials showed that an 

increase of 20 mmHg in SBP from baseline was associated with greater risk for MI and stroke.7 

However, a 10 mmHg increase in DBP was associated with higher stroke risk and not with MI.  

Few studies have examined the change in blood pressure both before and after MI/stroke, 

particularly among racial/ethnic minorities. Little is known about change in blood pressure over 

time and how this relates to MI/stroke status.8 Understanding blood pressure patterns before and 

after MI/stroke can help reduce risk for a recurrent event. The Hispanic population carries 

significant cardiovascular burden, particularly due to high levels of cardiometabolic risk factors. 

Hispanic adults may have lower prevalence of hypertension compared to the general United 

States (US) population (~30% versus 32.6%). They also have the lowest rates of hypertension 

awareness, treatment, and control.9,10 Incidence of ischemic stroke among the Hispanic 

population may also be higher compared to non-Hispanics whites.9 It is critical to understand the 

patterns of change in blood pressure for a population that comprises 17.3% of the total US 

population. Prevalence of hypertension among Hispanics may continue to rise.11,12 Thirty-five 

percent of the US population are foreign-born.11 According to NHIS data, the odds of 

hypertension are higher among all US-born adults compared to foreign-born adults.9 Various 
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studies have reported lower rates of cardiovascular events compared to US-born adults, 

particularly for the more recent immigrants.13,14 Yet, it is not known whether nativity status 

influences how blood pressure trajectories relate to MI/stroke, particularly for Hispanics. 

The objectives of this study are to: 1) assess changes in SBP and DBP trajectories due to 

MI/stroke and 2) Evaluate how nativity modifies these trajectories before and after MI/stroke. 

We hypothesize that change in both blood pressure measurements is more rapid before MI/stroke 

compared to after MI/stroke. We also hypothesize that nativity modifies the associations such 

that the change in both blood pressure measurements is more rapid in US-born before and after 

MI/stroke compared to the Mexican-born.  

 

Methods 

Study Population 

Participants in this study come from the Sacramento Area Latino Study on Aging (SALSA). 

SALSA is a longitudinal cohort study of 1,789 community-dwelling Mexican origin older adults 

who were living in California’s Sacramento Valley and were aged 58-101 years at baseline. 

Further details on SALSA have been published elsewhere.15 Study recruitment began in 1998-

1999 and participants were followed every 12-15 months until 2008. These annual follow-ups 

consisted of home visits that included clinical, cognitive, and functional assessments. 

Participants also received telephone interviews every six months between annual home visits to 

confirm contact information, report any changes in medication use, and update marital and vital 

status. We excluded participants who did not have at least one SBP and DBP measurement from 

any visit (n=79), did not provide information on place of birth (n=10), and/or had prevalent 

MI/stroke before study baseline (n=291). Total study population was 1,414 participants. SALSA 
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has been approved by the Institutional Review Boards at the University of Michigan, the 

Universities of California at San Francisco and Davis, and the University of North Carolina at 

Chapel Hill. 

 

Measurements  

Outcome: Systolic and diastolic blood pressure 

Sitting systolic and diastolic blood pressure (mmHg) was measured at baseline and six follow-up 

visits (FV). Participants were seated for at least five minutes before having their blood pressure 

measured. An Omrom automated blood pressure machine was used to take two measurements, 

five minutes apart, which were then averaged. 

Myocardial infarction and stroke status 

MI/stroke status among participants was categorized as 1) no incident MI/stroke and 2) having 

an incident MI and/or stroke event during the study. All prevalent MI/stroke cases were 

excluded. Incident MI/stroke cases included either fatal or non-fatal events. Non-fatal events 

were participants’ self-report of a physician informing them that they had an MI or stroke. Fatal 

events were deaths where MI or stroke was listed anywhere in the death certificate. Mortality 

was ascertained using online obituary surveillance, the National Death Index, the Social Security 

Death Index, California vital statistics data, and interviews with family members of the deceased. 

Only the first event (fatal or nonfatal) was included for participants who had either or both 

incident MI and stroke. During follow-up, there were 55 deaths due to MI or stroke among 

individuals who did not previously report having either of these conditions; these deaths were 

counted as an incident MI/stroke case in the analyses.     
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Other covariates 

Nativity was dichotomized as US-born and Mexican-born; the majority (>90%) of the foreign-

born population in our study was of Mexican origin. Remaining covariates included baseline 

measurements of age in years (mean-centered), sex, time-updated antihypertensive medication 

use (none, one, two or more), and a time variable. Time was calculated as years since time since 

baseline enrollment (in years). 

 

Statistical Analyses 

We compared descriptive characteristics for SALSA participants by MI/stroke status using t-tests 

and Wilcoxon rank sum tests for continuous variables and chi-square tests for categorical 

variables. We examined the association between MI/stroke status and blood pressure over a ten-

year period using an interrupted time series approach with linear mixed effects models, with 

separate models for SBP and DBP16:   

Yij = β0 + β1X1ij + β2X2ij + β3X3ij + β4X1ijX2ij + β5X1ijX3ij + β6X2ijX3ij + β7X1ijX2ijX3ij + 

       covariates + μ0j + εij 

In this model, Yij represents the outcome (either SBP or DBP) for person i at time j, X1 is the 

time-dependent incident MI/stroke indicator, X2 is the time since study baseline (in years), and X3 

indicates nativity (US- or Mexican-born). β0 represents average SBP/DBP level at baseline, β1 is 

the change associated with incident MI/stroke, β2 is the change due to a unit increase in time, and 

β3 is the difference between US- and Mexican-born individuals. β4 indicates the slope change 

following the MI/stroke. We also included interactions with the nativity indicator to determine if 

there were differences due to place of birth. β5 represents the fluctuation due to an incident 

MI/stroke among Mexican-born individuals, β6 is the change in blood pressure over time by 
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nativity, and β7 is the slope change following MI/stroke for Mexican-born individuals. 

Covariates in the final adjusted model included baseline age (mean-centered), sex, and time-

updated use of hypertension medication (none, one, or two or more). All analyses were 

conducted using Stata 14 (StataCorp, College Station, TX). 

 

Results 

There were 237 (16.8%) incident cases of MI/stroke developed during the study period out of 

1,414 total participants (Table 1). The MI/stroke group was statistically significantly older at 

baseline compared to those who do not develop MI/stroke. In both groups, over half were 

female. More than half of the participants were born outside the US, though this was not 

significantly different by MI/stroke status. At baseline, compared to those who don’t develop 

MI/stroke, participants with incident MI/stroke had higher SBP (143.7 versus 137.1 mmHg, p-

value<0.001) and higher prevalence of hypertension (77.2% versus 62.3%, p-value<0.001). 

Other notable differences at baseline include higher percentage of antihypertensive medication 

use and higher prevalence of diabetes (40.1%, p-value<0.001) in the incident MI/stroke group 

compared to the no MI/stroke group.  

 Results from the linear mixed model for SBP are presented in Table 2. In the adjusted 

Model 2, the pre-MI/stroke increase in SBP for the US-born group was 0.40 mmHg (95% CI: 

0.17, 0.63, p-value<0.001) per year. The pre-MI/stroke SBP increase for the Mexican-born group 

was 1.00 mmHg (95% CI: 0.77, 1.24, p-value<0.001) per year. There was a 4.93 mmHg (95% 

CI: -1.72, 11.58, p-value=0.15) increase in SBP due to developing MI/stroke, though this was 

not statistically significant. The US-born group experienced a decline in SBP by -0.43 mmHg 

(95% CI: -1.51, 0.64, p-value=0.43) while the Mexican-born group increased by 0.34 mmHg 
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(95% CI: -0.66, 1.35, p-value=0.50) per year after MI/stroke occurred. However, these changes 

in SBP post-MI/stroke were not statistically significant. For the DBP linear mixed model (Table 

3), there were no statistically significant trajectories before MI/stroke for both nativity groups. In 

the US-born, DBP declined by -0.11 mmHg (95% CI: -0.24, 0.02, p-value=0.09). After 

MI/stroke, however, the trajectory of DBP was statistically significant for the Mexican-born 

group. In this group, there was a decrease of -0.63 mmHg (95% CI: -1.18, -0.07) per year after 

MI/stroke.  

 We used results from the adjusted models for SBP and DBP to graphically display the 

predicted blood pressure values over the study period by MI/stroke and nativity status. Four 

curves for each graph were constructed to account for each combination of MI/stroke and 

nativity status. Each curve represents a hypothetical male individual of average age (70.2 years) 

who, if he had an incident MI/stroke, had the event at study year 6 (the average time to MI/stroke 

in the SALSA population). In the graph for SBP, there was a general increase in SBP for the no 

MI/stroke individuals (Figure 1). The curve representing the Mexican-born, non-MI/stroke 

individual had the fastest increase over time compared to any of the other three curves. In 

contrast, Figure 2 suggests that DBP remains largely constant over time. A key difference was 

the decrease in DBP among the Mexican-born individual who had MI/stroke, with the decline 

happening more rapidly after the event occurred.    

 

Discussion 

In this study comparing change in blood pressure before and after MI/stroke in a cohort of US- 

and foreign-born older Mexican Americans, we found that foreign nativity may influence blood 

pressure trajectories. Specifically, Mexican-born participants without incident MI/stroke had 
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faster rate of SBP increase over time compared to those with incident MI/stroke or those born in 

the US. Conversely, faster rate of DBP decline was present only for those who had MI/stroke. 

There were no significant differences in either measure of blood pressure levels by MI/stroke 

status, nor was the rate of blood pressure change different among MI/stroke participants 

compared to the overall effects of time. Other notable results include the constant increase in 

SBP over the study period while DBP generally remained consistent.  

 Prior work on the role of blood pressure and MI/stroke has mainly examined differences 

in MI/stroke risk due to changes in blood pressure. In a large meta-analysis of clinical trials for 

blood pressure lowering medications, reductions in SBP by 10 mmHg and DBP by 5 mmHg was 

associated with 25% lower risk of coronary artery disease and 36% lower risk of stroke.17 These 

findings underline the importance of blood pressure management in order to prevent future 

cardiovascular events. However, few studies have specifically examined the changes in blood 

pressure that occur after an acute cardiovascular event. Individuals who have a MI or stroke are 

often at an increased risk of a recurrent event, even years after the first event.18,19 Therefore, risk 

factor management among individuals who experienced a first event is needed in order to 

prevent a subsequent MI or stroke. Our findings add to the current literature on post-MI/stroke 

blood pressure profiles. Though we did not find significant differences between post-MI/stroke 

blood pressure trajectories compared to those who did not have an MI/stroke, these results can be 

further explored by examining the associations with recurrent MI/stroke. 

 A novel finding in our results is the differences in blood pressure trajectories by nativity 

in our study population. The faster rate of SBP increase and the faster decline in DBP among the 

Mexican-born population suggests a worse blood pressure profile compared to the US-born 

group. Though the MI/stroke status differed for the significant SBP and DBP findings in our 
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study, these results illustrate a possible widening of pulse pressure among those of foreign 

nativity. Pulse pressure, the difference between systolic and diastolic blood pressure, has been 

associated with increased risk of coronary heart disease and cardiovascular mortality.20,21 Though 

not significantly different, the average SBP is slightly higher in the Mexican-born group 

compared to the US-born group (138.8 versus 13.6 mmHg). However, the decrease in DBP 

among Mexican-born individuals who have MI/stroke can exacerbate the effects of higher SBP 

as it contributes to higher pulse pressure and, subsequently, higher risk of a cardiovascular event. 

According to the study by Franklin et al., risk of CHD was greater for declines in DBP among 

those with SBP ≥ 120 mmHg.20 In fact, there was greater increase in risk due to changes in pulse 

pressure as SBP stayed constant than compared to risk associated with changes in SBP where 

pulse pressure remained unchanged. Our results underscore the need to further understand 

cardiovascular health among the Mexican-born population as various risk factors may behave 

differently in this population.  

The increase in SBP but not DBP due to time effects is consistent with other studies in 

the literature which suggest that SBP generally rises over time among older adults.22,23 In 

addition to higher prevalence of comorbidities that may affect changes in blood pressure in older 

populations, age-related changes can affect the structure of blood vessels in older adults. The loss 

of elasticity in the arterial walls, along with thickening and stiffening of the arteries, can lead to 

higher rates of hypertension, primarily systolic, in older populations.24,25 Large increases in SBP 

can lead to greater risk of adverse cardiovascular outcomes. For example, in the Rotterdam 

Study, researchers identified four different SBP trajectories in their cohort of older adults. Not 

surprisingly, their results suggest that the slope of SBP increase (i.e. steep rises in SBP) was 

associated with increasing risk of stroke and death.22 Future studies can use a similar approach in 
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order to identify groups of blood pressure trajectories among those with and without MI/stroke 

and determine if results found in our study are reflected in these groups.  

This study contains several limitations. The number of incident MI/stroke cases we have 

is small, leading to wider confidence intervals in our analyses. We are only able to assess 

changes in blood pressure over the ten-year study period, but fluctuations in blood pressure 

trajectories can occur beyond those ten years, both before and after MI/stroke. We are unable to 

examine blood pressure over the lifecourse, which may reveal patterns occurring in middle or 

late adulthood that may lead to increased risk of MI/stroke. This is notable considering the role 

of nativity in our study results. The process of immigrating can be a stressful experience as 

individuals settle into a new country and acclimate to new surroundings, languages, and social 

norms. This stress can have negative implications for the health of these immigrants, leading to 

adverse health conditions such as higher blood pressure that can affect their cumulative risk for 

MI/stroke.26,27 Second, as our study population consists primarily of older Mexican Americans, 

the results found may not be generalizable to other populations. Variations in blood pressure for 

older adults can differ from younger populations due to the changing structure of the blood 

vessels and high levels of comorbidities in the older population. Future studies can examine 

younger cohorts to determine if similar patterns found in this study are also present in younger 

adults. 

In spite of these limitations, a major strength of this study is the large sample size and 

population-based longitudinal design, which allowed us to study changes in blood pressure over 

ten years. Few studies on cardiovascular health, particularly those that examine the role of 

nativity, have been able to assess longitudinal changes in risk factors. The design of the SALSA 

included comprehensive at-home follow-up visits with study personnel who were able to conduct 
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periodic blood pressure measurements during the study period. Furthermore, though MI/stroke 

status in this study was based on self-report, a small validation study conducted on subset of the 

SALSA population confirmed these self-reports to be accurate. 

To our knowledge, this is the first study to examine blood pressure patterns before and 

after MI/stroke in a Hispanic population. We also assessed the role of nativity in these patterns, 

and results offer insight into the heterogeneity of blood pressure trajectories due to foreign 

nativity. While we observed no association between MI/stroke status alone and changes in either 

SBP or DBP, results indicate that nativity may affect faster rate of change in DBP among 

individuals who have MI/stroke. Overall, these findings underscore the need to better understand 

the characteristics of blood pressure changes for individuals with and without cardiovascular 

disease, particularly among racial/ethnic minority populations. Results also highlight the role of 

nativity in influencing changes in blood pressure. This is noteworthy as the US immigrant 

population is rapidly growing and the racial/ethnic composition of this population is steadily 

changing.28 Future studies are needed to further evaluate how blood pressure trajectories before 

and after a cardiovascular event may differ in other populations.   
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Table 3.1. Baseline Characteristics of SALSA Participants by incident MI/stroke status 
(n=1414) 

  No MI/Stroke 
n=1177 (83.2%) 

MI/Stroke 
n=237 (16.8%) p-value 

Age at baseline, mean (SD) 69.9 (6.8) 72.2 (7.6) <0.001 
Sex, n (%)    

    Male 462 (39.3) 112 (47.3) 
0.02 

    Female 715 (60.7) 125 (52.7) 
Nativity, n (%)    

US-born 567 (48.2) 111 (46.8) 
0.71 Mexican-born 610 (51.8) 126 (53.2) 

Years in the US for the Mexican-born,  
        mean (SD) 37.3 (18.9) 40.1 (19.7) 0.25 

Years of education, mean (SD) 7.5 (5.4) 6.9 (5.6) 0.13 
Baseline systolic blood pressure (mmHg), 
        mean (SD)   137.1 (18.9) 143.7 (20.3) <0.001 

Baseline diastolic blood pressure (mmHg), 
        mean (SD) 76.0 (10.5) 76.9 (9.6) 0.19 

Hypertensive at baseline, n (%) 735 (62.4) 183 (77.2) <0.001 
Using hypertensive medications at 
baseline, n (%)    

No medication 729 (61.9) 125 (52.7) 
0.03 One medication 277 (23.5) 67 (28.3) 

Two or more medications 171 (14.5) 45 (19.0) 
Baseline BMI, mean (SD) 29.6 (5.8) 30.1 (5.6) 0.15 
Diabetic at baseline, n (%) 323 (27.4) 95 (40.1) <0.001 
Has medical insurance at baseline, n (%) 1047 (89.3) 218 (92.0) 0.21 
Has a regular doctor at baseline, n (%) 1008 (85.9) 211 (89.0) 0.20 
Smoking status at baseline, n (%)    

Never 568 (48.3) 101 (42.6) 
0.22 Former 472 (40.2) 109 (46.0) 

Current 135 (11.5) 27 (11.4) 
Acculturation score at baseline, mean (SD) 37.2 (12.7) 36.2 (12.1) 0.29 
US = United States, Mexican-born = born in Mexico or other Latin American country, BMI=body mass index, MI = myocardial infarction 
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Figure 3.2. Diastolic Blood Pressure Trajectories Before and After Myocardial Infarction/ 
Stroke, By Nativity 
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