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ABSTRACT OF THE DISSERTATION 

 

 

 

Acculturation and Religiosity as Moderators of  

Cardiovascular Disease Risk Factors among South Asians in the United States 

 

by 

 

 

Nazleen Hatim Bharmal 

 

Doctor of Philosophy in Health Services 

 

University of California, Los Angeles, 2012 

 

Professor Robert M. Kaplan, Chair 

 

 

South Asians are people with origins in India, Pakistan, Bangladesh, Sri Lanka, Nepal, Bhutan, 

and the Maldives.  In the United States (US), South Asians are among the fastest growing 

ethnic/immigrant groups with a growth rate of 70% from the 2000 to the 2010 Census, now 

consisting of 1-2% of the total population.   California is the state with the largest population of 

South Asians in the US.   

 

South Asians have a genetic tendency towards insulin resistance and central adiposity, increasing 

their risk for cardiovascular disease (CVD), coronary heart disease, and diabetes mellitus.  

Immigrants to Western countries may have an amplified risk of CVD due to the adoption of a 

Western diet and physical inactivity.  Two potential social factors that may moderate CVD risk 

factors among South Asians in the US are acculturation and religiosity.  Chapter 1 provides a 

literature review of acculturation and health, CVD risk factors among South Asians and how 

they may vary by duration of residence in the US, and religion and health.  Conceptual models 
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for the relationships between acculturation and CVD risk factors and between religiosity and 

obesity are also presented in Chapter 1. 

 

Acculturation to American cultural practices has generally been associated with unfavorable 

changes in CVD risk factors among foreign-born populations.  There are few validated measures 

of acculturation for Asian Americans or South Asians, and acculturation is often operationalized 

as duration of residence in the US despite problems with this proxy measure.  Chapter 2, the first 

manuscript, examines the validity of acculturation proxy measures, such as duration of residence 

in the US, with self-reported acculturation measures in validated acculturation scales using the 

California Asian Indian Tobacco Survey.  We found that greater duration of residence in the US, 

greater percentage of lifetime in the US, and younger age at immigration were associated with 

more American acculturated responses to the items for South Asian immigrants.  We also 

developed an 11-item acculturation scale for South Asians using existing survey items with an 

internal consistency reliability of 0.73 and examined the psychometric properties of the scale. 

 

Chapter 3, the second manuscript, uses national and state-level cross-sectional data to examine 

the association of duration of residence in the US with self-reported CVD risk factors among 

South Asian adults using regression analysis.  We found that South Asians immigrants who have 

resided in the US for greater than 15 years were more likely to be overweight or obese, drink 

alcohol, eat five or more servings of fruits and vegetables per day, and engage in physical 

activity compared with more recent immigrants in models adjusting for confounding socio-

demographic characteristics, health status, health access, and health behaviors.  Age at 

immigration modified the relationship between duration of residence in the US and body mass 

index, binge drinking, and alcohol use.  Duration of residence was not associated with increased 
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risk for hypertension, high cholesterol, diabetes mellitus, cigarette smoking, fast food intake, or 

soda intake in adjusted models. 

 

Religious involvement has been associated with improved health practices and outcomes.  

Longitudinal and cross-sectional studies have found lower morality rates, lower prevalence of 

smoking, and better self-reported health status among individuals who report high levels of 

religiosity or attend religious services frequently.  However, religiosity has also been associated 

with greater risk of obesity.  For South Asians, religiosity and religious participation may be an 

especially important concept to understand in health promotion because of the dietary restrictions 

associated with traditional Indian religions and community fellowship for immigrant 

populations.  Chapter 4, the third manuscript, examines the association of religiosity with obesity 

among a multi-religious group of South Asians in California using regression analysis.  We 

found that high self-identified religiosity was significantly associated with higher BMI after 

adjusting for socio-demographic and acculturation measures, including the acculturation scale 

developed in Chapter 2.  Highly religious South Asians had 1.53 greater odds (95% CI: 1.18, 

2.00) of being overweight or obese than low religiosity immigrants, though this varied by 

religious affiliation.  Religiosity was associated with greater odds of being overweight/obese for 

Hindus (OR 1.54; 95% CI: 1.08, 2.22) and Sikhs (OR 1.88; 95% CI: 1.07, 3.30), but not for 

Muslims (OR 0.69; 95% CI: 0.28, 1.70).  

 

The findings from this dissertation may provide information on relevant social and cultural 

norms that may be incorporated in the conceptual model and design of a cardiovascular disease 

prevention lifestyle change intervention culturally tailored for South Asians in the US. 

 
 



4 

 

Abbreviations 

US – United States 

ARSMA - Acculturation Rating Scale for Mexican American 

SASH - The Short Acculturation Scale for Hispanics  

SL-ASIA - Suinn-Lew Asian Self-Identity Acculturation Scale  

BAS - Bidimensional Acculturation Scale  

AAMSA-CO - The Asian American Multidimensional Acculturation Scale-Culture of Origin 

CVD – cardiovascular disease 

CHD – coronary heart disease 

UK – United Kingdom 

NHIS – National Health Interview Survey 

CHIS – California Health Interview Survey 

NIS – National Immigrant Survey 

HDL – high density lipoprotein 

LDL – low density lipoprotein 

BMI – body mass index 

SHARE - Study of Health Assessment and Risk in Ethnic Groups 

SES – socioeconomic status 

MESA – Multi-Ethnic Study of Atherosclerosis 

CARDIA – Coronary Artery Development in Young Adults 

CAITS – California Asian Indian Tobacco Study 

IV – intervening variable 

CFI – comparative fit index 

RMSEA – root mean square error of approximation 

PSU – primary sampling unit 

RDD – random-digit dial 

PA - physical activity 

NHANES – National Health and Nutrition Examination Survey 

MASALA - Metabolic Syndrome and Atherosclerosis in South Asians Living in America 

  



5 

 

Chapter 1:  INTRODUCTION 

 

Chapter 2 Background:  Validity of Temporal Measures as Proxies for Measuring 

Acculturation in Asian Indian Survey Respondents 

Foreign-born residents, or first-generation immigrants, make up a significant percentage of the 

population of the United States (US), rising from 5% in 1970 to a predicted 15% by 2050.
1
  US 

immigrants have primarily resided in urban centers in California, Florida, Illinois, New York, 

and Texas, but more recently have settled throughout the country.  Although definitions vary, 

acculturation is the process by which individuals exposed regularly to another culture adopt the 

attitudes, values, customs, beliefs, and behaviors of the foreign culture.
2
 

 

Acculturation to western cultural practices influences health behaviors and health.  Greater 

acculturation by US immigrants to western cultural practices is associated with a higher 

likelihood of having chronic health conditions, such as obesity and cardiovascular disease, at 

rates similar to native-born American counterparts.
3
  Sociocultural influences, such as a sense of 

invulnerability to chronic disease or preference for traditional healers (i.e., Eastern medicine 

healers), may also influence health indirectly through information-seeking and more directly 

through the decision to participate in screening behaviors.
4-6

  However, the mechanisms by 

which health outcomes and acculturation are linked are not fully understood.  A better 

understanding of how acculturation impacts health may provide insights into public health 

strategies that could help to reduce health inequities among immigrants. 

 

Definitions:  Culture refers to shared meanings, understandings, or referents held by a group of 

people, and is sometimes synonymous with nations and national boundaries.
7
  Culture is the 
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core, fundamental, dynamic, responsive, adaptive, and relatively coherent organizing system of 

patterns of living designed to optimize the survival and well-being of its members.  Lifelong 

homage to one’s culture tends to be associated with finding meaning and purpose throughout 

life.
8
  Ethnicity is defined as one’s sense of identity as a member of a cultural group within a 

power structure of a multicultural society and as identified by others as a member of that group 

on the basis of socio-historical context.
8
  For a broader definition of ethnicity and culture, and 

how they may influence health, please refer to Kagawa-Singer et al. (2010).
8
 

 

The Acculturation Construct 

Acculturation was initially defined in 1936 as resulting when groups of individuals having 

different cultures come into ongoing first-hand contact, resulting in changes in the original 

cultural patterns of either or both groups.
9
  However, the immigrating group frequently 

experiences the majority of changes, especially with immigration into Western societies where 

the native population has more economic and political power than that of the immigrating 

group.
10

  In 1964, sociologist Milton Gordon developed a theory of assimilation that focused on 

immigrant integration into the host society. Gordon’s linear view of cultural change 

conceptualized the acculturative process as one where immigrants acquired the values, practices, 

and beliefs of their new homelands while simultaneously discarding those from the cultural 

heritage.
11

 In general, the assimilation model and its derivatives have been critiqued for ignoring 

the possibility of bicultural identity and for regarding acculturation as a unidirectional, linear 

outcome rather than as a complex, multidirectional process.
12,13

 

 

Cultural psychologist John Berry noted that the acquisition of beliefs, values, and practices of the 

receiving country does not require an immigrant to relinquish the beliefs, values, and practices of 
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his/her country of origin (e.g., bicultural identity).
14

  Berry developed a model of acculturation 

with receiving-culture acquisition and heritage-culture retention as independent dimensions.  

These two dimensions intersect to create four fluid acculturation strategies: 1) assimilation 

(adopts the receiving culture and discards the heritage culture), 2) separation (rejects the 

receiving culture and retains the heritage culture), 3) integration (adopts the receiving culture and 

retains the heritage culture), and 4) marginalization (rejects both the heritage and receiving 

cultures).  Berry’s work provides the underpinning for most modern acculturation analysis and 

measurement.   The integration component of this two dimensional model acknowledges the fact 

that immigrants frequently maintain many features of their original culture in their personal lives 

(e.g., at home) even as they adapt to their host culture in their public lives (e.g., at work).
10

 

 

Acculturation may also be described by several components, such as cultural practices, cultural 

values, and cultural identification.
15

  Cultural practices include language use, media preferences, 

social affiliations, and cultural customs and traditions (e.g., behavioral acculturation).  Cultural 

values refers to belief systems associated with a specific context or group, such as the value 

placed on the individual person versus the value placed on the family or other group (e.g., value 

acculturation).  Cultural identification describes attachments to cultural groups, and the positive 

esteem drawn from these attachments (e.g., identity-based acculturation).   

 

Acculturation is best understood in the interactional context in which it occurs, including the 

characteristics of the migrants (i.e., age at immigration, gender), the groups/countries from which 

they originate, their socioeconomic status and resources, the country and local community in 

which they settle, and the duration of residence and the fluency of language (e.g., English 

fluency) of the country of settlement.
10,15-17
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Measures of Acculturation 

Proxy measures (e.g., years lived in the US) and multi-item acculturation scales are two common 

ways of assessing the degree of acculturation used in published studies examining associations of 

acculturation with health outcomes. 

 

Proxy measures, such as language preferences, country of nativity, and length of residence in the 

host country, are widely used as indicators of acculturation in population studies.  While proxy 

measures are quick and convenient, they do not measure the process of acculturative change 

(such as attitudes or behaviors) or quantify the level or context of acculturation of immigrants.
18

   

However, some proxy measures correlate significantly with direct measures of acculturation.
19

 

 

Language preference and country of nativity (place of birth) are the most frequently used proxy 

measures of acculturation in Latino and Asian immigrant health studies.
19,20

  Increased English 

language proficiency has been associated with increased access to health education materials, 

health services, and positive patient-provider communication.
19

    However, it is unclear if and 

how language proficiency assesses the extent of cultural adaptation.  Asian American and 

Hispanic adolescents who are not proficient in their families’ native languages nonetheless tend 

to identify strongly with their countries of familial origin and retain many of their heritage values 

and Asian/Hispanic ethnic identity.
21-23

  Furthermore, South Asians and Filipinos cannot rely on 

language use as a proxy for acculturation because English is often the working language of the 

professional classes in their countries of origin.
24,25

  Additionally, many Asian Indian 

immigrants, regardless of socioeconomic status in the US, learned to speak, read, and write 

English in elementary school in India or elsewhere outside of the US and were therefore exposed 
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to English language media from an early age.
24

  Asian Indians represent 90 percent of the South 

Asians in the US.
26

 

 

Temporal indices include duration of residence in the host country or generational status. 

Generational status refers to the number of generations an individual’s family has been in the 

US; 1) first-generation immigrant (born outside the US), 2) second-generation (US-born 

individual with one or both parents born outside the US), 3) third-generation or higher (both 

parents and the individual born in the US).  A general assumption in the use of temporal indices 

is that duration of residence in a new country increases social contacts and interactions, which in 

turn lead to improved communication skills and ability to navigate the new society.
20,27,28

  These 

measures are often described as either direct measures or proxies for acculturation, but their 

relationship with the acculturation process may not be straightforward.  For instance, duration of 

residence relates differently to acculturation depending on whether the immigrant arrived as an 

adult or as a child, with the latter group resembling the native –born population.
29-31

  Place of 

residence can also modify the relationship between duration of residence and acculturation.  

Living in an ethnic enclave may hinder social integration into the host country irrespective of 

years of residence, with subsequent effects on expected outcomes.
20

 

 

Nevertheless, any discussion of the shortcomings of language use or temporal indices as proxies 

of acculturation should acknowledge the very real limitations of data that confront researchers in 

immigrant health, especially Asian immigrants.  Nativity, language use, and duration of 

residence in the US are often the only available indicators of acculturation in many of the public-

use data sets routinely used in studies of health.   
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Psychometric scales. Zane and Mak (2003) reported on 21 scales measuring acculturation, with 

even more scales being developed.
32

  Acculturation scales can be unidimensional, bidimensional, 

or multidimensional.  Unidimensional or unidirectional instruments describe changes in terms of 

losses occurring in one cultural orientation and the accompanied gains in another and thus 

present the acculturation process as a continuum ranging from unacculturated to acculturated.  

Examples of these instruments in the Hispanic and Asian populations are the Acculturation 

Rating Scale for Mexican Americans (ARSMA), the Short Acculturation Scale for Hispanics 

(SASH), and the Suinn-Lew Asian Self-Identity Acculturation Scale (SL-ASIA).
33-35

  

Unidimensional instruments imply preferences for the majority culture, potentially obscuring the 

role of protective factors that limited acculturation may afford, such as maintenance of healthy 

traditional dietary practices or continuation of social support.  Bidimensional instruments 

measure acculturative change in each culture individually.  One scale measures the level of 

maintenance that occurs in the culture of origin and the other measures adoptive changes that 

occur in the new culture.  These instruments include questions about a range of attitudes, beliefs 

and behaviors, but produce separate scores for the culture of origin and the new culture.  

Multidimensional instruments evaluate two or more elements of acculturation, such as attitudes, 

values and ethnic interaction.  Examples of bidimensional and multidimensional scales are the 

revised SL-ASIA and ARSMA II (see review by Kang).
36

 

 

Acculturation scales have been criticized for simplifying the acculturation process and its effect 

on health.
13

  In particular, the summation of items into a composite score combines behaviors, 

values, and attitudes that may influence health outcomes in different ways than are measured by 

a unidimensional scale.  Current instruments primarily capture changes in language use and 

proficiency, irrespective of the range of components included.
36,37

  In a review by Thomson et al. 
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of ten acculturation scales for Latinos, the authors found that most acculturation instruments 

actually measure linguistic acculturation, and that the scales used to measure acculturation assess 

functional integration into the community through language use and proficiency rather than the 

extent of cultural adaption or change.
19

  In addition, researchers have rarely specified the 

conceptual model of acculturation that they used or created clear theoretical links between their 

measure of acculturation and the outcomes of interest.
38

  Acculturation scales are often 

developed for one cultural group, and often may need to be evaluated and modified before being 

used in another cultural group.  In contrast, proxy measures (e.g., temporal measures) are not 

limited to a specific cultural group, although duration of life spent in the US may mask 

exposures to western cultural values for Asian immigrants who sojourned in the UK, Canada or 

Australia before coming to the US.   

 

Associations of Temporal Measures with Acculturation Scales 

Some studies that examined psychometric properties of acculturation scales for Hispanic and 

Asian populations reported validation testing with temporal measures.  Both the ARSMA and 

ARSMA II scales were positively correlated with generational status (ARSMA II: r = 0.61, 

p<0.001).
33,39

  There was a positive correlation between the SASH scale and generational status ( 

r = 0.65, p<0.001), length of residence (r = 0.70, p<0.0001), and self-reported acculturation ( r = 

0.76, p<0.001); there was a significant negative correlation with age of arrival in the US (r = -

0.69, p<0.001).
34

  The Bidimensional Acculturation Scale (BAS) was positively correlated with 

generational status, length of residence in the US, age at arrival in the US, and ethnic self-

identification.
40

  The Caetaneo scale was significantly positively correlated with being foreign-

born and the number of years lived in the US.
41

  The SL-ASIA scale scores were significantly 

correlated with (a) total years attending school in the US, r = 0.61; (b) age upon attending school 
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in the US, r = -0.60; (c) years living in the US, r = 0.56; (d) age upon arriving in the US, r = -

0.49; e) years lived in non-Asian neighborhood, r = 0.41; (f) self-rating of acculturation, r = 

0.62.
42

  The Asian American Multidimensional Acculturation Scale-Culture of Origin (AAMSA-

CO) and generational status were inversely related (r = -0.36).
43

 

 

Acculturation and Health 

Salant et al. (2003) provide an extensive review of acculturation and health for Asian 

American/Pacific Islanders.  Mental health studies have yielded conflicting results, such as 

acculturation being inversely related to depressive symptoms or psychological distress in some 

studies, but associated with increased psychiatric disorders in others.
20

  Similar conflicting 

findings have been demonstrated by Rogler et al. (1991) in Hispanic populations.
13

  Some studies 

demonstrate that acculturative change initially produces stress, followed by improvement in 

mental well-being as the individual moves towards integration.
20

 

 

Acculturation on the Suinn-Lew Self-Identity Scale for Asians
1
 is associated with greater 

healthcare utilization.
35,42

  Health studies often use “Westernization”, or the adaptation to a 

Western lifestyle (i.e., assimilationist and behavioral definition of acculturation), and/or 

emphasize environmental and behavioral factors that are also disease risk factors (e.g., having an 

“Oriental” diet, increased fat intake, reduced physical activity, red meat consumption, or 

obesity).  Studies that have operationalized acculturation as a temporal lifestyle change find that 

it is associated with chronic diseases (e.g., coronary heart disease, diabetes, cancer).
20

  But 

                                                 
1
 The Suinn-Lew Self-Identity Scale for Asians sums 21-26 items measuring acculturation and ethnic self-

identification; low, medium, and high scores are termed Asian-identified, bicultural, and Western-identified, 

respectively.  Domains of the scales include linguistic preference and use, social relationships (childhood and 

current friends), and cultural activities (music, movies, food).  Additional items measure generation level and time 

of residence.  It is modeled after the Acculturation Rating Scale for Mexican Americans. 
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chronic disease in immigrants might not always be the result of acculturation-related lifestyle 

change; rather, chronic disease may hasten the acculturative process by facilitating increased 

contact with the Western healthcare system.
12

 

 

Chapter 3 Background: The Association of Duration of Residence with Cardiovascular 

Disease Risk Factors among South Asian Immigrants in the United States: findings from 

two population-based surveys 

South Asians are people with origins in India, Pakistan, Bangladesh, Sri Lanka, Nepal, Bhutan, 

and the Maldives.  In the United States (US), South Asians are among the fastest growing 

ethnic/immigrant groups with a growth rate of 70% from the 2000 to the 2010 Census, now 

consisting of 1-2% of the total population.
44

   Most South Asians migrated to the US after the 

passage of the 1965 Immigration Act, and more recent immigrants came from the educated 

middle class, spoke English, and settled mostly in California, New York, and New Jersey.
45,46

  

This background section provides a brief review of cardiovascular disease and risk factors 

among South Asians. 

 

CVD Prevalence and Mortality in South Asians 

The INTERHEART study showed that people in South Asian countries have earlier onset and 

earlier mortality from cardiovascular disease (CVD; especially coronary heart disease, CHD) 

than people in Western countries.
47

  This disparity appears to be explained by South Asians 

having more risk factors at younger ages than individuals from Western countries (age 40 years 

versus 60 years, respectively).
47

  Specifically, the study showed that nine risk factors 

(apolipoprotein B100/apolipoprotein A1 ratio, current and former smoking, hypertension, 

diabetes, high waist-to-hip ratio, psychological factors of stress or depression, no moderate or 
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high intensity exercise, alcohol consumption greater than once per week, and less than two 

servings of consumption of fruits and vegetables daily) explained over 90% of the risk of 

developing myocardial infarction in different populations across the world including the South 

Asian population (represented 18% of study participants).
47

 

 

These disparities persist for South Asians who immigrate to developed countries, such as the 

United Kingdom (UK), Canada, and the US.  Population-based studies in the UK and Canada 

report higher prevalence and higher mortality rates of CHD and stroke (age-standardized 

mortality rate for CHD is 30-60% higher) for South Asian immigrants than the general 

population.
48-59

  Less information is known about other CVD conditions among South Asian 

immigrants, such as peripheral vascular disease and congestive heart failure.
55,60

 

 

Prevalence and mortality rates for South Asians in the US are limited because South Asians are 

either classified as “Asian” or “Other” race/ethnicity on death certificates and national datasets, 

or because national surveys are not conducted in South Asian languages.
46

  In California, CVD is 

the leading cause of death in Asian Indians (largest subgroup of South Asians; 90%).
26

  Asian 

Indians have 2-3 times the CHD mortality rate of the total population at all age groups, and 

young Asian Indian men ages 25-44 years are at particularly high relative risk of death from 

CHD (three times) compared to agemates in the general population.
61

  In one study, Asians 

Indians had more than three times the rate of hospitalization for ischemic heart disease than non-

Hispanic Whites in Northern California (relative risk 3.7).
62

 

 

Unlike studies in the UK and Canada, two population-based studies in the US have not shown 

higher CHD prevalence in South Asians than in non-Hispanic White populations (studies used 
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NHIS 1997-2000 and CHIS 2001).
63,64

  However, these surveys were not conducted in South 

Asian languages and may have missed low-income, less acculturated, and/or higher risk groups.  

Another study based in Northern California using electronic medical records found that Asian 

Indian men had increased odds of age-adjusted CHD compared with non-Hispanic Whites, but 

no difference in odds of stroke or peripheral vascular disease.
60

  Asian Indian women were found 

to have decreased age-adjusted odds of peripheral vascular disease compared with non-Hispanic 

Whites, but no difference in odds of CHD or stroke.
60

 

 

Other studies in the US have reported high CHD or stroke prevalence and described higher CHD 

rates at earlier ages among South Asian immigrants, but were limited to one-hospital setting
65-67

, 

geographic community
63,68,69

, or  homogeneous community in terms of profession or region of 

origin
70,71

.  These limitations in sampling design preclude generalizing the CHD prevalence 

estimates beyond their samples.  However, the high rates reported in these studies are concerning 

given that less than 5% of Asian Indians in the US are over age 65 years, and the health of this 

relatively young and rapidly growing population has implications for future public health costs in 

the US.  On a more global note, South Asians represent one-fifth of the world’s population and 

the prevalence of CHD in South Asian immigrants is twice as high as other immigrant 

populations
72

 and three times higher than in the Framingham Heart Study
73,74

, even after 

adjustment for conventional risk factors. 

 

Moderator of CVD & CVD Risk Factors 

One possible moderator of CVD risk factors for South Asians is acculturation, or the adoption of 

behaviors and cultural values of an individual or group as a result of contact with another 

culture.
9
   Please refer to the background section of Chapter 2 (above) for a discussion on 
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acculturation and health.  Both duration of residence in the US and age at immigration are often 

used as proxy measures for acculturation.
75

  These variables have not been extensively studied in 

the literature examining the health of South Asian immigrants. 

 

Mooteri el al. found that duration of residence in the US was positively associated with self-

reported CHD in a convenience sample of Asian Indians.
70

   Other studies from Canada and the 

US have shown increased atherosclerosis among South Asian immigrants with greater duration 

of residence in the host country.
76,77

 

 

Duration of residence in the US is positively associated with hypertension, obesity, diabetes, 

hyperlipidemia, and smoking in immigrants in cross-sectional studies using population-based 

datasets (i.e., NHIS, CHIS, NIS).
75,78-84

  Later age at immigration has been shown to modify the 

association of duration of residence in the US with CVD risk factors, such as diabetes and 

obesity.
75,78

  Most of these studies did not report on South Asian subgroups, likely due to sample 

size constraints resulting in unreliable estimates for South Asian subgroups.   

 

The impact of duration of residence in the US or acculturation on the already high CVD risk 

among South Asians is unclear.  South Asians have a baseline genetic risk for insulin resistance, 

partially explaining their high prevalence of diabetes and CHD.  Several researchers have 

postulated that after immigration, South Asians who adopt the diet and physical activity 

behaviors (i.e., more sedentary than in home country) of a Western lifestyle may amplify their 

risk of diabetes and CVD (i.e., gene-environment interaction).
46,85-87

  As seen in other immigrant 

groups, I hypothesize that acculturation to American culture will be an important moderator of 
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CVD risk factors among South Asian immigrants in the US, and greater duration in the US will 

be positively associated with CVD risk factors in population-based surveys.  

 

CVD Risk Factors   

Hypertension 

Hypertension has not been found to be more prevalent in South Asian populations compared to 

white European
40,41

, native-born Canadian
88

, or Asian and non-Hispanic White US 

populations.
63,64,89

  Singh et al. found that hypertension rates increased as a function of time since 

immigration to the US for a diverse group of immigrants, though subgroup information on 

Asians or South Asians was not reported (used National Longitudinal Mortality Study 1979-1989 

and NHIS 1993-1994).
84

  However, hypertension prevalence rates did not vary with length of 

residence in a Canadian study that included South Asian immigrants.
88

 

 

Dyslipidemia 

South Asians have lower levels of HDL cholesterol, higher triglycerides, and smaller/denser 

LDL (which is associated with the presence of insulin resistance and a more atherogenic profile) 

relative to European populations.
90-94

  Two studies in the US reported rates of dyslipidemia 

among South Asians using laboratory evaluation, which is likely closer to the true prevalence of 

dyslipidemia than self-report data.
95

  In a cross-sectional study of 1,038 Asian Indian immigrant 

adults selected randomly from Asian Indian surnamed lists in seven major US urban centers, 

Misra et al. found high prevalence rates for hypertriglyceridemia (42%), hypercholesterolemia 

(44%), high LDL-C (41%, >130 mg/dl), and low HDL-C (26%).
96

  The rate of 

hypertriglyceridemia for Asian Indians was higher than for other racial/ethnic groups in the US 

according to prevalence statistics reported by the American Diabetes Association and Centers for 

file:///C:/Users/nbharmal/Documents/Fellowship%20Documents/PhD%20Project/Final%20PhD%20Protocol/Final%20Drafts/Chapter%201.docx%23_ENREF_40
file:///C:/Users/nbharmal/Documents/Fellowship%20Documents/PhD%20Project/Final%20PhD%20Protocol/Final%20Drafts/Chapter%201.docx%23_ENREF_41
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Disease Control in 2001.
96

  In a cohort study of 1,445 South Asians in Northern California, 

Flowers et al. found rates of high triglycerides (>150 mg/dl) to be 19% and low HDL (<40 

mg/dl) to be 47%.
97

  Immigrants who had lived in the US for ≥15 were more likely to self-report 

hyperlipidemia than those who lived in the US for <10 years based on NHIS data, though results 

for South Asian immigrants were not provided.
82

 

 

Diabetes Mellitus 

India and other South Asian countries have been experiencing an epidemic of type 2 diabetes 

mellitus.
98-100

  One study in six major urban centers in India reported an age standardized 

diabetes prevalence rate of 12.1 percent.
99

    However, according to the Prevalence of Diabetes in 

India study (PODIS) that included both urban and rural centers, the prevalence of diabetes in 

India was 4.3 percent (5.9% in urban populations; 2.7% in rural populations).
101

  Global 

estimates that took into account both of the above mentioned studies reported that India has the 

largest number of people aged 20-79 affected with diabetes mellitus at 50.8 million in 2010 

(7.1% of the country’s population), and that this number is projected to reach 87 million by 

2030.
102

  More recent studies and reviews have shown that prevalence rates of diabetes and 

glucose intolerance continue to rise in India, Pakistan, and Bangladesh, especially among the 

rural populations.
103-105

   

  

In the US, epidemiologic studies using self-reported survey data or laboratory measures 

associated with diabetes have consistently shown that Asian Americans have an increased 

prevalence of type 2 diabetes mellitus when compared with non-Hispanic Whites, and South 

Asians or Asian Indians have the highest prevalence among Asian subgroups (range from 7-

18%).
64,89,96,97,106-111

  In a study by Oza-Frank et al., diabetes prevalence increased with length of 
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residence among US immigrants, independent of age and BMI, with the greatest effect on 

immigrants who arrived at 25-44 years of age and plateauing after 10 years of residence using 

data from NHIS 1997-2005.
78

  Oza-Frank et al. did not report results for Asian Americans or 

Asian subgroups; however, Mooteri et al. found that diabetes prevalence was significantly 

related to length of residence in a specific Asian Indian sample.
70

  Other studies have not found 

an association between length of residence and diabetes prevalence among US immigrants, 

though fewer categories of residence were used (possibly decreasing the ability of statistical tests 

to detect differences between them) and/or studies were done in non-Asian Indian subgroups 

(Koreans, Filipinos).
82,112,113

 

 

Obesity/Metabolic Syndrome 

South Asians appear to have a greater genetic tendency for abdominal obesity (or central 

adiposity) than other populations, which may partially explain the disparities in CHD morbidity 

and mortality.
114,115

  However, body mass index guidelines for obesity (BMI ≥ 30 kg/m
2
) do not 

appear to capture the central adiposity CVD risk in South Asians, and may explain why studies 

have not reported high rates of obesity for South Asians compared to other groups.
46,116

  Some 

groups have advocated lower BMI cut-off levels for diagnosis and treatment of obesity for South 

Asians (Normal BMI 18.5-22.9 kg/m
2
; Overweight BMI 23-24.9 kg/m

2
; Obesity BMI ≥ 25 

kg/m
2
)
114,117-119

, but BMI may still be a less valid measure than waist-to-hip ratio or waist 

circumference in predicting CVD risk.
46,120,121

  Nonetheless, most population-based datasets 

calculate BMI from measured or self-reported height and weight, and do not include data on 

waist or hip circumferences.    
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The characteristic profile of central obesity and the associated features of insulin resistance (high 

fasting glucose levels, hyperinsulinemia, hypertriglyceridemia, low HDL, hypertension) is also 

described as metabolic syndrome and is more commonly observed among South Asians in their 

birth countries and in South Asian patients at risk of CHD or type 2 diabetes mellitus.
53,87,122,123

   

Several studies have reported high prevalence rates of metabolic syndrome among South Asians 

in the US based on laboratory measures (prevalence ranged from 26-38% depending on criteria 

for metabolic syndrome).
96,97,124

  In terms of obesity, length of residence in the US is associated 

with higher risk of overweight and obesity among US immigrants.
82-84,125

   After 15 years of 

residence, the prevalence of obesity among US immigrants approached that of US-born 

adults.
83,126

  Immigrants who arrive in the US before the age of 20 years are more likely to be 

overweight or obese with increasing duration of residence than immigrants who arrive at later 

ages.
75

  Results for Asian subgroups or South Asians were not reported in these studies. 

 

Smoking 

South Asians self-report lower rates of current smoking or tobacco use than non-Hispanic Whites 

and other Asian American subgroups in studies from convenience samples and population-based 

surveys, though rates varied from 5-21 percent.
63,64,89,127,128

  Smokeless tobacco, which is also 

considered a risk factor for CVD, may have high prevalence rates among South Asians (e.g., pan, 

pan masala, zarda, gutka).
129

  In convenience samples of South Asians from New York City and 

Southern California, rates of smokeless tobacco were 24-28 percent.
130,131

  In another study, 

McCarthy et al. found that 60% of Asian Indians reported smokeless tobacco use in their 

lifetime, and 20% were current users in a population-based tobacco survey in California.
128

 

Smoking rates increased as a function of duration of residence for US immigrants in studies 

using NHIS data, though results for Asian subgroups or South Asians were not reported.
82,84

  In 
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contrast, current smokeless tobacco use was inversely related to longer duration of residence 

among South Asians in a community survey conducted in several South Asian languages.
131

  A 

meta-analysis of the effects of acculturation on smoking behavior in Asian Americans found that 

more acculturated men were less likely to smoke than less acculturated men, but the reverse was 

true for women.
132

 

 

Alcohol 

A systematic review and meta-analysis of 84 studies reported that light to moderate alcohol 

consumption (≤ 2 drinks/day for men; ≤ 1 drink/day for women) was associated with reduced 

risk of incident CHD and CVD/CHD mortality, but greater amounts of alcohol consumption was 

associated with increased risk for stroke mortality.
133

  While moderate alcohol use may be 

cardio-protective, heavy drinking (i.e., defined as three or more alcoholic beverages per day) or 

binge drinking (i.e., defined as five or more alcoholic beverages in one occasion) have been 

shown to be independent risk factors for CVD.
133

 

 

Alcohol intake, defined as alcohol consumption greater than once per week, was not found to be 

a risk or protective factor for CHD among South Asians in the INTERHEART study.
47

  

Nationally, Asian Indians reported low rates of binge drinking compared to other Asian 

subgroups or non-Hispanic Whites in the US.
89

  However, one study using CHIS data reported 

alcohol use in the past month was associated with increased odds of CVD risk (odds ratio 1.2) 

among South Asians, though quantity and frequency of alcohol use were not reported.
63

  No 

studies were identified that examined the association of alcohol use with acculturation or 

duration of residence in the US for Asian Americans or South Asians.  
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Physical Activity 

The recommended guidelines for physical activity to reduce the risk of CVD, diabetes, and 

obesity are moderate physical activity for at least 150 minutes per week or vigorous physical 

activity for at least 75 minutes per week (or a combination of both), and includes leisure-time, 

household, and occupational physical activity.
134,135

  A review of cross-sectional and qualitative 

studies conducted in the US and other Western countries indicated that 40% or more of South 

Asian immigrants failed to meet these guidelines.
136

  Ye et al. found that physical inactivity 

prevalence was highest among Asian Indians compared to other Asian subgroups or non-

Hispanic Whites in the US.
89 

 

Leisure-time physical activity has been shown to be lower among recent immigrants and those 

who do not speak English.
137,138

  In community samples, leisure-time physical activity among 

South Asian immigrants increased with length of residence in their new country
69,139,140

, English 

proficiency
141

, and having a more American or bicultural identity
69,142

.  In two US population-

based surveys, length of residence was associated with decreased odds of sedentary lifestyle 

among immigrants, but both studies were not powered to possibly see differences among Asian 

subgroups.
82,143

 

 

Diet 

The INTERHEART study showed that daily intake of fruits and vegetables, which was 

protective of CVD, was surprisingly low among South Asians compared to ethnic groups from 

other countries despite vegetarianism being common among Asian Indians.
47

  The high 

prevalence of CVD, type 2 diabetes mellitus, metabolic syndrome, and dyslipidemia in South 

Asians has been linked to possible changes in lifestyle and dietary patterns in both birth countries 
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and host countries for immigrants.
46,144

  Dietary change in immigrant South Asians, or “dietary 

acculturation”, may include the decreased vegetarian status and use of South Asian ethnic foods, 

inclusion of Westernized food items, and alteration in meal patterns.
145

  Additionally, age may 

influence dietary choices, and younger immigrants may change their food habits more readily to 

more energy-dense foods.
145,146

 

 

A high dietary intake of fat has been reported in South Asians or Asian Indians in several studies, 

mainly from clarified butter, hydrogenated oils, and coconut products.
46,145,147,148

  Asian Indians 

in the UK had a lower intake of omega-3 fatty acids (n-3 polyunsaturated fat) and fiber, and a 

higher intake of carbohydrates, saturated fat, and trans-fatty acids compared with UK Whites.
144

  

The Canadian Study of Health Assessment and Risk in Ethnic Groups (SHARE) study, where 

70% of the 620 participants were either Aboriginal, Chinese, or Asian Indian, showed that higher 

intake of saturated and trans fats were independently associated with subclinical atherosclerosis 

among all racial/ethnic groups.
149

  Vegetarian South Asian immigrants in the US had higher BMI 

values than non-vegetarians due to an increased intake of high-fat dairy products (milk and milk 

products), which was also associated with high levels of serum triglycerides and low levels of 

HDL-C.
148

  One study in the UK reported that South Asians found food with a high fat content as 

socially desirable, that they lacked control of portion sizes due to the existence of obligatory 

patterns of food intake in terms of hospitality, and that women’s cooking habits were often 

influenced by other members of the family.
150

 

 

South Asians may also consume relatively more carbohydrates than other populations in their 

host countries, especially at dinner time, which may be linked to postprandial hyperglycemia and 

hypertriglyceridemia late in the day.
116,144,148,151

  Raj et al. found that traditional dishes based on 
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cereals, vegetables and legumes decreased with duration of residence in US (possibly due to lack 

of time and lengthy preparation), and that rice was the staple for most Asian Indians.
152

  Indian 

snacks that were deep fried and sweets with concentrated sugar, salt, fat, dried fruit and nuts 

were reserved for special occasions, such as weekend socials, family gatherings, festivals, and 

religious ceremonies.  However, these occasions occur quite frequently in the Indian calendar 

and these foods are inexpensive and ubiquitous in the US.
152

 

 

Chapter 3 Conceptual Model 

The relationship of interest in the study for Chapter 3 is the association of acculturation, 

measured by duration of residence in the US, with CVD risk factors.  The CVD risk factors 

include health outcomes (i.e., hypertension, hyperlipidemia, diabetes mellitus, and obesity) and 

health behaviors (i.e., smoking, heavy alcohol use or binge drinking, physical activity, and diet).  

As previously stated, a discussion on the relationship between acculturation and health is 

discussed in the background section of Chapter 2 (above).  We hypothesize that greater duration 

in the US will be positively associated with CVD risk factors among South Asian immigrants, 

specifically hypertension, hyperlipidemia, diabetes mellitus, obesity, current smoking, binge 

drinking or heavy alcohol use, sedentary lifestyle (no physical activity), and diets low in fruit and 

vegetable intake and high in sugar-sweetened beverages and fast food intake.  We also 

hypothesize that the relationship between duration of residence and CVD risk factors will be 

moderated by age at immigration.  Among immigrants with the same duration of residence in the 

US, immigrants who arrived at younger ages will have greater prevalence of CVD risk factors 

than those who arrived at older ages. 
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Potential confounders of the relationship between acculturation and CVD risk factors among 

South Asian immigrants include socio-demographic characteristics, health status/illness burden, 

and measures of access to health care.  In addition, health behaviors (i.e., smoking, alcohol use, 

physical activity, diet) may confound the relationship between acculturation and hypertension, 

diabetes, and obesity.  Obesity may also confound the relationship between acculturation and 

diabetes.  A brief description of potential confounders is provided in the following table. 

Confounding variable Association with acculturation Association with CVD risk factors 

Gender (sex) Studies have reported on the 

gendered process of acculturation 

and that health behaviors may differ 

by acculturation for Latino and 

Asian American men and 

women.
132,153-157

 

CVD risk factors can vary between men 

and women.
96,158-160

 

Marital status More acculturated married couples 

may experience greater marital 

distress and/or more direct 

expressions of conflict than less 

acculturated married couples
161,162

 , 

and interracial marriage is more 

likely with greater acculturation
163

. 

Being “happily” married is associated 

with lower rates of hypertension and 

morbidity/mortality from CVD, possibly 

through reduced stress and stress-related 

illness (converse is true for “unhappy” 

marriages).
164-166

  However, being 

married (versus never married) is 

associated with higher BMI levels
167,168

, 

and divorce is associated with voluntary 

weight loss.
168

 

Socioeconomic status 

(educational attainment 

and income) 

There is a positive correlation with 

acculturation and SES.
169-171

 

Educational attainment and income are 

associated with lower rates of smoking, 

obesity, and mortality in ethnic 

groups.
84,172

 

Health status Foreign-born residents and recent 

immigrants often have fewer 

chronic conditions and better self-

reported health status than native-

born residents and long-term 

resident immigrants, which may be 

due to aging in the latter group and 

the healthy immigrant effect in the 

former group.
173,174

 

Self-reported health status is associated 

with health outcomes, including 

mortality.
175

 

Health access and 

utilization  

(health insurance, usual 

source of care) 

Acculturation and length of 

residence are associated with 

increased access to the healthcare 

system.
176

 

A usual source of care (and health 

insurance to access that usual source of 

care) is important for preventive care 

services and health screening of CVD 

risk factors.
177,178
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Other potential confounders in the relationship between acculturation and CVD risk factors 

include patient-physician communication, medication use and adherence, social networks, built 

environment or ethnic enclaves, and religious affiliation.
20,46,179,180

  Living in an ethnic enclave 

may hinder social integration into the host country irrespective of years of residence, with 

subsequent effects on expected outcomes.
20

  Religious affiliation and/or participation may be an 

important moderator of the acculturation effects on CVD risk factors among South Asian 

immigrants since several traditional Indian religions (e.g., Hinduism, Jainism) practice 

vegetarianism, as opposed to more common Western dietary practices of meat-eating, and 

religious Muslims abstain from alcohol.
179,181-184

  Measures for these constructs (i.e., ethnic 

enclaves, religious affiliation) were not available in the datasets used for Chapter 3 study. 

 

Age at immigration may moderate the relationship between acculturation or duration of 

residence and CVD risk factors
75

, and this interaction is examined in multivariate analysis in 

Chapter 3. Compared to immigrants who arrive in the US at later ages, immigrants who migrate 

during childhood and adolescence are more exposed to the lifestyles of their native-born 

counterparts because they are more likely to receive schooling in the US, and more likely to 

marry native-born Americans.
185

  Older immigrants are less likely to acculturate or build new 

social networks because they usually migrate to rejoin family members already in the US, and 

the presence of a network of people of the same ethnicity is likely to delay or inhibit 

acculturation
186

; younger immigrants migrate either to accompany their families or for education 

and/or economic opportunities and, as a result, may be more willing to acculturate to American 

culture.
187
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Health behaviors (i.e., smoking, binge drinking or heavy alcohol use, physical activity, fruit and 

vegetable intake) may also confound and/or mediate the relationship between 

acculturation/duration of residence and hypertension, diabetes, and obesity.  In addition, obesity 

may confound and/or mediate the relationship between acculturation/duration of residence and 

diabetes.  The Chapter 3 background section describes how these health behaviors may vary with 

acculturation or duration of residence in the US.  Binge drinking has been shown to increase 

CVD mortality both independently and through elevated blood pressure.
188

  Obesity, sedentary 

lifestyle, unhealthy diet (high in fat and simple carbohydrates, low in fiber), smoking, and heavy 

alcohol consumption have been associated with increased diabetes risk.
189-192

  Heavy alcohol use, 

sedentary lifestyle, and unhealthy diet have been associated with increased obesity risk, while 

current smoking has been associated with decreased BMI levels.
193,194

 

 

Overwt = overweight body mass index; IV = intervening variable 
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Chapter 4 Background: The Association of Religiosity with BMI among Asian Indian 

immigrants in California 

A substantial literature connects religiosity and spirituality to physical and mental health.
195-200

   

This background section focuses on both general health literature, as well as literature specific to 

cardiovascular disease risk factors, such as obesity. 

 

Religiosity and spirituality represent related constructs.  Spirituality refers to an individual’s 

attempt to find meaning in life, which can include a sense of involvement with the transcendent 

outside institutional boundaries. Religion or religiosity includes aspects of spirituality, and refers 

to beliefs and behaviors that are linked to the sacred or supernatural and are grounded in a 

religious community or tradition.
198

 

 

Levels of religious belief and behavior are remarkably high in the US, and most Americans 

believe that their spiritual beliefs and behaviors influence their health.  According to Gallup 

survey polls, over 90% of American adults say that they pray and believe in God or a higher 

being, two-thirds are members of churches or synagogues, 40% attend religious services 

regularly, and a majority of patients would like medical providers to discuss the spiritual aspects 

of their illness.
201,202

  Moreover, 79% of US adults believe that spiritual faith can help people 

recover from illness, injury, or disease.
198,202
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How religiosity affects health 

There is not a consensus on a conceptual model that delineates how religion impacts health.  

Several mid-range theories
2
, or conceptual schemes that are developed to explain a fairly 

circumscribed part of religiosity and health, include:  

- Religious coping:  use of positive religious coping responses to deal with adverse life 

events and health-related benefits from forgiveness of others. 

- Sociality:  church-based social relationships bolster and maintain physical and mental 

health; the Alameda County study found that religious attendance was linked to positive 

changes in both social ties and health behaviors.203 

- Control:  God-mediated control or belief that God helps people gain control over their 

lives by working together with Him.
195

 

- Health behaviors encouraged or proscribed by particular religions.
198

  For example, early 

studies of Seventh-day Adventists in the US documented lower risk of cancer and other 

diseases in this group than the general population, and Seventh-day Adventist teaching 

prohibits the use of tobacco and alcohol and encourages vegetarianism.
204

 

 

Similarly, Hood et al. propose that religion satisfies the need to find meaning in life, the need to 

exercise control over the environment, and the need to form and maintain relationships with 

others (i.e., sociality).
205

  In one attempt to unify these religion-health theories, Krause posits that 

these needs may be driven by a deeper and more fundamental need for self-transcendence, or to 

further a cause beyond the self and to experience communion beyond the boundaries of self.
195

  

Briefly, Krause discusses a hierarchical conceptual model connecting religion to health through 

                                                 
2
 Middle-range theory is an approach to theory construction that starts with an empirical phenomenon and abstracts 

from it to create general statements that can be verified by data. (Merton RK. Social theory and social structure: 

Free Press; 1968) 
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these needs: (1) efforts to satisfy the need for self-transcendence motivate people to participate in 

formal worship services that take place within religious institutions; (2) attending religious 

services provides the opportunity to satisfy the need for sociality; (3) in the process of satisfying 

their need for sociality, fellow members of religious communities help each other satisfy the 

need for control; (4) satisfying the need for sociality and the need for control makes it possible to 

satisfy the need for meaning in life; and (5) individuals who have derived a deeper sense of 

meaning in life will enjoy better health-related outcomes than people who have not been able to 

satisfy their meaning for life.
195

  Several studies suggest a strong sense of meaning in life is 

associated with favorable self-rated health, greater odds of living longer, and fewer symptoms of 

depression.
195

  Limitations of this conceptual model include how to empirically assess the 

satisfaction of needs, missing fundamental needs from the model, and whether needs can 

legitimately be ordered in a hierarchical manner. 

 

A recent review discussed physiologic evidence for the health benefits of religiosity/spirituality, 

such as attenuation of the sympathetic nervous system activity and enhanced parasympathetic 

activation, leading to decreased blood pressure or reduced inflammatory cytokine levels.
197

 

Additionally, religiosity/spirituality has also been related to lower circulating cortisol levels or 

cortisol responsiveness, and may thereby contribute to reduced risks for a range of health 

outcomes.
197

 

 

It is worth noting critiques on the connection between religiosity/spirituality and health, 

especially by Sloan and Bagiella.
206

  In their 2002 article, they discuss several limitations with 

the literature that claims a health advantage with religiosity/spirituality, such as studies on 

denominational differences that convey no information on the health value of religious 
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involvement, studies that fail to control for multiple comparisons or lack controls for 

confounders (e.g., church attendance without control for functional status), and studies that 

examined the religious consequences of having medical problems.  The authors also critiqued the 

methodology and results interpretation of studies in reviews of religion and health.
206

 

 

Measure of religiosity/spirituality 

Religiosity is a complex, multidimensional construct, and similar to the conceptual model, there 

is not a consensus about how religiosity should be measured.  When religiosity/spirituality has 

been studied, it has often been included only as add-on variables in the context of other research 

agendas.  Many of the religiosity/spirituality research findings, especially in relation to health, 

have emerged from either large epidemiological surveys of medical populations or large-scale 

sociological surveys of national populations. Thus, measures of religion and spirituality are often 

but one of many variables under investigation and, as a result, researchers have relied heavily on 

brief (frequently single-item) and imprecise global indices, such as frequency of church 

attendance, denominational affiliation, or self-rated religiousness and spirituality.
196,207

  In fact, 

Hill and Hood identified more than 125 measurement instruments in their review, and suggested 

that at least ten major aspects of religiosity/spirituality could be considered, namely: 

denomination/affiliation, religious/spiritual belief, religious/spiritual attitudes, organizational or 

social religious activity, nonorganizational or private religious/spiritual activity, 

religious/spiritual salience or importance, religious/spiritual orientation or motivation, 

religious/spiritual coping, religious/spiritual history, religious/spiritual experience, and 

religious/spiritual development or maturity.
208
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The limited reliability of brief measures may weaken the association of the religiosity variable 

with the health variables of interest, resulting in smaller effect sizes than would be observed if 

the religiosity variable were assessed with more reliable measures.  Also, such measures may not 

uncover harmful health effects of religion.  Still, despite the use of global measures with limited 

reliability, religiosity has been a surprisingly robust variable in predicting health-related 

outcomes; simplistic measures, such as church attendance, have been significant predictors of 

health outcomes (e.g., mortality).
207

 

 

Besides the scarcity of multidimensional, psychometrically tested measures of religiosity, other 

limitations of existing measures include the lack of objective (not self-report) measures, lack of 

measures of religious change/transformation, and lack of contextually sensitive measures.  The 

need for tradition-specific measures may be especially important for implications of well-being 

in Eastern religions; for example, most measures have been geared towards Protestants and 

members of the Judeo-Christian traditions and the Hindu concept of karma have no direct 

equivalent in Western religions.
198,207,209

 

 

Religion and health 

There is a well-documented inverse association between religiosity and all-cause mortality.
197,210-

214
  A study of 21,000 adults using the data from the National Health Interview Survey reported a 

strong graded association between religious attendance and mortality, with people who had never 

attended services having a 19 times higher risk of death over an 8-year period than those who 

attended more than once a week, after controlling for demographic (age, sex, race, region), 

socioeconomic (education, family income), health (baseline health status, activity limitation 

status, bed-sick days), behavioral (smoking, alcohol use, weight-for-height measure), and social 
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support (marital status, social activity, friends to call on in times of need, relatives to call on in 

times of need) variables.
210

  Life expectancy at age 20 for people who attended services more 

than once a week was, on average, seven and a half years longer than those who never attended. 

This association was even stronger in African Americans, with a 13.7-year difference in life 

expectancy (life expectancy at age 20 for Blacks who attended religious service more than once a 

week was 60.1 years compared to 46.4 years for Blacks who never attended religious 

service).
210

A meta-analysis of 42 studies, surveying nearly 126,000 people, and controlling for 

sociodemographic and physical health status factors, concluded that active religious involvement 

increased the odds of being alive at follow-up by 26% (length of follow-up ranged from 3-276 

months).
212

  These effects were stronger for women than men, possibly due to differences 

between men and women in the psychosocial support that they receive from religion.
212

  A 

rigorous review concluded that religious service attendance was associated with a “strong, 

consistent, prospective and often graded reduction in risk of mortality,” even after adjusting for 

confounding factors.
213   

 

A recent meta-analysis of 91 studies investigating the association between religiosity/spirituality 

and mortality in initially healthy populations (69) and diseased populations (22) showed that 

religiosity/spirituality was associated with reduced mortality in healthy population studies, but 

not in diseased population studies.
197

  The authors gave higher ratings for studies that controlled 

for age, sex, smoking, alcohol, BMI or physical activity and socioeconomic status in healthy 

populations and age, sex, smoking, alcohol, BMI or physical status, basal disease status, medical 

therapy, and socioeconomic status in diseased populations.
197

  More religiosity/spirituality is 

thought to be related to healthier behavior, including less smoking, more exercising, more 

moderate drinking, less dietary fat intake, and better sleep quality.
196,203

  The authors found that 
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the protective effect of religiosity/spirituality on mortality was independent of these behavioral 

factors, negative affect (buffering of psychological distress), and (increased) social support.
197

 

 

Not surprisingly, there is an extensive literature relating religiosity/spirituality with mental 

health.  Two meta-analyses (one with 49 studies, the other with 147 studies) found that positive 

forms of religious coping (i.e., a secure relationship with God, spiritual connectedness, sense of 

meaning in life) were related to lower levels of depression, anxiety, and distress, while negative 

forms of religious coping (i.e., religious struggle, ominous view of world, less secure relationship 

with God) were associated with poorer psychological adjustment.
215,216

  Religiosity variables 

have been shown to have protective associations with multiple mental health outcomes, 

including well-being, suicidal behavior and substance misuse.
199

  A critical review of 17 studies 

found that intrinsic religion (i.e., internalized religion or genuine, devout faith) tends to be 

associated with reduced anxiety, while extrinsic religion (i.e., utilitarian use of religion as a 

means to an end, such as church attendance to gain social status) tends to be positively associated 

with anxiety, and similar findings have been reported from reviews of religious beliefs and 

coping among HIV-positive individuals.217,218    

 

Both positive and negative findings have been reported from review studies of religiosity among 

patients with cancer and cardiovascular disease (CVD).
196,197,200,210,219,220

  A systematic review of 

randomized controlled trials found that religious prayer improved health outcomes in coronary 

patients and survival among children with leukemia.221  However, in the Women’s Health Initiative 

Observational Study, Schnall et al. reported that while religious affiliation, frequent religious 

service attendance, and religious strength and comfort were associated with reduced risk of all-

cause mortality, these variables were not associated with reduced risk of coronary heart disease 

http://en.wikipedia.org/wiki/Faith
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morbidity and mortality after 7 years of follow-up.
214

  Prior studies have also suggested that 

religious attendance may be associated with lower risk of incident CVD 
222,223

, but a recent study 

(MESA) found no association between measures of religiosity and presence/extent of CVD or 

incident CVD after 4 years of follow-up in older adults
224

.   

 

In terms of cardiovascular disease risk factors, studies show both protective and harmful 

associations with religiosity.  Lower rates of smoking have been found with frequent religious 

service attendance in longitudinal and cross-sectional studies.
224-227

  A review of 35 studies on the 

relationship between religiosity and health-related physiological processes found that both Judeo-

Christian and Eastern religious practices were associated with reduced blood pressure and improved 

immune function; moreover, Zen, yoga, and meditation practices correlated with lower levels of 

stress hormone (i.e., cortisol) and cholesterol and better overall health outcomes in clinical patient 

populations.209  However, other work has found little to no significant cross-sectional
228,229

 or 

longitudinal
230

 associations between religious attendance, spirituality, and other dimensions of 

religiosity (e.g., religious coping) and blood pressure. 

 

Religiosity and obesity 

Religiosity has been associated with significantly greater body weight and/or obesity in 

numerous cross-sectional analyses
224,225,231-233

, though some analyses have not found a 

significant association.
234-236

  In the nationally representative, multi-ethnic sample of older adults 

(MESA study), Feinstein et al. found that religious involvement (i.e., self-reported prayer, 

religious participation, and spirituality) was associated with greater obesity in older adults.
224

  In 

a recently published paper by Feinstein et al., religious involvement (i.e., frequency in 

participation of religious activities) was significantly associated with greater incidence of obesity 
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in young adults (CARDIA longitudinal study), but this did not remain significant after 

adjustment for baseline characteristics.
227

 

 

Numerous theories have been proposed to explain the finding that greater religiosity is associated 

with a greater risk of obesity.  In their 2006 analysis, Cline and Ferraro posit that two reasons for 

this association is the relative emphasis that religious organizations place on avoiding vices such 

as smoking, compared with the scant attention paid to avoiding the sin of gluttony, and the 

possibility that religiosity leads to obesity to a lesser extent than obesity leads to religiosity, as 

religious organizations may offer a welcoming environment for those who are obese and seek 

protection from social stigma.
231

  One longitudinal analysis suggested that religious individuals 

are more likely to become obese because religious organizations rarely address dietary over-

consumption and religious gatherings often center around food and drink.
230

  Another possible 

reason for the relationship between religiosity and obesity is that the low prevalence of smoking 

among religious individuals actually causes increased levels of obesity due to the role of 

smoking as an appetite suppressant.
237

  A 2003 study found that positive associations between 

religiosity and obesity were no longer significant when adjusted for smoking status
237

; however, 

it remains unclear if abstinence from smoking is a primary explanation for greater obesity among 

more religious individuals.   

 

South Asians and religiosity 

Associations between religiosity/spirituality and obesity are particularly important to understand 

among South Asians, for whom religion/spirituality and fellowship in religious communities 

have been viewed as particularly salient.  Cultural patterns that include community fellowship 

surrounding eating and reported tendencies to eat foods high in fat may contribute to increased 
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rates of central adiposity and obesity in South Asians. Some religious social settings may 

encourage less healthy eating and lead to weight gain for South Asians, but these potential 

relationships are poorly understood.   

 

Chapter 4 Conceptual Model 

The focal relationship of interest in the Chapter 4 study is the association of religiosity with BMI 

in Asian Indian adults in the US, with the hypothesis that greater religiosity is associated with 

greater BMI (and risk for obesity and obesity-related diseases like coronary heart disease).  

Potential confounders of this focal relationship are presented in the following table. 

 

Confounding variable Association with religiosity Association with obesity 
Age Religiosity may increase with age, 

as older cohorts may be more 

religious than younger adults.
238 

Greater weight, a component of body 

mass index, is associated with older age, 

presumably from a decrease in basal 

metabolic rate.
239,240 

 
Gender (sex) Women have consistently reported 

greater religiosity than men in 

observational studies.
241 

Weight has also been shown to vary by 

sex, with men having more muscle 

mass, and potentially higher BMI.
239,240 

Marital status A meta-analysis of 94 studies 

demonstrated a correlation between 

religiousness and marital 

satisfaction or decreased divorce 

rate, though the effects are small.
242 

Studies have shown an association 

between being married (versus never 

married) and higher BMI levels, with 

the idea that the marriage environment 

leads to inducements to eat (e.g., 

sharing meals) and may lead to higher 

caloric intake, which increases 

weight.
167,168

  Inversely, divorce has 

been associated with voluntary weight 

loss.
168 

Socioeconomic status 

(educational attainment 

and income) 

The association between 

socioeconomic status and religiosity 

is not clear.  The frequency of 

religious participation is associated 

with more years of schooling 

completed among women raised 

conservative Protestant.
243 

There appears to be an inverse 

relationship between educational 

attainment, one component of 

socioeconomic status, and adult obesity 

(or higher BMI); this appears to be due 

to contextual factors (family, 

neighborhood environment) as opposed 

to innate childhood intelligence 

measured by IQ tests
244-247

.  Lower 

income is also associated with 

obesity.
248 



38 

 

Health access (health 

insurance) 
The correlation between health 

insurance and religiosity is not 

clear.  Religiosity is associated with 

greater healthcare utilization.
249,250 

Health insurance status is often a proxy 

for health care access and utilization, 

both of which may be necessary to get 

health information and counseling on 

healthy lifestyle and preventive health 

practices that may lower one’s risk for 

obesity.   

 

One moderating effect on the impact of religiosity on BMI may be acculturation to American 

culture.  The hypothesis that greater acculturation may lead to less religiosity among Asian 

Indian immigrants will be examined in bivariate analysis and interactions in multivariate analysis 

in Chapter 4. 

 

Mediating variables/constructs on the association of religiosity with obesity may include 

smoking, physical activity, diet, and health status.  Several studies have found an inverse 

relationship between religiosity and smoking status.
224-227

  Smoking has a known impact on body 

mass index.  Obese body mass index, one risk factor for cardiovascular disease, is inversely 

related to smoking behavior because of the appetite suppressant effects of nicotine, and smokers 

typically weigh less than ex-smokers or never smokers .
193

  Health status may also be another 

mediator of the focal relationship between religiosity and obesity, since health status has been 

positively associated with religiosity, but negatively associated with health outcomes (including 

higher BMI levels). 
175

  Other possible mediators are physical activity and diet, which may both 

be influenced by one’s religious practices, and are known to directly affect an individual’s 

weight status.   
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SES = socioeconomic status, PA = physical activity 
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Chapter 2: Validity of Temporal Measures as Proxies for Measuring Acculturation in 

Asian Indian Survey Respondents 

 

ABSTRACT 

Objective:  To examine the associations of temporal measures with self-reported measures of 

acculturation among Asian Indians in the US 

Methods: We used the 2004 California Asian Indian Tobacco Survey to examine the number of 

years in the US, percentage of lifetime in the US, and age at immigration by 11 acculturation 

items.  These items were combined to form an acculturation scale for Asian Indians.   

Results:  Greater duration of residence in the US, greater percentage of lifetime in the US, and 

younger age at immigration were associated with more acculturated responses to the items for 

Asian Indian immigrants. Item-scale correlations for the 11-item acculturation scale ranged from 

0.28-0.55 and internal consistency reliability was 0.73.  Product-moment correlations of the scale 

were statistically significant (p<0.001) with duration of residence in the U.S. (r = 0.37), 

percentage of lifetime in the U.S. (r = 0.45), and age of the Asian Indian immigrant on arrival to 

the U.S (r = -0.34).  Some support was found for a two-factor solution; the comparative fit 

index=0.89 and root means squared error of approximately = 0.07.  The internal consistency 

reliability was 0.70 for one dimension corresponding to private life and 0.59 for the other 

dimension corresponding to public life. 

Conclusion:  Temporal measures only partially capture the full dimensions of acculturation.  Our 

11-item acculturation scale captured several domains and possibly two dimensions of 

acculturation, and future studies should compare the association of temporal measures and 

acculturation scale with health outcomes for Asian Indians. 

Keywords:  Asian Indian, temporal measures, acculturation 
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INTRODUCTION: 

Foreign-born residents, or immigrants, make up a significant percentage of the population of the 

United States (US), rising from 5% in 1970 to a predicted 15% by 2025.
1
  US immigrants have 

primarily resided in urban centers in California, Florida, Illinois, New York, and Texas, but more 

recently have settled throughout the country.  Although definitions vary, acculturation is broadly 

described as the process by which individuals exposed regularly to another culture adopt the 

attitudes, values, customs, beliefs, and behaviors of that foreign culture.
2
 

 

Greater acculturation to US cultural practices is associated with a higher likelihood of having 

chronic health conditions, such as obesity and cardiovascular disease, at rates similar to native-

born American counterparts.
3
  Sociocultural influences, such as a sense of invulnerability to 

chronic disease or preference for traditional healers (e.g., Eastern medicine healers), may also 

influence health indirectly through information-seeking and more directly through the decision to 

undergo screening behaviors.
4-6

  However, the estimated impact of acculturation depends on how 

it is measured.
7,8

 

 

Acculturation was initially conceptualized as a linear, unidirectional process where immigrants 

acquired the values, practices, and beliefs of their new homelands while simultaneously 

discarding those from the cultural heritage.
9
  More recent views of acculturation acknowledge 

that immigrants frequently maintain many features of their original culture in their personal lives 

(e.g., at home) and adapt to their host culture in their public lives (e.g., at work).
10

  Nonetheless, 

unidirectional measures of acculturation are prominent because of limitations in acculturation 

scales or available measures in large datasets.
8,11,12
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Language preference, country of nativity (place of birth), and duration of residence in the US are 

the most frequently used proxy measures of acculturation in Latino and Asian immigrant health 

studies.
8,12

  However, for some Asian American populations, language use or preference may not 

serve as an adequate proxy for acculturation.  For example, studies of South Asians, or people 

with countries of origin from India, Pakistan, Bangladesh, Nepal, Sri Lanka, and Bhutan, cannot 

rely on language use as a proxy for acculturation because English is often the working language 

of the professional classes in their countries of origin.
13,14

  Furthermore, duration of residence in 

the host country has been criticized as a proxy measure because immigrant groups with a history 

of diaspora (e.g., South Asians, Chinese) may have immigrated to the US after having spent a 

generation exposed to western cultural values  in Hong Kong or the United Kingdom.
15

  We 

were not able to identify studies that quantified the proportion of South Asians who immigrated 

to the US from a developed country versus a developing country.  Measures that assess several 

domains of acculturation, such as social relationships, cultural activities, and linguistic 

preference, for Asian populations are thought to be more valid.
16-19

  However, many scales lack a 

conceptual framework of acculturation and these scales are rarely used in studies evaluating 

health behaviors or health outcomes because of respondent burden and costs.
8
  Given that proxy 

measures are often the only available indicators of acculturation in many of the data sets 

routinely used to study Asian American immigrant health, it is important to know how valid they 

are as measures of acculturation among Asian American immigrants.   

 

The California Asian Indian Tobacco Survey (CAITS) provides a unique opportunity to evaluate 

temporal measures of acculturation, such as duration of residence in the US.  CAITS was a 

multilingual, population-based assessment of Asian Indians that contains several measures of 

acculturation among Asian Indians.  Asian Indians are among the fastest growing ethnic groups 
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in the US, with a growth rate of 70% from the 2000 to the 2010 Census.
20

  Our objective was to 

examine the associations of temporal measures with self-reported measures of acculturation 

among Asian Indians.  In addition, given the heterogeneity of the Asian American immigrant 

population and that no commonly accepted acculturation scale exists for Asian Indians, we 

created an acculturation scale using existing survey items and report the properties of the scale.   

 

METHODS: 

Data Source: 

CAITS was a 27-minute multilingual (English, Gujarati, Hindi, or Punjabi) telephone survey 

administered in 2004 to 3,228 adults randomly selected from Asian Indian surnamed telephone 

lists, aged 18 years old or above, of Asian Indian background and resident in California.
21

  

Respondents provided information about health status, utilization of health services, tobacco use, 

acculturation, and socio-demographic information.  Surnames for the CAITS were compiled 

from Social Security and the Vital Statistics Office of the California Department of Health 

Services from the years 1998-2002.  The household response rate was 67%, and the response rate 

for the randomly selected interviewees within households was 81%.  The final adult response 

rate was 54% (household response rate of 67% x random adult response rate of 81%).  For more 

information about how the sample was selected and survey design, please see McCarthy et al. 

(2005).
21

  We received institutional review board exemption from the University of California, 

Los Angeles for secondary data analysis as it did not contain identifiable private information 

(IRB#12-000582). 
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Measures: 

Three temporal measures of acculturation were examined as dependent variables in the analysis:  

duration of residence in the US, percentage of lifetime in the US, or age at immigration.  

Duration of residence in years was calculated by subtracting the survey year from the year the 

respondent entered the US.  Percentage of lifetime was calculated from years lived in the US 

divided by the current age of the respondent multiplied by 100.  Age entered the US in years was 

calculated from year entered the US minus the year of birth for the respondent.  These measures 

were only answered by foreign-born respondents (90% of the sample; not demographically 

different from full sample).    

 

Acculturation measures were 11 questions that represented six aspects of acculturation: language 

use (3 questions), media behavior (1 question), social customs (3 questions), social contacts (1 

question), cultural identity (1 question), and generational status (2 questions).  These items have 

been included in existing scales of acculturation in the Asian American population.
11,17,22

   

“Language of the interview” was dichotomized into English or Asian Indian language.   “How 

open would you be to your son marrying outside of cultural group” and “How open would you 

be to your daughter marrying outside of cultural group?” correlated at r=0.95.  To deal with local 

dependency, we generated a new variable “How open would you be to your child marrying 

outside of cultural group” using the average of the two responses.  Of note, respondents were not 

given a definition or characteristics of a cultural group prior to their response; the survey 

administrators defined culture as shared meanings, understandings, or referents held by a group 

of people, and is sometimes synonymous with nations and national boundaries.
23

  “Nativity” 

(i.e., born in a developed versus non-developed country) and “Generational status” correlated at 
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r=0.75, and responses from both questions were averaged to form one item.  Table 2-1 provides a 

description of the core items and possible responses. 

 

Analysis Plan: 

We hypothesized that duration of residence in the US and percentage of lifetime in the US would 

be greater for respondents who were more acculturated than those who were less acculturated to 

American culture.  First, we examined the mean number of years in the US, mean percentage of 

lifetime in the US, and mean age at immigration by responses to the acculturation domain 

questions  Responses to the acculturation items were analyzed both in their original categories 

and as dichotomized categories (described below).  We also conducted standard contingency 

table analysis to identify temporal measure cut-off points that differed between more American 

acculturated responses and less acculturated responses.
24

  The reference category was a 

dichotomized acculturation item and the classification category was the temporal measure.
24

  

Acculturation items were dichotomized as 0 for less acculturated or 1 for more acculturated to 

US culture.  For example, response for “how often do you keep in contact with friends and 

family in India?” was dichotomized into those who responded “very often,” “somewhat often,” 

or “neither often or rarely” vs. those who responded “somewhat rarely” or “very rarely”.  We 

used a specificity cut point of greater than or equal to 0.70. 

 

Second, we conducted exploratory factor analyses to evaluate the dimensionality of the items in 

the overall acculturation scale.
25

  Several factor criteria (Guttman’s weakest lower bound, scree 

plot, eigenvalue >1, and parallel analysis) were examined to determine the number of factors.  

An oblique (PROMAX) factor rotation was used to examine the simple structure for the 

plausible number of underlying factors.  Then, confirmatory factor analysis was conducted to 
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evaluate the fit of possible models for the data.  The goodness-of-fit of the confirmatory factor 

analysis models was evaluated using the chi-square statistic, the comparative fit index (CFI), and 

the root mean squared error of approximation (RMSEA).  Models with a CFI of 0.90 may be 

considered acceptable.
25

 

 

Third, we standardized and summed 11 questions to form an overall acculturation scale with a 

higher score signifying a greater level of American acculturation.  Individual items were 

standardized on a 0-100 scale.  For example, the item “how often do you speak your native 

language at home” had five response categories labeled 1 through 5 that were standardized to 0, 

25, 50, 75, 100 (Table 2-1).   Item descriptives (mean, range, skewness, kurtosis), item-scale 

correlations (corrected for item overlap), Cronbach’s alpha internal consistency reliability, and 

Pearson product-moment correlations of the scale with the temporal measures were computed.   

 

Post-stratification weights were used in the analyses to correct for non-coverage (i.e., surname 

omitted from sampling frame) and non-response.  The post-stratification adjustments were 

stratified by gender and age grouping, and counties were grouped by 12 California regions used 

in previous tobacco control research to generate more stable weights.
21

  The analyses were 

conducted using STATA 11.2 software. 

 

RESULTS: 

Sample Demographics 

The average age of the sample was 37 years and 52% was male (Table 2-2).  The majority of the 

sample was well-educated – only 12% had a high school degree or less compared to 43% of the 

US as a whole.
26

  Foreign-born respondents had a mean duration of residence of 13 years, 
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accounting for one-third of their percentage of lifetime in the US.  The median age at 

immigration to the US was 25 years old. 

 

Construct Validity of Temporal Measures  

In general, greater duration of residence in the US, greater percentage of lifetime in the US, and 

younger age at immigration were associated with more acculturated responses to the items for 

Asian Indian immigrants (Table 2-3 for duration of residence; Appendix Tables 2-1 and 2-2 for 

percentage of lifetime and age at immigration, respectively).  Specifically, with increasing 

duration of residence in the US, Asian Indian immigrants were more likely to prefer English as 

their primary language (mean duration 10.7 years for non-English as primary language versus 

mean duration 14.4 years for English as primary language, p<0.001) and language of the 

interview (mean duration 9.9 years for non-English interview versus mean duration 12.8 years 

for English interview, p<0.001).  Asian Indian immigrants with greater duration in the US were 

less likely to speak their native language at home (11 years for very often vs. 18 years for very 

rarely, p<0.001), read Indian newspapers, magazines, or books (10 years for very often vs. 15 

years for very rarely, p<0.001), observe the traditional holidays important in their culture or 

religion (12 years for almost always vs. 14 for rarely or never, p<0.001), and stay in contact with 

family and friends in India (10 years for very often vs. 18 years for very rarely, p<0.001).  More 

years in the US were also associated with second or greater generational status and respondent 

birth in a developed country.  Responses to the acculturation items were analyzed both in their 

original categories and as dichotomized categories; however, we only report the former because 

the results were similar.   
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There was a non-linear relationship with frequency of Indian food consumption or openness to 

respondent’s child marrying outside the cultural group and duration of residence in the US.  

Small sample sizes in some response categories may explain the lack of a linear relationship; 

inappropriate measures of acculturation for Asian Indians may be another explanation.  For 

example, marriage outside of a cultural group may have been interpreted as marriage to someone 

of Indian descent but of a different Indian language/culture/religion (as opposed to marriage to 

someone of a different race/ethnicity).   

 

Contingency table analysis suggested a meaningful cut-off at around 12-16 years duration of 

residence in the US and 34-40% for percentage of lifetime in the US between respondents who 

were more versus less acculturated to American culture (Appendix Table 2-3).  Product-moment 

correlations between self-reported acculturation items and duration of residence in the US ranged 

from 0.05 for generational status to 0.32 for ethnic identity.  Correlations of percentage of 

lifetime in the US with acculturation items ranged from 0.10 for marriage of child outside 

cultural group to 0.54 for generational status.  Age at immigration into the US had a negative 

linear relationship with most acculturation items except native language spoken at home, 

frequency of Indian food consumption, and contacts with family and friends in India. 

Correlations between acculturation items and age at immigration ranged from -0.04 for contact 

with family and friends in India to -0.42 for generational status with a meaningful cut-off at 29-

31 years of age.  We would expect measures that assess acculturation domains to be negatively 

correlated with age at immigration because acculturation varies depending on whether the 

immigrant arrived as an adult or as a child, with the latter group more closely resembling the 

native –born population; that is, they typically report having had less exposure and ties to their 

country of origin.
27

  We also examined the data stratified by age at immigration and duration of 
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residence in the US (less than or equal to/greater than 15 years), and found similar associations 

and linear trends among the different age at immigration categories with the same duration of 

residence in the US (Appendix Table 2-4).   

 

Acculturation Scale 

The number of factor criteria suggested between 2-4 factors.  Promax obliquely rotated factor 

solutions supported a two-factor solution based on simple structure (see Table 2-4).  The 

estimated correlation between the two factors was 0.23: though not perfect, Factor 1 appears to 

correspond to frequency or “how often” items (home language preference, preference for 

Indian/non-Indian media, social custom of traditional foods, Indian versus non-Indian social 

contacts, ethnic identity, and generational status) and Factor 2 corresponds to social behaviors 

(English fluency, respondent choice of language in the interview, and two social customs of 

observance of traditional holidays and openness to one’s child marrying outside one’s cultural 

group).  We found five correlated errors suggested by Lagrange multiple indices and added these 

to improve the model fit.  The factor loadings were statistically significant and moderate to large 

in size (see Table 2-5).  The CFI for the final model was 0.89 and the RMSEA was 0.07 (90% 

CI: 0.062, 0.074).   

 

Eleven items measuring different domains of acculturation were combined to form an 

acculturation scale.  Scale scores were transformed linearly to a 0-100 possible range. The mean 

scale score was 39 with a standard deviation of 17, skewness of 0.45 and kurtosis of 3.04.  Item-

scale correlations (corrected for overlap) for the acculturation scale items ranged from 0.28-0.55 

and internal consistency reliability for the scale was 0.73 (see Table 2-6a).  Product-moment 

correlation of the scale with duration of residence in the U.S. was 0.37, with percentage of 
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lifetime in the U.S. was 0.45, and with age of the Asian Indian immigrant on arrival to the U.S 

was -0.34.; p<0.001 for correlations.  The linear relationship between the mean acculturation 

scale score and duration of residence in the US among Asian Indian immigrants is shown in 

Appendix, Figure 2-1. 

 

For the frequency subscale, item-scale correlations ranged from 0.36-0.50 and internal 

consistency reliability for the scale was 0.70 (see Table 2-6b).  Product-moment correlation of 

the frequency subscale with duration of residence in the U.S. was 0.40, with percentage of 

lifetime in the U.S. was 0.48, and with age of the Asian Indian immigrant on arrival to the U.S 

was -0.23.; p<0.001 for correlations.  For the social behaviors subscale, item-scale correlations 

ranged from 0.29-0.41 and internal consistency reliability for the scale was 0.59 (see Table 2-

6b).  Product-moment correlation of the social behaviors subscale with duration of residence in 

the U.S. was 0.21, with percentage of lifetime in the U.S. was 0.26, and with age of the Asian 

Indian immigrant on arrival to the U.S was -0.32.; p<0.001 for correlations. 

 

DISCUSSION: 

This study examined the associations of temporal measures (such as duration of residence, 

percentage of lifetime, and age at immigration in the US) with direct measures of acculturation 

among Asian Indians.  While temporal measures may only partially capture acculturation, 

duration of residence or percentage of lifetime in the US may be better proxies for acculturation 

than English proficiency, interview language, or country of nativity for this population.  Studies 

of Asians Indians cannot rely on language use as a proxy for acculturation because large 

majorities of Asian Indian immigrants are proficient English speakers and English is often the 

working language of the professional classes in their countries of origin.
13,14

  Furthermore, many 
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Asian Indian immigrants, regardless of socioeconomic status in the US, had learned to speak, 

read, and write English in elementary school in India or elsewhere outside of the US and were 

therefore exposed to English language media from an early age.
13

  Additionally, Asian Indians 

who immigrate to the US may have spent significant time in a Westernized country (e.g., UK for 

collegiate studies) prior to immigration to the US, although we were not able to quantify that 

percentage in our sample except for nativity in a developed country.
15

 

 

Our study had several limitations.  We developed a shorter acculturation scale than those used in 

the literature for Asians with acceptable reliability for group measurements, but its reliability is 

too low to justify its use for individual level measurement.
28

  Our scale is based on a 

unidirectional process of acculturation, or a linear relationship between moving from one cultural 

identity (e.g., ethnic identity) to the other (e.g., mainstream cultural identity) over time.
9
  While 

the strength of this assimilation model of acculturation is its simplicity, this model has been 

criticized for not allowing ethnic minorities to have bicultural identities, despite the fact that 

many ethnic minorities describe themselves as such (e.g., Indian-American).
29

  As previously 

mentioned, temporal measures of acculturation have also been criticized.  However, proxy 

measurement and unidirectional scales continue to be widely used in Asian immigrant health 

research because of the practical and financial challenges of using more in-depth psychometric 

scales and lack of a sound theoretical approach to acculturation-related health research.
30,31

  

Some have criticized the use of acculturation (and/or acculturation measures) in health research 

given the conceptual and methodological difficulties in the construct of acculturation, as well as 

its limitation as a modifiable factor in health promotion.
32,33

  Given these concerns, studies 

examining acculturation and healthcare should also account for modifiable access and utilization 

indicators, such as health insurance coverage, usual source of care, patient-provider 
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communication, and socioeconomic status.
33

  Specifically for Asian Indians who may be insular 

in their social activities, food, cultural and religious practices, a greater understanding of these 

variables may be useful in determining health outcomes. 

 

Despite these limitations, the 11-item acculturation scale captured the breadth of acculturation.  

There is some support for two dimensions in the acculturation scale, one corresponding to 

frequency items and the other to social behaviors.  The correlations of our 11-item scale scores 

for Asian Indians were comparable to the 21-item SL-ASIA scale scores correlations for duration 

of residence in the US (r = 0.45 vs. SL-ASIA, r = 0.56) and age of arrival in the US (r = - 0.34 

vs. SL-ASIA, r = -0.49).
34

  To provide clarity about the relationship between acculturation and 

health, an important next step is to estimate associations of temporal measures on health 

outcomes, such as obesity, self-reported health status, and smoking, with the acculturation scale 

items.  Additional work needs to be done on understanding how acculturation and health 

interrelate, especially in populations with different historical perspectives, and if and how the 

expression of illness and objective health may change with acculturation in ethnic minorities. 
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Table 2-1.  Acculturation Scale core items, lower-level domains, and responses 
Items Responses 

LANGUAGE USE  

1. English as primary language 0=No 

 1=Yes 

2. How often native language spoken at home? 1=Very often 

 2=Somewhat often 

 3=Neither often nor rarely 

 4=Somewhat rarely 

 5=Very rarely 

3. Language of interview 0=Hindi, Punjabi, Gujarati 

 1=English 

MEDIA BEHAVIOR  

4. How often do you read Indian newspapers, magazines, books? 1=Very often 

 2=Somewhat often 

 3=Neither often nor rarely 

 4=Somewhat rarely 

 5=Very rarely 

SOCIAL CUSTOMS  

5. How often do you eat Indian food? 1=Very often 

 2=Somewhat often 

 3=Neither often nor rarely 

 4=Somewhat rarely 

 5=Very rarely 

6. How open are you to your child marrying outside of cultural group?  1=Strongly against 

 2=Moderately against 

 3=Neither open or against 

 4=Moderately open 

 5=Very open 

7. Do you observe the traditional holidays in your culture/religion? 1=Yes, almost always 

 2=Yes, much of the time 

 3=Yes, some of the time 

 4=No, rarely or never 

SOCIAL CONTACTS  

8. How often do you keep in contact with family/friends in India?  1=Very often 

 2=Somewhat often 

 3=Neither often nor rarely 

 4=Somewhat rarely 

 5=Very rarely 

ETHNIC IDENTITY  

9. What is your cultural identity? 1=Full-Indian 

 2=Indian first-American second 

 3=Equal blend of Indian-American 

 4=American first-Indian second 

 5=Full American 

GENERATIONAL STATUS  

10. What is your generational status? 1=1st generation 

 2=2nd+generation 

11. Were you born in a developed country? 0=No 

  1=Yes 
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Table 2-2.Characteristics of Asian Indian adults in the CAITS dataset* 

 N %  

Total 3228 100  

    

Demographics    

Sex    

  Male 1782 52  

  Female 1446 48  

Age, median, mean +/- SD (range) 3199 35, 37 +/- 13 (18-88) 

Marital status    

  Married 2502 73  

  Not married 711 27  

Education level    

  ≤  High school graduate 350 12  

>  High school graduate 2872 88  

Temporal Measures**    

Duration of residence in US, median, mean +/- SD (range) 2951 9, 13 +/- 10 (0-56) 

Percentage of lifetime in US, median, mean +/- SD (range) 2951 26, 32 +/- 22 (0-100) 

Age at immigration, median, mean +/- SD (range) 2951 25, 26 +/- 11 (0-75) 

*Categories may not sum to total N or 100% due to missing observations or rounding 
*Survey weights applied to percentage of sample 
**Temporal measures only answered by foreign-born respondents or 90% parent sample. 
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 Table 2-3. Relationship of duration of residence in US with acculturation domains for Asian Indians* 

 N % 

Mean 

duration 

(years) 95% CI 

Correlation  

with duration in US 

LANGUAGE USE      

English as primary language 2934    

0.21   Yes 1408 48 14.4 (13.8,15.0) 

  No 1526 52 10.7 (10.2,11.2) 

How often native language spoken at   

 home? 2867    

0.28 

  Very often 1892 66 10.7 (10.2, 11.1) 

  Somewhat often 516 18 14.4 (13.3, 15.4) 

  Neither often nor rarely 86 3 14.7 (12.6, 16.8) 

  Somewhat rarely 172 6 18.8 (16.6, 20.9) 

  Very rarely 172 6 18.3 (16.2, 20.5) 

Language of interview 2951    

0.11   English 2626 89 12.8 (12.4,13.3) 

  Hindi, Punjabi, Gujarati 325 11 9.9 (9.0, 10.7) 

MEDIA BEHAVIOR      

How often do you read Indian 

newspapers,  

 magazines, books? 2938    

0.21 
  Very often 823 28 10.1 (9.5, 10.8) 

  Somewhat often 735 25 11.5 (10.7, 12.2) 

  Neither often nor rarely 176 6 13.3 (11.8, 14.9) 

  Somewhat rarely 441 15 13.9 (12.8, 15.0) 

  Very rarely 764 26 15.4 (14.5, 16.3) 

SOCIAL CUSTOMS      

How often do you eat Indian food? 2944    

0.15 

  Very often 2478 81 11.8 (11.4, 12.2) 

  Somewhat often 340 14 16.0 (14.6, 17.3) 

  Neither often nor rarely 56 2 16.4 (13.4, 19.5) 

  Somewhat rarely 47 2 16.2 (12.4, 19.9) 

  Very rarely 23 1 13.8 (9.2, 18.5) 

How open would you be to your child  

 marrying outside of cultural group?  2799    

0.10 

  Very open 953 36 14.3 (13.6, 15.1) 

  Moderately open 824 28 11.4 (10.7, 12.2) 

  Neither open or against 488 17 11.9 (11.0, 12.8) 

  Moderately against 272 9 12.0 (10.7, 13.3) 

  Strongly against 262 9 11.6 (10.5, 12.8) 

Do you observe the traditional holidays 

that are important in your culture and 

religion? 2935    

0.10   Yes, almost always 942 33 11.9 (11.2, 12.6) 

  Yes, much of the time 692 23 12.0 (11.2, 12.8) 

  Yes, some of the time 967 32 12.8 (12.0, 13.5) 

  No, rarely or never 334 12 14.4 (13.1, 15,7) 
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SOCIAL CONTACTS 

How often do you keep in contact with  

 family and friends in India?  2922    

0.26 

  Very often 1774 57 10.2 (9.7, 10.6) 

  Somewhat often 678 23 14.9 (14.0, 15.8) 

  Neither often nor rarely 93 4 15.7 (13.5, 18.0) 

  Somewhat rarely 169 7 17.2 (15.4, 19.0) 

  Very rarely 208 9 17.5 (15.9, 19.0) 

ETHNIC IDENTITY      

Self-assessed cultural identity 2852    

0.32 

  Full Indian 696 24 7.6 (7.1, 8.1) 

  Indian first-American second 480 16 12.3 (11.3, 13.2) 

  Equal blend Indian-American 1423 50 14.4 (13.8, 15.0) 

  American first-Indian second 148 6 17.1 (15.0, 19.2) 

  Full American 105 4 18.7 (16.3, 21.2) 

GENERATIONAL STATUS      

Nativity 2878    

0.05   Born in developed country 288 10 15.6 (13.3, 18.0) 

  Not born in a developed country 2590 90 12.3 (11.9, 12.7) 

Generational Status 2951    

0.26   1st generation 2597 88 11.8 (11.5, 12.2) 

  2+ generation** 354 12 24.6 (23.2, 26.0) 

*The N/% is different from Table 2 to reflect missing values.  F-test p-value<0.0001 for all items except 
country of birth with F(1, 2876)=8.59, p-value=0.0034 
**Respondents born abroad but immigrated to the US before age 6 were categorized as 2

nd
 generation 
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Table 2-4. Promax obliquely rotated two-factor solution (standardized regression coefficients) 

 Factor 1 Factor 2 

Social Contacts   

8. How often keep in contact with family and friends in India 0.7880 -0.2501 

Media Behavior   

4. How often read Indian newspapers, magazines, books 0.6329 -0.0152 

Generational status   

10. Generational status/Born in developed country 0.5939 -0.0114 

Language Use   

2. How often native language spoken at home 0.5278 0.3916 

Social Customs   

5. How often eat Indian food 0.5016 0.2014 

Ethnic Identity   

9. Self-assessed cultural identity 0.4821 0.0725 

Language Use   

3. Language of interview -0.1503     0.7570 

Social Customs   

6. How open to child marrying outside cultural group -0.0703     0.7177 

Language Use   

1. English as primary language 0.2464 0.5688 

Social Customs   

7. Do you observe the traditional holidays important in your culture 0.0958     0.5216 

Factor 1: Items 2, 4, 5, 8, 9, 10; Factor 2: Items 1, 3, 6, 7.  Estimated correlation Factor 1 & 2 is 0.23. 
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Table 2-5. Standardized parameter estimates for confirmatory factor analytic model 

Item Null (all items) Factor 1 Factor 2 

Factor 1: Frequency    

2. How often native language spoken at home 0.71 1.00 - 

5. How often eat Indian food 0.45 0.60 - 

4. How often read Indian newspapers,  

    magazines, books 
0.43 0.57 - 

10. Generational status/Nativity 0.39 0.52 - 

9. Self-assessed cultural identity 0.35 0.50 - 

8. How often keep in contact with family and  

    friends in India 
0.38 0.49 - 

Factor 2: Social Behaviors    

1. English as primary language 0.53  1.00 

6. How open to child marrying outside cultural  

    group 
0.36  0.72 

7. Do you observe the traditional holidays  

    important in your culture 
0.37  0.72 

3. Language of interview 0.34  0.55 

  Factor 1 Factor 2 

Factor 1  1.00  

Factor 2  0.080 1.00 

For the 1-factor model, the goodness-of-fit df=35, chi-square=1002.69, CFI=0.65.  For the 2-factor model 
with correlated residuals, the goodness-of-fit df=29, chi-square=392.66, CFI=0.89.  The correlated 
residuals for Factor 1 were home language preference and preference for Indian food (r = 0.41), 
frequency of contact with family/friends in India and generational status/nativity (r = 0.32), and preference 
for Indian media and frequency of contact with family/friends in India (r = 0.33); the correlated residuals 
for Factor 2 were English fluency and respondent choice of language in the interview (r = 0.35) and 
interview language and openness of one’s child marrying outside one’s cultural group (r = 0.33). 
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Table 2-6a.Means, standard deviations, and item-scale correlations for the acculturation scale core items 
treated as a single scale (n=2712) 

Item Proportion endorsed by scale Item Item-scale correlation* 

    1 2 3 4 5 M SD 

1. English as primary language 52 48 -- -- -- 53 50 0.47 

2. How often native language 

spoken at home 
66 18 3 6 6 17 30 0.55 

3. Language of interview 11 89 -- -- -- 89 31 0.28 

4. How often read Indian 

newspapers, magazines, books 
28 25 6 15 26 46 40 0.39 

5. How often eat Indian food 81 14 2 2 1 7 17 0.45 

6. How open to child marrying 

outside cultural group 
9 9 17 28 36 68 32 0.34 

7. Do you observe the traditional 

holidays important in your culture 
33 23 32 12 0 42 34 0.31 

8. How often keep in contact with 

family and friends in India 
57 23 4 7 9 21 32 0.38 

9. Self-assessed cultural identity 24 16 50 6 4 38 26 0.36 

10. Generational status/Nativity 86 14 0 0 0 13 33 0.40 

      M SD Cronbach’s alpha 

Scale      39 17 0.73 

*Item-scale correlations are corrected for overlap. The scale scores were the sum of the 10 items and 
were formed by linear transformations to a 0-100 distribution.   
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Table 2-6b:  Means, Standard deviations, and item-scale correlations for the Acculturation Scale core 
items treated as two dimensions 

Item 
Proportion endorsed 

by scale 
Item 

Item-scale 
correlation* 

  1 2 3 4 5 M SD  

FACTOR 1: frequency       

2. How often native language spoken at home 66 18 3 6 6 17 30 0.46 

4. How often read Indian newspapers, 
magazines, books 

28 25 6 15 26 46 40 0.42 

5. How often eat Indian food 81 14 2 2 1 7 17 0.45 

8. How often keep in contact with family and 
friends in India 

57 23 4 7 9 21 32 0.50 

9. Self-assessed cultural identity 24 16 50 6 4 38 26 0.36 

10. Generational status/Nativity 86 14 -- -- -- 13 33 0.43 

      M SD 
Cronbach’s 

alpha 

Scale Factor 1         23 18 0.70 

FACTOR 2: social behaviors       

1. English as primary language 52 48 -- -- -- 53 50 0.38 

3. Language of interview 11 89 -- -- -- 89 31 0.41 

6. How open to child marrying outside cultural 
group 

9 9 17 28 36 68 32 0.41 

7. Do you observe the traditional holidays 
important in your culture 

33 23 32 12 0 42 34 0.29 

      M SD 
Cronbach’s 

alpha 

Scale Factor 2         63 24 0.59 

 
*Item-scale correlations are corrected for overlap. The two scale scores were the sum of the items and 
were formed by linear transformations to a 0-100 distribution. 
Factor 1 scale’s Pearson product-moment correlations: years in US, r= 0.40; percentage lifetime in US, r= 
0.48; age entered US, r= -0.23 
Factor 2 scale’s Pearson product-moment correlations: years in US, r= 0.21; percentage lifetime in US, r= 
0.26; age entered US, r= -0.32 
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APPENDIX: Chapter 2 
Table 2-1.Relationship of percentage lifetime in US with acculturation domains for Asian Indians* 

 N % 

Percentage of 

Lifetime in US (%) 95% CI 

Correlation with 

percentage lifetime  

LANGUAGE USE      

English as primary language 2,958    0.26 

  Yes 1,463 49 37.8 (36.3, 39.4) 

  No 1,495 51 26.9 (25.8, 28.0) 

How often native language 

spoken at home? 

2890    0.27 

  Very often 1988 69 27.7 (26.7, 28.7) 

  Somewhat often 493 17 37.4 (34.7, 40.0) 

  Neither often nor rarely 86 3 39.9 (34.4, 45.5) 

  Somewhat rarely 148 5 47.2 (42.0, 52.4) 

  Very rarely 175 6 41.7 (37.6, 45.8) 

Language of interview 2975    0.18 

  English 2634 88 33.7 (32.6, 34.7) 

  Hindi, Punjabi, Gujarati 341 12 22.0 (20.2, 23.7) 

MEDIA BEHAVIOR      

How often do you read Indian 

newspapers, magazines, 

books? 

2962    0.24 

  Very often 912 30 25.7 (24.5, 27.0) 

  Somewhat often 765 25 29.6 (27.8, 31.4) 

  Neither often nor rarely 178 6 35.0 (31.1, 39.0) 

  Somewhat rarely 436 15 36.6 (33.9, 39.4) 

  Very rarely 671 23 39.9 (37.8, 42.1) 

SOCIAL CUSTOMS      

How often do you eat Indian 

food? 

2968    0.17 

  Very often 2498 84 30.4 (29.4, 31.3) 

  Somewhat often 344 12 41.4 (38.1, 44.7) 

  Neither often nor rarely 56 2 44.4 (36.8, 52.0) 

  Somewhat rarely 47 2 46.5 (35.3, 57.6) 

  Very rarely 23 1 35.2 (26.7, 43.8) 

How open would you be to 

your child marrying outside of 

cultural group?  

2819    0.10 

  Very open 962 34 36.7 (34.9, 38.6) 

  Moderately open 832 29 29.3 (27.7, 31.0) 

  Neither open or against 489 17 31.5 (29.2, 33.8) 

  Moderately against 273 9 30.9 (27.8, 34.1) 

  Strongly against 263 10 30.4 (27.4, 33.5) 

Do you observe the traditional 

holidays that are important in 

your culture and religion? 

2959    0.11 

  Yes, almost always 945 34 30.8 (29.1, 32.5) 

  Yes, much of the time 702 23 31.3 (29.4, 33.2) 

  Yes, some of the time 974 31 32.9 (31.2, 34.6) 

  No, rarely or never 338 12 36.8 (33.9, 40.0) 
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SOCIAL CONTACTS     
 

How often do you keep in 

contact with family and friends 

in India?  

2945    0.28 

  Very often 1792 60 26.7 (25.8, 27.7) 

  Somewhat often 682 23 37.0 (34.9, 39.1) 

  Neither often nor rarely 94 3 43.2 (36.6, 49.7) 

  Somewhat rarely 169 6 43.5 (39.0, 48.0) 

  Very rarely 208 8 46.2 (42.1, 50.3) 

ETHNIC IDENTITY      

Self-assessed cultural identity 2876    0.30 

  Full Indian 698 26 21.5 (20.2, 22.8) 

  Indian first-American second 487 17 32.7 (30.3, 35.2) 

  Equal blend Indian-American 1438 50 36.4 (35.0, 37.8) 

  American first-Indian second 148 5 42.2 (37.1, 47.3) 

  Full American 105 3 44.1 (38.2, 50.1) 

GENERATIONAL STATUS      

Country of birth 2902    0.14 

  Born in developed country 73 3 51.1 (43.5, 58.6) 

  Not born in a developed 

country 

2829 97 31.4 (30.4, 32.3) 

Generational Status 2951    0.54 

  1st generation 2843 95 29.2 (28.4, 29.9) 

  2+ generation** 108 5 91.1 (89.6, 92.7) 

*The N/% is different from Table 2 to reflect missing values.  F-test p-value<0.0001 for all items. 
**Respondents born abroad but immigrated to the US before age 6 were categorized as 2

nd
 generation 



91 

 

APPENDIX: Chapter 2 
Table 2-2.Relationship of age at immigration to the US with acculturation domains for Asian Indians* 

 N % Mean age at 

immigration 

95% CI Correlation with 

age at immigration 

LANGUAGE USE      

English as primary language 2,958    -0.23 

  Yes 1,463 49 22.6 (22.0, 23.2) 

  No 1,495 51 27.8 (27.2, 28.5) 

How often native language 

spoken at home? 

2890    -0.17 

  Very often 1988 69 26.9 (26.3, 27.4) 

  Somewhat often 493 17 23.4 (22.3, 24.5) 

  Neither often nor rarely 86 3 21.9 (19.4, 24.4) 

  Somewhat rarely 148 5 20.3 (18.3, 22.2) 

  Very rarely 175 6 22.7 (21.1, 24.2) 

Language of interview 2975    -0.36 

  English 2634 88 23.7 (23.3, 24.1) 

  Hindi, Punjabi, Gujarati 341 12 36.5 (34.8, 38.2) 

MEDIA BEHAVIOR      

How often do you read Indian 

newspapers, magazines, 

books? 

2962    -0.13 

  Very often 912 30 27.2 (26.4, 28.0) 

  Somewhat often 765 25 25.9 (25.1, 26.8) 

  Neither often nor rarely 178 6 25.1 (22.8, 27.3) 

  Somewhat rarely 436 15 23.7 (22.4, 25.0) 

  Very rarely 671 23 23.0 (21.9, 24.0) 

SOCIAL CUSTOMS      

How often do you eat Indian 

food? 

2968    -0.14 

  Very often 2498 84 26.1 (25.6, 26.6) 

  Somewhat often 344 12 21.2 (19.9, 22.5) 

  Neither often nor rarely 56 2 20.2 (17.1, 23.3) 

  Somewhat rarely 47 2 18.0 (14.5, 21.4) 

  Very rarely 23 1 22.8 (18.5, 27.1) 

How open would you be to your 

child marrying outside of cultural 

group?  

2819    -0.14 

  Very open 962 34 23.5 (22.7, 24.3) 

  Moderately open 832 29 25.1 (24.5, 25.8) 

  Neither open or against 489 17 25.9 (24.7, 27.2) 

  Moderately against 273 9 27.2 (25.4, 29.1) 

  Strongly against 263 10 27.9 (26.0, 29.8) 

Do you observe the traditional 

holidays that are important in 

your culture and religion? 

2959    -0.12 

  Yes, almost always 945 34 26.7 (25.8, 27.6) 

  Yes, much of the time 702 23 25.5 (24.5, 26.5) 

  Yes, some of the time 974 31 24.4 (23.7, 25.1) 

  No, rarely or never 338 12 22.9 (21.7, 24.2) 
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SOCIAL CONTACTS 

     

How often do you keep in 

contact with family and friends in 

India?  

2945    -0.04 

  Very often 1792 60 25.9 (25.4, 26.4) 

  Somewhat often 682 23 25.1 (24.1, 26.1) 

  Neither often nor rarely 94 3 22.8 (19.3, 26.3) 

  Somewhat rarely 169 6 24.9 (22.2, 27.7) 

  Very rarely 208 8 22.5 (20.4, 24.7) 

ETHNIC IDENTITY      

Self-assessed cultural identity 2876    -0.05 

  Full Indian 698 26 26.6 (25.8, 27.4) 

  Indian first-American second 487 17 24.9 (23.8, 26.1) 

  Equal blend Indian-American 1438 50 24.9 (24.1, 25.6) 

  American first-Indian second 148 5 23.9 (21.4, 26.5) 

  Full American 105 3 23.7 (20.8, 26.6) 

GENERATIONAL STATUS      

Country of birth 2902    -0.16 

  Born in developed country 73 3 15.0 (12.5, 17.5) 

  Not born in a developed 

country 

2829 97 25.7 (25.2, 26.2) 

Generational Status 2951    -0.42 

  1st generation 2843 95 26.5 (26.0, 26.9) 

  2+ generation** 108 5 2.3 (1.9, 2.6) 

*The N/% is different from Table 1 to reflect missing values. F-test p-value<0.0001 for all items except 
contact with family/friends with F(4, 2917)=1.84, p-value=0.12 and ethnic identity with F(4, 2847)=2.12, 
p=0.08. 
**Respondents born abroad but immigrated to the US before age 6 were categorized as 2

nd
 generation 
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APPENDIX: Chapter 2 
Table 2-3.  Contingency table analysis for acculturation measures with duration of residence in US 
(years) 

Question/Item 
Cut point 

(years) 
Sensitivity Specificity 

Correctly 

classified (%) 

Language Use     

1. English as primary language  >= 14 0.46         0.72        59.2        

2. How often native language spoken at home >= 15  0.56         0.71        68.7        

3. Language of interview >= 13  0.41         0.71        44.7        

Media Behavior     

4. How often read Indian newspapers, 

magazines, books 
>= 14  0.46         0.70        59.8        

Social Customs     

5. How often eat Indian food >= 16          0.49         0.70     69.7        

6. How open to child marrying outside cultural 

group 
>= 16          0.32         0.73        39.9        

7. Do you observe the traditional holidays 

important in your culture 
>= 16        0.41         0.70        66.9        

Social Contacts     

8. How often keep in contact with family and 

friends in India 
>= 15     0.56         0.70        68.2        

Ethnic Identity     

9. Self-assessed cultural identity >= 12  0.54         0.71        60.8        

Generational status     

10. Generational status  >= 16  0.51         0.70       69.3        

11. Born in developed country >= 16         0.96         0.71        72.3       
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APPENDIX: Chapter 2 
Table 2-4.Relationship between mean duration of residence in the US and acculturation items for Asian 
Indians; stratified by duration of residence in US (<15 or >=15 y) and age at immigration (0-19y, 20-29y, 
30-39y, 40+y) 

 
Less than 15 years lived 
in US  

Equal to or Greater than 15 
years lived in US  

Age at immigration  0-19y 20-29y 30-39y 40+y 0-19y 20-29y 30-39y 40+y 

LANGUAGE USE          
English as primary 
language r= 0.06 r = 0.07* r = 0.09 r=0.1 r = -0.02 r = 0.11* r = 0.15 r=0.1 

  Yes 8.3 6.2 6.8 6.7 25.8 25.9 25.8 22.0 

  No 8.2 5.9 6.2 6.0 25.9 24.2 24.0 21.0 

          
How often native 
language spoken at 
home? r= 0.19* r = 0.09* r = 0.02 r=0.07 

r = 
0.16* r = 0.27* r = 0.10 r=0.2 

  Very often 7.6 5.9 6.4 6.5 23.7 23.6 24.3 23.0 

  Somewhat often 9.6 6.4 6.6 5.9 27.5 26.2 24.5 18.6 

  Neither often nor rarely 10.0 7.4 5.4 - 23.0 22.5 25.5 - 

  Somewhat rarely 9.1 6.3 6.2 - 32.0 26.9 27.8 22.3 

  Very rarely 9.2 6.4 7.1 7.3 26.0 30.7 25.8 32.0 

          

Language of interview r= 0.09 r= -0.02 r= -0.03 r=0.1 r= -0.01 r= 0.14* r=0.14 r=0.2* 

  English 8.1 6.0 6.3 6.3 25.7 25.6 25.1 24.3 

  Hindi, Punjabi, Guajarati 7.6 6.8 6.8 6.7 23.5 20.4 23.0 20.7 

          

MEDIA BEHAVIOR          
How often do you read 
Indian newspapers, 
magazines, books? r= 0.09 r= 0.06* r = -0.04 r=0.2* r= -0.04 r= 0.18* r= 0.16 r=0.07 

  Very often 7.0 5.9 6.6 4.7 25.5 23.6 24.5 21.6 

  Somewhat often 8.3 5.9 6.3 6.5 25.4 25.2 23.7 20.2 

  Neither often nor rarely 8.8 6.8 5.6 8.0 24.7 23.9 20.3 27.0 

  Somewhat rarely 9.1 6.6 7.2 6.5 25.0 25.6 26.6 18.0 

  Very rarely 8.3 6.2 5.8 7.0 24.9 26.8 26.4 23.4 

          

SOCIAL CUSTOMS          
How often do you eat 
Indian food? r= -0.04 r= 0.00 r= -0.10 r=0 r= 0.04 r= 0.26* r= 0.14 r=-.04 

  Very often 8.2 6.1 6.5 6.1 24.7 24.4 23.4 21.2 

  Somewhat often 8.1 6.0 6.7 6.3 26.2 28.3 27.5 24.8 

  Neither often nor rarely 12.2 6.6 4.4 5.0 25.4 27.0 36.0 19.6 

  Somewhat rarely 8.0 4.6 4.6 - 23.7 39.8 27.9 - 

  Very rarely 4.5 8.0 1.5 - 27.6 21.0 27.0 17.0 

          

How open would you be 
to your child marrying 
outside of cultural group?  r= -0.07 r= -0.03 r= 0.06 r=-0.1 r= 0.05 r= 0.16* r= 0.24* r=0.19 

  Very open 8.0 6.7 5.7 6.6 24.1 22.6 22.7 19.3 

  Moderately open 9.3 6.3 6.5 6.8 26.3 23.0 19.9 21.0 

  Neither open or against 7.7 6.1 6.3 6.3 23.9 24.2 25.9 19.3 

  Moderately against 9.3 5.7 6.6 6.1 26.1 25.1 25.3 20.9 

  Strongly against 7.7 6.2 6.7 5.7 25.3 26.7 25.7 23.3 
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Do you observe the 
traditional holidays that 
are important in your 
culture and religion? r= 0.01 r=0.08 r= -0.03 r=0.1 r= 0.12* r= 0.11* r= 0.11 r=0.19 

  Yes, almost always 8.1 5.9 6.8 5.9 24.2 23.1 24.7 20.8 

  Yes, much of the time 8.6 6.0 5.8 6.3 24.9 25.8 23.2 20.7 

  Yes, some of the time 8.5 6.2 6.2 6.3 25.4 26.3 25.3 22.8 

  No, rarely or never 7.7 6.5 6.9 7.1 26.6 26.0 26.4 24.3 

          

SOCIAL CONTACTS          
How often do you keep in 
contact with family and 
friends in India?  r= -0.06 r= 0.05 r= 0.07 r=0.1 r= 0.04 r= 0.10* r= 0.12 r=0.12 

  Very often 8.2 6.0 6.3 5.6 25.1 24.5 23.3 20.2 

  Somewhat often 8.2 6.5 6.4 6.7 24.9 26.1 25.5 22.3 

  Neither often nor rarely 9.6 5.3 7.3 7.9 25.9 24.2 21.0 21.9 

  Somewhat rarely 9.0 7.3 6.2 5.9 25.6 26.4 27.1 23.2 

  Very rarely 6.8 6.3 7.9 6.5 24.7 26.0 26.7 21.4 

          

ETHNIC IDENTITY          
Self-assessed cultural 
identity r= 0.07 r= 0.21* r= 0.20* r= 0.3* r= 0.12* r= 0.23* r= 0.21* r= 0.09 

  Full Indian 7.3 5.2 5.0 4.7 24.4 21.2 21.8 20.9 
  Indian first-American 
second 8.8 6.6 7.1 5.3 24.0 24.0 22.2 20.1 
  Equal blend Indian-
American 8.7 6.6 7.0 6.9 24.7 25.5 26.0 22.1 
  American first-Indian 
second 7.0 7.7 7.6 7.6 29.2 27.4 29.1 21.6 

  Full American 7.2 7.6 6.5 7.1 26.0 30.4 26.2 22.0 

          
GENERATIONAL 
STATUS          

Country of birth r= 0.02 r=  -0.03 r= -0.00 - r= -0.03 r= 0.03 r= -0.05 - 

  Born in developed 
country 8.2 6.1 6.4 6.1 25.1 25.2 24.7 21.3 
  Not born in a developed 
country 8.4 5.5 6.5 - 23.7 27.3 21.0 - 

          

Generational Status r= 0.17* - - - r= 0.09 - - - 

  1st generation 8.2 6.1 6.4 6.1 25.2 25.2 24.8 21.3 

  2+ generation** 14.0 - - - 24.9 - - - 

 Survey weights were applied. r = Pearson product-moment correlation of acculturation item with age 
at immigration category 

 Sample Sizes for age at immigration: 0-19 (n=481, 21.1%); 20-29 (n=1690, 54.6%); 30-39 (n=477, 
14.4%); 40+ (n=303, 10%) 

 Sample sizes for age at immigration and duration of residence: Less than 15y duration: 0-19 (n=166); 
20-29 (n=1204); 30-39 (n=339); 40+ (n=227) 

 Sample sizes for age at immigration and duration of residence: Equal or greater 15y duration: 0-19 
(n=311); 20-29 (n=479); 30-39 (n=133); 40+ (n=75) 

 *p<0.05 for correlations with years of duration in US (r); **Respondents born abroad but immigrated 
to the US before age 6 
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APPENDIX: Chapter 2 
Figure 2-1.  Mean acculturation score by Duration of Residence in the US among Asian Indian 
immigrants, n=2,557.  Higher acculturation score correlates with greater acculturation to American 
culture. 
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Chapter 3: The Association of Duration of Residence with Cardiovascular Disease Risk 

Factors among South Asian Immigrants in the United States: findings from two 

population-based surveys 

 

ABSTRACT 

Objective:  To examine the association between duration of residence in the United States (US) 

and cardiovascular disease (CVD) risk factors among Asian Indian and South Asian adult 

immigrants.  South Asians have greater CVD mortality than the general US population. 

 

Methods:  We examined data from the National Health Interview Surveys (NHIS) 2005-2009 

and California Health Interview Surveys (CHIS) 2005-2009 using bivariate and multivariate 

logistic regression. 

 

Results:  Duration of residence in the US < 15 years was significantly associated with decreased 

odds of overweight/obese BMI (OR 0.59; 95% CI: 0.35, 0.98 for 5-<10 years in CHIS), five or 

more servings of daily fruit and vegetable intake (OR 0.37; 95% CI: 0.15, 0.94 for 10-<15 years 

in CHIS), and alcohol intake (OR 0.37; 95% CI: 0.23, 0.58 for 0-<5 years; OR 0.49; 95% CI: 

0.29, 0.82 for 5-<10 years in NHIS) compared with duration of residence ≥ 15 years among 

South Asian immigrants after adjusting for age at immigration, gender, marital status, 

educational attainment +/- household income, health status, health insurance +/- usual source of 

care, and other confounding health behaviors.  Length of residence < 15 years was also 

significantly associated increased odds of sedentary lifestyle (OR 2.11; 95% CI: 1.17, 3.81 for 

10-<15y in CHIS) compared with South Asian immigrants residing in the US ≥ 15 years in 

adjusted models.  Duration of residence in the US was positively associated with hypertension, 
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high cholesterol, and diabetes, and negatively associated with current smoking, fast food, and 

soda intake, but these associations did not remain significant after adjusting for confounders.  

Age at immigration modified the relationship between duration of residence and BMI, binge 

drinking, and alcohol use.  Health behaviors, such as binge drinking, heavy alcohol use, 

smoking, physical activity, daily fruit and vegetable intake, and overweight/obese BMI were not 

found to mediate the relationship between duration of residence in the US and hypertension, 

diabetes, and overweight/obese BMI. 

 

Conclusion:  For South Asian immigrants, the duration of residence in the US is an important 

factor in obesity, physical activity, fruit and vegetable intake, and alcohol use.  Future research 

should examine physical activity and dietary patterns in this population, as well as develop 

interventions to reduce their risk of acculturation-related overweight and obesity. 

 

Keywords:  Asian Americans, immigrants, acculturation, cardiovascular disease risk factors, 

United States 
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INTRODUCTION: 

South Asians are people with origins in India, Pakistan, Bangladesh, Sri Lanka, Nepal, Bhutan, 

and the Maldives.  In the United States (US), South Asians are among the fastest growing 

ethnic/immigrant groups with a growth rate of 70% from the 2000 to the 2010 Census, now 

consisting of 1-2% of the total population.
1
   California is the state with the largest population of 

South Asians.
2
 

 

Studies have shown that people in South Asian countries have earlier incidence and greater 

premature mortality from cardiovascular disease (CVD) than people in Western countries, and 

that this disparity persists for South Asian immigrants.
3-17

  Prevalence and mortality rates for 

South Asians in the US are limited because South Asians are either classified as “Asian” or 

“Other” race/ethnicity on death certificates and national datasets, or because national surveys are 

not conducted in South Asian languages.
18

  In California, CVD is the leading cause of death in 

Asian Indians (largest subgroup of South Asians; 90%).
3
  Asian Indians have 2-3 times the CHD 

mortality rate of the total population at all age groups, and young Asian Indian men ages 25-44 

years are at particularly high relative risk of death from CHD (three times) than their agemates in 

the general population.
4
  In one study, Asians Indians had more than three times the rate of 

hospitalization for ischemic heart disease than non-Hispanic Whites in Northern California 

(relative risk 3.7).
19

  Epidemiologic studies have documented that South Asian immigrants have 

higher prevalence of CVD risk factors, such as diabetes, dyslipidemia, genetic predisposition to 

central adiposity, metabolic syndrome, physical inactivity, and diets high in saturated fats and 

low in fruits, vegetables, and fiber than the general population.
6,9,11,20-30
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One possible moderator of CVD risk factors for South Asians living in the US is duration of 

residence in the US, which has often been used as a proxy measure for acculturation.  Duration 

of residence in the US has been positively associated with atherosclerosis, hypertension, 

hyperlipidemia, diabetes, obesity, and smoking in immigrants.
31-39

  In addition, it has been shown 

that immigrants who arrive to the US at younger ages may be at higher risk for diabetes and 

obesity with increasing duration of residence in the US than immigrants who arrive at later 

ages.
32,38

 

 

The impact of duration of residence in the US or acculturation on the already high CVD risk 

among South Asians is unclear.  Several researchers have postulated that after immigration, 

South Asians who adopt the diet and physical activity behaviors (i.e., more sedentary than in 

home country) of a Western lifestyle may have amplified their genetic risk of diabetes and CVD 

(i.e., gene-environment interaction).
18,40-42

 The impact of duration of residence and age at 

immigration on CVD risk factors has not been studied in South Asian immigrants in the US.  Our 

objective was to examine the relationship of duration of residence on multiple CVD risk factors 

among South Asian adult immigrants using two population-based surveys.   

 

METHODS:  

Data Source 

We used two population-based surveys for this study – the National Health Interview Survey 

(NHIS) and the California Health Interview Survey (CHIS). 

 

NHIS is a nationally representative, annual household interview of the civilian non-

institutionalized population in the US conducted by the National Center for Health Statistics 
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(http://www.cdc.gov/nchs/nhis.htm).   NHIS collects data using computer-assisted personal 

interviewing survey in English, Spanish, or other language if an interpreter is available, with a 

new sample of respondents interviewed each year.  A multistage area probability sampling 

design is used, and the first stage of the sampling plan consists of a sample of 428 primary 

sampling units (PSU's) drawn from approximately 1,900 geographically defined PSU's that cover 

the 50 States and the District of Columbia. A PSU consists of a county, a small group of 

contiguous counties, or a metropolitan statistical area.  Within a PSU, two types of second-stage 

units are used: area segments and permit segments. Area segments are defined geographically 

and contain an expected eight, twelve, or sixteen addresses. Permit segments cover housing units 

built after the 2000 census. The NHIS sample plan oversamples Black persons and Hispanic 

persons, and Asian persons since 2006.  The annual response rate of NHIS is close to 90 percent 

of the eligible households in the sample.  Respondents provide self-reported information about 

basic measures of health status, utilization of health services, and social and demographic 

characteristics.  In addition, one randomly selected adult per household is asked to complete the 

Sample Adult Module which elicits more detailed information on health care services, behavior, 

and health status.  The samples are weighted to account for the complex sampling design and for 

non-response.  Public-use datasets are available for NHIS 2005-2009, and for each of the five 

years, more than 21,000 adults were sampled.  Pooling these current years provides 80% power 

to see an association between the dependent and independent variables for the subsample of 

Asian Indian adult immigrants (power calculations not shown; an exception for adequate power 

is high cholesterol which was limited to years 2007 & 2008).
43-47

 

 

CHIS is a representative random-digit dial (RDD) telephone survey of California’s non-

institutionalized population living in households conducted every other year since 2001.  It is the 
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largest statewide health survey and one of the largest health surveys in the nation. The survey is 

conducted by the UCLA Center for Health Policy Research with several collaborators, and 

collects extensive information on health status, health conditions, health-related behaviors, health 

insurance coverage, access to health care services, and other health related issues for all age 

groups.  CHIS employs a multi-stage sample design to provide estimates for most counties and 

major racial/ethnic groups.  The RDD sample includes telephone numbers assigned to both 

landline and cellular service.  For the landline RDD sample, the state is divided into 56 

geographic sampling strata.  Within each geographic stratum, residential telephone numbers are 

selected, and within each household, one adult (age 18 and over) respondent is randomly 

selected.  The CHIS sample design oversamples Koreans and Vietnamese in geographically 

targeted areas with supplements of group-specific surnames drawn from listed telephone 

directories.   A separate RDD sample for telephone numbers assigned to cellular service helps 

compensate for the increasing number of households without a landline telephone service for 

CHIS 2007 and CHIS 2009.  CHIS interviews are administered using computer-assisted 

telephone interviewing and are conducted in English, Spanish, Chinese, Vietnamese, and Korean 

(no traditional South Asian languages are represented).  The overall adult response rate for CHIS 

2005-2009 ranges from 20-30%.  The overall adult response rate is a composite of the screener 

completion rate (i.e., success in introducing the survey to a household and randomly selecting an 

adult to be interviewed: range 20-36%) and the interview completion rate (i.e., success in getting 

one or more selected persons to complete the interview: range 50-60%).  Historically, CHIS 

response rates have been comparable to response rates of other scientific telephone surveys in 

California.
48-50

  The samples are weighted to account for the complex sampling design and for 

non-response in order to represent the non-institutionalized population for each sampling stratum 

and statewide.  A person-level weight is created using a raking method so that CHIS estimates 
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are consistent with population control totals.  Raking is an iterative procedure that forces the 

CHIS weights to sum to known population control totals from an independent data source (e.g., 

California Department of Finance Population Estimates).  The raking procedure uses 11 raking 

dimensions, which are a combination of demographic variables, geographic variables, household 

composition, and socio-economic variables.  Public-use datasets are available for CHIS 2005, 

2007, 2009, and for each of the three years, more than 43,000 adults were sampled.  Pooling 

these years provides 80% power to see an association between the dependent and independent 

variables for the subsample of South Asian adult immigrants (power calculations not shown; an 

exception for adequate power is high cholesterol which was limited to 2005).
48-50

 

 

Asian Indian or South Asian Adult Immigrant Subpopulation 

NHIS provided survey information for Asian Indians (Asian Indians represent 90 percent of the 

South Asians in the US
18

), while CHIS provided survey information for South Asians.  For both 

surveys, Asian Indians or South Asians were primarily identified through self-report of 

race/ethnicity using definitions from the 2000 US Census.  In addition, if respondents identified 

that their origins were from India, Pakistan, Sri Lanka, Bangladesh, Bhutan, or Nepal, they were 

also considered South Asian.  For the NHIS sample, the subpopulation included Asian Indians 

(4,337/412,811), adults who were at least 18 years old (3,248/4,337), foreign-born respondents to 

the duration of residence in US question (3,166/4,337), and respondents with non-missing 

observations for BMI (1,163/1,200 Asian Indians).  Only a subsample of the Asian Indian adult 

immigrant subpopulation (1,056/2,782) was asked questions about CVD risk factors (e.g., BMI) 

or usual source of care.  For the CHIS sample, the subpopulation included South Asian adults 

(1,272/141,682) who responded to the duration of residence in the US question for foreign-born 

respondents (1,169/1,272). 
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Outcome – Cardiovascular Disease Risk Factors 

 Hypertension: respondents answered yes-no to questions asking whether they had ever been 

told by a doctor or healthcare provider that they have hypertension or high blood pressure.  

Eleven observations were dropped because of unknown status in the CHIS sample (0.9% of 

the subpopulation). 

 Hypercholesterolemia:  respondents answered yes-no to questions asking whether they had 

ever been told by a doctor or healthcare provider that they have high cholesterol.  This 

question was only available in NHIS 2007 & 2008 and CHIS 2005. One observation was 

dropped from the NHIS sample (0.3% of the subpopulation) and 41 observations from the 

CHIS sample (10.9% of the subpopulation) because of unknown status.  

 Diabetes: respondents answered yes-no to questions asking whether they had ever been told 

by a doctor or healthcare provider that they have diabetes.  Respondents with borderline 

diabetes were recoded as answering no (NHIS: n=13, 1.2% of the subpopulation; CHIS: 

n=16, 1.4% of the subpopulation). 

 Overweight or Obese: weight and height were self-reported, and body mass index (BMI) was 

calculated as weight (in kilograms) divided by height (in meters squared).  BMI was 

dichotomized into desirable weight (18.5 ≥ BMI > 25 kg/m
2
) or overweight/obese (BMI ≥ 25 

kg/m
2
) based on the World Health Organization classification scheme and clinical 

relevance.
51

  Respondents with underweight BMI (BMI < 18.5 kg/m
2
) were not included in 

the analysis (CHIS: n=39, 3.3% of the subpopulation). 

 Smoking status:  respondents reported being a current smoker, former smoker, or never 

smoker.  Four observations were dropped from the NHIS sample for unknown status (0.4% 

of the subpopulation).  Smoking status was dichotomized into current smoker or 

former/never smoker. 



109 

 

 Alcohol drinking status: In the NHIS sample, respondents reported being a current, former, 

or never alcohol drinker in the past year.  Nine observations were dropped for unknown 

status (0.9% of the subpopulation).  Alcohol status was dichotomized into current or 

former/never drinker.  Respondents who reported having ≥3 alcoholic drinks per day were 

classified as heavy drinkers.  Respondents who reported having ≥ 5 alcoholic drinks in any 

occasion in the past year were classified as binge drinkers.  Both heavy and binge drinking 

classifications have been used in other studies and have been associated with increased CVD 

risk.
23,37,52

  In the CHIS sample, binge drinking status in the past month was the only alcohol 

status question that was similarly asked in the pooled years.  Respondents were classified as 

binge drinkers if they reported ≥ 5 alcoholic drinks for men or ≥ 4 alcoholic drinks for 

women on any occasion in the past month. 

 Physical activity:  In the NHIS sample, respondents reported their frequency of vigorous or 

moderate physical activity.  Physical activity (PA) was categorized as high (vigorous PA ≥ 2 

times/week or moderate PA ≥ 4 times/week), moderate (vigorous activity 1 time/week or 

moderate activity 1-3 times/week), or sedentary (no vigorous or moderate activity/week) 

based on validated methods described previously.
37,53

  Twenty-four observations were 

dropped for respondents who were unable to do physical activity or had unknown status 

(2.3% of the subpopulation).  In the CHIS sample, PA was categorized as regular (vigorous 

PA ≥ 20 minutes or moderate PA ≥ 30 minutes for three or more days in past week), some 

(any vigorous activity or moderate PA ≥ 10 minutes in past week), or sedentary (no vigorous 

or moderate PA in past week).  Physical activity was dichotomized into sedentary or high-

regular/moderate-some physical activity. 

 Diet:  Information on dietary habits was only available in the CHIS dataset.  To assess 

healthy diet, daily consumption of the recommended amount of fruits and vegetables was 
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asked, i.e., “During the past month, how many times per day, week or month did you eat 

fruit? Do not count juices” and “During the past month, how many times did you eat 

vegetables, like green salad, green beans, or potatoes? Do not include fried potatoes.” 

Participants rated how many and how often they ate fruits or vegetables (1=per day, 2=per 

week, 3=per month). A variable was derived to indicate frequency of daily fruit and 

vegetable consumption. As guidelines suggest a minimum of five servings of fruits and 

vegetables daily for adults
54,55

, the variable representing frequency of fruits and vegetables 

consumed per day was dichotomized (0=ate fruits and vegetables less than five times per 

day, 1=ate fruits and vegetables five or more times per day).  Cardiovascular disease 

reduction guidelines also suggest ≤ 36 ounces per week of sugar-sweetened beverages, such 

as soda.
56

  Respondents reported frequency of soda intake per week and this variable was 

dichotomized (0=drank less than or equal to 3 sodas per week, 1=drank more than 4 sodas 

per week).  For CHIS 2007 & 2009, respondents reported fast food intake per week and this 

variable was dichotomized (0=ate fast food at most once per week, 1=ate fast food twice or 

more per week). 

 

Predictor Variables – Duration of residence in US (and age at immigration) 

Acculturation was determined by the proxy measure duration of residence in the US, which was 

based on the answer to the question “About how long have you lived in the United States?”  

Temporal measures, although imperfect, have been used as proxies for acculturation in other 

studies.
57

  Duration of residence in the US was categorized into one of the five following 

categories for the NHIS and CHIS public-use datasets:<1 year, 1-<5 years, 5-<10 years, 10-<15 

years, 15+ years.  Based on the distribution of responses, the first two categories were collapsed, 

resulting in four duration of residence categories used in the analyses.  Age at the time of 
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immigration was calculated by subtracting duration of residence in the US from current age, and 

categorized into the following groups based on frequency distributions for descriptive statistics 

(≤ 30, 31-40, 41-50, > 50 years) or treated as a continuous variable in bivariate and multivariate 

analyses.   

 

Covariates 

Numerous variables were assessed in this analysis.  Some were considered to be independent 

predictors for cardiovascular disease risk factors and others were considered important to include 

because they may attenuate associations between duration of residence in the US and CVD risk 

factors. We considered socio-demographic characteristics, health status/illness burden, and 

measures of access to health care. 

 

Socio-demographic characteristics included sex, marital status, level of educational attainment, 

and annual household income.  Marital status was recoded into six categories for the NHIS 

sample (married, living with partner, divorced, widowed, separated, never married) from an 

original eight categories (married-spouse in household, married-spouse not in household, 

widowed, divorced, separated, never married, living with partner, and unknown marital status), 

and four categories for the CHIS sample (married, living with partner, 

divorced/widowed/separated, never married).  Educational attainment represented the highest 

level of education completed, and was recoded into four categories: less than high school 

graduate, high school diploma or associate degree, bachelor’s degree, and masters or 

professional degree.  These categories were chosen based on the literature about education level 

and high-risk health behaviors, as well as what is known about the educational attainment of 

Asian Indians or South Asians.  Annual household income was reported as four categories of the 
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federal poverty level in CHIS: 0-99%, 100-199%, 200-299%, and 300+% of federal poverty 

level.  Income was only reported in NHIS 2007 & 2008 and not included in models using the 

NHIS sample.   

 

We defined illness burden by using self-reported health status (excellent, very good, good, fair, 

poor), which has previously been shown to be associated with mortality in a multiethnic cohort.
58

  

We measured access to care using the proxies of having health insurance (yes or no) or a usual 

source of care (yes or no).  Usual source of care was only reported in CHIS 2005 & 2009; 

therefore, this variable was not included in analyses using the CHIS sample.  Missing, refused, 

and did not know observations from the NHIS sample were dropped from the analyses, and 

included 2 for marital status (0%), 34 for educational attainment (1.2%), 5 for health status 

(0.2%), 25 for health insurance (0.9%), and 2 for usual source of care (0.2%) in the 

subpopulation. 

 

Statistical Analysis 

We performed frequencies and cross-tabulations to describe the prevalence of baseline 

characteristics.  Chi-square tests were used to assess differences in sample characteristics and 

CVD risk factors by duration of residence.  Bivariate logistic regressions were performed to 

estimate the association of duration of residence in the US with each CVD risk factor.   

Multivariate binary logistic regression analyses were performed to estimate the odds of each 

CVD risk factor with duration of residence in the US, adjusted forage at immigration, socio-

demographic characteristics, illness burden, and health access.  The reference category for 

duration of residence in the US for bivariate and multivariate analyses was ≥ 15 years because it 

was the most prevalent group in the NHIS and CHIS samples.  Based on the frequency 
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distributions in the subpopulation, we dichotomized marital status into married or not married, 

educational attainment into less than college degree or greater than or equal to college degree, 

annual household income into 0-199% federal poverty level or 200% or more of the federal 

poverty level, and health status into poor/fair/good health or excellent/very good health.  

Although age at immigration and duration of residence were correlated (r=0.46 in the NHIS 

sample; r=0.46 in the CHIS sample, p<0.001), there was low multicollinearity determined by a 

variance inflation factor (VIF=1.01 in the NHIS sample; VIF=1.11 in the CHIS sample), 

allowing simultaneous assessment of both variables in the models.  However, adding current age 

with these variables resulted in high levels of multicollinearity (VIF > 5 for both the NHIS and 

CHIS samples), which was expected because current age is the sum of duration residence and 

age at immigration.  Age and duration of residence in US were correlated in the subpopulation 

(r=0.52 in the NHIS sample; r=0.51 in the CHIS sample, p<0.001).  Therefore, separate analyses 

were conducted that included duration of residence and current age in the first model and 

duration of residence and age at immigration in the second model.  The results of the two models 

were comparable
c
; as such, we only reported the results of the second model to ensure 

comparability with other studies that included age as a covariate.  We found no significant 

multicollinearity among the other variables.   

 

Several models were assessed with additional potential confounders because health behaviors 

(i.e., confounders) might influence the association of duration of residence in the US with CVD 

risk factors (e.g., hypertension, diabetes, obesity).  For hypertension, heavy drinking (in the 

NHIS sample) or binge drinking (in the CHIS sample) was included as a confounder.  For 

                                                 
c
 When comparing models that included age and duration of residence vs. age at immigration and duration of 

residence, the point estimates (adjusted odds ratios) differed at the 100
th

 decimal point for the duration of residence 

categories and the point estimates were identical for the other covariates in the model. 



114 

 

diabetes, overweight/obese BMI, heavy or binge drinking, sedentary lifestyle, and daily 

fruit/vegetable intake were included as confounders.  For obesity, heavy or binge drinking, 

sedentary lifestyle, and daily fruit/vegetable intake were included as confounders.  Mediator 

analyses were conducted using the Karlson/Holm/Breen tests to determine if these health 

behaviors (as discussed above) mediated the relationship of hypertension, diabetes, or obesity 

with duration of residence in the US.   

 

We also tested the interaction between age at immigration and duration of residence to examine 

whether age at immigration modified the relationship between duration of residence in the US 

and CVD risk factors.  Duration of residence was dichotomized into less than 15 years in the US 

or greater than or equal to 15 years and age at immigration was centered for the moderator 

analyses.     

 

The analytic sample was limited to Asian Indian or South Asian adult immigrants who had non-

missing values for the covariates; the sample size for each CVD risk factor model is reported in 

the results since it varied by outcome.  Sample weights were applied to account for the complex 

sampling design and adjusted to account for the pooled data of the NHIS and CHIS samples.  

Data were not weighted in mediating variable analyses due to limitations in the statistical 

package.  Of note, bootstrapped percentile and bias-corrected methods were used to calculate 

95% confidence intervals, but these confidence intervals were not reported due to limitations in 

the statistical package with use of survey weights; however, bootstrapped confidence intervals 

were similar to survey weighted intervals.  All analyses were performed in STATA 12.0 (College 

Station, TX), and two-tailed P values of <0.05 were considered statistically significant.   

 



115 

 

RESULTS: 

The majority of South Asian immigrants in the NHIS and CHIS samples resided in the US for ≥ 

15 years, and over half of all immigrants arrived at younger than 40 years of age (Table 3-1).  

The NHIS and CHIS samples were comparable in their distribution of characteristics for Asian 

Indian or South Asian adult immigrants.  In both samples, the mean age was 40 years old, and 

the majorities were male, married, highly educated, and insured.  The prevalence of CVD risk 

factors varied among the two samples, with the NHIS Asian Indian immigrant sample having 

higher rates of high cholesterol, diabetes mellitus, overweight/obese BMI, binge drinkers, and 

sedentary lifestyle than the CHIS South Asian immigrant sample (Appendix Table 3-1).  

Prevalence of self-reported hypertension, high cholesterol, diabetes, and overweight/obese BMI 

significantly increased with greater duration in the US for the NHIS sample (Figure 3-1a).  In 

addition, Asian Indians who had lived more years in the US had higher rates of being a former 

smoker, being married, having health insurance, and having a usual source of care (but lower 

rates of college or higher educational attainment and excellent/very good health status) than 

those who had lived fewer years in the US (results not shown).  In comparison, the CHIS sample 

had significantly higher prevalence rates of hypertension, diabetes, and optimal daily intake of 

fruits and vegetables with greater duration in the US, and lower rates of weekly fast food intake 

(Figure 3-1b).  Similar to the NHIS sample, South Asians in the CHIS sample who had lived 

more years in the US had higher rates of being married, having health insurance, and having a 

usual source of care than more recent immigrants, but lower rates of excellent/very good health 

status (results not shown).   

 

In the bivariate logistic regression analysis, Asian Indian immigrants residing in the US for < 15 

years were less likely to self-report high cholesterol, diabetes, and overweight/obese BMI 
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compared to those residing in the US for ≥ 15 years in the NHIS sample (Table 3-2a).  In 

addition, recent immigrants (< 5 years) had 2.35 higher unadjusted odds (95% CI: 1.13, 4.90) of 

current smoking than those in the US for ≥ 15 years.  South Asian immigrants residing in the US 

for < 15 years were less likely to self-report hypertension and eating five or more fruits and 

vegetables per day compared with those residing in the US for ≥ 15 years in the CHIS sample 

(Table 3-2b).  However, the increased odds of daily fruits and vegetables by duration of 

residence in the US reflects small differences in overall consumption among South Asian 

immigrants (1.0 percent of sample eat five or more fruits and vegetables per daily for 0-<5 years; 

1.8% for 5-<10 years; 2.1% for 10-<15 years; 6.8% for 15+years; see Figure 3-1b).  In addition, 

immigrants who were in the US for < 5 years were more likely to eat fast food two times or more 

per week compared with those in the US for ≥ 15 years (unadjusted OR 2.46; 95% CI: 1.20, 

5.02); specifically, 41 percent among recent immigrants versus 22 percent among long-term 

immigrants.  South Asian immigrants who resided in the US for 5 to <10 years were less likely 

to be overweight/obese, but more likely to drink four or more sodas per week than those in the 

US for ≥ 15 years.  Immigrants in the US for 10 to <15 years were less likely to report diabetes, 

but more likely to be sedentary compared with those in the US for ≥ 15 years. 

 

In the multivariate analysis, duration of residence in the US was only significant for alcohol use 

among Asian Indian immigrants after adjusting for potential confounders in the NHIS sample 

(Table 3-3a).  Asian Indian immigrants residing in the US for <10 years were less likely to drink 

alcohol (OR 0.37, 95% CI: 0.23, 0.58 for < 5 years; OR 0.49, 95% CI: 0.29, 0.82 for 5-<10 years 

immigrants) compared to those residing in the US for ≥ 15 years.  Other significant associations 

with CVD risk factors were consistent with the known literature.  For example, men were more 

likely to be current smokers, drink alcohol, and binge drink than women.  Married respondents 
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were more likely to be overweight/obese and sedentary, but less likely to drink alcohol than non-

married respondents.  Asian Indian immigrants with a college degree or greater were less likely 

to be obese and sedentary than those with less than a college degree.  Better self-reported health 

status was associated with decreased odds of reporting high cholesterol, diabetes, and sedentary 

lifestyle than good/fair/poor health status.  Immigrants with health insurance were less likely to 

be sedentary, but more likely to drink alcohol compared with those without insurance.  Asian 

Indian immigrants who were overweight/obese had 3.02 greater odds (95% CI: 1.72, 5.32) of 

reporting diabetes relative to those who were desirable weight in the NHIS sample.   

 

In the multivariate analysis using the CHIS sample, duration of residence in the US was 

significant for overweight/obese BMI, sedentary lifestyle, and eating five or more fruits and 

vegetables per day (Table 3-3b).  South Asian immigrants who resided in the US for 10 to <15 

years had 2.11 odds (95% CI: 1.17, 3.81) of being sedentary and 0.37 odds (95% CI: 0.15, 0.94) 

of eating five or more fruits and vegetables per day than those who resided in the US for ≥ 15 

years.  Other significant associations included male sex (more likely to report hypertension, 

diabetes, overweight/obesity, binge drinking; less likely to report ideal fruit/vegetable intake), 

being married (more likely to report hypertension; less likely to binge drink or drink four or more 

sodas per week), having a college degree or higher (less likely to be sedentary), and reporting 

excellent or very good health status (less likely to report hypertension, diabetes, 

overweight/obese BMI, sedentary lifestyle, and eating fast food two or more times per week).   

Not surprisingly, South Asian immigrants who were overweight/obese had 2.32 greater odds 

(95% CI: 1.11, 4.86) of reporting diabetes than those who were ideal weight.  Similarly, 

immigrants who were sedentary had a 1.65 greater odds (95% CI: 1.15, 2.36) of being 

overweight/obese than those were physically active.  Interestingly, having health insurance was 
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associated with greater odds of reporting hypertension and drinking four or more sodas per week.  

It is possible that greater diagnosis of hypertension is associated with health insurance because of 

access to health providers.  Also, having a higher income was associated with binge drinking, 

which may be due to increased resources to pay for several alcoholic drinks in one setting.  

 

Some investigators define BMI at lower cut-offs for Asians, with overweight as BMI ≥ 23 kg/m
2
 

and obese as BMI ≥ 25 or 27.5 kg/m
2
, though a recent study found no mortality differences in 

Asians at these lower BMI cut-offs.
29,59-62

  Sensitivity analyses with different BMI classifications 

in the unadjusted and adjusted models found similar trends in the association of obesity status 

with duration of residence in the US and other covariates regardless of whether BMI was 

classified as a continuous variable or categorical variable in both samples (BMI ≥ 23 kg/m
2  

vs. 

18.5 ≥ BMI > 23 kg/m
2 

 or BMI ≥ 30 kg/m
2  

vs. 18.5 ≥ BMI > 30 kg/m
2 

).  There may also be 

differences in predictors of current, former, or non-smokers and high, moderate, or no physical 

activity among South Asian immigrants.  We examined associations with the categorical 

outcomes for smoking (current, former, non-smoker), and found that men were 16.7 times more 

likely to be current/former smokers versus nonsmokers than women in the CHIS sample.  No 

other associations were significant.  In addition, the results for physical activity were similar for 

high/regular, moderate/some, or sedentary/no physical activity outcome as when physical 

activity was a dichotomous outcome (sedentary vs. not).  Since hypertension, high cholesterol, 

and sugar-sweetened beverage intake may  be independent risk factors for diabetes
63

, we 

examined models that included hypertension, high cholesterol, and soda intake as confounders 

for the diabetes outcome, but none of the confounders were significant on multivariate analysis 

in either the NHIS or CHIS samples.    
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Mean age at immigration increased linearly with greater duration of residence in the US among 

Asian Indian or South Asian adult immigrants (Figure 3-2).  Since prior research has shown a 

correlation between age at immigration to the US and some CVD risk factors
32,38

,  we explored 

whether age at immigration moderated the association of duration of residence in the US with 

CVD risk factors through an interaction term. The interaction (years in the US ≥ 15 years*age at 

immigration) was significant for binge drinking (p=0.009) and BMI (p=0.005 as a continuous 

outcome) in the CHIS sample, and alcohol use (p=0.005) in the NHIS sample in adjusted 

models.  Therefore, additional analyses were conducted that were stratified by age at 

immigration (Appendix Table 3-2).  South Asian immigrants who arrived at 41-50 years of age 

and resided in the US for 5-<10 years were 38 times more likely to report binge drinking, and 

those who arrived at >50 years of age and resided for 10-<15 years were 10 times more likely to 

report binge drinking in the CHIS sample; however, these estimates may be unstable given their 

wide confidence intervals and the results should be interpreted with caution.  Immigrants who 

arrived at ≤ 30 years of age and resided in the US for 5-<10 years had lower BMI.  In the NHIS 

sample, there were no significant associations between duration of residence in the US and 

alcohol use when stratified by age at immigration.  Health behaviors (overweight/obesity, 

smoking, alcohol use, daily fruit/vegetable intake, and sedentary lifestyle) were not found to be 

significant mediators of the relationship between duration of residence in the US and 

hypertension, diabetes, and overweight/obese BMI based on the Karlson/Holm/Breen tests (< 

10% mediation by confounders on total effect, Appendix Table 3-3). 

 

DISCUSSION: 

This is the first study to examine the relationship between duration of residence in the US and 

multiple CVD risk factors among Asian Indian or South Asian immigrants.  Greater duration of 
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residence was significantly associated with hypertension, high cholesterol, diabetes, 

overweight/obesity, and fruit and vegetable intake in unadjusted models.  Additionally, length of 

residence in the US was inversely associated with current smoking, fast food intake, soda intake, 

and sedentary lifestyle in unadjusted models.  Overweight/obesity, fruit and vegetable intake, 

and sedentary lifestyle remained significant after adjusting for confounders in the multivariate 

models.  Alcohol use was also positively associated with greater duration of residence among 

Asian Indian immigrants in adjusted models.  Age at immigration modified the relationship 

between duration of residence in the US and body mass index, binge drinking, and alcohol use in 

this population.  Specifically, South Asians immigrants who arrived to the US after the age of 40 

years old were less likely to binge drink with increasing duration of residence in the US 

compared with immigrants who arrived before the age of 40 years old.   

 

The results from our unadjusted models are consistent with findings from prior studies that found 

immigrants who settled in the US for 15 years or longer were more likely to report 

hypertension
39

, high cholesterol
36

, diabetes
32

, and overweight or obesity
37,64,65

 than those who 

resided in the US for less than 15 years.   However, we found that current smoking was less 

likely in long-term Asian Indian residents than recent immigrants in the bivariate analysis, which 

differs from prior studies using the same dataset (i.e., NHIS).
36,39

  One possible explanation for 

the decreased odds of current smoking with length of residence is that anti-tobacco policies in 

the last decade in the US may encourage Asian Indians immigrants to quit smoking.
66

  In this 

study, the prevalence of former smokers increased with greater duration in the US from 6% for 

recent immigrants (<5 years duration) to 11% for long-term residents (≥ 15 years).   
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Results from the multivariate analysis are similar to studies that showed sedentary lifestyle was 

inversely related to greater duration in the US
36,67

, and that diabetes and hypertension were not 

associated with duration of residence among immigrants
36

.  Koya et al. posit that a decrease in 

physical inactivity with increasing length of residence may be due to more leisure time and 

access to exercise facilities and/or adoption of health beliefs about the benefits of exercise as 

immigrants live longer in the US.
36

  In addition, length of residence in the US was no longer 

significantly associated with hyperlipidemia, current smoking, and weekly soda and fast food 

intake among Asian Indians and South Asians when models were adjusted for confounders.  

There was a significant interaction between age at immigration and duration of residence with 

BMI among South Asian immigrants in the CHIS sample; however, unlike the results described 

by Roshania et al., the interaction did not remain significant when BMI was dichotomized into 

overweight/obese versus desirable BMI.
38

 

 

It is curious that South Asians immigrants would be more likely to be overweight or obese, but 

also be more physically active and eat more fruits and vegetables, with greater duration of 

residence in the US.  Raj et al. documented large increases in fruit juice intake with increasing 

duration in the US among Asian Indians, which may contribute to undesirable weight gain, 

though CHIS respondents were not to include juices in their count of fruit and vegetable intake.
68

  

One possible explanation may be increased alcohol use or other liquid calories contributing to 

greater BMI as immigrants live more years in the US, though it seems unlikely that alcohol use 

(but not heavy alcohol use) or binge drinking alone would fully explain the increased odds of 

being overweight or obese.
69,70

  Another explanation may be that despite being less sedentary 

and eating more fruits and vegetables, long-term resident South Asian immigrants consume more 

calories (especially from simple carbohydrates and fat) than recent immigrants
68

, which may 
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offset the beneficial effects of physical activity and diet on BMI.  Food preparation may also be a 

factor.  One study found that in South Asian households, prolonged cooking of vegetables is a 

common practice, which may destroy 90% of the folate and nutritional content.
71

  Alternatively, 

as BMI increases with more years spent in the US, South Asian immigrants may try to curb the 

increased weight gain by eating a more healthy diet and increasing physical activity.  However, 

physical activity and fruit and vegetable intake were not found to be significant mediators of the 

relationship between duration of residence and overweight or obese BMI in this study.  A 

longitudinal study may be better equipped to understand the complex relationship between 

duration of residence and overweight/obesity, physical activity, and fruit and vegetable intake.   

Regardless, findings from this study indicate that overweight and obesity among South Asians is 

an important health concern to target, not only for CVD, but also for diabetes and metabolic 

syndrome, all of which are more prevalent in this population than the general population.
42,72

 

 

There were several limitations in the study design, subpopulation sample, and measures that 

threaten the internal and external validity of our findings.  The use of cross-sectional data made it 

difficult to disentangle age and duration of residence effects as contributors to the effect of 

acculturation on CVD risk factors among South Asian immigrants.  However, the lack of 

longitudinal data limits researchers to use available, cross-sectional data sources.  The low 

response rates in CHIS could not rule out that non-responders were different in CVD risk 

profiles and other characteristics than responders.  Low survey response rates are commonly 

cited as evidence of poor quality data that lack representativeness because of non-response bias.  

However, several studies examining data quality in CHIS found little to no substantial 

differences between respondents and non-respondents on health, health-related indicators, and 

neighborhood characteristics.
73-76

  The decision to use CHIS in the analysis was in part because 
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CHIS provided valuable information on the dietary habits of South Asian immigrants, which is 

usually unavailable in NHIS and other large surveys.   

 

Neither survey was conducted in any South Asian languages, which may have excluded non-

English speaking South Asians who may have been less acculturated, less educated, low-income, 

and uninsured
28,77

, which would likely underestimate the true prevalence rates of CVD risk 

factors and under- or overestimate associations with duration of residence in the US.  Small 

sample sizes of Asian Indian and South Asian immigrant adults required pooling data from 

several surveys years in order to have sufficient statistical power.  Pooling data may have 

resulted in bias if there were changes in secular trends in CVD risk prevalence or awareness over 

the five-year period.  Nevertheless, pooling data is common in the literature and estimates are 

considered reliable when proper adjustments are made to sampling weights.  In addition, 

sensitivity analysis that included a variable representing survey year in the multivariate logistic 

regression models to adjust for secular differences resulted in similar findings as those reported.  

In general, it is difficult to mitigate these threats, and reinforces the need for longitudinal datasets 

with large samples of South Asians conducted in major South Asian languages in order to 

capture more fully the heterogeneity of the Asian Indian population in the US. 

 

Data from self-report surveys may be inaccurate due to recall bias, social desirability bias, and 

respondents’ lack of knowledge.
78

  Some respondents may have been misclassified when 

assessing the prevalence of CVD risk factors.  Self-reports of hypertension, 

hypercholesterolemia, and diabetes are likely related to one’s access to health care, though we 

tried to mitigate confounding from access to care by controlling for health insurance status and 

having a usual source of care.  Unfortunately, studies that provide laboratory measures for these 
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conditions are either not population-based or do not have disaggregated Asian immigrant 

subgroups (e.g., NHANES).  However, studies have reported agreement between self-reported 

diabetes, hypertension, smoking, and alcohol consumption and medical record data or 

biochemical measures.
79-81

   There is less sensitivity between self-reported high cholesterol and 

medical record data.
82

  Survey respondents may have also underestimated weight, overestimated 

height, and under- or overestimated physical activity.
83,84

 

 

Duration of residence in the US and age at immigration are likely components of acculturation, 

but do not fully capture this multidimensional construct.  However, large, public-use datasets 

have limited acculturation measures, and temporal measures have been used as proxies for 

acculturation in other studies.
57

  We should note that some researchers have criticized the use of 

acculturation (and/or acculturation measures) in health research given the conceptual and 

methodological difficulties in the construct of acculturation, as well as its limitation as a 

modifiable factor in the promotion of cardiovascular health.
85,86

  Our study tried to control for 

modifiable factors, such as socioeconomic status, health insurance coverage, and usual source of 

care.   

 

The educational levels of South Asians by migration wave may explain why South Asians with 

longer duration of residence in the US have lower educational attainment than more recent 

immigrants.  Prior to 1965, Punjabi Sikhs immigrated to the west coast to work as farm laborers 

and migrant workers (45-55 years of duration of residence in the US for study sample).  After 

1965, South Asian immigrants were predominantly highly educated professionals from the upper 

class and came to the US to pursue educational and occupational opportunities (e.g., doctors, 

engineers in the 1970s).
87

  A second wave of immigrants came to the US (in the 1980s; 20-30 
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years of duration of residence in the US for study sample) and were frequently relatives of their 

predecessors and generally not professionally educated (e.g., merchant class operating 

restaurants, grocery, liquor scores).
87

  The demand for skilled labor in emerging electronics 

industries from the technology boom of the 1990s and the Immigration and Naturalization Act of 

1990 further promoted the immigration of engineers resulting in the largest influx of South 

Asians between 1995 and 2000.
88

  These differences in educational attainment may influence 

CVD health behaviors more than acculturation, and we attempted to adjust for education in our 

models. 

 

Despite controlling for a number of potential confounders in multivariate analysis, this study still 

had omitted variable bias as there were no data on medication use, social networks, or religious 

affiliation, all of which may have impacted the relationship of CVD risk factors with duration of 

residence in the US.  Religious affiliation and/or participation may be an important moderator of 

the acculturation effects on CVD risk factors among South Asian immigrants since several 

traditional Indian religions (e.g., Hinduism, Jainism) practice vegetarianism, as opposed to more 

common Western dietary practices of meat-eating, and religious Muslims abstain from eating 

pork and drinking alcohol.
89-93

  It is also important to note that our multivariate analysis likely 

under-adjusted for confounding due to measurement error of the covariates. 

 

Duration of residence in the US appears to be an important determinant for several CVD risk 

factors among Asian Indian and South Asian immigrants.  Based on the findings, interventions 

that target recent South Asian immigrants should focus on modifiable health behaviors, such as 

physical activity, fruit and vegetable intake, smoking status, and binge drinking, to reduce risk of 

obesity, diabetes, dyslipidemia, metabolic syndrome, and CVD.  Similar to most immigrant 
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groups, this population would benefit from strategies to reduce obesity and further examination 

of physical activity and dietary practices are warranted.     
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Table 3-1a.Sample characteristics of Asian Indian adult immigrants, NHIS 2005-2009* 

Characteristic n % or mean 

Age, mean (range:SE) in years 2,782 40.33 (18-85:0.64) 

Sex   

  Male 1,485 54.4 

  Female 1,297 45.6 

Marital Status   

  Married 2,178 79.8 

  Living with partner 24 0.8 

  Divorced 44 1.4 

  Widowed 74 2.5 

  Separated 35 1.0 

  Never married 425 14.5 

Educational attainment   

  Less than high school 215 7.0 

  High school degree/associates 703 23.6 

  College degree 903 33.9 

  Graduate/Professional degree 927 35.6 

Health status   

  Excellent 1,072 39.3 

  Very good 901 33.9 

  Good 637 20.8 

  Fair 120 4.0 

  Poor 47 1.9 

Health insurance   

  Yes 2,374 86.5 

  No  383 13.5 

Usual Source of Care+   

  Yes 848 80.8 

  No 206 19.2 

Years lived in the US   

  Mean score on 1-4 scale (range:SE), years 2,782 2.67 (1-4:0.07) 

 0-<5 years 633 23.3 

 5-<10 years 604 21.9 

 10-<15 years 463 17.5 

 15+ years 1,082 37.2 

Age at Immigration   

  Mean (range:SE), years 2,348 37.65 (14-83:0.58) 

≤ 30 years old 1,002 36.3 

  31-40 years old 762 28.4 

  41-50 years old 490 16.9 

>50 years old 528 18.4 
*Percentages based on weighted, unadjusted data. Column totals may not equal 100 due to rounding error or missing observations.   
+Only answered by a subsample of Asian Indian adults in NHIS 2005-2009, n=1,056  
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Table 3-1b.Sample characteristics of South Asian adult immigrants, CHIS 2005, 2007, 2009* 

Characteristic n % or mean 

Age, mean (range:SE) in years 1169  40.05 (18-85: 0.49) 

Sex   

  Male 617 57.6 

  Female 552 42.4 

Marital Status   

  Married 949 76.9 

  Living with partner 11 0.7 

  Divorced/Widowed/Separated 89 4.3 

  Never married 120 18.2 

Educational attainment   

  Less than high school 28 2.6 

  High school degree/associates 185 15.9 

  College degree 388 32.3 

  Graduate/Professional degree 568 49.2 

Income   

  0-99% fed poverty level 68 7.3 

  100-199% fed poverty level 96 7.6 

  200-299% fed poverty level 100 8.2 

  300+% fed poverty level 905 77.0 

Health status   

  Excellent 326 30.8 

  Very good 417 37.2 

  Good 340 26.9 

  Fair 66 3.4 

  Poor 20 1.6 

Health insurance   

  Yes 1071 89.4 

  No  98 10.6 

Usual Source of Care**   

  Yes 677 88.3 

  No 75 11.7 

Years lived in the US   

  Mean score on 1-4 scale (range:SE), years 1169 2.85 (1-4:0.05) 

 0-<5 years 144 16.6 

 5-<10 years 217 23 

 10-<15 years 219 19.2 

 15+ years 589 41.2 

Age at Immigration   

  Mean (range:SE), years 1169 37.20 (14-81:0.46) 

  ≤ 30 years old 285 32.9 

  31-40 years old 418 35.9 

  41-50 years old 214 15.4 

>50 years old 252 15.7 
*Percentages based on weighted, unadjusted data. Column totals may not equal 100 due to rounding error or missing observations.   
**Variable not available for all survey years: usual source of care (CHIS 2005 &2009)
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Figure 3-1a.  CVD risk factor prevalence by duration of residence in the US among Asian Indian adult 
immigrants in NHIS 2005-2009.  *Chi-square test across variable was significant (P< 0.05).  **The 
sample sizes for high cholesterol in NHIS 2007-2008 were: 0-<5 (n=113), 5-<10 (n=68), 10-<15 (n=53), 
15+ (n=139).  
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Figure 3-1b.  CVD risk factor prevalence by duration of residence in the US among South Asian adult 
immigrants in CHIS 2005-2009.  *Chi-square test variable was significant (P< 0.05).  **The sample sizes 
for high cholesterol in CHIS 2005 were: 0-<5 (n=43), 5-<10 (n=75), 10-<15 (n=60), 15+ (n=156). The 
sample sizes for fast food in CHIS 2007-9 were: 0-<5 (n=87), 5-<10 (n=132), 10-<15 (n=153), 15+ 
(n=422).  
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Figure 3-2a.  Mean age at immigration by duration of residence in the US among Asian Indian adult 
immigrants in NHIS 2005-2009 

 
 
 
Figure 3-2b.  Mean age at immigration by duration of residence in the US among South Asian adult 
immigrants in CHIS 2005-2009 
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Table 3-2a.Bivariate logistic regression of CVD risk factors among Asian Indian adult immigrants in 
NHIS 2005-2009 

  Duration of years in US, OR (95% CI) 

Outcome n 0 to <5  5 to <10  10 to <15 15+  

Hypertension* - - - - 

High Cholesterol 373 0.15 (0.07, 0.34) 0.33 (0.15, 0.74) 0.36 (0.15, 0.86) 1 

Diabetes Mellitus 896 0.11 (0.03, 0.40) 0.20 (0.08, 0.49) 0.46 (0.22, 0.96) 1 

Overweight/Obese 865 0.46 (0.32, 0.66) 0.74 (0.49, 1.12) 0.62 (0.40, 0.96) 1 

Current Smoker 892 2.35 (1.13, 4.90) 0.93 (0.41, 2.12) 1.01 (0.37, 2.77) 1 

Alcohol Use 889 0.80 (0.57, 1.12) 0.75 (0.49, 1.15) 0.95 (0.57, 1.58) 1 

Binge Drinker 372 1.82 (0.80, 4.13) 1.54 (0.64, 3.71) 0.81 (0.31, 2.14) 1 

Heavy Alcohol 604 1 0.56 (0.06, 5.36) 0.50 (0.05, 4.78) 1 

Sedentary (no PA) 886 0.92 (0.61, 1.41) 0.97 (0.62, 1.51) 0.99 (0.60, 1.64) 1 
 
*Hypertension – outcome did not vary across duration of years in US categories; unable to perform analysis 
OR=unadjusted odds ratio; CI=confidence interval; PA=physical activity.  Bold=p <0.05 

 
 
 
Table 3-2b.Bivariate logistic regression of CVD risk factors among South Asian adult immigrants in 
CHIS 2005-2009 

  Duration of years in US, OR (95% CI) 

Outcome n 0 to <5 5 to <10  10 to <15  15+  

Hypertension 1158 0.23 (0.11, 0.50) 0.37 (0.17, 0.79) 0.49 (0.27, 0.87) 1 

High Cholesterol 334 0.28 (0.07, 1.15) 0.57 (0.25, 1.31) 1.02 (0.37, 2.76) 1 

Diabetes Mellitus 1025 1 0.37 (0.07, 1.98) 0.49 (0.24, 0.97) 1 

Overweight/Obese 1130 0.78 (0.47, 1.30) 0.48 (0.28, 0.82) 0.89 (0.56, 1.42) 1 

Current Smoker* - - - -  

Binge Drinker 1169 0.87 (0.15, 4.93) 2.21 (0.95, 5.14) 0.73 (0.30, 1.77) 1 

Sedentary (no PA) 1169 1.25 (0.63, 2.46) 0.64 (0.37, 1.10) 1.75 (1.00, 3.06) 1 

Eats 5+ fruit/veg a day 1169 0.14 (0.03, 0.63) 0.25 (0.06, 0.97) 0.29 (0.11, 0.75) 1 

Drinks 4+ soda/week 1169 2.22 (0.76, 4.45) 4.24 (1.88, 9.54) 1.51 (0.67, 3.40) 1 

Eats 2+ fast food/week 794 2.46 (1.20, 5.02) 0.98 (0.45, 2.13) 0.88 (0.36, 2.17) 1 

 
*Current smoker – outcome did not vary across duration of residence in US categories; unable to perform analysis 
OR=unadjusted odds ratio; CI=confidence interval; PA=physical activity.  Bold=p<0.05
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Table 3-3a. Multivariate logistic regression of CVD risk factors among Asian Indian adult immigrants in NHIS 2005-2009 

 
Hyper-
tension 

High 
Cholesterol 

Diabetes 
Overwt/ 
Obese 

Current 
Smoker 

Heavy 
Alcohol 

Sedentary 
Alcohol 

use 
Binge 

Drinker 

  n=367 n=838 n=838 n=880 n=598 n=874 n=878 n=365 

Years in US          

0-<5 years x 
0.38 

(0.13, 1.10) 
0.46 

(0.11, 1.86) 
0.76 

(0.47, 1.22) 
1.33 

(0.54, 3.28) 
1 

1.41 
(0.84, 2.38) 

0.37 
(0.23, 0.58) 

0.76 
(0.28, 2.10) 

5-<10 years x 
0.79 

(0.31, 2.00) 
0.48 

(0.17, 1.33) 
0.94 

(0.56, 1.60) 
0.55 

(0.22, 1.36) 
0.31 

(0.03, 2.94) 
1.23 

(0.75, 2.00) 

0.49 
(0.29, 0.82) 

0.79 
(0.31, 2.06) 

10-<15 years x 
0.44 

(0.18, 1.07) 
0.85 

(0.39, 1.86) 
0.69 

(0.42, 1.12) 
0.81 

(0.25, 2.63) 
0.36 

(0.04, 3.54) 
1.09 

(0.64, 1.86) 
0.83 

(0.46, 1.51) 
0.60 

(0.21, 1.71) 

15+ years x 1 1 1 1 1 1 1 1 

Age at 
immigration 

x 
1.04 

(1.01, 1.07) 
1.05 

(1.02, 1.07) 
1.01 

(0.99, 1.03) 

0.97 
(0.94, 0.99) 

0.95 
(0.90, 1.00) 

1.00 
(0.99, 1.02) 

0.98 
(0.96, 0.99) 

0.94 
(0.90, 0.97) 

Sex, male x 
1.28 

(0.69, 2.37) 
1.45 

(0.81, 261) 
1.40 

(0.99, 1.99) 

15.03 
(5.54, 40.78) 

5.54 
(0.57, 54.04) 

1.03 
(0.76, 1.39) 

2.90 
(2.13, 3.93) 

2.63 
(1.10, 6.30) 

Married x 
1.35 

(0.60, 3.03) 
1.38 

(0.68, 2.80) 

1.52 
(1.05, 2.18) 

0.62 
(0.34, 1.15) 

0.75 
(0.04, 15.81) 

1.71 
(1.15, 2.55) 

0.59 
(0.42, 0.84) 

0.57 
(0.29, 1.12) 

College or higher x 
1.00 

(0.51, 1.97) 
0.87 

(0.45, 1.69) 

0.63 
(0.44, 0.92) 

0.64 
(0.34, 1.21) 

0.48 
(0.02, 9.64) 

0.59 
(0.39, 0.89) 

1.42 
(0.95, 2.11) 

0.55 
(0.26, 1.01) 

Excellent / v.good 
health 

x 
0.35 

(0.18, 0.68) 
0.52 

(0.28, 0.96) 
0.78 

(0.54, 1.14) 
0.63 

(0.32, 1.23) 
0.20 

(0.02, 1.69) 

0.60 
(0.38, 0.95) 

1.11 
(0.75, 1.63) 

0.48 
(0.23, 1.01) 

Health insurance x 
0.68 

(0.26, 1.79) 
1.10 

(0.45, 2.72) 
0.72 

(0.43, 1.21) 
0.58 

(0.25, 1.32) 
0.71 

(0.03, 17.85) 

0.59 
(0.36, 0.96) 

1.80 
(1.03, 3.13) 

0.55 
(0.19, 1.56) 

Usual source of 
care 

x 
3.17 

(0.91, 10.97) 
1.93 

(0.64, 5.83) 
1.14 

(0.73, 1.81) 
1.27 

(0.57, 2.80) 
0.54 

(0.03, 8.69) 
0.92 

(0.60, 1.42) 
0.84 

(0.53, 1.35) 
2.37 

(0.93, 6.01) 

Overwt/Obese  x x 
3.02 

(1.72, 5.32) 
x x x x x x 

Smoker x x 
0.95 

(0.25, 3.60) 
0.67 

(0.36, 1.28) 
x x x x x 

Heavy Alcohol x x 
1.37 

(0.15, 12.31) 
1.18 

(0.23, 6.18) 
x x x x x 

Sedentary x x 
1.36 

(0.71, 2.59) 
0.90 

(0.66, 1.24) 
x x x x x 

OR=adjusted odds ratio, CI=confidence interval, x=not applicable.  Hypertension outcome did not vary; unable to perform analysis.  Bold=p< 0.05 
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Table 3-3b. Multivariate logistic regression of CVD risk factors among South Asian adult immigrants in CHIS 2005-2009, OR (95% CI) 

 Hypertension 
High 

Cholesterol 
Diabetes 

Overwt/ 
Obese 

Current 
Smoker 

Binge 
Drinker 

Sedentary 
5+ fruit and 

veg/day 
4+ 

soda/week 
2+ fast 

food/week 

 n=1158 n=334 n=991 n=1130  n=1169 n=1169 n=1071 n=1169 n=794 

Years in US           

0-<5 years 
0.74 

(0.29, 1.87) 
0.44 

(0.10, 1.91) 
1 

0.84 
(0.46, 1.53) 

x 
0.71 

(0.11, 4.85) 
1.84 

(0.84, 4.00) 
0.24 

(0.04, 1.32) 
1.33 

(0.42, 4.21) 
1.08 

(0.47, 2.50) 

5-<10 years 
0.98 

(0.42, 2.28) 
0.87 

(0.31, 2.49) 
0.81 

(0.13, 5.09) 

0.59 
(0.35, 0.98) 

x 
1.12 

(0.44, 2.88) 
0.91 

(0.50, 1.67) 
0.36 

(0.09, 1.45) 
2.61 

(0.97, 7.02) 
0.60 

(0.27, 1.34) 

10-<15 yrs 
0.82 

(0.41, 1.65) 
1.55 

(0.49, 4.84) 
0.68 

(0.27, 1.71) 
0.83 

(0.52, 1.33) 
x 

0.71 
(0.27, 1.82) 

2.11 
(1.17, 3.81) 

0.37 
(0.15, 0.94) 

1.18 
(0.50, 2.79) 

0.53 
(0.19, 1.48) 

15+ years 1 1 1 1 x 1 1 1 1 1 

Age at 
immigration 

1.08 
(1.06, 1.10) 

1.03 
(1.00, 1.06) 

1.06 
(1.02, 1.09) 

1.00 
(0.99, 1.02) 

x 
0.99 

(0.96, 1.02) 
1.01 

(0.99, 1.03) 

1.03 
(1.00, 1.06) 

0.98 
(0.94, 3.44) 

0.93 
(0.91, 0.96) 

Sex, male 
1.55 

(1.06, 2.27) 
1.47 

(0.68, 3.19) 

2.80 
(1.39, 5.62) 

1.53 
(1.08, 2.18) 

x 
8.35 

(3.60, 19.37) 
0.84 

(0.55, 1.28) 

0.34 
(0.18, 0.65) 

1.83 
(0.98, 3.44) 

1.53 
(0.83, 2.82) 

Married 
1.82 

(1.06, 3.09) 
1.22 

(0.40, 3.70) 
2.01 

(0.83, 4.86) 
1.72 

(0.98, 3.04) 
x 

0.21 
(0.08, 0.55) 

1.47 
(0.79, 2.74) 

0.85 
(0.31, 2.33) 

0.32 
(0.14, 0.72) 

1.34 
(0.71, 2.53) 

College or 
higher 

1.30 
(0.75, 2.28) 

0.79 
(0.28, 2.19) 

1.67 
(0.72, 3.84) 

0.68 
(0.41, 1.14) 

x 
1.24 

(0.49, 3.15) 

0.55 
(0.32, 0.95) 

2.08 
(0.95, 4.58) 

0.57 
(0.27, 1.16) 

0.81 
(0.41, 1.62) 

200+% fpl 
0.75 

(0.35, 1.63) 
5.26 

(0.95, 29.23) 
0.50 

(0.16, 1.58) 
0.87 

(0.49, 1.52) 
x 

3.20 
(1.17, 8.77) 

1.04 
(0.55, 1.96) 

1.01 
(0.27, 3.84) 

1.58 
(0.51, 4.94) 

0.68 
(0.30, 1.53) 

Excellent / 
v.good health 

0.55 
(0.34, 0.89) 

0.67 
(0.29, 1.56) 

0.20 
(0.10, 0.41) 

0.54 
(0.38, 0.77) 

x 
0.94 

(0.45, 1.97) 

0.55 
(0.35, 0.86) 

1.00 
(0.41, 2.43) 

0.76 
(0.32, 1.79) 

0.35 
(0.19, 0.62) 

Health 
insurance 

1.47 
(0.65, 3.29) 

1.77 
(0.40, 7.78) 

0.24 
(0.04, 1.46) 

1.40 
(0.75, 2.61) 

x 
1.46 

(0.55, 3.87) 
0.56 

(0.28, 1.11) 
1 

3.99 
(1.50, 10.61) 

1.71 
(0.78, 3.75) 

Overwt/Obese  x x 
2.32 

(1.11, 4.86) 
x x x x x x x 

Smoker x x 
0.96 

(0.26, 3.52) 
1.08 

(0.52, 2.25) 
x x x x x x 

Binge drinker 
0.64 

(0.28, 1.47) 
x 

1.80 
(0.54, 6.02) 

0.89 
(0.44, 1.83) 

x x x x x x 

Sedentary x x 
0.96 

(0.42, 2.18) 

1.65 
(1.15, 2.36) 

x x x x x x 

5+ fruits and 
veg per day 

x x 
0.70 

(0.19, 2.62) 
1.25 

(0.48, 3.22) 
x x x x x x 

 
OR=adjusted odds ratio, CI=confidence interval, x=not applicable, fpl=federal poverty level. Current smoker outcome did not vary; unable to perform analysis.  
Bold, p < 0.05 
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APPENDIX: Chapter 3 
 
Table 3-1a.Asian Indian immigrant sample characteristics by outcome, NHIS 2005-2009* 

Characteristic n % 

Heart Disease (ever told)+   

  Yes 23 2.5 

  No 1,033 97.5 

Hypertension+   

  Yes 161 15.9 

  No 895 84.1 

High Cholesterol**+   

  Yes 76 20.4 

  No 297 79.6 

Diabetes Mellitus+   

  Yes 90 8.7 

  No 966 91.3 

Body mass index (BMI, kg/m2)+   

  Mean (range:SE) 896 24.71 (18.5-54.5:0.14) 

  BMI ≥ 18.5 & BMI<25 (ideal) 584 55.1 

  BMI ≥ 25 (overweight/obese) 433 44.9 

Smoking status+   

  Current 79 7.3 

  Former 81 8.3 

  Never 892 84.4 

Alcohol status+   

  Binge Drinker: (5+ on any day in year)**+   

  Yes  68 14.2 

  No 362 85.8 

 Heavy Alcohol Use: 2+ drinks/day in past year+   

  Yes 8 0.7 

  No 1,039 99.3 

 Current Drinker+   

  Yes 434 44.8 

  No (Never/ Former) 613 55.2 

Physical Activity+   

  High/ Regular 489 49.2 

  Moderate/ Some 184 18.2 

  Sedentary 373 32.6 
 
*Percentages based on weighted, unadjusted data. Column totals may not equal 100 due to rounding error or missing 
observations.   
**Variable not available for all survey years: High Cholesterol (NHIS 2007-2008); Binge Drinker (NHIS all years, but 
only n=430 of subpopulation responded to question) 
+Only answered by a subsample of Asian Indian adults in NHIS 2005-2009, n=1,056 
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APPENDIX: Chapter 3 
 
Table 3-1b.South Asian immigrant sample characteristics by outcome, CHIS 2005, 2007, 2009* 

Characteristic n %* 

Heart Disease (ever told)   

  Yes 56 3.4 

  No 1113 96.6 

Hypertension   

  Yes 207 15.5 

  No 951 84.5 

High Cholesterol**   

  Yes 64 16.9 

  No 270 83.1 

Diabetes Mellitus   

  Yes 94 6.4 

  No 1075 93.6 

Body mass index (BMI, kg/m2)   

  Mean (range:SE) 1130 24.17 (18.5-42.2:0.14) 

  BMI ≥ 18.5 & BMI<25 (ideal) 674 61.4 

  BMI ≥ 25 (overweight/obese) 456 38.6 

Smoking status   

  Current 66 7.8 

  Former 121 7.8 

  Never 982 84.3 

Alcohol status   

  Binge Drinker: (5+ on any day in year)   

  Yes  79 9.6 

  No 1090 90.1 

Physical Activity   

  High/Regular 315 25.8 

  Moderate/Some 620 56.8 

  Sedentary 234 17.4 

Diet-5+ fruits/veg per day   

  Yes 50 3.8 

  No 1119 96.2 

Diet-4+ sodas/week   

  Yes 66 8.9 

  No 1103 91.1 

Diet-2+fast food/week**   

  Yes 181 24.5 

  No 613 75.5 

 
*Percentages based on weighted, unadjusted data. Column totals may not equal 100 due to rounding error or missing 
observations. 
**Variable not available for all survey years: High Cholesterol (CHIS 2005); Fast Food (CHIS 2007 & 2009) 
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APPENDIX: Chapter 3 
 
Table 3-2.  Adjusted odds ratios (binge drinking) and coefficients (BMI) for CVD risk factors overall and 
stratified by age at immigration (for CVD risk factors that were significant on interaction models) 

CHIS - adjusted models     

BINGE DRINKING     

 Overall <=30 y.o 31-40 y.o. 41-50 y.o. >50 y.o. 

 n=1169 n=285 n=377 n=116 n=219 

Years in US      

 0-<5 yrs 0.7 (0.1, 4.9) 0.4 (0.0, 3.8) 1.0 1.0 7.8 (0.7, 89.7) 

 5-<10 yrs 1.1 (0.4, 2.9) 0.2 (0.0, 1.1) 3.6 (0.8, 15.2) 38.2 (3.2, 458.5) 1.0 

 10-<15 yrs 0.7 (0.3, 1.8) 0.3 (0.0, 3.7) 0.6 (0.1, 5.0) 2.0 (0.2, 15.4) 
10.2 (2.2, 
47.7) 

 15+ yrs 1.0 1.0 1.0 1.0 1.0 

CHIS - adjusted models 

BMI CONTINUOUS (kg/m
2
)     

 Overall <=30 y.o 31-40 y.o. 41-50 y.o. >50 y.o. 

 n=1130 n=264 n=409 n=211 n=246 

Years in US      

 0-<5 yrs -0.7 (-1.6, 0.2) -1.1 (-2.2, 0.1) -1.0 (-2.4, 0.4) -0.1 (-2.4, 2.3) 0.2 (-5.5, 6.0) 

 5-<10 yrs -1.1 (-1.8, -0.4) -2.1 (-3.4, -0.8) -0.4 (-1.5, 0.6) -0.6 (-2.0, 0.9) 0.9 (-5.4, 2.3) 

 10-<15 yrs -0.2 (-1.0, 0.5) -0.5 (-2.0, 0.9) -0.4 (-1.5, 0.7) -0.3 (-1.8, 1.3) -0.6 (-2.7, 1.5) 

 15+ yrs reference reference reference reference reference 

      

NHIS - adjusted models     

ALCOHOL USE      

 Overall <=30 y.o 31-40 y.o. 41-50 y.o. >50 y.o. 

 n=878 n=379* n=242* n=105* n=152 

Years in US      

 0-<5 yrs 0.4 (0.2, 0.6) 0.1 0.5 0.5 0.6 (0.1, 3.4) 

 5-<10 yrs 0.5 (0.3, 0.8) 0.3 0.3 0.1 2.0 (0.5, 7.7) 

 10-<15 yrs 0.8 (0.5, 1.5) 0.2 0.7 1.2 1.8 (0.5, 6.1) 

 15+ yrs 1.0 1.0 1.0 1.0 1.0 

*missing SE/CI because analysis encountered stratum with single sampling unit (instead of at least two sampling units).  Bold=p< 
0.05 
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APPENDIX: Chapter 3 
Table 3-3.  Models of the mediating effects of health behaviors on the relationships between duration of 
residence in the US and CVD risk factor  
 
NHIS Sample 2005-2009 

       

Diabetes*        

 
Full model 
coefficient 

Reduced 
Model 
coefficient 

Percentage 
total effect 
mediated 

Percentage confounder mediates total effect 

    
Ovwt/ 
Obese 
BMI 

Heavy 
alcohol 

Current 
smoker 

Sedentary 

Duration in US 
(years) 

0.40** 0.41** 2.0 4.1 -0.7 0.2 -1.6  

 
Overweight/Obese BMI* 

      

         

 
Full model 
coefficient 

Reduced 
Model 
coefficient 

Percentage 
total effect 
mediated 

Percentage confounder mediates total effect 

    
Heavy 
alcohol 

Current 
smoker 

Sedentary  

Duration in US 
(years) 

0.09 0.09 8.5 6.5 -0.4 2.4   

*adjusted for age at immigration, sex, marital status, educational attainment, health status, health insurance, and 
usual source of care; survey weights not used 

** p< 0.05        

CHIS Sample 2005-2009        

Hypertension*        

 
Full model 
coefficient 

Reduced 
Model 
coefficient 

Percentage total effect mediated by binge drinker  

         

Duration in US 
(years) 

-0.02 -0.03 3.5      

Diabetes*        

 
Full model 
coefficient 

Reduced 
Model 
coefficient 

Percentage 
total effect 
mediated 

Percentage confounder mediates total effect 

    
Ovwt / 
Obese 
BMI 

Binge 
drinker 

Current 
smoker 

5+ 
fruit/veg 
intake 

Sed
enta
ry 

Duration in US 
(years) 

0.60** 0.63** 3.8 -0.1 2.0 1.3 0.1 0.5 

Overweight/Obese BMI*       

 
Full model 
coefficient 

Reduced 
Model 
coefficient 

Percentage 
total effect 
mediated 

Percentage confounder mediates total effect 

    
Binge 
drinker 

Current 
smoker 

5+ 
fruit/veg 
intake 

Sedentary 

Duration in US 
(years) 

0.05 0.05 5.9 3.7 -0.9 7.1 -3.9  

*adjusted for age at immigration, sex, marital status, educational attainment, annual household income, health status, 
and health insurance; survey weights not used 

** p< 0.05        
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Chapter 4: The Association of Religiosity with BMI among Asian Indian immigrants in 

California 

 

ABSTRACT 

Objective:  To examine the association between religiosity and body mass index among Asian 

Indian immigrants residing in California 

 

Methods: We examined cross-sectional survey data from 3,228 Asian Indians in the California 

Asian Indian Tobacco Survey using bivariate and multivariate regression. 

 

Results:  High self-identified religiosity was significantly associated with higher BMI after 

adjusting for socio-demographic and acculturation measures.  Highly religious Asian Indians had 

1.53 greater odds (95% CI: 1.18, 2.00) of being overweight or obese than low religiosity 

immigrants, though this varied by religious affiliation.  Religiosity was associated with greater 

odds of being overweight/obese for Hindus (OR 1.54; 95% CI: 1.08, 2.22) and Sikhs (OR 1.88; 

95% CI: 1.07, 3.30), but not for Muslims (OR 0.69; 95% CI: 0.28, 1.70).  

 

Conclusion:  Religiosity in Hindus and Sikhs, but not immigrant Muslims, appears to be 

independently associated with greater body mass index among Asian Indians.  If this finding is 

confirmed, future research should identify mechanisms by which religiosity affects obesity risk. 

 

Keywords: religion, Hinduism, Asian Americans, Islam, body mass index, California, United 

States 
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INTRODUCTION: 

Asian Indians are among the fastest growing ethnic/immigrant groups in the US, with a growth 

rate of 70% from the 2000 to the 2010 Census, now consisting of 1-2% of the total population.
1
   

California is the state with the largest population of Asian Indians.
2
  Asian Indians have greater 

risk of obesity-related conditions, including higher baseline prevalence of cardiovascular disease 

and diabetes-mellitus, than other racial/ethnic groups in the United States.
3-10

   Reasons for the 

disparity appear to be multi-factorial:  physical inactivity, poor diet, and a genetic predisposition 

to insulin resistance and central obesity.
11-16

 

 

Religiosity may be an influential factor in Asian Indians’ risk for obesity and obesity-related 

conditions.  Asian Indians are a heterogeneous community in terms of religious affiliations, 

which may affect their smoking, drinking, and dietary practices.
8,9

  Religiosity in diverse ethnic 

groups has been associated with significantly greater body weight and/or obesity in cross-

sectional and longitudinal studies.
17-21

  However, these studies have not included Asian Indians 

or traditional Asian Indian religions, such as Hinduism, Sikhism, or Islam.  Our objective was to 

examine the association of religiosity with obesity among a multi-religious group of Asian 

Indians. 

 

METHODS: 

Data Source 

The 2004 California Asian Indian Tobacco Use Survey (CAITS) was a 27-minute multilingual 

(English, Gujarati, Hindi, or Punjabi) telephone survey administered to 3,228 randomly selected 

adults, aged 18 years old or above, of Asian Indian background with residence in California.
22
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Respondents provided information about basic measures of health status, utilization of health 

services, tobacco use behavior, acculturation, and socio-demographics.  Surnames for CAITS 

were compiled from names from Social Security
23

 and through the Vital Statistic Office for the 

Department of Health Services for the years 1998-2002 in California.  From a stratified random 

sample design, the household response rate was 67%, and the response rate for the randomly 

selected interviewee was 81%.  The final adult response rate was 54% (household response rate 

of 67% x random adult response rate of 81%).  For more information about how the sample was 

selected and survey design, please see McCarthy et al. (2005).
22

  We received institutional 

review board exemption from the University of California, Los Angeles for this study. 

 

Focal Dependent/Outcome Variable 

Body mass index (BMI) was calculated from self-reported weight and height.  There were 106 

missing observations for BMI, and an additional 113 observations were dropped for a BMI < 

18.5 kg/m
2
 (or underweight) because of its association with malnutrition, eating disorders, or 

other health problems (n=219, 6.8% parent sample).  In multivariate analysis, BMI was 

dichotomized as desirable (18.5 ≥ BMI > 25 kg/m
2
) or overweight/obese (BMI ≥ 25 kg/m

2
) 

based on the World Health Organization classification scheme and clinical relevance.
24

 

 

Focal Independent/Predictor Variable 

Religiosity was assessed as a composite of three measures:  “I believe that I am a religious 

person,” “My spiritual beliefs are the foundation of my approach to life,” and “I observe the 

traditional holidays that are important in my culture and religion,” which are domains of 

religious commitment, religious beliefs, and religious participation, respectively.  Responses for 
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the first two items were on a 5-point Likert scale that ranged from strongly agree to strongly 

disagree.  The responses for the third item were on a four-point scale: yes, almost always; yes, 

much of the time; yes, some of the time; no, rarely or never. 

 

The composite consisted of factor scores resulting from a principal components analysis of these 

three items (Cronbach’s alpha=0.64).   There were 384 missing observations of the religiosity 

composite (10.7% parent sample).  Religiosity was reported in quintiles, and to facilitate 

interpretation, was dichotomized into higher religiosity comprised of the top quintile and lower 

religiosity comprised of the bottom four quintiles.  Dichotomization was based on the differences 

in demographics between the highest religiosity quintile versus the bottom four quintiles that 

may potentially confound the focal relationship between religiosity and BMI (see Appendix 

Table 4-1).  Specifically, the highest religiosity quintile had a greater proportion of respondents 

who were married, had less than a college degree education, made less than or equal to $100K 

annual household income, and reported good/fair/poor health status (versus excellent/very good 

health status) than the bottom four religiosity quintiles. 

 

Covariates 

Numerous variables were assessed in this analysis.  Some were considered to be independent 

predictors for BMI and others were considered important to include because they may attenuate 

associations between religiosity and BMI.  We considered socio-demographic characteristics, 

health status/illness burden, and measures of access to health care.  Socio-demographic 

characteristics included age (in years), sex, marital status, level of educational attainment, and 

annual household income.  We defined illness burden by using self-reported health status 
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(excellent, very good, good, fair, poor), which has previously been shown to be associated with 

mortality in a multiethnic cohort
25

, and cigarette smoking status (current, past, never).  We 

measured access to care using a proxy for having health insurance (having health care coverage 

or government plan).   Missing, refused, and did not know observations were dropped from the 

analysis, and included 29 missing for age (0.9% sample), 15 for marital status (0.5%), 6 for 

educational attainment (0.2%), 467 for income (14.5%), 2 for health status (0.1%), 27 for health 

insurance (0.8%), and 3 for smoking status (0.1%). 

 

Acculturation was assessed two ways.  The first measure was percentage of lifetime in the US 

calculated from years lived in the US divided by current age of the respondent multiplied by 100.  

Years lived in the US (or percentage of lifetime in US) was answered only by respondents not 

born in the US, and 44 missing observations were dropped (1.4% of respondents not born in US).  

Percentage of lifetime in the US may be a better temporal measure than years lived in the US 

because the former may better quantify the proportion of lifetime exposure to American culture.   

 

The second measure of acculturation was from a scale of 11 questions that were included in six 

domains of acculturation.  The domains were language use (3 questions), media behavior (1 

question), social customs (3 questions), social contacts (1 question), cultural identity (1 

question), and generational status (2 questions).  These domains have been included in existing 

scales of acculturation in the Asian population.
26-28

  Appendix Table 4-2 provides a description 

of the core items and possible responses.  The acculturation scale was standardized on a 0-100 

scale, with higher scores indicating greater acculturation to American culture (mean 39.1, 

standard deviation 17.4, median 37.6, Cronbach’s alpha 0.73); additional information about the 
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psychometrics of this scale are detailed in Chapter 2.  A total of 2,712 respondents had 

completed scale scores (82.5% of the sample), and non-respondents were not demographically 

different from respondents.  The correlation between percentage of lifetime in the US and the 

acculturation scale was r = 0.4. 

 

Statistical Analysis 

We performed frequencies and cross-tabulations to describe the prevalence of baseline 

characteristics in the full sample.  Bivariate linear and logistic regression analyses were 

performed to estimate the association of religiosity with body mass index.  Multivariate binary 

logistic regression analyses were performed to estimate the odds of being classified as 

overweight or obese with greater religiosity, adjusted for socio-demographic characteristics, 

illness burden, and acculturation.  Based on frequency distributions in the sample, we 

dichotomized marital status to married or not married, educational level to less than college 

degree or greater than or equal to college degree, health status to poor/fair/good health or 

excellent/very good health, and smoking status to current smoker or not current smoker.  Income 

was omitted from the model due to the large percentage of missing observations for the variable.  

Insurance status was omitted from the model as all persons with overweight/obese BMI had 

health insurance.  Our analytic sample was limited to 2,219 Asian Indian adult immigrants who 

had non-missing values for the focal dependent variable, focal independent variable, and 

covariates.  The analytic sample was demographically similar to the full sample, except the 

analytic sample had slightly more married respondents (73% in full vs. 79% in analytic), had no 

respondents born in the US, had slightly less acculturated respondents by scale (median 38, mean 

39, standard deviation 17 in full sample vs. median 35, mean 36, standard deviation 16 in 
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analytic sample), and significantly fewer atheists/agnostics (7% in full vs. 0.1% in analytic; most 

atheists/agnostics were US born).  We tested for and found no significant multicollinearity 

among the variables.   Multivariate logistic regression models were also stratified by religious 

affiliation from the analytic sample.  Religious affiliation was categorized as Hinduism, Sikhism, 

Islam, Agnostic/Atheists, or Other.  Other religious affiliation included Christianity, Judaism, 

Jainism, Zoroastrianism, and Buddhism.   

 

To be able to generalize to all Asian Indians in California, post-stratification adjustment weights 

were used in the analyses to correct for nonresponse (i.e., refusals) and for noncoverage (i.e., 

surname omitted from sample frame).  The post-stratification adjustment was stratified by gender 

and age grouping, and counties were grouped by 12 California regions used in previous tobacco 

control research to generate more stable weights.
22

 

 

We conducted mediator analysis using the Sobel-Goodman mediation and Karlson/Holm/Breen 

tests to determine if smoking status, health status, or educational attainment mediated the focal 

relationship between religiosity and BMI.  Data were not weighted in mediator analyses due to 

limitations in the statistical package.  Moderator analysis (or interaction analysis) examining 

whether acculturation moderated the focal relationship was also conducted, and continuous 

variables were centered for the analysis.  We considered a 2-tailed P value of ≤ 0.05 statistically 

significant for all analyses.  Of note, bootstrapped percentile and bias-corrected methods were 

used to calculate 95% confidence intervals, but these confidence intervals were not reported due 

to limitations in the statistical package to use survey weights; however, bootstrapped confidence 
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intervals were similar to survey weighted intervals.  All analyses were conducted with STATA 

12.0 (College Station, TX). 

 

RESULTS: 

The distribution of characteristics for Asian Indian immigrants in California in the full sample is 

reported in Table 4-1 (and Appendix Table 4-1 and Appendix Table 4-3).  The mean age was 37 

years, and the majority of the sample was married, highly educated, and insured.  The mean 

acculturation scale score was 39 indicating most respondents were less acculturated to American 

culture.  More than half of the respondents were highly religious based on responses to the 

religious commitment, beliefs, and participation questions.  Specifically, most Asian Indians 

responded that they strongly or somewhat agree with the belief that they were a religious person 

(79 percent) and that their spiritual beliefs were the foundation to their approach to life (84 

percent).  Eighty-eight percent of respondents observed traditional holidays important in their 

culture and religion at least some of the time.  Demographic differences were also notable among 

the religiosity quintiles.  Respondents in the second highest or highest religiosity quintile were 

more likely to be older, female, married, have less than a college education, have less annual 

household income, not have health insurance, not be a current smoker, and be born outside the 

US compared with Asian Indians in the lower three religiosity quintiles.    

 

The majority of the sample practiced Hinduism, followed by Sikhism, other religions, and Islam.  

Seven percent of the respondents identified themselves as agnostic or atheist.  Approximately 

40% of the sample was overweight or obese, and the mean BMI was 24.4 kg/m
2
.  Hindus had the 

lowest mean BMI at 24.1 kg/m
2
 (34% overweight/obese) and Sikhs had the highest mean BMI at 
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25.2 kg/m
2
 (52% overweight/obese).  Mean BMI was greater among the highly religious 

compared with the less religious, and this association was consistent and significant among 

respondents affiliated with Hinduism, Sikhism, and other religions, but not with Muslims (Figure 

4-1). 

 

In the multivariate analysis, those in the highest religiosity quintile had 1.53 greater odds of 

being overweight/obese relative to those in the lower four religiosity quintiles among Asian 

Indians (95% CI: 1.18, 2.00; see Table 4-2).This increased odds persisted for Hindus (OR 1.54, 

95% CI: 1.08, 2.22) and Sikhs (OR 1.88, 95% CI: 1.07, 3.30) in stratified analysis.   

Interestingly, highly religious Muslims had a decreased odds of being overweight/obese relative 

to less religious Muslims (OR 0.69, 95% CI: 0.28, 1.70), but this relationship was not significant, 

likely due to inadequate power from small sample size.  A more detailed distribution of the 

bivariate relationship between religiosity and BMI among Muslims is provided in Appendix 

Figure 4-1.   In the full sample, other known predictors for overweight/obese BMI demonstrated 

consistent associations, such as being male and married, while there were protective associations 

with college degree or higher education and excellent/very good health status.   Acculturation 

based on scale or percentage of lifetime in the US had a null association with BMI in adjusted 

models.  It is noteworthy that smoking status was unrelated to overweight/obesity status. 

 

Some investigators define BMI at lower cut-offs for Asians, with overweight as BMI ≥ 23 kg/m
2
 

and obese as BMI ≥ 25 or 27.5 kg/m
2
, though a recent study found no mortality differences in 

Asians at these lower BMI cut-offs.
29-31

  Sensitivity analyses with different BMI classifications 

in the unadjusted and adjusted models found similar trends in the association of obesity status 
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with religiosity and other covariates regardless of whether BMI was classified as a continuous 

variable or categorical variable (BMI ≥ 23 kg/m
2
vs. 18.5 ≥ BMI > 23 kg/m

2
 or BMI ≥ 30 

kg/m
2
vs. 18.5 ≥ BMI > 30 kg/m

2
).  In addition, sensitivity analyses with different religiosity 

classifications in the unadjusted and adjusted models found similar trends with BMI regardless 

of classification as religious quintiles, religiosity factor scores, a different dichotomization of 

religiosity quintiles (top three quintiles vs. bottom two), or three-item religiosity continuous scale 

(or 2-item religious scale with religious commitment and belief in the scale, Cronbach’s 

alpha=0.63).  Likewise, we found similar values in the adjusted odds ratios for different 

acculturation classifications, such as years lived in the US (instead of percentage of lifetime in 

the US) and acculturation scale categories (0-20, >20-40, >40-60, >60-100 scale score).  None of 

the acculturation scale categories were significantly associated with overweight/obesity.  We 

examined age categories (18-29y, 30-39y, 40-49y, 50+y) in the multivariate models, and found 

that respondents aged 40 years and above had approximately twice the increased odds (adjusted 

OR ~ 2.0) of being overweight/obese than Asian Indians who were 18-29 years old, and this 

trend persisted for Hindus and Sikhs.  Given that respondents without a high school diploma may 

be different from respondents with a high diploma, we examined models with educational 

attainment dichotomized at high school diploma; our results were similar to the models with 

educational attainment dichotomized at college degree.  We also found no statistically significant 

associations between annual household income categories (<$20K, $20-$50K, $50-$75K, $75-

100K, >$100K) and overweight/obesity. 

 

The relationship between religiosity and acculturation was linear based on the acculturation scale 

and percentage of lifetime in the US (see Figure 4-2 and 4-3).  Mean religiosity factor score 
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decreased with greater acculturation scale score or percentage of lifetime in the US.  Since prior 

research has shown a correlation between acculturation and obesity, we examined if 

acculturation moderated the association of religiosity with obesity through an interaction term.  

However, the interaction was not significant in adjusted models (high religiosity*acculturation 

scale, OLS coefficient -0.005, p=0.8; high religiosity*percentage of lifetime in US, OLS 

coefficient -0.001, p=0.9).  Educational attainment was found to be a significant mediator of the 

relationship between religiosity and obesity based on the Sobel-Goodman and 

Karlson/Holm/Breen mediation tests (the proportion of the total effect that was mediated ranged 

from 0.13 for BMI as a continuous variable to 0.20 for overweight/obesity categorical variable). 

However, smoking status and health status were not found to be significant mediators based on 

the Sobel-Goodman tests (the proportion of the total effect that was mediated was <0, or -0.002 

for both smoking and health status).  

 

DISCUSSION: 

High religiosity was associated with higher body mass index among Asian Indian adult 

immigrants in California, and the magnitude of this association varied by religious affiliation.  

Asian Indian immigrants who were male, married, less educated, and had less favorable health 

status also had greater odds of being overweight or obese.  Previous literature has supported that 

the positive association between religiosity and obesity is due to the low prevalence of smoking 

among religious individuals, which may cause increased levels of obesity due to the role of 

smoking as an appetite suppressant.
32

  However, we observed that smoking status was not 

associated with BMI, contrary to past literature, and thus smoking was not a mechanism by 

which religiosity might have increased Asian Indians’ risk of overweight/obesity.  Our findings 
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are consistent with prior cross-sectional analyses
17,19,20,33

 and with recent studies by Feinstein et 

al. who found that religious involvement was associated with greater obesity in a nationally 

representative, multi-ethnic sample of older adults (i.e., MESA study) and young adults (i.e., 

CARDIA longitudinal study).
18,21

  Lauderdale et al. examined BMI in Asian Americans and 

limited their study sample to persons aged 18-59 years.
10

  They excluded persons aged 60 years 

and older because health effects of BMI may differ for the elderly and may increasingly reflect 

the consequences of ill-health with increasing age.
10

  When we limited our analyses to 

respondents age < 60 years (91 percent of total), the associations of religiosity with body mass 

index were similar to those reported in Table 4-2 (Full sample adjusted OR: 1.59, 95% CI: 1.19-

1.11; Hindus adjusted OR: 1.68, 95% CI: 1.16-2.45; Sikhs adjusted OR: 1.82, 95% CI: 0.95-

3.47; Muslims adjusted OR: 0.57, 95% CI: 0.21-1.56; Other adjusted OR: 1.41, 95% CI: 0.44-

4.46). 

 

Several theories have been proposed to explain the finding that greater religiosity is associated 

with increased risk of obesity.  In their 2006 analysis, Cline and Ferraro posit that two reasons 

for this association is the relative emphasis that religious organizations place on avoiding vices 

such as smoking, compared with the scant attention paid to avoiding the sin of gluttony, and the 

possibility that religiosity leads to obesity to a lesser extent than obesity leads to religiosity, as 

religious organizations may offer a welcoming environment for those who are obese and seek 

protection from social stigma.
17

  One longitudinal analysis suggested that religious individuals 

are more likely to become obese because religious organizations rarely address dietary over-

consumption and religious gatherings often center around food and drink.
34
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Immigration and exposure to an obesogenic culture in the US may also increase obesity among 

Asian Indians in the US.  Foreign-born immigrants from diverse ethnic backgrounds have a 

greater likelihood of being overweight or obese with increasing duration of residence in the US, 

possibly due to less healthy lifestyle practices, such as eating habits.
10,35-46

  As immigrants 

acculturate to a new culture, they may cease engaging in traditional cultural practices, including 

traditional religious practices.  We found decreasing religiosity with greater acculturation to 

American culture among Asian Indian immigrants, and high religiosity was an independent 

factor associated with being overweight/obese even after controlling for acculturation.  

Educational attainment was found to be a significant mediator in our analysis, but did not fully 

explain the positive association between religiosity and overweight/obesity. 

 

In our multivariate subgroup analyses, we found significant positive associations between high 

religiosity and being overweight/obese for Asian Indians practicing Hinduism or Sikhism.  

However, Asian Indians who practiced Islam are less likely to be overweight/obese, though this 

association was not significant, possibly due to the small sample size of Muslims.  One 

explanation may be the greater proportion of Muslims who were current smokers (7.8%) 

compared with Hindus (4.2%) or Sikhs (1.9%), though smoking prevalence is relatively low for 

all groups and may not adequately explain the “protective” association of higher religiosity with 

being overweight/obese among Muslims.  This difference may also be due to their different 

religious practices.  More specifically, Muslims who are highly religious will not drink alcohol 

compared with Hindus or Sikhs who may drink heavily during religious and social gatherings, 

which may be positively associated with weight gain.
47-49

  Alternatively, practicing Hindus and 

Sikhs adhere to a vegetarian diet, but foods high in saturated fat and refined sugar associated 
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with increased obesity risk are commonplace at religious ceremonies conducted in temples and 

gurdwaras.
12,50,51

  Highly religious Muslims will observe at least five daily ritual prayers that 

involve changes in body position (i.e., standing, bowing, prostration, sitting).
52

  In two 

ethnographic studies of South Asian immigrants (one in Chicago, other in Britain), Muslims said 

that performing the daily ritual prayer was both a healthy form and main source of exercise, 

though we were not able to identify any studies that correlated these daily prayers with physical 

activity measures or weight changes.
53,54

  In addition, religious Muslims observe the annual 

thirty days of fasting during the month of Ramadan, which entails no food or drink between the 

hours of sunrise and sunset.  Some studies have suggested that Ramadan fasting is associated 

with a decrease in body weight and/or BMI during the month
55-57

, but these changes in weight 

and/or BMI do not appear to persist after the weeks to months following Ramadan
57,58

. While 

measures of diet, alcohol, physical activity, and other health behaviors were not available in the 

dataset, these behaviors deserve further examination to better understand how religious 

affiliation may differentially impact obesity risk among traditional Asian Indian religious groups.  

 

Our analyses had several limitations.  The cross-sectional nature of the data precluded drawing 

causal inferences about religiosity and BMI.  Self-reporting of height and weight data may 

underestimate one’s true BMI leading to measurement error, though it is unlikely to be 

differential on religiosity status.
59

   In addition, the composites used for religiosity and 

acculturation may not be the most valid or reliable measures of these constructs, which would 

weaken associations with BMI.  Our sample was well educated and may not adequately capture 

associations between socioeconomic status, religiosity, and obesity.  However, the sample was 

not demographically different from South Asians in the California Health Interview Study 
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despite the fact that three South Asian languages were used to better capture the heterogeneity of 

the Asian Indian population in California than an English-only survey (i.e., South Asian refers to 

people with origins from India, Pakistan, Bangladesh, Nepal, Sri Lanka).  This may be because 

fewer low-income Asian Indians respond to telephone surveys, regardless of what language they 

speak.   

 

We had inadequate sample size to detect significant differences in either harmful or protective 

associations of religiosity with obesity among the different religious subgroups.  This study was 

originally designed to assess smoking prevalence among Asian Indians residing in California, 

and those associated lifestyle behaviors.  Respondents were informed up-front of the purpose and 

scope of the research.  It is likely that persons who smoked may have been less likely to 

participate due to stigmatizing behavior.  By the same token, nonsmokers may have been 

reluctant to participate because they may have perceived the research as being relevant only to 

smokers.  Some of these stigmatizing behaviors or perception of values could be associated with 

religiosity.   

 

We were unable to control for genetic history, physical activity, dietary practices, exposure to 

lifestyle counseling on healthy behaviors by healthcare providers, or the built environment as 

these measures were not included as part of the study, and so uncontrolled confounding may still 

remain if factors are associated with religiosity and BMI in our study population.  For example, 

studies have found associations between the neighborhood environment and obesity.  People 

who live in resource poor settings (or disadvantaged populations) may have worse environments 

with respect to food choices and stores (convenience stores instead of large grocery stores), 
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places to exercise, traffic or crime-related safety.
60

  Alternatively, better neighborhood physical 

activity and food environments were associated with lower BMI in the MESA Neighborhood 

Study even after adjustment for multiple measures of socioeconomic position and 

race/ethnicity.
61

  Asian Indian immigrants, especially recent immigrants, are likely to live in 

neighborhoods with high proportions of other immigrants or residents from the same ethnic 

groups.  Through neighborhood-linked social networks and institutions (e.g., places of worship), 

these ethnic enclaves may reinforce norms regarding healthy and unhealthy behaviors.  

Neighborhood structural characteristics, such as presence of ethnic food stores relevant for diet, 

may also play a role in obesity risk.  A study using MESA data found that living in an ethnic 

enclave (high neighborhood immigrant composition) was associated lower consumption of high-

fat foods among Hispanics and Chinese, but with being less physically active among Hispanics 

after adjustment for age, gender, income, education, neighborhood poverty, and acculturation.
62

 

 

Strengths of this study were the large random sample size of California-resident Asian Indians, 

and new health information on this population including acculturation, religious affiliation, and 

religiosity measures.  Religiosity may be an especially important concept to understand with 

respect to the risk for obesity in Asian Indians because Asian Indians who may be socially and 

linguistically isolated from the majority community may derive social support from the religious 

community (especially recent immigrants, those with low English fluency, and women).  It is 

possible that for Asian Indians, in particular, attendance at worship provides important 

opportunities for interaction with others sharing similar beliefs and ethnicities.
63

  In fact, one 

study showed that South Asians reported twice the level of religiosity as White populations.
64

  

Tirodkar et al. found that the presence of spirituality as a concept of health was significant for 
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South Asian immigrants, especially Muslims.
53

  It is likely that religiosity is not only an 

important factor for obesity risk and obesity-related illnesses, but also an essential concept to 

include in any health promotion strategies targeted at Asian Indians or South Asians in the US.  

Several church-based pilot health promotion interventions among African-Americans have 

shown improvements in participants’ weight reduction efforts and consequent achievement of 

desirable body mass index.
65-67

  Similar to African-American churches, religious institutions, 

such as temples, gurdwaras, and mosques could represent promising community venues in which 

to implement lifestyle change intervention strategies because of their central role in spiritual 

guidance, communication, social support, networking, dietary practices, and South Asian cultural 

life.
65,66,68
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Table 4-1.Characteristics of Asian Indian adults in California, CAITS 2004, n=3,228* 

Characteristic n Weighted % or mean (SE) 

Age, mean in years 3199 37.03 (0.26) 

  18-29 years 829 37.3 

  30-39 years 1192 28.1 

  40-49 years 574 16.9 

  50+ years 604 17.6 

Sex   

  Male 1782 52.0 

  Female 1446 48.0 

Marital Status   

  Married 2502 73.4 

  Divorced 78 2.3 

  Widowed 60 1.8 

  Separated 21 0.6 

  Never married 514 20.5 

  Member of unmarried couple 38 1.4 

Educational attainment   

  Less than high school 158 5.6 

  High school degree 192 6.5 

  Some college/tech 279 10.2 

  College degree 998 31.3 

  Graduate/Professional degree 1604 46.4 

Annual household income   

<$20K 240 9.5 

  $20-$50K 454 17.6 

  $50-$75K 447 17.0 

  $75-100K 599 22.4 

>$100K 1021 33.5 

Health status   

  Excellent 1232 38.4 

  Very good 1174 36.1 

  Good 631 19.4 

  Fair 147 4.8 

  Poor 42 1.2 

Health insurance   

  Yes 2903 89.5 

  No  298 10.5 

Cigarette smoking status   

  Current smoker 168 5.4 

  Past smoker 342 9.4 

  Never smoker 2715 85.2 

Birth Country   

  USA 233 7.2 
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  Other 2993 92.8 

Years lived in the US, mean** 2951 12.48 (0.20) 

Percentage lifetime in US, mean** 2951 32.23 (0.48) 

Acculturation scale -11-item, 0-100 range, mean***         2712 39.02 (0.38) 

  0-20 scale score 318 12.3 

>20-40 scale score 1187 43.2 

>40-60 scale score 864 31.8 

>60-100 scale score 343 12.7 
 
*Column totals may not sum to 100% due to rounding error or missing observations. 
**Respondents limited to those not born in the US  
***Acculturation scale, alpha = 0.73, median = 37.6, standard deviation = 17.4 
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Figure 4-1. Distribution of mean body mass index by religiosity level 
 

 
 

*t-test, p<0.05 comparing mean BMI by religiosity within religious affiliation  
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Table 4-2.Logistic regression unadjusted and adjusted odds ratio (OR) examining the association of 
religiosity with body mass index-based overweight/obesity status in Asian Indian immigrants in California, 
(95%CI) 
 

 Unadj. OR Adjusted OR 

 Full sample Full  Hindus Sikhs Muslims Other 

 n=2687 n=2213 n=1472 n=449 n=120 n=152 

High religiosity 1.74** 
(1.40, 2.16) 

1.53** 
(1.18, 2.00) 

1.54* 
(1.08, 2.22) 

1.88* 
(1.07, 3.30) 

0.69 
(0.28, 1.70) 

1.46 
(0.48, 4.41) 

Acculturation scale 
 

1.00 
(0.99, 1.01) 

1.00 
(0.99, 1.01) 

0.99 
(0.98, 1.01) 

1.01 
(0.98, 1.04) 

0.99 
(0.97, 1.02) 

Percentage life in US 
 

1.01* 
(1.00, 1.01) 

1.00 
(1.00, 1.01) 

1.01 
(1.00, 1.02) 

0.98 
(0.96, 1.00) 

1.01 
(0.99, 1.04) 

Age 
 

1.02** 
(1.01, 1.03) 

1.02** 
(1.01, 1.03) 

1.02* 
(1.00, 1.04) 

1.00 
(0.97, 1.03) 

1.00 
(0.97, 1.03) 

Male sex 
 

1.69** 
(1.38, 2.07) 

1.51** 
(1.17, 1.95) 

2.01** 
(1.30, 3.11) 

1.72 
(0.66, 4.51) 

2.11 
(0.92, 4.86) 

Married 
 

1.84** 
(1.37, 2.48) 

1.80** 
(1.22, 2.66) 

1.41 
(0.78, 2.54) 

1.70 
(0.55, 5.25) 

8.09** 
(2.49, 26.8) 

College degree or 
higher  

0.54** 
(0.41, 0.71) 

0.49** 
(0.33, 0.74) 

0.80 
(0.49, 1.29) 

1.31 
(0.47, 3.69) 

0.64 
(0.15, 2.77) 

Excellent/very good 
health status  

0.72* 
(0.58, 0.91) 

0.69** 
(0.52, 0.91) 

0.90 
(0.56, 1.45) 

0.78 
(0.32, 1.92) 

0.40 
(0.15,1.06) 

Current smoker 
 

1.21 
(0.69, 2.11) 

1.28 
(0.65, 2.52) 

2.45 
(0.41, 14.8) 

1.15 
(0.27, 4.88) 

0.69 
(0.14, 3.42) 

 
*p<0.05; **p<0.005; CI=confidence interval 
High religiosity defined as the highest religiosity quintile (vs. bottom four quintiles) 
Other religious affiliation includes: Christianity, Judaism, Zoroastrianism, Jainism, Buddhism 
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Figure 4-2. Mean religiosity factor score, by acculturation scale categories 
 
 

 
 

ologit nonlinear F (1, 2487) = 313.82, p<0.0001, n=2,488 
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Figure 4-3. Mean religiosity factor score, by percentage of lifetime in US categories 

 

ologit nonlinear F (1, 2658) = 10.87, p=0.001, n=2,659 
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APPENDIX: Chapter 4 
 
Table 4-1.Characteristics by religiosity quintile, n=2,884 

 Religiosity Quintiles    

 Lowest Low Middle High Highest 

Characteristic n=549 n=511 n=632 n=670 n=522 

Age, mean in years 34.18 35.93 36.07 38.02 40.72 

Sex, %      

  Male 66.0 53.4 48.0 45.4 39.3 

  Female 34.0 46.7 52.0 54.6 60.7 

Marital Status, %     

  Married 61.8 71.9 74.4 80.4 82.8 

  Not married 38.2 28.1 25.6 19.6 17.2 

Educational attainment, %    

  Less than college degree 14.5 13.3 17.7 25.8 38.1 

  College, graduate, prof degree 85.5 86.7 82.3 74.3 62.0 

Annual household income, %     

  ≤ $100K 57.2 65.3 64.8 71.2 79.5 

> $100K 42.9 34.7 35.2 28.9 20.5 

Health status, %     

  Excellent/very good 76.3 76.4 76.6 74.4 68.8 

  Good/fair/poor 23.7 23.6 23.4 25.6 31.2 

Health insurance     

  Yes 94.5 92.1 91.3 88.5  81.5 

  No  5.5 7.9 8.8 11.5 18.5 

Smoking status, %    

  Current smoker 8.7 5.6 4.0 4.1 2.0 

  Past/never smoker 91.3 94.4 96.0 95.9 98.0 

Birth Country     

  USA 10.4 7.2 7.1 5.0 3.2 

  Other 89.6 92.8 92.9 95.0 96.9 

Years lived in the US, mean 12.36 12.99 12.11 11.50 11.99 

Percentage of lifetime in US, mean 34.39 34.00 31.59 29.20 28.71 

Acculturation scale, 0-100 range, mean 48.09 43.00 39.51 34.26 26.21 
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APPENDIX: Chapter 4  
Table 4-2.Acculturation scale core items, lower-level domains, and responses 
Items Responses 

LANGUAGE USE  

1. English as primary language 0=No 

 1=Yes 

2. How often native language spoken at home? 1=Very often 

 2=Somewhat often 

 3=Neither often nor rarely 

 4=Somewhat rarely 

 5=Very rarely 

3. Language of interview 0=Hindi, Punjabi, Gujarati 

 1=English 

MEDIA BEHAVIOR  

4. How often do you read Indian newspapers, magazines, books? 1=Very often 

 2=Somewhat often 

 3=Neither often nor rarely 

 4=Somewhat rarely 

 5=Very rarely 

SOCIAL CUSTOMS  

5. How often do you eat Indian food? 1=Very often 

 2=Somewhat often 

 3=Neither often nor rarely 

 4=Somewhat rarely 
 5=Very rarely 

6. How open are you to your child marrying outside of cultural 
group?  

1=Strongly against 

 2=Moderately against 

 3=Neither open or against 

 4=Moderately open 

 5=Very open 

7. Do you observe the traditional holidays in your culture/ religion? 1=Yes, almost always 

 2=Yes, much of the time 

 3=Yes, some of the time 

 4=No, rarely or never 

SOCIAL CONTACTS  

8. How often do you keep in contact with family/ friends in India?  1=Very often 

 2=Somewhat often 

 3=Neither often nor rarely 

 4=Somewhat rarely 

 5=Very rarely 

ETHNIC IDENTITY  

9. What is your cultural identity? 1=Full-Indian 

 2=Indian first-American second 

 3=Equal blend of Indian-American 

 4=American first-Indian second 

 5=Full American 

GENERATIONAL STATUS  

10. What is your generational status? 1=1st generation 

 2=2nd+generation 

11. Were you born in a developed country? 0=No 

  1=Yes 
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APPENDIX: Chapter 4 
 
Table 4-3:  Distribution of responses to religiosity and BMI questions, CAITS 2004 (n=3,228)* 

Characteristic N Weighted % or mean (SE) 

Religious commitment   

I believe that I am a religious person  

  Strongly agree 1262 42.9 

  Somewhat agree 1091 36.4 

  Neither agree or disagree 256 8.2 

  Somewhat disagree 220 7.3 

  Strongly disagree 145 5.3 

Religious beliefs   

My spiritual beliefs are the foundation to my approach to life 

  Strongly agree 1567 53.6 

  Somewhat agree 888 30.3 

  Neither agree or disagree 210 6.8 

  Somewhat disagree 143 5.2 

  Strongly disagree 120 4.1 

Religious participation   

I observe the traditional holidays that are important in my culture and religion 

  Yes, almost always 1013 33.2 

  Yes, much of the time 756 22.9 

  Yes, some of the time 1059 21.7 

  No, rarely or never 383 12.2 

Religious affiliation   

  Hinduism 1950 59.8 

  Sikhism 574 19.6 

  Islam 180 5.8 

  Other** 246 8.0 

  Atheism/Agnosticism 220 6.7 

Religiosity Quintiles   

  Lowest quintile 549 18.9 

  2nd lowest quintile 511 17.3 

  Middle quintile 632 21.8 

  2nd highest quintiles 670 23.4 
  Highest quintile 522 18.6 

Body mass index (BMI, kg/m2), mean 3009 24.39 (0.07)  

  BMI>=23 1930 26.27 (0.08)  

  BMI>=25*** 1179 27.72 (0.10)  

  BMI>=30 180 32.93 (0.34)  

 
*Column totals may not sum to 100% due to rounding error or missing observations. 
**Other religious affiliation: Christianity, Judaism, Jainism, Zoroastrianism, Buddhism 
***Percentage overweight/obese by religious affiliation: Hindus 34.0%, Sikhs 51.7%, Muslims 41.6%, Other 42.1%, 
Atheists/Agnostics 40.1% 
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APPENDIX: Chapter 4 
 
Figure 4-1.Distribution of BMI with higher/ lower religiosity among Muslims (n=159) 

 
BMI= body mass index defined as BMI ≥ 18.5 kg/m

2
.  The figure shows a wider distribution of BMI for 

respondents in the the highest religiosity quintile compared to lower four religiosity quintiles, and most 
observations are concentrated below BMI ≤ 25 kg/m

2
 for the former.   By contrast, in the unadjusted 

(bivariate) model examining the association between religiosity and overweight/ obese BMI among 
Muslims, higher religiosity had an odds ratio=0.49 (95% CI: 0.23, 1.04); the adjusted model odds ratio for 
higher religiosity=0.69 (95% CI: 0.29, 1.70). 
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Chapter 5: CONCLUSION 

 

The three preceding chapters illustrate the opportunities and challenges in the conceptualization 

and operationalization of acculturation (Chapter 2), the association of duration of residence in the 

US with multiple CVD risk factors using population-based surveys (Chapter 3), and the 

association of religiosity with obesity (Chapter 4) among South Asian adults in the US.   

 

Chapter 1 provided a brief literature review of the acculturation construct, the measurement of 

acculturation in health studies, and evidence that acculturation may impact health.  In Chapter 2, 

we attempted to validate temporal measures with acculturation items representing different 

domains of acculturation found in psychometric scales.  However, the acculturation scale and its 

validation with temporal measures have conceptual and methodological limitations.  The 

acculturation scale items and temporal measures were based on unidirectional concepts of 

acculturation for South Asians, or the linear process of relinquishing one’s beliefs and customs 

from South Asian culture in order to gain the beliefs and customs of American culture.  As 

described in Chapter 1, several scholars have noted that the acculturation process for immigrants 

is usually more complex than the linear model would have us assume and is typically influenced 

by the social, economic, and political context. 

 

Future work should expand the concept of acculturation and its measures.  Conceptually, the 

acculturation construct is a process that involves several dimensions and components, such as 

cultural practices, values, and identification, which collectively impact health beliefs and 

behaviors. In addition, one’s social context, such as social networks, neighborhoods, and 

xenophobic discrimination, likely influences the magnitude and process of cultural change 
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among immigrants.  Furthermore, the social environment (and other social determinants of 

health) likely impact health in broader ways than simply influencing an individual’s cultural 

orientation.  Acculturation frameworks should discuss how social determinants of health impact 

the relationship between acculturation and health.  For example, we know that many immigrants, 

including South Asians, often settle in ethnic enclaves when initially migrating to the US.
1
  

However, place and migration influences have not been extensively studied in immigrant health, 

and if and how higher concentrations of immigrants in a neighborhood benefits or harms one’s 

health.  Ethnic enclaves have been associated with lower intake of high-fat foods
1
, lower levels 

of depression
2
, and improved access to health care

3
.  In contrast to these positive health aspects, 

ethnic enclaves have also been associated with lower levels of physical activity and higher levels 

of obesity.
1,4

  The impact of ethnic enclaves may differ depending on the immigrant’s 

educational attainment, language skills, and generational status. 

 

In addition to place of residence, conceptual frameworks that describe the association of 

acculturation with South Asian immigrant health should also include discrimination and 

immigration policy.  Studies have documented that perceived discrimination is associated with 

lower levels of physical and mental health, poor access to quality healthcare, and certain 

deleterious health behaviors across several immigrant groups.
5
  Anti-immigration policies, and 

the resulting discrimination that often precedes or follows these policies, may limit health, 

education, and employment access for immigrants.  The health effects of the xenophobia and 

Homeland Security measures post-9/11 for South Asians and other people who looked Muslim 

are lacking in the literature.  Lauderdale found that in the six-month period following 9/11, 

women who had Arab- or Muslim-sounding names in California experienced a rise in poor birth 

outcomes.
6
  Kandula et al. found that the most prevalent CHD risk factor reported by a 
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community-sample of low-income South Asians in Chicago was stress that was related to their 

socioeconomic position and immigration status.
7
  Research that examines the impact of rising 

discrimination against South Asians on health behaviors and chronic disease outcomes is 

warranted. 

 

In practice, researchers should consider how social determinants of health, such as neighborhood 

characteristics, discrimination, and immigration policies, intersect and affect the economic and 

social integration of South Asian (or any ethnic) immigrants and their health.  This question may 

be especially interesting to study in the South Asian diaspora, which has brought a 

heterogeneous community to the US based on different educational attainments, languages, 

culture, faiths, and exposure to Western lifestyles.  For example, future research should look at 

how, for whom, and under what conditions ethnic/immigrant enclaves are health protective by 

examining the pathways through which these neighborhoods are hypothesized to impact health 

outcomes (i.e., through social support relationships, cultural institutions, and social resources).  

Additionally, research studies may want to focus on how immigration policies and/or perceived 

discrimination impact the relationship between health and acculturation for different 

socioeconomic groups and generations of South Asians in the US.  Given that acculturation is 

not a modifiable health factor, understanding how acculturation intersects with modifiable 

indicators, such as socioeconomic status/environment and health care access/utilization, is 

valuable in determining health outcomes and designing health interventions. 

 

Chapter 1 also provided a literature review and conceptual models of how acculturation and 

religiosity may influence CVD risk factors, such as obesity.  These models are empirically tested 

in Chapter 3 and 4 where the relationship between CVD risk factors and duration of residence in 



 

188 

 

the US, acculturation, and religiosity are examined in multivariate regression models.  Our 

results indicate that overweight and obesity are important health concerns to target because of the 

association of obesity with cardiovascular disease and diabetes mellitus risk, both of which are 

prevalent among South Asians.   

 

Proxy measures of acculturation, such as duration of residence in the US, nativity, or language 

use, are prominent in large surveys and datasets like NHIS and CHIS.  As described above, 

proxy measures would be more valid in understanding acculturation impacts on health if they 

were reported within a social context.  For instance, duration of residence in the US may be less 

of a marker of integration depending on place of residence, prior exposure to Western lifestyle, 

language skills, and socioeconomic position.  However, it is difficult to tease out pathways that 

link culture, religion, and sociocultural change with health among South Asian immigrants using 

pooled, cross-sectional data.  Research on CVD risk among South Asians in the US requires 

longitudinal studies to examine how social factors, such as acculturation and religiosity, 

influence the dietary and physical activity practices in this population, and if this varies by 

religious affiliation, educational attainment, or other social determinants of health.  For example, 

we know that greater educational attainment has consistently been linked to better health 

behaviors and health outcomes.  It is also known that the different waves of South Asian 

migration to the US varied by educational attainment, and that this difference may influence how 

they adapt to American culture.  One question that may be answered with a longitudinal cohort, 

such as the Metabolic Syndrome and Atherosclerosis in South Asians Living in America 

(MASALA) study, is if and how greater duration of residence in the US is associated with 

greater fruit and vegetable intake and physical activity, and if this varies with educational 

attainment and other sociodemographics among the South Asian diaspora in the US.
8,9

  The 
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MASALA study also appears to be superior to NHIS and CHIS in that it includes objective 

measures of CVD risk factors, such as measured waist-to-hip ratios and biochemical markers, 

which would obviate self-report bias in analyses of the data.  Longitudinal objective data also 

would also allow comparisons with other studies, such as the MESA longitudinal study or the 

NHANES cross-sectional data, to examine if there are differential trajectories in health and CVD 

risk among different racial/ethnic/immigrant populations.  

 

As with the datasets used in this dissertation, the South Asian populations surveyed in large 

datasets often have small numbers of elderly, women, recent immigrants, non-English speakers, 

and those of lower socioeconomic status (i.e., lower educational attainment and income).  Survey 

designs that oversample these populations are especially important given that these demographic 

characteristics have been associated with poorer health care access, reduced health care 

utilization and poorer health outcomes.  Additionally, religiosity and acculturation may impact 

the health of these South Asian immigrants  differently than the majority samples found in large 

surveys (e.g., young, professional, English-speaking, men); understanding these differences may 

be useful in interventions to reduce CVD and diabetes mellitus risk for this under-represented 

population. 

 

Chapter 4 tried to tease apart religiosity, one possible co-factor, in Asian immigrant health.  Our 

results not only showed that most South Asians are highly religious, but older, less acculturated 

women were among the most religious subgroup, which also puts them at a higher risk for being 

overweight/obese.  This subgroup may be a good target population for a pilot intervention aimed 

at reducing CVD risk factors, such as obesity.  We plan to share our findings with local South 

Asian community-based and faith-based organizations.  Grace et al. found that local religious 
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leaders (imams) and institutions (mosques) serving the Bangladeshi, Muslim community in the 

UK believed in the resonance between Islamic teachings and healthy lifestyles, and said that a 

healthy lifestyle (eating fruits and vegetables, controlling portion sizes, looking after your body, 

and partaking in physical activity) was crucial to health.
10

  Religious leaders were seen as trusted 

sources of information, could reach large sections of the community, approved of conventional 

outdoor exercise (including walking), and were keen to incorporate discussion of ways to prevent 

chronic disease into their teaching.
10

  The support of healthy behaviors by religious leaders may 

be essential in a community with strong religious and family values.  South Asian religious 

institutions may be important venues to implement culturally-tailored lifestyle change 

interventions based on our findings.   
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