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Background: South Asians (SA) represent the fastest growing US immigrant group, and previous studies have indicated that they face disproportionately high burden of cardiometabolic disease. Cardiometabolic disease manifests as a syndemic or synergistic epidemic encompassing multiple disease clusters influenced by biological, social, and psychological factors stemming from the acculturative process. This process may exacerbate morbidity within immigrant subgroups. Our aim was to identify cardiometabolic risk profiles among SA using indicators of acculturation.

Methods: We conducted a latent class analysis on data from the Mediators of Atherosclerosis in South Asians Living in America study (N=771). A composite cardiometabolic disease outcome was constructed using prevalent hypertension, type 2 diabetes, and body mass index. Acculturation indicators included years living in the US, English language proficiency, dietary behaviors, preservation of cultural traditions, social and neighborhood support, maintenance of social relationships (i.e., friendships), and experiences of discrimination, along with proxies of acculturative stress (i.e., depressive symptomology, trait anxiety and anger). Social and environmental determinants of health, health behaviors, religiosity and spirituality served as covariates to further assess latent class membership.

Results: Four cardiometabolic risk profiles emerged: (1) lowest risk [73.8% of sample] characterized by high integration into both SA and US cultures; (2) the modest risk [13.4% of sample], exhibiting elevated levels of mental health distress and experiences of discrimination, and distancing themselves from both cultures; and the (3) moderate risk [8.9% of sample] and (4) highest risk [3.9% of sample], demonstrating greater assimilation into US culture. Compared to the lowest risk profile: the modest risk profile was associated with low-income and conflicting attitudes about religion/spirituality, while the moderate risk profile was characterized by lower income and educational attainment with positive behaviors and attitudes toward religion/spirituality.

Conclusion: Findings expand our understanding of immigrant cardiometabolic health as a syndemic issue wherein multiple co-occurring and interacting processes synergize to produce negative outcomes in already at-risk subpopulations. Furthermore, acculturation emerges as a crucial factor in understanding health disparities among immigrant and refugee groups in the US.
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Introduction

Asians are currently the fastest growing immigrant group in the United States (US), after Hispanic/Latino groups (1). Among Asians, those categorized as South Asian (i.e., individuals from India, Pakistan, Bangladesh, Sri Lanka, Nepal, and Bhutan) are faster growing and have been reported to have a high incidence and prevalence of atherosclerosis, in addition to higher rates of myocardial infarction, coronary artery disease, and stroke events (1, 2). South Asians face an increased risk of cardiometabolic disorders such as hypertension, type 2 diabetes, and higher adiposity (3, 4). In South Asian countries, hypertension prevalence among all adults ranges from 31 to 45% compared to 29% in the US (5); and type 2 diabetes prevalence ranges from 11 to 24% compared to 8.9% in the US (6). In a United Kingdom study, the onset of type 2 diabetes and heart disease was found to occur 5–10 years earlier in South Asians when compared to their White counterparts (7, 8).

With the extant epidemiological data and existing interventional efforts to manage cardiometabolic conditions like type-2 diabetes, reports for successful programs vary among South Asians communities globally (9, 10). Cardiometabolic disease is a complex syndrome that is underexplored among US South Asian immigrants. Moreover, cardiometabolic syndrome is linked with atherosclerotic burden (11), in addition to the synergy of chronic conditions and outcomes interacting with social, psychological, and environmental factors that foment a syndemic or synergistic epidemic (12). As such, to understand this cardiometabolic syndemic, a transdisciplinary approach must be used to understand the complexities of cardiometabolic health holistically among the underserved, underrepresented, and hard-to-reach US South Asians. The holistic view of South Asian health integrates the spiritual, psychosocial, and physical, as well as the biomedical (13, 14). Our goal then is to identify profiles of cardiometabolic risk based on the immigrant experience of acculturation and acculturative stress. In identifying these cardiometabolic profiles, we can best explore known and latent risk profiles using the available yet limited data on US South Asians. As such, we can meaningfully address the health disparity, as well as rapidly assess risk and develop interventional programs that can be tailored by encompassing not only biomedical risk factors but the social, cultural, and environmental influences on promoting health behaviors. It is of critical public health importance to embrace a broader perspective beyond biomedical models to saliently address the syndemic nature of cardiometabolic disease among US South Asians, acknowledging social, environmental, and acculturative factors that impact health outcomes (15).


Acculturation and the social and environmental determinants of health

Social and environmental determinants of health, including discrimination and structural racism perpetuated by social and economic policies, significantly impact morbidity and mortality rates, particularly among marginalized populations (16, 17). Despite their importance in health disparities research, these determinants are often overlooked in studies concerning immigrant populations and acculturation processes (16–18).Additionally, environmental factors, such as neighborhood dynamics, are absent from acculturation frameworks. To fully understand the role of acculturation, it is essential to recognize the environment as an adaptive context for immigrants, where place-related risk exposures shape health outcomes (18).

Although social and environmental determinants alone may not strongly predict cardiometabolic disorders among South Asians in the US (2, 19), they intersect with societal and ecological factors like social support and neighborhood environment. For instance, low social cohesion among US South Asian women correlates with higher BMI, while living in neighborhoods with high social cohesion reduces the odds of hypertension (20). Social networks also influence physical activity and body image norms among South Asians, impacting health-related discussions and emotional closeness (19, 21–25). Acculturation, integral to understanding South Asian health, encompasses these determinants as immigrants navigate a new cultural landscape (24–27).



Acculturation, acculturative stress, and mental health

Acculturation involves numerous psychosocial stressors as individuals adapt to a new culture, resulting in acculturative stress (28–30). Acculturative stress refers to the psychosocial stressors experienced by individuals as they navigate and adapt to the host culture (30). This stress, marked by depressive symptoms and varying levels of anxiety and anger (29), has been extensively studied in Hispanic/Latino immigrant groups. In the MASALA study, Needham et al. (31) identified three acculturation strategies: separation (preference for South Asian culture), assimilation (preference for US culture), and integration (balanced preference for both cultures). Even with adaptive strategies, acculturation remains stressful, leading to psychological distress and exacerbating mental health symptoms. For example, MASALA participants in the separation group reported more depression than those in the integration group (31).

Acculturative stress is multifaceted, arising from interactions between individuals and the host culture (26, 30, 32). These interactions can have positive effects, such as improved well-being from maintaining ethnic identity, or negative effects, such as the detrimental impact of discrimination on physical and mental health (30, 32–37). Understanding acculturation’s complexity, including its stress and resilience aspects, is crucial for developing effective prevention and intervention programs for cardiometabolic health among immigrants. Researchers need to consider psychological, environmental, and acculturative factors to address the unique challenges faced by US South Asians, ultimately fostering a holistic understanding of how acculturative strategies impact both psychological and physiological health.



Acculturation and cardiometabolic health

The relationship between acculturation and cardiometabolic risk among South Asians is less studied than among Hispanic/Latino immigrants, yet notable associations exist. Acculturation among South Asians has been linked with cardiometabolic disorders (1, 25). For example, longer residence in the US correlates with higher coronary artery calcium levels, while adherence to moderate traditional cultural beliefs associates with lower common carotid intima-media thickness (1). Acculturation, length of residence, and dietary patterns also impact cardiometabolic risks in US South Asians (38, 39). Traditional beliefs influence diet, with those adhering to traditional practices more likely to consume sweets, fried foods, and high-fat dairy, and less likely to eat animal protein (39). Diets high in animal protein, fried snacks, sweets, and high-fat dairy correlate with adverse metabolic risk factors, whereas diets rich in fruits, vegetables, nuts, and legumes are linked to lower hypertension and metabolic syndrome prevalence (40). Both Western and vegetarian dietary patterns were have also been associated with some metabolic risk among US South Asians (41). Thus, diet reflects an adaptation between heritage and host cultures (39, 42). To understand the syndemic nature of cardiometabolic disease among South Asians, it is crucial to consider various acculturation dimensions such as length of stay, linguistic patterns, cultural preservation, social networks, and neighborhood environment (31). These factors at social and environmental levels can synergize to influence health outcomes.



Acculturation and religiosity/spirituality

Religiosity and spirituality (R/S) are often overlooked in acculturative measures, despite empirical associations with mental health, cardiometabolic outcomes, and stress coping mechanisms. Few studies have examined coping strategies and behaviors alongside psychosocial stressors and acculturative stress (43, 44), yet R/S coping strategies may shed light on the acculturation process by offering adaptive social and environmental mechanism for immigrants to make sense of their circumstances (45). For instance, negative R/S coping (indicative of religious struggle) has been linked to greater anxiety and anger, while positive R/S coping associated with gratitude has been linked to lower levels of depressive symptoms (46). Notably, US South Asians are less likely than other US groups to say they use R/S to cope with stress, with 48% saying they do this a great deal compared to 58% of whites, 65% of Hispanic/Latinos, and 76% of Blacks (47). Other religious/spiritual behaviors and attitudes, such as congregational attendance and closeness to God or the divine, play an instrumental role in immigrant and refugee health (48–50). Moreover, individual R/S behaviors and attitudes strongly predict for self-rated health, health biomarkers, disease, and BMI (51, 52). Among the South Asian traditions like Hinduism and Islam, for example, lipoprotein and lipid levels were found to be differently associated while accounting for multiple R/S and lifestyle factors (53). Across all South Asians, gratitude, feelings of connection to all life, and closeness to God were associated with self-rated health (46). Within certain South Asian religious groups (e.g., Sikhs; Hindus), however, an increase in self-identified R/S was associated with an increased likelihood of overweight and obese BMI (52). Furthermore, R/S can serve as an effective proxy to understand and approach mental health, which may be taboo among immigrant groups (45, 46, 54). For instance, South Asian R/S has been associated with mental health in addition to metabolic issues (46, 53). Overall, R/S behaviors and attitudes can provide a nuanced understanding of external socioeconomic and sociopolitical interactions, while R/S coping strategies can help explain internal mental health processes among immigrants (46, 51). Both R/S facets can provide context for interactions and integrations into a host culture (44) potentially differentiating individual diseases within- and between-persons.



The present study

The role of acculturation in influencing cardiometabolic risk among South Asians remains underexplored. Syndemic theory provides a holistic framework to understand the interplay between dynamic acculturation and cardiometabolic risk in this population, but current understanding is limited. To address this gap, we first employed a person-centered approach within a syndemic framework to identify to identify cardiometabolic risk profiles based on hypertension, diabetes, and obesity probabilities, considering acculturation and acculturative stress proxies. We then examined how socioenvironmental determinants, health behaviors, and religious/spiritual behaviors and attitudes differentiate these risk profiles. After identifying cardiometabolic risk profiles and examining non-acculturation specific covariates, we discussed potential acculturation strategies for each profile. Our aim was to build on the acculturation constructs developed by Kanaya et al. (1) and Needham et al. (31), integrating models and strategies from Berry (26, 27, 32) and LaFromboise et al. (33) to refine our understanding of the complex and dynamic acculturative processes affecting cardiometabolic risk among South Asians.




Materials and methods


Mediators of atherosclerosis in South Asians living in America cohort study sample

The MASALA study is an ongoing longitudinal community-based cohort designed to understand heart disease and associated non-conventional risk factors to better inform prevention and tailor interventions. The MASALA study has collected multiple qualitative and quantitative data points associated with physiological health and mental health, as well as religious/spiritual beliefs and practices. R/S data were collected through the Study on Stress, Spirituality and Health (SSSH) during a MASALA study follow-up visit. Our sample consisted of adults between the ages of 40–84 that completed Exam 1 of the MASALA study and the SSSH supplement between October 2010 to March 2013. Participants were of South Asian descent from India, Sri Lanka, Nepal, Bangladesh, and Pakistan. Study participants were recruited from the San Francisco Bay and greater Chicago areas, had to be free of cardiovascular disease, and able to speak, read, and write in English, Hindi, or Urdu. See Kanaya et al. (55) for further detail on MASALA study objectives, methods, and cohort description. The MASALA study was approved by Institutional Review Boards at University of California San Francisco (#10–00353) and Northwestern University (#STU00019837). Data for our study were acquired on 15 February 2020 via application process to the MASALA program. No human subjects were involved in our study as data received and used for our analyses were secondary in nature and included no personal nor identifiable information. Therefore, no review was conducted by an Institutional Review Board for this study. Data used for this analysis are restricted but can be made available upon request to the MASALA program via application process.1



Latent class analysis

We conducted a latent class analysis (LCA) using Mplus version 8.4 (Muthén & Muthén). The distal outcome of cardiometabolic risk was assessed using three observed variables: (1) hypertension based on National Cholesterol Education Program criterion [systolic blood pressure of >140 mm Hg or diastolic blood pressure of >90 mm Hg and/or medication use for hypertension]; (2) diabetes based on glucose tolerance with plasma glucose or serum glucose [i.e., classified by fasting glucose ≥126 mg/dL, and/or 2-h post-challenge glucose ≥200 mg/dL, or use of a diabetes medication]; and (3) body mass index (BMI) based on Asian categories [normal <23.0 kg/m2; overweight 23.0–27.5 kg/m2; and obese ≥27.5 kg/m2] (56). To contextually model cardiometabolic risk profiles among our sample of South Asians living in the US, we used a syndemic approach to holistically capture the acculturative process and associated stress. We used the following indicators to capture the acculturative process: (1) years living in the US [0–10 years; 10–20 years; or more than 20 years]; (2) spoken English proficiency [not at all or poorly; fairly well; or well or very well]; (3) food eaten at home [only or mostly South Asian; equally South Asian or other; and mostly or only other]; (4) desire to pass down cultural traditions [little to none; some; or high desire]; (5) similarity of peer groups to self [only or mostly South Asian; equally South Asian or other; and mostly or only other]; (6) social support [little to none; some of the time; or most to all of the time]; (7) neighborhood support [little to none; or most to all of the time]; (8) discrimination using a composite score from the Everyday Discrimination Scale (57) [never to rarely; or weekly to daily]; (9) religious/spiritual struggles continuous scores; and (10) positive spiritual coping continuous scores. Proxies of acculturative stress in our syndemic model included the following mental health indicators: (1) depressive symptoms using the 15-item Center for Epidemiological Studies for Depression or CES-D scale scores (58); and (2) trait anxiety and (3) trait anger using 10-item Spielberger Trait Anxiety Inventory scale or STAXI scores (59). CES-D scores range from 0 to 60, where 16 or greater indicates depressive symptoms (58). STAXI scale scores range from 10 to 40, where scores of 10–14, 15–21, and 22–40 indicate low, moderate, and high levels of trait anxiety or anger (59, 60).



Covariates

Sociodemographic factors including social and environmental determinants of health, health behaviors, and R/S were used as covariates to further differentiate latent class membership. Sociodemographic factors including social and environmental determinants of health. Age [under 54 years of age = 0; or 55 years of age or older = 1], annual household income [income under $75,000; or income of $75,000 or above], education [less than a bachelor’s degree = 0; or bachelor’s or higher = 1], and geographic place of residence [San Francisco = 0; or Chicago = 1]. Health behaviors. Self-reported physical activity defined as nonessential activities of daily living in the last 12 months on “how often did you exercise?” [low to inactive based on response of “never” or “a few times a year” = 0; or moderate or higher levels based on a response of “monthly,” “weekly,” “almost/daily” = 1]; yoga or take part in spiritual, mental, physical, or meditative techniques rooted in South Asian philosophical traditions [never = 0; or any frequency based on a response of “a few times a year,” “monthly,” “weekly,” “almost/daily” = 1]; smoking tobacco [former and current smoker = 1; or never smoker = 0]; alcohol use [no alcohol use = 0; or more than 1 or more drink(s) per week = 1]; and does participant eat out often [less than once a week = 0; or once a week or more = 1]. Religiosity and spirituality behaviors and attitudes. Religious or spiritual tradition [Hindu religious traditions = 1; or all others including Muslim, Jain, Sikh, Zoroastrian, Judaism, Christian, other religious traditions, multiple traditions, and agnostic/atheist = 0], find it difficult to forgive myself for things I have done [disagree or strongly disagree = 0; or strongly agree or agree = 1], feeling that others have not forgiven me for things that I have done [disagree or strongly disagree = 0; or strongly agree or agree = 1], inner peace [never = 0; or any frequency = 1], spiritual connection to all life [less than daily = 0; or many times a day to every day = 1], spirituality is about their connection to [God] [strongly or somewhat agree = 1; or all other responses = 0], gratitude expressed to God [definitely or tends to be true = 1; or all other responses = 0], and frequency of religious attendance [once a week or more = 1; or never to once a month = 0] (see Figure 1 for detailed model).
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FIGURE 1
 Latent class analysis model.




Latent class analytic plan and model fit criteria

Our latent class analysis (LCA) employed a comparative approach to identify the optimal model based on the number of classes or profiles. Multiple models from a one-class solution onward were compared by model fit indices that included Bayesian information criterion (BIC), sample-size-adjusted-BIC (ssaBIC), Bootstrap Likelihood Ratio test (BLRT), and entropy or the quality of classification. These indices were used to compare and assess model fit, while taking into consideration both practical and theoretical considerations of each model (61). Once the final model was selected, an auxiliary multinomial logistic regression was conducted to examine the role of covariates not initially included in the LCA. The auxiliary analysis aimed to further distinguish between the identified latent classes and predict latent class membership. Analytical files are available upon request.




Results

The South Asian sample consisted of primarily of males (55.9%) who identified as Hindu (61.7%) and reported an income over $75,000 (76.1%), along with educational attainment at or above a bachelor’s degree (89.4%). The mean Spielberger trait anxiety and anger scores were 15.9 each, while the mean CES-D score was 7.3. The mean score for religious/spiritual struggles was 1.4, and for positive spiritual coping it was 2.7. The prevalence of hypertension and diabetes in this sample was 49.2 and 24.1%, respectively, with a mean BMI of 25.9 kg/m2. Further details can be found in Table 1.



TABLE 1 Mediators of atherosclerosis in South Asians living in America study sample descriptives (N = 771).
[image: Table1]

As shown in Table 2, the majority of the sample reported residing in the US for over 20 years (69.5%), speaking English well or very well (88.2%), predominately consuming South Asian cuisine at home (52.8%), expressing a desire to pass down cultural traditions (55.6%), experiencing frequent social support (75.2%), and neighborhood support (80.4%), having predominately South Asian friends (54.1%), and experiencing discrimination on a daily to weekly basis (81.2%).



TABLE 2 Acculturation descriptives of mediators of Atherosclerosis in South Asians living in America study participants (N = 771).
[image: Table2]


Latent class analysis findings

The four-class solution was selected for interpretation and had an entropy of 0.889 (see Figure 2). Profiles or classes were named based on the distal outcome of cardiometabolic disease as follows: Class 1 represents the lowest risk, Class 2 indicates modest risk, Class 3 reflects moderate risk, and Class 4 signifies the highest risk.

[image: Figure 2]

FIGURE 2
 Latent class model fit criteria comparison.


Class 1, representing the lowest risk profile (73.8% of sample), exhibited the highest conditional probabilities of not having hypertension or diabetes, at 53.9 and 45.6%, respectively. Additionally, this class the lowest mean BMI of 25.2 kg/m2 compared to all other classes. Class 1 also had the highest conditional probabilities of being in the US for more than 20 years (71.3%), speaking English well or very well (92.5%), eating South Asian foods equally with other food types at home (42.9%), having a high desire to pass down cultural traditions (30.8%), and receiving neighborhood support most to all of the time (82.8%). In addition, this group had the lowest mean scores for R/S struggles and positive spiritual coping scores (1.2 and 2.5, respectively).

Class 2, representing the modest risk profile (13.4% of sample), had a conditional probability of no hypertension of 50.9%, with a mean BMI of 26.0 kg/m2. Although this class had the second lowest conditional probability of diabetes (20.8%), it exhibited the highest conditional probability of prediabetes (35.7%). Additionally, Class 2 had the highest conditional probabilities of eating food at home that was mostly not South Asian or only other non-South Asian cuisine (10.3%), some desire to pass down cultural traditions (61.3%), little to no social support (26.6%), friends who were predominantly non-South Asian or exclusively from other non-South Asian backgrounds (17.8%), and experienced daily to weekly discrimination (96.9%). Class 2 had the highest mean scores for depressive symptoms, and trait anxiety and anger (19.7, 22.4, and 18.9, respectively), indicating significant depressive symptomology, as well as high trait anxiety and moderate trait anger.

Class 3, representing the moderate risk profile (8.9% of sample), had the second highest conditional probabilities of reporting hypertension (55.9%) and diabetes (38.4%) with a mean BMI of 25.9 kg/m2. Class 3 exhibited the highest likelihood of having resided in the US less than 10 years (13.6%), having limited English proficiency (10.2%, not at all, or fairly well, 23.5%), predominately consuming South Asian cuisine at home (72.5%), showing minimal interest in passing down cultural traditions (43.3%), receiving occasional social support (20.8%), and maintaining predominantly South Asian friends (64.2%). Additionally, this group had demonstrated the second highest mean scores for depressive symptoms, and trait anxiety and anger (9.1, 16.6, and 16.2, respectively), indicating moderate levels of trait anxiety and anger within this profile. Class 3 also had the highest mean score for R/S struggles and positive spiritual coping (2.7 and 3.5, respectively).

Class 4, representing the highest risk profile (3.9% of sample), exhibited the highest conditional probabilities of reporting hypertension (84.2%) and diabetes (45.4%), as well as the highest mean BMI of 36.4 kg/m2. Class 4 was characterized by significant likelihood of residing in the US for 10 to 20 years (45.8%), receiving consistent social support (92.4%), but limited neighborhood support (34.2%). Additionally, individuals in Class 4 were equally likely to have friends from both South Asian and other race/ethnic backgrounds (48.1%). This group had the second highest probability of expressing little to no desire to pass down cultural traditions (31.5%). Despite these risk factors, Class 4 exhibited the lowest mean scores for trait anxiety and anger, as well as depressive symptoms (14.3, 14.6, and 4.5, respectively). Class 4 had the second lowest mean score for R/S struggles and third highest score for positive spiritual coping (i.e., 1.3 and 2.9, respectively) (see Table 3 for further details).



TABLE 3 Four-class solution conditional probabilities and means for acculturation profiles and distal outcome of cardiometabolic risk (N = 771).
[image: Table3]



Covariates for latent class membership

Our auxiliary multinomial logistic regression revealed the following. When considering social and environmental determinants of health, we found that individuals in the modest risk profile (Class 2) had decreased odds of earning an income of $75,000 or more compared to those in the lowest risk profile (Class 1). Additionally, those in the moderate risk profile (Class 3) exhibited decreased odds of having a bachelor’s degree or higher compared to those in the lowest risk profile (Class 1). Among health behavior covariates, individuals in moderate risk profile (Class 3) were less likely to be never smokers compared to the lowest risk profile (Class 1). Regarding religiosity and spirituality behaviors and attitudes, individuals in the modest risk profile (Class 2) and moderate risk profile (Class 3) were associated with increased odds of finding it hard to forgive themselves compared to those in the lowest risk profile (Class 1). Furthermore, individuals in the modest risk profile (Class 2) showed decreased odds of experiencing deep inner peace/harmony compared to those in the lowest risk profile (Class 1). Finally, individuals in the moderate risk profile (Class 3) were associated with increased odds of expressing gratitude to [God] in daily life and frequently attending religious services compared to those in the lowest risk profile (Class 1) (see Table 4 for further details).



TABLE 4 Auxiliary multinomial logistic regression of sociodemographic factors, social and environmental determinants of health, health behaviors, and religiosity and spirituality covariates on the four-class solution of cardiometabolic risk profiles using Class 1 or lowest risk profile as reference (N = 552).
[image: Table4]




Discussion

We identified four nuanced cardiometabolic risk profiles among South Asians using indicators of acculturation (see Figure 3 for visualization of the identified profiles of cardiometabolic risk classified by probable acculturation strategy and Figure 4 for a comparison of these profiles). Although we identified a lowest risk group, this profile was found to be on the cusp of cardiometabolic disease. On average, individuals in this profile were overweight, with a significant conditional probability of hypertension and prediabetes, which could progress to cardiometabolic syndrome. Each profile revealed key indicators for cardiometabolic syndrome and acculturation, allowing us to identify points of risk and intervention. Furthermore, we identified possible acculturation strategies by utilizing Berry’s model of acculturation and Needham et al. (31) prior findings. We classified each risk profile as possibly utilizing the following strategies of integrated, separated, assimilated, or marginalized. We also incorporated aspects of biculturalism from LaFromboise et al. (33) model of acculturation to account for possible alternation or strategic movement between the South Asian individual’s and US host culture. Incorporating alternation allows for greater complexity in our identified acculturation models, enabling exploration or how indicators may function as possible strategies affecting cardiometabolic outcomes. For example, Class 1, or the lowest risk profile, could be considered integrated, as individuals in this group maintain their cultural identity while fully participating in US host culture. This profile is characterized by the highest likelihood of residing in the US more than 20 years, proficiency in English, equal consumption of South Asian and other cuisines at home, and a strong desire to preserve cultural traditions, compared to other profiles. Additionally, individuals in this profile have a high likelihood of having friends from diverse backgrounds, along with high levels of social support and neighborhood support. Of note is that neighborhood environment may play a protective role in profile as evidenced by the highest neighborhood support conditional probability compared to other profiles. For instance, Lagisetty et al. (19) reported that South Asian women from the MASALA cohort experienced a 46% reduced odds of hypertension when residing in neighborhoods with high support. From a bicultural framework, we argue that enculturation is also occurring, involving the reintegration or relearning of an individual’s native culture as an adaptive strategy (62). This is supported by the fact that individuals in this profile exhibited the lowest mean scored for R/S struggles, as well as the second lowest scores for depressive symptom, and trait anxiety and anger. The overall bicultural indicators and enculturation strategy may help explain why this profile had the lowest likelihood of hypertension, diabetes, and high BMI, despite technically falling into the overweight category according to Asian BMI classifications. The likelihood of prediabetes remained high, however, indicating increased metabolic risk in the lowest risk profile or Class 1.

[image: Figure 3]

FIGURE 3
 Profiles of cardiometabolic risk classified by probable acculturation strategy.
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FIGURE 4
 Comparison of identified profiles using conditional probabilities by acculturation and acculturative stress proxies and cardiometabolic conditions.


A possible indictor that may provide some context in elevating cardiometabolic risk is discrimination. All identified profiles had high likelihoods of reporting perceived discrimination, ranging from 77 to 97%. This could account for the elevated scores in depressive symptoms, elevated scores in and trait anxiety and anger. Previous studies have reported higher levels of discrimination, which were associated with poorer mental health outcomes among US South Asians (37). Discrimination has long been linked to numerous health and mental health disparities among African Americans and Hispanics/Latinos (63, 64). The relationship is less clear among US South Asians, however, as several studies have found no direct association between discrimination and cardiovascular health (36, 37). Discrimination does not appear to be indicative of food choice and consumption. Another potential factor of interest may be low social support, as US South Asians with low social cohesion have been found to have higher likelihood of increased BMI and hypertension (19, 20). Nonetheless, discrimination was most prevalent in the modest risk profile or Class 2.

The modest risk profile exhibited a higher likelihood of reporting hypertension compared to Class 1, indicating a hypertensive risk within this subgroup. Additionally, while this profile had the second largest likelihood of not having diabetes, it had the highest likelihood of prediabetes among all other profiles. Furthermore, individuals in this profile demonstrated the highest likelihood of expressing some desire to pass down cultural traditions, as well as consuming non-South Asian foods at home and having friends who were not South Asian descent. In addition, this profile displayed the highest scores for depressive symptom, as well as trait anxiety and anger scores, suggesting a high-level mental health distress and acculturative stress. Individuals in the modest risk profile also exhibited the lowest likelihood of receiving social support and the highest likelihood of experiencing discrimination. Therefore, despite having modest cardiometabolic risk factors, Class 2 showed elevated mental health distress and may likely be employing a marginalization strategy. Marginalization acculturation strategies often involve the rejection of both their culture and that of the host culture, which is often associated with high levels of discrimination (27). This marginalization strategy may help explain the observed distribution of low to moderate desires to pass on cultural traditions, low social support, along with a high likelihood of maintaining friendships predominantly with non-South Asian individuals. Failed attempts at integrating into the host culture can result in loss of the individual’s cultural identity and contribute to increased mental health issues (27), as evidenced in this profile. The buffering effect against cardiometabolic risk factors in the modest risk profile may be attributed to their moderate levels positive spiritual coping. However, the moderate score for positive spiritual coping within this class may exacerbate the effects of R/S struggles, coinciding with increased trait anxiety and anger (65), as well as depressive symptoms (66).

Studies focusing on health, acculturation and spirituality are limited, especially in US South Asians. Positive spiritual coping has been associated with better self-rated health and emotional wellbeing among South Asians (46). Religious struggle may exacerbate the effects of acculturative stress, as measured by psychosocial factors. A study by Tobin and Slatcher (67) found that religious struggles mediate the relationship between religious participation and healthy cortisol slopes. Cortisol, a hormone that helps regulate metabolism among other physiological function, may be influenced by these struggles. It is possible that positive spiritual coping may be offset cardiometabolic syndrome and other potential positive health effects (43, 46). Additionally, a study by Ai et al. (65) found that spiritual struggles mediated the effects of anxiety and anger on interleukin-6—a biomarker of inflammation associated with cardiometabolic disorders (68)—among patients. Among these patients, interleukin-6 mediated the effects on hostility after surgery and counteracted the effects of positive religious coping (65). A possible focus for future studies will be on the interaction of acculturation and R/S directly. Not unlike a study among US Vietnamese, Luu et al. (54) found that high levels of acculturation and lower levels of spirituality increased positive and favorable attitudes for help seeking. All of the aforementioned R/S factors in conjunction with biomarkers may help explain why the modest risk profile is at the cusp of possible cardiometabolic syndrome. Although both R/S struggles and positive spiritual coping were the highest in this profile compared to all others, more is needed to disentangle the possible protective factors each offers in the acculturation and cardiometabolic risk relationship. Notably, the progenitor of the R/S struggles scale has stated that religious struggles should not be considered entirely maladaptive. Rather, they are influenced by the “interplay between personal, situational, and social-cultural factors, as well as by the way in which health and well-being are conceptualized and measured” (69). The moderate risk profile represents a point of interventional focus and further exploration for preventive programs.

Class 3 or the moderate risk profile, had the highest likelihoods of living in the US less than 10 years and spoke English from not at all to fairly well, although the proportion was small. The profile also had the second highest mean scores for depressive symptoms and trait anxiety and anger. Social and neighborhood support were not the highest, suggesting that the built environment might not have been conducive to integration with the host or South Asian community. The moderate risk profile could be argued to employ a separation strategy due to having the lowest likelihood of spoken English proficiency, as well as the highest likelihood of having friends and eating cuisine at home that was almost exclusively South Asian. Alternatively, their little to no desire to pass down cultural traditions may also indicate a marginalization strategy. Alternation may at play in this profile where individuals are moving to and from between South Asian and US culture. The moderate risk profile may illustrate a situation where individuals are in a liminal phase or an ‘in between’ separation, marginalization, or assimilation process as traditional cultural traditions may be weathering in the presence of discrimination with low linguistic integration while trying to maintain similar peer groups and social support. This liminality may be indicated by the high levels of mental health distress. The higher likelihoods of social and neighborhood support, as well as having the highest spiritual coping and struggles scores, may be buffer the depressive symptomology that was observed in the Class 2 modest risk profile. Alternatively, this profile may be alternating acculturation strategies with separation, marginalization, and assimilation where R/S struggles and coping may be indicating a possible interaction with self and identity between South Asian and US host culture. Overall, the moderate cardiometabolic risk profile may indicate an assimilation trajectory where the individual gives up their own cultural identity and becomes absorbed into the host culture.

While Class 4 represented the smallest subgroup, it exhibited the highest risk profile as multiple biomarkers suggestive of possible cardiometabolic syndrome. This profile demonstrated the highest conditional probabilities hypertension, type 2 diabetes, and obesity. Individuals within this subgroup were most likely to have resided in the US between 10 and 20 years, reported the lowest level of neighborhood support, and showed the second highest likelihood of expressing little to no desire of passing down cultural traditions. Furthermore, the highest risk profile displayed the second lowest score for R/S struggles score and second highest score for positive coping. Interestingly, despite being the highest risk profile, individuals in this class exhibited the lowest CES-D scores, as well as lowest mean scores for trait anxiety and anger, compared to all other classes. The profile presents a paradoxical relationship between mental health and cardiometabolic outcomes. Moreover, dietary habits at home showed similar conditional probabilities to those of the lowest risk profile. One could argue for an assimilation strategy within this risk profile, given the high likelihoods of proficiency in English, consumption of both South Asian and other race/ethnicity foods at home, and reduced desire to pass down cultural traditions.

To further identify and examine nuanced differences between profiles, we examined covariates of risk not associated with acculturation from the social and environmental determinants of health, health behaviors, and religiosity/spirituality using an auxiliary approach to the LCA. We found low income to be the most pronounced determinant of health between the modest and moderate risk profiles compared to lowest risk profile. Additionally, the moderate risk subgroup also had much lower odds of having a bachelor’s degree. It is worth noting that South Asians tend to be among the highest SES immigrant groups with higher levels of income and education when compared to other racial and ethnic groups (70). In terms of health behaviors, the moderate risk profile had lower odds of being a never smoker. We also assessed the role of R/S behavior and attitude covariates between classes given their relationship with R/S coping, acculturation, and cardiometabolic risk to further differentiate our identified risk profiles. When comparing our lowest risk profile to the moderate risk profile with highest mean positive coping and R/S struggles scores, the moderate profile reported higher odds of forgiving themselves. This was similar to the modest risk profile, which had higher likelihood of mental health distress, reporting over 200% odds of finding it hard to forgive themselves, while also struggling to feel any deep inner peace or harmony when compared to the lowest risk profile. Expressions of gratitude to God or the divine in daily life were a major factor of differentiation between the modest and moderate risk profiles, as well as frequent religious services attendance. The lower mental health distress scores, particularly with lower anxiety, may be associated with expressions of gratitude to God or the divine as a previous findings have suggested (46), but may not have been the lowest as frequent services attendance has been associated with increased levels of anxiety (51). The role of spiritual coping and R/S in acculturation and cardiometabolic risk needs further exploration.

Overall, the lowest risk profile and the highest risk profile were observed to have nuanced differences in social aspects of the acculturative process. While slight differences in conditional probabilities of high social support were observed between the lowest and highest risk profiles, pronounced differences were noted in received neighborhood support and types of friends kept. Furthermore, while social covariates did not differentiate between these risk profiles, major differences can be found in length of years living in the US, the desire to pass down cultural traditions, and neighborhood support. More years lived in the US have been associated with higher risk, yet when compared to the lowest risk profile, the highest risk profile had a lower likelihood of having lived more than 20 years in the US (25). A desire to pass down cultural traditions and neighborhood support must then play a key role, as they have been found to have a positive influence in health outcomes, potentially driving differences in risk between profiles (19, 25). Perhaps minor differences in food eaten at home, where dietary patterns follow a more metabolically risky trajectory, also contribute (39–41). While the highest risk profile has higher social support, their social network could be enabling larger body size norms (22). The differences between profiles are complex, but these nuances may reveal that points of interaction that may exponentially increase risk. For instance, the observed differences in conditional probabilities of neighborhood support and friends warrant further exploration to assess the adaptive and maladaptive role of these indicators on cardiometabolic risk. Regardless of the mutually exclusive nature of latent classes, the interactions between indictors, irrespective of the differences in conditional probabilities observed, help differentiate cardiometabolic profiles and promote the contextual exploration of identified profiles and risk.

Nuanced differences in acculturation indicators identify not only highlight syndemic cardiometabolic risk and mental health distress but also underscore the role of acculturation strategies (see Figure 3). For example, the moderate and modest cardiometabolic risk profiles exhibit the highest mean scores for depressive symptoms, trait anxiety, and trait anger scores, respectively. In the modest cardiometabolic risk profile, the adoption of marginalization acculturation strategy may signal heightened mental health distress and potential risks to developing hypertension and type 2 diabetes. This profile underscores the possible intertwined relationship between mental health and cardiometabolic disease. Conversely, within the moderate risk profile, despite showing the second highest likelihoods of mental health distress, there may be indications of a liminal group and acculturation process. For example, while the moderate and highest risk profiles may align with an assimilation strategy, subtle differences in social interactions and dietary habits could suggest shifts toward other strategies such as separation or marginalization within the moderate profile. These variations emerge as individuals navigate their environment and are shaped by socioecological factors, including experiences of discrimination. Consequently, South Asians may lean toward marginalization, lading to heightened mental health challenges compared to those following integration, separation, or assimilation strategies. The moderate cardiometabolic risk group might signify a transitional phase, transitioning between acculturation strategies and warranting further exploration. This in-between status of the moderate cardiometabolic risk subgroup may represent a critical transitional phase, necessitating further exploration to identify appropriate interventions for mitigating for both cardiometabolic health and mental health risks. Understanding the role of place and neighborhood becomes crucial in elucidating cardiometabolic risk factors and potential buffers the burden of disease. Future research will delve into longitudinal effects of acculturation on cardiometabolic disease, offering insights into immigrant health within the context of transitional risk.


Limitations

Our study is among the first to identify cardiometabolic risk profiles that incorporate a complex construct of acculturation while assessing covariates not included in the model to predict latent class membership, including social determinants of health, health behaviors, and religion and spirituality. However, our study, was not without limitations. First, our analysis was cross-sectional and examined profiles from one time point capturing a person-centered context but not the dynamic changes associated with the acculturative process. Thus, we could not determine the direction of associations or changes in cardiometabolic risk and acculturation over time. Future studies will use longitudinal data to explore transitions between cardiometabolic risk profiles, enhancing our understanding of dynamic acculturation.

Second, some data were self-reported, making them susceptible to biases such as projection, reporting, or recall biases, including “white coat” bias. Third, our sample was primarily composed of Asian Indians, who tend to have higher SES and education levels compared to other South Asian subgroups, such as Bhutanese immigrants and refugees. Finally, using Berry’s model of acculturation, we linearized the process, which may oversimplify its complexity. Despite this, Berry’s model facilitates categorization. Incorporating biculturalism aspects from LaFromboise et al. (33) model allowed us to account for the strategic alternation between the individual’s heritage and host cultures.




Conclusion

While previous studies have focused on the linear and variable-centered relationships of acculturation and cardiovascular risk among South Asians in the US, we have taken a person-centered approach to identify risk profiles in context of multiple acculturation factors and acculturative stress on the syndemic outcomes of cardiometabolic disease. We identified four cardiometabolic risk profiles among US South Asians (see Figure 4 for a graphical summary), enhancing our understanding of their disparate health outcomes within a person-centered context. Our study also expands complex acculturation models for rapidly growing immigrant groups like US South Asians, and highlight the need to holistically incorporate interacting processes that synergize negative outcomes. Our comprehensive and transdisciplinary model has and will enable the development of more nuanced and inclusive measures to better encapsulate acculturation as a dynamic process and its role in health and disease among US South Asian immigrant subgroups. Overall, our model and methodology, facilitates a holistic but nuanced exploration of the acculturation process and its interacting risk and protective factors that can enable the development of culturally sensitive, tailored interventions to promote overall well-being among US South Asians.



Data availability statement

The data analyzed in this study is subject to the following licenses/restrictions: data used for this analysis are restricted but can be made available upon request to the MASALA (Mediators of Atherosclerosis in South Asians Living in America) program via application process. Requests to access these datasets should be directed to https://www.masalastudy.org/for-researchers.



Author contributions

FM: Writing – original draft, Conceptualization, Formal analysis, Methodology, Visualization, Writing – review & editing. KC: Writing – review & editing, Conceptualization, Validation, Writing – original draft. JC: Writing – review & editing, Conceptualization, Supervision, Writing – original draft. BK: Writing – review & editing, Investigation, Methodology, Validation. KV: Writing – review & editing, Conceptualization, Validation, Writing – original draft. BN: Writing – review & editing, Investigation, Supervision, Validation. NK: Writing – review & editing, Data curation, Funding acquisition, Investigation, Methodology, Project administration, Supervision, Validation. AK: Writing – review & editing, Data curation, Funding acquisition, Investigation, Project administration, Supervision, Writing – original draft. AS: Writing – review & editing, Funding acquisition, Supervision, Validation, Writing – original draft. FW: Writing – review & editing, Resources, Software, Supervision.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This efforts of Williams were supported by the Division of Intramural Research, the National Institute on Minority Health and Health Disparities (ZIA MD000015). This efforts of Montiel Ishino and Villalobos were supported by the Division of Intramural Research at the National Institute on Minority Health and Health Disparities (ZIA MD000015) and Division of Intramural Research at the National Institute of Environmental Health Sciences (Z1A ES103325). The content was solely the responsibility of the authors and does not necessarily reflect the views of the National Institutes of Health. The MASALA study described in this work was supported by the National Heart, Lung, and Blood Institute (R01HL093009 and 2R01HL093009), the National Center for Research Resources and the National Center for Advancing Translational Sciences, National Institutes of Health through University of California San Francisco Clinical and Translational Sciences Institute (UL1RR024131 and UL1TR001872), and the Northwestern University Clinical and Translational Sciences Institute (UL1TR001422). The use of these data does not imply the National Institutes of Health, University of California San Francisco, or Northwestern University agree or disagree with any presentations, analyses, interpretations, or conclusions herein, nor had any involvement with analyses, interpretations, conclusions, or manuscript development.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Footnotes

1   https://www.masalastudy.org/for-researchers




References

 1. Kanaya, A, Ewing, S, Vittinghoff, E, Herrington, D, Tegeler, C, Mills, C , et al. Acculturation and subclinical atherosclerosis among US South Asians: findings from the MASALA study. J Clin Exp Res Cardiol. (2014) 1:102.


 2. Santos Volgman, A, Palaniappan, LS, Aggarwal, NT, Gupta, M, Khandelwal, A, Krishnan, AV , et al. Atherosclerotic cardiovascular disease in South Asians in the United States: epidemiology: epidemiology, risk factors, and treatments: a scientific statement from the American Heart Association. Circulation. (2018) 138:e1–e34. doi: 10.1161/CIR.0000000000000580


 3. Flowers, E, Lin, F, Kandula, NR, Allison, M, Carr, JJ, Ding, J , et al. Body composition and diabetes risk in South Asians: findings from the MASALA and MESA studies. Diabetes Care. (2019) 42:946–53. doi: 10.2337/dc18-1510 

 4. Gujral, UP, Narayan, KMV, Kandula, NR, Liu, K, and Kanaya, AM. Incidence of diabetes and prediabetes and predictors of glycemic change among South Asians in the USA: the MASALA study. BMJ Open Diab Res Care. (2020) 8:e001063. doi: 10.1136/bmjdrc-2019-001063 

 5. Zhou, B, Carrillo-Larco, RM, Danaei, G, Riley, LM, Paciorek, CJ, Stevens, GA , et al. Worldwide trends in hypertension prevalence and progress in treatment and control from 1990 to 2019: a pooled analysis of 1201 population-representative studies with 104 million participants. Lancet. (2021) 398:957–80. doi: 10.1016/S0140-6736(21)01330-1 

 6. Anjana, RM, Unnikrishnan, R, Deepa, M, Pradeepa, R, Tandon, N, Das, AK , et al. Metabolic non-communicable disease health report of India: the ICMR-INDIAB national cross-sectional study (ICMR-INDIAB-17). Lancet Diabetes Endocrinol. (2023) 11:474–89. doi: 10.1016/S2213-8587(23)00119-5 

 7. Ntuk, UE, Celis-Morales, CA, Mackay, DF, Sattar, N, Pell, JP, and Gill, JMR. Association between grip strength and diabetes prevalence in black, south-Asian, and white European ethnic groups: a cross-sectional analysis of 418 656 participants in the UK biobank study. Diabet Med. (2017) 34:1120–8. doi: 10.1111/dme.13323 

 8. Ntuk, UE, Gill, JMR, Mackay, DF, Sattar, N, and Pell, JP. Ethnic-specific obesity cutoffs for diabetes risk: cross-sectional study of 490,288 UK biobank participants. Diabetes Care. (2014) 37:2500–7. doi: 10.2337/dc13-2966 

 9. Joseph, LM, Berry, D, and Jessup, A. Management of type 2 diabetes in Asian Indians: a review of the literature. Clin Nurs Res. (2014) 24:188–210. doi: 10.1177/1054773814531600


 10. Kristiansen, M, Irshad, T, Worth, A, Bhopal, R, Lawton, J, and Sheikh, A. The practice of hope: a longitudinal, multi-perspective qualitative study among South Asian Sikhs and Muslims with life-limiting illness in Scotland. Ethn Health. (2014) 19:1–19. doi: 10.1080/13557858.2013.858108 

 11. Hulten, E, Bittencourt, MS, Leary, D, Shah, R, Ghoshhajra, B, Christman, MP , et al. Cardiometabolic risk is associated with atherosclerotic burden and prognosis: results from the partners coronary computed tomography angiography registry. Diabetes Care. (2014) 37:555–64. doi: 10.2337/dc13-1431 

 12. Singer, M, Bulled, N, Ostrach, B, and Mendenhall, E. Syndemics and the biosocial conception of health. Lancet. (2017) 389:941–50. doi: 10.1016/S0140-6736(17)30003-X


 13. Tirodkar, MA, Baker, DW, Khurana, N, Makoul, G, Paracha, MW, and Kandula, NR. Explanatory models of coronary heart disease among South Asian immigrants. Patient Educ Couns. (2011) 85:230–6. doi: 10.1016/j.pec.2010.10.002 

 14. Liu, JJ, Davidson, E, Bhopal, R, White, M, Johnson, M, Netto, G , et al. Adapting health promotion interventions for ethnic minority groups: a qualitative study. Health Promot Int. (2016) 31:325–34. doi: 10.1093/heapro/dau105 

 15. Johns, E, and Sattar, N. Cardiovascular and mortality risks in migrant South Asians with type 2 diabetes: are we winning the battle? Curr Diab Rep. (2017) 17:100. doi: 10.1007/s11892-017-0929-5 

 16. Abraído-Lanza, AF, Echeverría, SE, and Flórez, KR. Latino immigrants, acculturation, and health: promising new directions in research. Annu Rev Public Health. (2016) 37:219–36. doi: 10.1146/annurev-publhealth-032315-021545 

 17. Castañeda, H, Holmes, SM, Madrigal, DS, Young, M-ED, Beyeler, N, and Quesada, J. Immigration as a social determinant of health. Annu Rev Public Health. (2015) 36:375–92. doi: 10.1146/annurev-publhealth-032013-182419


 18. Morales, J, Glantz, N, Larez, A, Bevier, W, Conneely, M, Fan, L , et al. Understanding the impact of five major determinants of health (genetics, biology, behavior, psychology, society/environment) on type 2 diabetes in U.S. Hispanic/Latino families: mil Familias - a cohort study. BMC Endocr Disord. (2020) 20:4. doi: 10.1186/s12902-019-0483-z


 19. Lagisetty, PA, Wen, M, Choi, H, Heisler, M, Kanaya, AM, and Kandula, NR. Neighborhood social cohesion and prevalence of hypertension and diabetes in a South Asian population. J Immigr Minor Health. (2016) 18:1309–16. doi: 10.1007/s10903-015-0308-8 

 20. Gill, G, Lancki, N, Randhawa, M, Mann, SK, Arechiga, A, Smith, RD , et al. Linkage between neighborhood social cohesion and BMI of South Asians in the MASALA study. J Obes. (2020) 2020:1–7. doi: 10.1155/2020/7937530 

 21. Thanawala, MS, Siddique, J, Schneider, JA, Kanaya, AM, Cooper, AJ, Dave, SS , et al. Association of social networks and physical activity in South Asians: the mediators of atherosclerosis in South Asians living in America cohort study. J Phys Act Health. (2020) 17:149–55. doi: 10.1123/jpah.2019-0099 

 22. Lancki, N, Siddique, J, Schneider, JA, Kanaya, AM, Fujimoto, K, Dave, SS , et al. Social network body size is associated with body size norms of South Asian adults. Obes Med. (2018) 11:25–30. doi: 10.1016/j.obmed.2018.06.001 

 23. Kandula, NR, Cooper, AJ, Schneider, JA, Fujimoto, K, Kanaya, AM, Van Horn, L , et al. Personal social networks and organizational affiliation of South Asians in the United States. BMC Public Health. (2018) 18:218. doi: 10.1186/s12889-018-5128-z 

 24. Kanaya, A, Ewing, S, Vittinghoff, E, Herrington, D, Tegeler, C, Mills, C , et al. Acculturation and subclinical atherosclerosis among U.S. South Asians: findings from the MASALA study. J Clin Exp Res Cardiol. (2014) 1:102


 25. Al-Sofiani, ME, Langan, S, Kanaya, AM, Kandula, NR, Needham, BL, Kim, C , et al. The relationship of acculturation to cardiovascular disease risk factors among US South Asians: findings from the MASALA study. Diabetes Res Clin Pract. (2020) 161:108052. doi: 10.1016/j.diabres.2020.108052 

 26. Berry, JW
. Acculturation: living successfully in two cultures. Int J Intercult Relat. (2005) 29:697–712. doi: 10.1016/j.ijintrel.2005.07.013


 27. Berry, JW
. Conceptual approaches to acculturation In: KM Chun, P Balls Organista, and G Marin, editors. Acculturation: advances in theory, measurement, and applied research. XXVII. Washington, DC.: American Psychological Association (2003). 17–37.


 28. Needham, BL, Mukherjee, B, Bagchi, P, Kim, C, Mukherjea, A, Kandula, NR , et al. Acculturation strategies and symptoms of depression: the mediators of atherosclerosis in South Asians living in America (MASALA) study. J Immigr Minor Health. (2018) 20:792–8. doi: 10.1007/s10903-017-0635-z 

 29. Lechuga, J, and Fernandez, NP. Assimilation and individual differences in emotion: the dynamics of anger and approach motivation. Int J Intercult Relat. (2011) 35:196–204. doi: 10.1016/j.ijintrel.2010.11.012


 30. Rudmin, F
. Constructs, measurements and models of acculturation and acculturative stress. Int J Intercult Relat. (2009) 33:106–23. doi: 10.1016/j.ijintrel.2008.12.001


 31. Needham, BL, Mukherjee, B, Bagchi, P, Kim, C, Mukherjea, A, Kandula, NR , et al. Acculturation strategies among South Asian immigrants: the mediators of atherosclerosis in South Asians living in America (MASALA) study. J Immigr Minor Health. (2017) 19:373–80. doi: 10.1007/s10903-016-0372-8 

 32. Berry, JW
. A critique of critical acculturation. Int J Intercult Relat. (2009) 33:361–71. doi: 10.1016/j.ijintrel.2009.06.003


 33. Lafromboise, T, Hlk, C, and Gerton, J. Psychological impact of biculturalism: evidence and theory. Psychol Bull. (1993) 114:395–412. doi: 10.1037/0033-2909.114.3.395


 34. Balidemaj, A, and Small, M. The effects of ethnic identity and acculturation in mental health of immigrants: a literature review. Int J Soc Psychiatry. (2019) 65:643–55. doi: 10.1177/0020764019867994 

 35. Umaña-Taylor, AJ, and Shin, N. An examination of ethnic identity and self-esteem with diverse populations: exploring variation by ethnicity and geography. Cult Divers Ethn Minor Psychol. (2007) 13:178–86. doi: 10.1037/1099-9809.13.2.178 

 36. Nadimpalli, S, Dulin-Keita, A, Salas, C, Kanaya, A, and Kandula, NR. Associations between discrimination and cardiovascular health among Asian Indians in the United States. J Immigr Minor Health. (2016) 18:1284–91. doi: 10.1007/s10903-016-0413-3 

 37. Nadimpalli, SB, Kanaya, AM, McDade, TW, and Kandula, NR. Self-reported discrimination and mental health among Asian Indians: cultural beliefs and coping style as moderators. Asian Am J Psychol. (2016) 7:185–94. doi: 10.1037/aap0000037

 38. Bhupathiraju, SN, Guasch-Ferré, M, Gadgil, MD, Newgard, CB, Bain, JR, Muehlbauer, MJ , et al. Dietary patterns among Asian Indians living in the United States have distinct metabolomic profiles that are associated with cardiometabolic risk. J Nutr. (2018) 148:1150–9. doi: 10.1093/jn/nxy074


 39. Gadgil, MD, Kandula, NR, and Kanaya, AM. Acculturation is associated with dietary patterns in South Asians in America. J Immigr Minor Health. (2020) 22:1135–40. doi: 10.1007/s10903-020-01016-3 

 40. Gadgil, MD, Anderson, CA, Kandula, NR, and Kanaya, AM. Dietary patterns are associated with metabolic risk factors in South Asians living in the United States. J Nutr. (2015) 145:1211–7. doi: 10.3945/jn.114.207753


 41. Gadgil, MD, Anderson, CA, Kandula, NR, and Kanaya, AM. Dietary patterns in Asian Indians in the United States: an analysis of the metabolic syndrome and atherosclerosis in South Asians living in America study. J Acad Nutr Diet. (2014) 114:238–43. doi: 10.1016/j.jand.2013.09.021 

 42. Steffen, PR
. Acculturation to Western society as a risk factor for high blood pressure: a meta-analytic review. Psychosom Med. (2006) 68:386–97. doi: 10.1097/01.psy.0000221255.48190.32 

 43. Philip, S, Neuer Colburn, AA, Underwood, L, and Bayne, H. The impact of religion/spirituality on acculturative stress among international students. J Coll Couns. (2019) 22:27–40. doi: 10.1002/jocc.12112


 44. Steffen, P, and Merrill, R. The association between religion and acculturation in Utah Mexican immigrants. Ment Health Relig Cult. (2011) 14:561–73. doi: 10.1080/13674676.2010.495747


 45. Kuo, BCH
. Coping, acculturation, and psychological adaptation among migrants: a theoretical and empirical review and synthesis of the literature. Health Psychol Behav Med. (2014) 2:16–33. doi: 10.1080/21642850.2013.843459 

 46. Kent, BV, Stroope, S, Kanaya, AM, Zhang, Y, Kandula, NR, and Shields, AE. Private religion/spirituality, self-rated health, and mental health among US South Asians. Qual Life Res. (2020) 29:495–504. doi: 10.1007/s11136-019-02321-7 

 47. Kent, BV, Davidson, JC, Zhang, Y, Pargament, KI, VanderWeele, TJ, Koenig, HG , et al. Religion and spirituality among American Indian, South Asian, black, Hispanic/Latina, and White women in the study on stress, spirituality, and health. J Sci Study Relig. (2021) 60:198–215. doi: 10.1111/jssr.12695 

 48. Spence, ND, Farvid, MS, Warner, ET, VanderWeele, TJ, Tworoger, SS, Argentieri, MA , et al. Religious service attendance, religious coping, and risk of hypertension in women participating in the nurses’ health study II. Am J Epidemiol. (2020) 189:193–203. doi: 10.1093/aje/kwz222


 49. Ano, GG, and Vasconcelles, EB. Religious coping and psychological adjustment to stress: a meta-analysis. J Clin Psychol. (2005) 61:461–80. doi: 10.1002/jclp.20049 

 50. Cozier, YC, Yu, J, Wise, LA, VanderWeele, TJ, Balboni, TA, Argentieri, MA , et al. Religious and spiritual coping and risk of incident hypertension in the black Women's health study. Ann Behav Med. (2018) 52:989–98. doi: 10.1093/abm/kay001 

 51. Stroope, S, Kent, BV, Zhang, Y, Spiegelman, D, Kandula, NR, Schachter, AB , et al. Mental health and self-rated health among US South Asians: the role of religious group involvement. Ethn Health. (2019) 27:388–406. doi: 10.1080/13557858.2019.1661358


 52. Bharmal, N, Kaplan, RM, Shapiro, MF, Kagawa-Singer, M, Wong, MD, Mangione, CM , et al. The association of religiosity with overweight/obese body mass index among Asian Indian immigrants in California. Prev Med. (2013) 57:315–21. doi: 10.1016/j.ypmed.2013.06.003 

 53. Hirode, G, Vittinghoff, E, Bharmal, NH, Kandula, NR, and Kanaya, AM. The association of religious affiliation with cholesterol levels among South Asians: the mediators of atherosclerosis in South Asians living in America study. BMC Cardiovasc Disord. (2019) 19:75. doi: 10.1186/s12872-019-1045-z 

 54. Luu, TD, Leung, P, and Nash, SG. Help-seeking attitudes among Vietnamese Americans: the impact of acculturation, cultural barriers, and spiritual beliefs. Soc Work Ment Health. (2009) 7:476–93. doi: 10.1080/15332980802467456


 55. Kanaya, AM, Kandula, N, Herrington, D, Budoff, MJ, Hulley, S, Vittinghoff, E , et al. Mediators of atherosclerosis in South Asians living in America (MASALA) study: objectives, methods, and cohort description. Clin Cardiol. (2013) 36:713–20. doi: 10.1002/clc.22219 

 56. WHO Expert Consultation
. Appropriate body-mass index for Asian populations and its implications for policy and intervention strategies. Lancet. (2004) 363:157–63. doi: 10.1016/S0140-6736(03)15268-3


 57. Williams, DR, Yan, Y, Jackson, JS, and Anderson, NB. Racial differences in physical and mental health: socio-economic status, stress and discrimination. J Health Psychol. (1997) 2:335–51. doi: 10.1177/135910539700200305


 58. Andresen, EM, Malmgren, JA, Carter, WB, and Patrick, DL. Screening for depression in well older adults: evaluation of a short form of the CES-D. Am J Prev Med. (1994) 10:77–84. doi: 10.1016/S0749-3797(18)30622-6 

 59. Spielberger, CD, Sydeman, SJ, Owen, A, and Marsh, B. The use of psychological testing for treatment planning and outcome assessment. Hillsdale, NJ: Lawrence Erlbaum Associates, Inc (1994).


 60. Spielberger, CD, Krasner, SS, and Solomon, EP. The Experience, Expression, and Control of Anger. In: Individual differences, stress, an health psychology. MP Janisse New York Inc: Springer Verlag (1988) 89–108.


 61. Nylund, KL, Asparouhov, T, and Muthén, BO. Deciding on the number of classes in latent class analysis and growth mixture modeling: a Monte Carlo simulation study. Struct Equ Model Multidiscip J. (2007) 14:535–69.


 62. Alamilla, SG, Kim, BSK, and Lam, NA. Acculturation, enculturation, perceived racism, minority status stressors, and psychological symptomatology among Latino/as. Hisp J Behav Sci. (2010) 32:55–76. doi: 10.1177/0739986309352770


 63. Chae, DH, Wang, Y, Martz, CD, Slopen, N, Yip, T, Adler, NE , et al. Racial discrimination and telomere shortening among African Americans: the coronary artery risk development in Young adults (CARDIA) study. Health Psychol. (2020) 39:209–19. doi: 10.1037/hea0000832 

 64. Lee, DL, and Ahn, S. Discrimination against Latina/os: a meta-analysis of individual-level resources and outcomes. Couns Psychol. (2012) 40:28–65. doi: 10.1177/0011000011403326


 65. Ai, AL, Pargament, K, Kronfol, Z, Tice, TN, and Appel, H. Pathways to postoperative hostility in cardiac patients: mediation of coping, spiritual struggle and Interleukin-6. J Health Psychol. (2010) 15:186–95. doi: 10.1177/1359105309345556


 66. Carpenter, TP, Laney, T, and Mezulis, A. Religious coping, stress, and depressive symptoms among adolescents: a prospective study. Psychol Relig Spiritual. (2012) 4:19–30. doi: 10.1037/a0023155


 67. Tobin, ET, and Slatcher, RB. Religious participation predicts diurnal cortisol profiles 10 years later via lower levels of religious struggle. Health Psychol. (2016) 35:1356–63. doi: 10.1037/hea0000372 

 68. de Oliveira, R, Moraes, TI, Cerda, A, Hirata, MH, Fajardo, CM, Sousa, MC , et al. ADIPOQ and IL6 variants are associated with a pro-inflammatory status in obeses with cardiometabolic dysfunction. Diabetol Metab Syndr. (2015) 7:34. doi: 10.1186/s13098-015-0027-2 

 69. Pargament, K, Feuille, M, and Burdzy, D. The brief RCOPE: current psychometric status of a short measure of religious coping. Religions. (2011) 2:51–76. doi: 10.3390/rel2010051


 70. López, G, Ruiz, NG, and Patten, E. Key facts about Asian Americans, a diverse growing population Pew Research Center (2017) Available at: https://www.pewresearch.org/fact-tank/2017/09/08/key-facts-about-asian-americans/ (Accessed August 7, 2021).



Copyright
 © 2024 Montiel Ishino, Canenguez, Cohen, Kent, Villalobos, Needham, Kandula, Kanaya, Shields and Williams. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Profiles of cardiometabolic risk and acculturation indicators among South Asians in the US: latent class analysis of the MASALA study



		Introduction



		Acculturation and the social and environmental determinants of health



		Acculturation, acculturative stress, and mental health



		Acculturation and cardiometabolic health



		Acculturation and religiosity/spirituality



		The present study









		Materials and methods



		Mediators of atherosclerosis in South Asians living in America cohort study sample



		Latent class analysis



		Covariates



		Latent class analytic plan and model fit criteria









		Results



		Latent class analysis findings



		Covariates for latent class membership









		Discussion



		Limitations









		Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Footnotes



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Profiles of cardiometabolic risk
and acculturation indicators
among South Asians in the US:
latent class analysis of the
MASALA study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






OPS/images/fpubh-12-1384607-t001.jpg
Age category (R:40, 81)

Under 54 391 507
55 and older 380 93
Sex

Male 1 559
Female 340 441

Religious/spiritual tradition

Hindu 445 617
Muslim » 58
Jain 35 49
sikh s1 71
Other 26 36
Multiple 55 76
None 76 105
Income

Under §75,000 179 29
575,000 and over 570 76.1
Level education

Less than bachelor’s 82 106
Bachelor’s and above 689 89.4
Hypertension

No 392 508
Yes 379 192
Diabetes status.

None 330 28
Pre-diabetes 255 331
Diabetes 186 241
Spielberger trait anxiety scale 159 183
CES-D scale 73 454
Spielberger trait anger scale 159 138
Religious/spiritual struggles (R:1.4) 14 03

Positive spiritual coping (Ri1,4) 27 08

BMI Asian category 259 158





OPS/images/fpubh-12-1384607-t002.jpg
Years in the US

0-10years 45 60
10-20years 184 245
Over 20years 523 695

Speaking English

Notatall or poorly 24 31
Fairly well 67 87
Well or very well 680 882

Food eaten at home

Only or mostly South Asian 407 528
Equally South Asian or other 307 398
Mostly or only other 57 74

Desire to pass down cultural traditions

Little to none 143 186
Some 428 556
High 199 258
Social support

Little to none 16 60
Some of the time 145 188
Most to all of the time 580 752

Neighborhood support

Little o none: 151 196
Most toall of the time 620 804
Friends

Only or mostly South Asian 417 541
Equally South Asian or other 276 358
Mostly or only other 78 101

Discrimination
Rarely to never 145 188

Daily to weekly 626 812





OPS/images/fpubh-12-1384607-g003.jpg
Ck

)

Lowest Modest
Cardiometabolic Cardiometabolic
Risk Risk

75.8% of sample 13.4% of sample

Integration — Marginalization

/Cardiometabolic
Profile by

Acculturation
Strategy

Class 4

Highest

5.9% of sample

Separation Assimialtion





OPS/images/fpubh-12-1384607-g004.jpg
Latent Class Comparison of Acculturation Proxies

Lowest Risk
s sampe
Modest Risk
P 3
/ N 13 6% oSl
[ tsyndemic] |
| Cardiometabolic |
\ Profile /
:
% S £ »

>
o & -(* S A8
Moderate Risk o "'(‘ ‘aq W IARX N X
S ON
c g Ry
S’ =
Class4 F&F & &
BAn ST
S &
High Risk S
S

3.9% of Sample

Nt vaun oo vried o oot s It e co codd oy s ko (54118 Cle 2, o (G 3, s s G )

Cardiometabolic Profiles Mental Health Indicator Scores
100% 12| 50
0% Y]
0% oy
05 | 150
o
04 100
0% 02
50
o o
Not  Hypentensve NoDisbetes Prediabertes  Type2 o = Eull
Hypenenve e Spiebergertrat Spiebergertran Rel/Sprtual  Postive spiriual
8 Class 1 Lowest Rk (BV125.2) W Class2 Modet Rk (BV126.0) St o= A ooy
' Class 3 Moderate Risk (8MI 25.9) m Classé High Risk (BMI36.4) 1 Class1 Lowest Rk m Class2 Mode: Rk Class3 ModerateRisk m lass  High Risk

e vl rapcaty presnted b congbonat probaouBes of utcomes oo oded by as (B b s nde average kg ) ot vobes gy pesete by averae s of st oo cooka b cass






OPS/images/fpubh-12-1384607-t003.jpg
Class 1

Lowest risk

Class 2
Modest risk

Class 3

Moderate risk

Class 4

Highest risk

Hypertension

No

Yes

Diabetes status

No

Pre-diabetic

Diabetic

BMI Asian cat

Years in the US
<l0years

10-20years

>20years

Speaking English
Notatall or poorly
Fairly well

Well or very well

Food eaten at home
Only or mostly S. Asian
Equally S. Asian or other

Mostly or only other

738%

0539

0461

0456

0329

0215
252

0052
0235

0713

0018
0057

0925

0495
0429

0075

Desire to pass down cultural traditions

Little to none

Some

High

Social support

Little to none

Some of the time

Most to all of the time
Neighborhood support
Little to none

Most to all of the time
Friends

Only or mostly S. Asian
Equally S. Asian or other
Mostly or only other
Discrimination

Rarely to never

Daily to weekly

CES-D saale score
Spielberger trait anxiety score
Spielberger trait anger score

Religious/spiritual struggles

score

Positive spiritual coping score

0138

0554

0308

0026
0158

0817

0172

0828

0531

0366

0103

0210

0790

49

147

154

25

13.4%

0509

0491

0436

0357

0208

260

0.059

0278

0.663

0.044
0133

0823

0552

0345

0.103

0210

0613

0177

0266
0370

0364

0235

0.765

0535

0287

0178

0031

0.969

197

224

189

28

8.9%

0441

0559

0306

0310

0384

259

0136

0185

0678

0102
0235

0663

0725

0245

0030

0433

0516

0051

0053
0208

0739

0251

0749

0642

0343

0014

0229

0771

91

166

162

2%

35

0.158

0.842

0221

0326

0454

364

0.000

0458

0542

0.041
0.085

0873

0523

0413

0.064

0315

0.497

0188

0.000
0.076

0924

0342

0.658

0486

0481

0.033

0218

0782

45

143

146

29





OPS/images/fpubh-12-1384607-t004.jpg
Modest risk Moderate risk Highest risk

95% ClI 95% CI 95% ClI
Lower Upper Lower Upper Lower Upper
55years and older 072 034 154 227 097 534 034 0.08 149
Income $75,000 or
over 031 014 0.67 038 016 0.89 119 027 524

Bachelor’ degree or
above 051 0.17 149 0.23 0.07 0.80 039 0.07 2.08

Female 172 0.80 371 1.66 0.67 409 072 020 264

San Francisco, CA

(Chicago, IL as ref) 093 043 200 087 038 195 088 030 264
High physical activity 056 026 122 132 057 306 094 027 324
Frequent yoga 111 055 221 063 028 142 103 034 315
Never smoker 041 015 113 025 0.08 0.76 054 011 263
Any alcohol use 112 050 247 051 018 142 151 038 601
Eatout frequently 158 093 268 079 040 152 103 045 236

Hindu (religious
tradition) 052 021 1.26 191 083 437 086 0.24 3.07
Find it hard to

forgive myself? 3.10 131 7.33 3.95 147 10.6 240 0.70 820
Others have not

forgiven me... 157 0.74 332 1.84 079 431 225 0.76 6.67

1 feel deep inner

peace/harmony 025 o1 059 123 055 274 126 026 622
Experience
connection to alllife 086 040 185 050 044 186 096 022 12

Spirituality is about
personal rel. w/[God] | 717 067 773 075 0.25 226 162 045 577

Express gratitude to

[God] in daily life 109 038 3.09 8.73 145 52.6 150 027 823
Frequent atiendance
to religious services 066 026 164 451 1.60 127 089 023 352

Bold value means significant findings based on 95% confidence intervals.





OPS/images/fpubh-12-1384607-g001.jpg
Social/Environ

Determinants Card'-l‘tz/ae:'sr‘cular
Demographics
Health A Dynamic Metabolic
Behaviors Govariates Acculturation Health
oliglosity Mental Health
Spirituality
Cultural . Similarity of Neighborhood 7 9
Traditions Social Support Friends to Self| Support Discrimination
e ‘ 7 POt Rellgious/
Years in the Cuisine Eaten English SO.S!:IVEI se '.g.'fu?
us at Home Proficiency Pt P
Coping Struggles






OPS/images/fpubh-12-1384607-g002.jpg
32400
32200
32000
31800
31600
31400
31200
31000
30800
30600

Entropy

BIC

SSA-BIC

Model Fit Criteria

One-class Two-class Three-class
solution solution solution
0 0.896 0.903
32300.207 31699.237 31713.21
32208.119 31530.937 31468.70

" ENtropy e=ee=BIC em=SSA-BIC

Four-class
solution

0.889
31550.591
31229.869

coocooooooor
P A T





