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Editorial on the Research Topic
 Identifying the Interdisciplinary Determinants, Biologic Mechanisms, and Best Practices for the Prevention and Elimination of Minority Health Disparities



From macro-level social processes, to environmental exposures, and molecular-level alterations, the causes of minority health disparities are varied and complex. To that end, the National Institute of Minority Health Disparities has developed a multilevel research framework that considers biologic, behavioral, environmental (physical, social, cultural), and health care system factors as jointly shaping health outcomes and health disparities (1). While comprehensive in its scope, minority health disparities research and practice often focus on singular components of the framework in part due to our discipline specific training. As the causes of minority health disparities cross disciplines, so too must investigator expertise and practice-based solutions. Moreover, in order to eliminate health disparities, research and practice should move beyond focus on proximal health care related determinants, and more broadly consider upstream contextual, social, and environmental causes. Also, the biologic mechanisms connecting the exogenous determinants to health disparities are not well-understood. Biologic factors that are sensitive to lived experience may be key in understanding how deleterious exposures become biologically embedded to drive health disparities. Thus, a critical interdisciplinary review of the many factors that contribute to minority health disparities is warranted. Doing so will help to identify gaps in the evidence base and highlight next steps for research and practice.

In this Research Topic, we present a collection of articles that focus on the causes of health disparities from both social and environmental perspectives, as well as innovative solutions. For example, in their review of energy insecurity (defined as the inability to meet household energy needs, such as heat and electricity), Jessel et al. discuss the adverse health consequences of unaffordable and inadequate household energy in the context of climate change for vulnerable populations. They note that energy insecurity co-occurs with, and is exacerbated by, other social determinants of health like socioeconomic status, race, and place. Such intersectional inequality is also discussed in Taylor et al. review of the multilevel determinants of HIV testing disparities among foreign born black men living in the United States. The authors discussed not only how individual, community and policy level factors can each thwart access to HIV testing, but also the accumulated impact of these factors along with having multiple stigmatized identities (e.g., race, gender, sexual orientation, addiction) work to exacerbate risk among this population. In terms of solutions and strategies to prevent and eliminate health disparities, Gómez et al. describe the Juntos por la Salud (JPLS; Together for Health) initiative, which is a mobile health and wellness program for Mexican immigrant population living in 11 metropolitan areas in the United States. Mexican migrants experience a myriad of significant social and socioeconomic risks, including low educational attainment and low pay occupations, as well as high psychosocial stress related to immigration status (e.g., fear of deportation) and discrimination, which in turn results in low health care utilization and poor health outcomes. JPLS works to reduce barriers to health care for this population by providing culturally sensitive and linguistically matched health education and services for free. Taken together, these studies indicate that as the causes of health disparities are multifaceted and multilevel, so too must be the interventions.

The Research Topic also includes empirical papers that focused explicitly on biologic mechanisms—epigenetic alterations and telomere length—linking adversity to health outcomes. Epigenetic alterations, often measured by DNA methylation, can modulate gene expression and influence health outcomes. Epigenetic alterations are sensitive to adverse exposures commonly experienced by vulnerable populations, and can be altered during sensitive developmental periods like pregnancy, thereby possibly contributing to the biologic embedding and intergenerational transmission of health disparities (2, 3). In DeLano et al. study of pregnant women and their infants, higher levels of community socioeconomic deprivation during pregnancy was associated with significant epigenetic change to a gene involved in the infant's stress response system (SLC6A4), suggesting possible future developmental risk for the child. Similarly, telomere length (which refers to the structures at the end of chromosomes which shorten with age) is considered a biomarker of aging and research has shown telomere shortening and concomitant disease risk can be accelerated through experiences of stress and social adversity (4). In a nationally representative US sample of Hispanic adults, Ishino et al. found variation in telomere length according to different profiles of acculturation (e.g., low acculturation, assimilated, integrated), suggesting stress related to acculturation over the life course may impact biology.

Finally, our Research Topic includes timely papers related to disparities and the COVID-19 pandemic. For example, Strully et al. take up the critical point of COVID-19 vaccine hesitancy among racial and ethnic minorities, who have been disproportionately impacted by the pandemic. Using data collected from minority populations in New York State, Strully et al. discuss the legacy of historical health injustice and ongoing inequities that fuel continued medical distrust, as well as the need for vaccine campaigns to rely on trusted community voices and community assets to promote vaccination. The associated commentary paper by Teo, as well as the perspective paper by Ullah et al. discuss a COVID-19 future, both in terms of data needs for promoting vaccination uptake, and impacts of the pandemic on future birth rates due to changes in economic conditions, mental health, and mortality.

Taken together, the papers in this Research Topic represent the interdisciplinary and innovative thinking that is necessary to effectively address and eliminate health disparities. Moreover, in addition to the myriad of risks that jointly contribute to disparities, we must also consider community and individual level assets that can promote health and resilience. Wu et al. paper on sleep duration and ideal cardiovascular health (5) is one example of this positive approach. It is our hope that this collection of papers will lay stimulate collaborations across disciplines and lay the foundation for future minority health disparities research and practice.
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A disproportionately small percentage of the Hispanic/Mexican population in the United States has adequate access to health services, which decreases quality of life at both the individual and community levels. In addition, it increases risk for preventable diseases through insufficient screening and management. The Mexican Section of the U.S./Mexico Border Health Commission, in efforts to address barriers to accessing preventive health care services for vulnerable populations, launched the initiative Juntos por la Salud (JPLS) that offers health promotion and disease prevention services to Hispanics living in and around 11 U.S. metropolitan cities via mobile health units. This paper presents a descriptive analysis of the JPLS initiative and potential positive impact it has had in reducing barriers faced by the Hispanic population. JPLS screens and provides referrals to primary care services to establish a medical home and has the potential to reduce health care costs in a high-risk population through education and timely health screenings.

Keywords: access to health services, preventive programs, collaborative programs, migration and health, mobile health services, immigrant


INTRODUCTION

The health system in the United States (U.S.) divides the population among those who receive public or private medical care and those who cannot access health services (1). This only serves to heighten health disparities and create structural barriers to accessing available and affordable health care services (2). Moreover, lack of access to health services for undocumented residents in the U.S. affects both physical and emotional health (3, 4).

Despite the implementation of the Patient Protection and Affordable Care Act (ACA), the number of vulnerable Mexican immigrants with deteriorating health situation continues to grow. The ACA was established through federal legislation in 2010 to address high uninsurance rates, lack of access to care, and variable quality of care received in the U.S. (5). Immigration status often plays a role in lack of access to health insurance and quality health services. However, in some states, special programs are available for vulnerable populations, specifically women and children. California, for example, offers MEDI-CAL and New York offers Child Health Plus, a health insurance plan for children (6). Federally Qualified Community Health Centers (FQHCs) are also available and affordable for those with limited resources and lacking health insurance, regardless of immigration status.

According to studies carried out by the Mexican Consejo Nacional de Población (CONAPO-Nacional Council on the Population of Mexico), about 6.2 million Mexican immigrants (more than 50% of this population) did not have health insurance or access to health services between 2004 and 2013. Recent data indicate that 45% of undocumented immigrants are currently uninsured whereas only 8% of citizens are uninsured; in families with mixed citizenship statuses, children with one or more non-citizen parent are twice as likely to be uninsured than children of citizens (7). This proportion is higher compared to other groups of immigrants (8); however, this figure did decrease (3%) in the indicated period (6). This slight decrease could be attributed to the passage of the ACA, which increased coverage for all populations, but most notably for Hispanics. While the uninsured rate for all Hispanic adults was 40.5% prior to the main provisions of the ACA taking effect in 2013, this rate decreased slightly by 7.1 percentage points in 2014 (9).

CONAPO data also demonstrated that males of Mexican origin living in the U.S. were less likely to have health insurance coverage than their female counterparts in 2013, when 55% of the Mexican immigrant population with insurance coverage was female. Only one in three youth between 18 and 29 years of age were covered by health insurance. Further, four out of ten children under 18 years of age, six out of ten adults between 30 and 44 years of age and half of adults between 45 and 64 years of age were without health insurance (10).

Barriers to access to health services for Mexican migrants in the U.S. include socioeconomic factors such as low educational attainment, and working in low-paying occupations (11–14), which may be related to underemployment, undocumented employment, or low knowledge about worker's rights. Race and ethnicity are additionally associated with reduced access to offers of employment-based health insurance for minority groups including Hispanics compared to white workers in similar occupations (15). In addition, immigration status or immigration status of family members are associated with reduced utilization of health care services due to fears of discrimination or legal repercussions (16). Commonly cited as barriers to seeking basic health care include lack of understanding of the U.S. healthcare system, language barriers (4, 17–21), and work- related migration between the U.S. and Mexico as well as within the U.S. (22–25).

Given limited health care utilization by Mexican immigrants to the U.S., the government of Mexico launched an initiative called the Ventanillas de Salud (VDS; “Health Windows”) in 2003. The mission was improving access to primary and preventive health services, increasing public insurance coverage, connecting individuals to medical homes, and promoting a culture of self-care in Mexicans living in the U.S. Currently, the Mexican Consulates in the U.S. operate 49 VDS and two mobile VDS. In addition to general health information, the VDS provide: counseling and guidance services about disease prevention and health promotion; preventive health screening; referral to primary healthcare services; and eligibility aids for ACA insurance plans.

From 2013 to 2017, the VDS provided 21 million services to 7.7 million people. In the same period, the number of preventive health screenings offered grew by 337% and the number of Mexican immigrants qualifying for health insurance in the U.S. increased by 106% (26). This increase demonstrates both direct and indirect contributions of the VDS to the health and well-being of the Mexican immigrant population and in keeping with the overarching mission of decreasing emergency room visits and uncompensated care.


Juntos por la salud Initiative

A diagnostic health mapping of the Mexican population living in the U.S. conducted by the Mexican Section of the US/Mexico Border Health Commission (CSFMEU) found that the state of health of a large proportion of the Hispanic population was gravely vulnerable, especially in geographic areas beyond the reach of the VDS. Identified risk factors for vulnerable health status included immigration status, limited English proficiency, low economic status, and few or no services in remote areas where people reside, all of which contribute to limited or no access to health services (4). Additionally, the political context of the U.S. regarding migrants is associated with increased uncertainty and stress (16) which are barriers to accessing both social and health services by the population most in need.

Thus, VDS expansion was deemed necessary to reduce health related risks for the most vulnerable subsets of Hispanics in the U.S. CSFMEU introduced the Juntos por la Salud Mobile Health and Wellness Initiative (JPLS). The aim of this initiative was to strengthen the VDS strategy and provide preventive health services to rural and hard-to-reach communities in the U.S. with difficult access to regular medical care. JPLS is an ongoing collaboration between the Mexican Ministry of Health (SSA), the Office of Foreign Relations (SRE), the Institute of Mexicans Abroad (IME), and the Ventanillas de Salud (VDS) Strategy. JPLS mobile units differ from mobile VDS services because they operate independently from the consulates and are organized at the community level.

The primary goal of JPLS is to reduce barriers to health care for the Mexican population residing in the U.S. by providing access to preventive programs in their preferred language and in a culturally sensitive and linguistically appropriate manner. However, the reach and potential for public health impact created by JPLS has not been previously described in the scientific literature. The objective of this paper is to present a qualitative descriptive analysis of the JPLS initiative and its potential to reduce barriers faced by the Mexican immigrant population living in the U.S. JPLS is hypothesized to increase access to health care services and encourage establishment of a medical home, thus reducing health care costs through education and timely health screenings.

In 2016, the initial phase was launched with five mobile health units in the following cities: Chicago (Illinois), Dallas (Texas), Los Angeles (California), Phoenix (Arizona), and New York (New York). Subsequently, in a second phase, an additional six mobile health units launched in the cities of Denver (Colorado), Las Vegas (Nevada), Tucson (Arizona), Miami (Florida), Orlando (Florida), and Raleigh (North Carolina) (Figure 1).
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FIGURE 1. Geographic locations of Juntos por la Salud Mobile Health Units.



JPLS provides health education on priority health issues, such as nutrition, obesity, diabetes, women's health, children's health, mental health, substance use, exposure to violence, HIV/AIDS and other sexually transmitted infections, as well as legal and financial guidance. In addition, mobile health units provide preventive health screenings, referrals to clinics or community programs, follow-up on referrals and administration of immunizations. All participants are informed and verbally consent to share their personal information and risk factors. Each mobile health unit has built a network of local health agencies and community based organizations increasing access to a number and diversity of health care services, as well as referrals to local community clinics at low cost or free of charge. All of the services at JPLS are provided free of charge regardless of national origin.

Each mobile unit is managed and operated by a leading local agency in the U.S. and has a network of strategic allies integrated by specialized health institutions in the area including hospitals, laboratories, community clinics, and community programs that coordinate to handle referrals. All of the materials offered at the JPLS units are developed to be culturally appropriate and are offered by bilingual staff and volunteers. Staffing is highly dependent on the fiscal agent operating the mobile health unit and includes community health workers, health science students, nurse assistants, or public health trained professionals. Mobile unit locations are determined monthly based on neighborhood demography (i.e., concentration of vulnerable Hispanics/Mexicans) and invitations from strategic allies per their agency policies. Locations and hours of services vary and are primarily advertised via social networks, local radio stations and word-of-mouth.

Additional activities of the individual mobile health units included: participatory relationship-building with existing health and community stakeholders; monitoring of high-risk cases; implementation of capacity-building programs to train health workers among residents of targeted communities; registration and monitoring of the services offered; and maintenance of the mobile health units. Program goals included the following, though data related to their success are not reported: refer ~50% of un- or under-insured users to appropriate public benefit health insurance programs; provide medical referrals to 100% of individuals with abnormal health screening results to a primary care provider; establish a medical home for ~50% of clients referred to community clinics; provide general health consumer education sessions to individuals at the mobile health units during the term of this contract.




METHODS


Data Collection at JPLS Mobile Health Units

JPLS uses a database system which captures information on those served through JPLS and services provided, for the period between February 2016 and December 2018. The JPLS mobile health units were strategically placed in target cities based on the concentration of Hispanic population determined by the network of consular offices in the U.S. and the Mexico Section of the U.S. Mexico Border Health Commission. Additional health and needs assessment were subsequently conducted by each community based organization funded within the 11 mobile health unit sites selected.



Descriptive Analysis

Our descriptive analyses are derived from fully anonymized deidentified secondary data sources with no individual-level identifiers. Demographic and epidemiological characteristics of the target population were summarized from an ecological level (i.e., only population summary data are available). Prevalence estimates for commonly identified disease states and count data for health screening, health education and referral services provided through JPLS were estimated. As this analysis used secondary data and was not deemed human subjects research, ethical approval was not required.




RESULTS


Services Provided

Between February 2016 and December 2018, JPLS registered 86,830 participants and provided 498,729 services including health education, preventive health screenings, vaccination, and referrals, among others. On average, each participant received 5.7 services during each visit (Figure 2). Of over 86,000 service recipients in the mobile units, 86% reported not having medical insurance.
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FIGURE 2. Juntos por la Salud Program: services provided (February 2016–December 2018). Juntos por la Salud, CSFMEU.



Of the total services provided, 65% involved health education on priority health issues, raising awareness about the importance of timely detection related to chronic diseases, oral health, eye care and occupational health; nutrition and physical activity, sexual and reproductive health, and mental health. Approximately, 30% of total services included the following preventive health screenings: blood pressure, glucose levels and hemoglobin A1c, anthropometric measurements, cholesterol, and HIV/AIDS.

Other services offered by these mobile health units include group health education sessions on topics such as prevention of chronic degenerative diseases, sexual and reproductive health, preventive programs (nutrition and physical activity, dental, occupational, mental or visual health), substance abuse or domestic violence, financial wellness, educational or access to secondary prevention services. Likewise, these group education sessions also hosted vaccination days to immunize against seasonal flu. During this same period, there were ~1,025 group sessions with an average of 38 attendees per session. Fifty-four percent of the education imparted included information about preventing chronic-degenerative diseases such as hypertension, diabetes, obesity and cancer, among others. Twelve percent focused on other preventive programs; nine percent sexual and reproductive health information, seven percent substance abuse, seven percent mental health information.

Those who screened positive for health conditions of interest were referred to community clinics or specialized medical services. Referrals were most frequently made for hypertension, obesity and high glucose levels, indicating chronic health problems of the targeted population. Between February 2016 and December 2018, 6,385 vaccines were administered, of which 70% were influenza vaccines and almost 20% were for Hepatitis; the remaining proportion include vaccines for tetanus, pertussis, and routine childhood immunizations.



Demographic Profile of Participants Served

Between February 2016 and December 2018, 77% of service recipients were of Mexican origin; 7.4% were born in the U.S. and 9.8% came from Central America, South America and the Caribbean. Sixty-two percent were women and a large percentage of these women (58%) were of reproductive age. Eighty-four percent had lived in the U.S. for more than 10 years. About 29% had between 1 and 6 years of education. The three most common occupations reported by service recipients were construction, house/office cleaning and factory work. Only 20% reported English language proficiency.



Epidemiologic Profile

The population served by JPLS from February 2016 to December 2018 indicated that 75% were overweight or obese, 31% had high cholesterol levels, and 29% had high blood pressure levels (Table 1). Moreover, prevalence of overweight and obesity in the population attended by the JPLS mobile health units was 50% higher than the population seen in the VDS, which reported a prevalence of 50%, during the period from 2013 to 2018 (26). In regards to mental health 2,389 individuals reported having a prior diagnosis of depression or anxiety, 38% reported not receiving treatment.



Table 1. Prevalence of the main causes of morbidity among Mexicans in the U.S. Juntos por la Salud initiative (February 2016–December 2018).
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DISCUSSION

The JPLS program provides needed services for a very vulnerable population in the U.S. Barriers such as their immigration status, limited proficiency of English, low economic status, and living in remote areas, yield insufficient access to health care services (9, 13). Of the total number of people served by mobile health units, 86% reported not having health insurance. This highlights their vulnerability, especially when 80% report living in the U.S. for >10 years. As for the main causes of morbidity of this population, 75% are overweight and obese, which is 25% higher than the prevalence reported by the population served by the Ventanillas de Salud (50%) (26). This situation indicates that the mobile health units are likely reaching individuals who are otherwise unable to access medical care and emphasizes the potential impact of the JPLS program.

Mobile health units are designed to implement screening measures that can deter serious illnesses requiring urgent medical attention, thus reducing inappropriate or inefficient medical service utilization. The need for targeted services among those who do not have consistent access to primary or preventive care is demonstrated by the higher ecological prevalence of overweight and obesity among service recipients attending the mobile clinics compared to those accessing similar services via the VDS initiative (50 vs. 75%). However, additional differences in the characteristics of those seeking care at the mobile health units, such as untreated diabetes, hypertension, or other chronic conditions are not known due to limitations in the available data. Future research on JPLS service recipients is needed to determine motivating factors for seeking care at mobile health units.

Some illnesses may be attributed to lifestyle behaviors (diet, physical inactivity, etc.), which may have changed upon arriving to the U.S. The services provided by mobile health units play an important role, especially in orientation and counseling on priority health issues, and timely detection, before experiencing a need for emergency services.

The rate of referrals to outside services by JPLS is numerically low (5,699 referrals made to 86,830 people seen, 6.5%); however, qualitatively this rate is acceptable for the purposes of the mobile unit considering the scope of work and personalized attention each referral entails. Comprehensive preventative health services that led to referrals for follow up care include: guidance and personalized counseling, navigation in accessing health services, health screenings, follow-up to establish a medical home, and assurance that the participant accessed the medical attention needed. The vast majority (86%) of the JPLS program participants reported not having any health insurance due to sociodemographic barriers to accessing health services. A central goal of the JPLS program is to connect community members with a trusted and safe health promotion environment. The 5,699 referrals were provided to individuals who have rarely or never received comprehensive services and access to care due to financial or structural barriers. However, not everyone who is offered a referral will accept or follow the referral instructions, and the acceptance rate following a JPLS visit is not currently known. Each JPLS mobile health unit is continually working to increase the number of referrals using different mechanisms that include innovative strategies to disseminate vital health information, logistics related to the referrals and building a network of trusted health institutions to link participants with services.


Impact of the JPLS Initiative

The JPLS mobile health units purport to improve the health conditions of a Hispanic population experiencing a state of vulnerability and increased barriers to health services. However, the long-term impact of JPLS, if any, is unknown. However, we propose the following potential mechanisms for impact that warrant specific study:

• By means of health promotion and disease prevention services, JPLS is postulated to reduce emergency room visits for non-emergency health care.

• JPLS reaches the Mexican immigrant population living in the in a state of vulnerability and outside the range of the VDS (which is broadly utilized where it has been implemented).

• JPLS mobile units strengthen the efforts of VDS to reduce the prevalence of the main causes of mortality in hard-to-reach populations.

• The services provided are anticipated to be highly acceptable to the target population as they increase the network of interprofessional allies to facilitate access to health services, at low cost or free, in a linguistically and culturally appropriate manner.

• Though JPLS targets the Mexican immigrant population, the mobile health units provide service to anyone interested in them, regardless of the country of origin or insurance status.

Our initial qualitative descriptive analysis indicates a need for future exploration of the contribution of the JPLS initiative as well as a model to duplicate for greater impact and intervention studies in health care.




CONCLUSION

The Hispanic population in the U.S., particularly Mexican immigrants, lack access to health care services, affecting the quality of their physical and mental well-being (26). Fear of deportation and discrimination greatly affects the population and affects social and health service-seeking behaviors. Thus, it is imperative to develop and invest in effective strategies that allow provision of basic and preventive health services such as screenings, health promotion, and disease prevention, despite the current political context in the U.S. Innovative mobile healthcare strategies such as JPLS are one potential avenue for accessing hard to reach populations including Mexican immigrants in the U.S. who may otherwise go without basic access to preventive health screening, health education, and referral services.
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Household energy is increasingly vital for maintaining good health. Unaffordable and inadequate household energy presents adverse consequences that are amplified by poverty and a changing climate. To date, the connections between energy, socioeconomic disadvantage, and well-being are generally underappreciated, and household energy connection with climate change is under-researched. Building on the energy insecurity framework, this review explores literature related to household energy, poverty, and health in order to highlight the disproportionate burdens borne by vulnerable populations in adequately meeting household energy needs. This paper is based on a comprehensive review of books, peer-reviewed articles, and reports published between 1990 and 2019, identified via databases including JSTOR and PubMed. A total of 406 publications were selected as having potential for full review, 203 received full review, and 162 were included in this paper on the basis of set inclusion criteria. From the literature review, we created an original heuristic model that describes energy insecurity as either acute or chronic, and we further explore the mediators and pathways that link energy insecurity to health. In the discussion, we posit that the extant literature does not sufficiently consider that vulnerable communities often experience energy insecurity bundled with other hardships. We also discuss energy, poverty, and health through the lens of climate change, making the criticism that most research on household energy does not consider climate change. This evidence is important for enhancing research in this field and developing programmatic and policy interventions as they pertain to energy access, affordability, and health, with special emphasis on vulnerable populations, climate change, and social inequality.

Keywords: energy insecurity, climate change, vulnerable populations, housing, health


INTRODUCTION

Global energy demand and consumption have increased substantially and are expected to continue rising (1); this is particularly evident in countries with strong economic growth such as China and India (2). The U.S. Energy Information Administration (EIA) has predicted that world energy use will increase by 28% by 2040 (2). In 2017 alone, global energy demand rose 2.1%—twice as much as in 2016 (3). As climate change worsens, the demand for more energy services and the strain on existing services will increase. As of 2017, residential energy consumption accounted for 20% of the total energy consumption across all sectors in the U.S. (4). Ensuring affordability, access, and adequate production of household energy is vital for maintaining individual and population-scale health and well-being. Household energy uses include cooking, lighting, heating, cooling, cleaning, and technological, medical, and other life-sustaining devices (5–7). Yet, millions of households around the world live without an adequate amount of energy (8).

Adequate access to energy is encumbered by limited and faulty infrastructure, affordability challenges, and service disruptions due to disasters and extreme weather events, often linked to climate change. This phenomenon, known as energy insecurity, is defined as the “inability to adequately meet household energy needs” (9). The energy insecurity framework includes physical, economic, and behavioral dimensions that lead to or exacerbate adverse health issues (9). The physical dimension includes poor housing quality, the structure of the home environment, and inefficient appliances (9). The economic dimension consists of affordability challenges (though it is not based merely on an economic ratio or threshold), while the behavioral dimension focuses on coping strategies, social vulnerabilities, and indicators of resilience (9). This conceptual framework helps us to understand the phenomenon of energy insecurity and its consequences. This framework parallels that of food insecurity—the “disruption of food intake or eating patterns because of lack of money and other resources” (10)—in that it reflects cost, quality, and health impacts.

In this article, we present the results of our review of the existing literature on energy insecurity and demonstrate the range of concerns and of approaches to resolving them. We propose the new terms- “acute” and “chronic” energy insecurity to further understand and break down household energy issues. Our findings suggest that the literature does not sufficiently consider the intersectionality of vulnerability types and multiple hardships. Furthermore, the use of numerous terms for household energy insecurity further compartmentalizes energy issues by geography and discipline, hampering the possibility for a comprehensive, or systematic literature base. This compartmentalization foregoes the opportunity to address energy insecurity as a complex, interdisciplinary, intersectional, and multidimensional issue, especially in the context of the pressing threat of climate change. For the sake of clarity, we provide below a brief overview of terms currently used to describe household energy issues as they relate to socioeconomic disadvantage, and in some cases, health.



HOUSEHOLD ENERGY TERMINOLOGY

Many different terms have been used to describe the demand side of energy-related hardship. Researchers, policymakers, and practitioners have popularized terms such as fuel poverty, energy burden, energy vulnerability, and energy poverty, among others. These terms differ in their geographic usage and somewhat in their methods of measurement, but all similarly reference issues related to energy consumption and affordability. Energy burden and fuel poverty are mirroring terms that are used separately in different geographic regions; the former in the U.S. and the latter mostly in the United Kingdom (U.K.), Ireland, and New Zealand. Both terms are generally defined by an economic ratio whereby households that allocate more than 10% of their gross income for indoor energy expenses are considered energy burdened or fuel poor (9, 11–13). Energy poverty is generally attributed to the Global South and refers to the lack of modern energy services and low energy consumption (5, 14–20). Outcomes and indicators of energy poverty center on socioeconomic development, well-being, and poverty (21). A newer term, energy vulnerability, was developed to bridge the geographical research gap between fuel poverty and energy poverty in order to shed light on energy hardship as a global problem (14, 21). Importantly, these terms and their definitions have not yet incorporated the uncertain realities of climate change and its impact on energy, even though climate impacts are fundamentally rooted in how energy is produced and consumed, and its availability is threatened by the aftermath of extreme weather events, often caused by climate change.

Despite evidence of a strong association between energy access, affordability, and health, none of the above terms inherently focus on health. Research and policy tend to focus on the economic factors of energy burden, fuel poverty, and energy vulnerability, leading to financially-motivated interventions. For example, household-level financial subsidies (e.g., bill assistance) are a popular intervention, as opposed to more structural measures such as energy efficiency upgrades or adoption of clean energy technologies. Moreover, such an economic focus does not address the full scope of the problem, as it leaves out psychosocial and behavioral factors, among others, that contribute to energy hardship. Even energy poverty's focus on well-being and socioeconomic development omits housing quality and affordability constraints as a focus. By comparison, energy insecurity more broadly encompasses a wider spectrum of energy-related hardships that may be internal or external to an individual's experience of the phenomenon and is attuned to an expansive range of socioeconomic, psychological, and environmental determinants that produce energy-related hardship. The energy insecurity framework offers the opportunity to evaluate health predictors and outcomes in the context of climate change (22).

The present review provides an encompassing account of the relationship between energy, health, poverty, and climate change and the pathways by which these factors are interlinked. We address the critical gap in the importance of energy for population health (15, 23) by focusing not only on medical issues but also on the cycles of social disadvantage implicated in the nexus of energy, health, and poverty. We outline the impacts of global climate change on household energy access and how it contributes to the severity of health effects and discuss the need to accommodate growing demand on energy systems. This review provides evidence that health is a necessary consideration amidst increases in global energy demand. This is particularly important when: (1) developing methods for energy efficiency and production; (2) deciphering how to distribute and provide energy to low-income, marginalized, and vulnerable households equitably; and (3) preparing for climate change and acute threats to energy access.



PAPER ORGANIZATION

We begin our analysis with a heuristic model linking the various factors that emerged during the review process, including the phenomena of chronic and acute energy insecurity (see Figure 2). This paper is organized into four thematic sections with subthemes. First, we propose new terminology to describe different manifestations of energy insecurity. Second, we review the evidence on energy insecurity and the social determinants of health by discussing the social patterning of energy insecurity by gender, age, health status, education, employment, socioeconomic status, and race. Next, we review evidence on the association between energy insecurity and place, noting the spatial inequalities in neighborhood resources and demographics that contribute to the increased likelihood that some community members will experience energy insecurity. Third, we outline findings regarding the connection between energy insecurity, housing quality, and home energy infrastructure by exploring the relationships between housing tenure, energy efficiency, and home age. Fourth, we highlight the salience of coping strategies and behaviors enacted by households experiencing energy insecurity and describe the health effects of temperature extremes, high-effort coping, and the depletion of resilience reserves. The resilience reserve is a framework that describes how resilience that should be preserved for use in a specific event, such as in response to a natural disaster, becomes depleted due to constant use in response to a greater prevalence of chronic daily struggles (24). To conclude, we summarize the findings of our review and describe the cumulative hardships of energy insecurity. In the discussion, we offer a critical analysis of the literature, highlighting that the research does not adequately consider the intersectionality of experiences of energy insecurity, infrequently employs an environmental justice framework, and lacks cohesive terminology. These critiques are discussed in relation to the growing wealth gap, increasing energy costs and demand, research into household energy in the Global South, and the inevitable impact of climate change.



METHODS

This review is based on a comprehensive search for relevant literature published between 1990 and 2018 and archived in JSTOR and PubMed. The literature review conceptually frames energy issues along the lines of climate change, health, and socioeconomic factors. The literature review search was conducted using a matrix of terms in varying combinations with one another. The search terms and their categories are outlined in Table 1. Terms from each category were searched along with terms from other categories. For example: (1) [(energy insecurity) AND (poverty) AND (climate change) AND (health)]; and then, (2) [(fuel poverty) AND (poverty) AND (climate change) AND (health)]. A term from the “Social,” “Health,” and “Energy” category was used in every search because one of our inclusion criteria is that articles discuss the relationship between household energy, health, and socioeconomic status. We did not include “climate change” as a required term for every search, as part of the review is analyzing the extent to which the existing literature on household energy considers climate change. We excluded sources about energy and climate change that did not have a health outcome or a socioeconomic focus. Any source that did not discuss energy at the household, neighborhood, or community level was also excluded. Beyond this, our criteria were purposefully broad in order to capture the breadth of topics related to household energy use, health, and climate.


Table 1. Search terms used in the literature review.

[image: Table 1]

The search was limited to articles in English. Books, peer-reviewed articles, and reports were included, and all other source types were excluded. Our initial database search plus additional articles added from reviewing the reference sections of various sources yielded 750 results. After discarding duplicate sources and literature that was not relevant based on title, we had 406 sources. These sources underwent title and abstract screening. At this point, we identified 203 sources for full review. Of these, 162 were analyzed and incorporated into the final manuscript (Figure 1). Some sources out of the 203 identified were not included in the final manuscript due to the subsequent irrelevance of their topic once the topics discussed in the manuscript had been refined during editing.


[image: Figure 1]
FIGURE 1. Flow chart of literature selection and review process.




HEURISTIC MODEL

Energy insecurity can impact health in a multitude of ways. Studies on energy insecurity encompass not only direct but also indirect health impacts because they consider social determinants of health and the coping strategies people use in response to energy insecurity. Inadequate household energy has been linked to the following health outcomes for both adults and children: cardiovascular, pulmonary, and respiratory illnesses; cancer; arthritis; acute hospitalization; excess mortality in summer and winter; and anxiety, depression, and stress (9, 13, 22, 25). Indirect health impacts, such as food insecurity, are also associated with energy insecurity (6, 26–30). It is important to highlight how indirect health problems contribute to and compound direct health impacts related to household energy insecurity. With health as an endpoint, our innovative, original heuristic model (Figure 2) tracks the multifaceted pathways that directly and indirectly link energy insecurity to health by distinguishing between chronic and acute energy insecurity.


[image: Figure 2]
FIGURE 2. Connection between household energy insecurity (EI) and health.




DEFINING CHRONIC AND ACUTE FORMS OF ENERGY INSECURITY

Energy insecurity is a complicated, multifaceted issue that may be best understood by parsing out its various forms—acute and chronic energy insecurity. For this reason, we propose the incorporation of these terms into the lexicon of energy insecurity work. Chronic energy insecurity is a long-term issue that can arise from a consistent inability to afford or access adequate energy to meet household needs. An example of chronic energy insecurity would be living in a home that is consistently cold because the cost of heating is unaffordable. The lack of adequate household energy is often predicated on a number of social and demographic factors including age, gender, socioeconomic status, education, income, race, and employment status. These characteristics may have implications for earnings potential, can determine a household's ability to navigate available resources, and affect access to efficient housing and energy use patterns.

Acute energy insecurity is a short-term issue that tends to arise from infrastructural, maintenance, environmental, or other external sources that disrupt access to energy sources. Some examples of acute energy insecurity include a power outage from a hurricane or a gas shutoff from a reported leak. Interestingly, chronic energy insecurity can lead to a significant crisis point of acute energy insecurity, such as shut-offs due to non-payment. Shutoffs are an acute form of energy insecurity because, for the most part, they are short-lived, and services are reinstated upon cost recovery by the energy service provider. Three primary forms of acute energy insecurity—fuel shortages and supply issues, power outages, and shut-offs—and the links between service interruptions and ill health are described next.



FUEL SHORTAGES AND SUPPLY ISSUES

Health impacts from energy access issues (when infrastructure is available) can arise when demand exceeds supply via two primary routes: (1) fuel shortages and (2) capacity of the energy infrastructure to handle excess demand during extreme weather. Fuel shortages across the world also indirectly impact health by increasing fuel cost and making sources unaffordable, leading to inaccessibility. Sometimes, other resources necessary for life are contingent on energy access. For example, during a fuel shortage, rural Iñupiaq Eskimo villages in Alaska's Northwest Arctic Borough were unable to access clean water because they did not have heat or electricity to prevent pipes from freezing (31). The shortage led to increased rates of infectious disease, hygiene-related diseases, and pneumonia (31). Fuel shortages may become worse as climate change worsens, increasing the prevalence of health issues related to energy insecurity (32).

In other instances, the energy infrastructure has proven incapable of tolerating higher than normal demands. A polar vortex, which occurred in January 2019 across the United States, brought extremely cold temperatures that strained energy systems. Some parts of the Midwest reached temperatures as low as minus 38 degrees Fahrenheit (33). An estimated 21 people died across the country from causes directly related to the polar vortex, such as death by hypothermia while indoors (34). One woman in Milwaukee died from the cold when her thermostat malfunctioned (34). In many cities, gas companies ordered households and industry to lower their heat in order to prevent citywide gas shortages (33). This compromised capacity is related to reliance on an aging infrastructure and increased demand, which is likely to be an issue over time and as weather patterns become more extreme as a result of climate change.


Power Outages

Infrastructural issues, extreme weather, and natural disasters may result in power outages and energy service interruptions. Short-term power outages often occur for the following reasons: (1) older and less reliable infrastructure; (2) overloading from high electricity demand; (3) household maintenance defects; and/or, (4) other systems fail (35). Long-term power outages are typically a result of disasters such as hurricanes. In 2017, Hurricane Maria left Puerto Rico's residents without power for an unprecedented average of 84 days. An estimated 83% of these households were in the most remote regions of Puerto Rico (36). These outages interrupted healthcare for people with chronic illnesses who required care and medication (36). Moreover, the death toll attributable to Hurricane Maria in Puerto Rico was estimated to be 4,645 people, and 9.5% of those deaths were due to an inability to access electricity needed for respiratory equipment (36). The adverse impacts of service interruptions—both short- and long-term—are ubiquitous. Elevator shutdowns impede movement, transit systems close, medical device access can be cut off, blackouts can increase crime and cause accidents, food can spoil in warming refrigerators, temperature control can be lost, and much more (35, 37–39).



Shutoffs

Affordability challenges may lead to a different type of service interruption—shutoffs or disconnections due to non-payment. It is challenging to measure a national prevalence rate of shutoffs, because utility companies seldom, if ever, report which and how many households are shut off, and these data are generally not publicly available. Hernández and Laird (40) used the Residential Energy Consumption Survey (RECS), administered by the Energy Information Administration (EIA), to analyze the prevalence of disconnection notices and service disconnections based on a nationally representative sample of US households. Hernández and Laird (40), presenting their results at the annual conferences of the American Sociological Association (ASA) and the American Public Health Association (APHA), demonstrated that in 2015 an estimated 3% of US households were disconnected and another 15% received a disconnection notice, suggesting that there is indeed some hardship. Consistent with previously observed patterns of inequality, the authors also found that low-income households, African-American and Latino households, households with children, renters, and people living in older and poorly insulated homes were most likely to receive disconnection notices and service interruptions. Hernández and Laird's (40) research further explores the coping strategies that families resort to, such as forgoing food and medicine and keeping homes at an unhealthy temperature, that compromise health and may even lead to death. Hernández and Laird (40) found that households rely on these strategies to prevent and respond to the threat and occurrence of shutoffs (40).



Service Interruptions and Health

Shutoffs and power outages have a number of direct health impacts (30, 35, 37). Temperature-related issues such as hypothermia and heat stress increase when interruptions occur at times of extreme outdoor temperature. Chronic health conditions are strained by short- and long-term service interruptions in electricity and hot water services (30, 41). Additionally, people with chronic illnesses, particularly those with cardiovascular, respiratory, and renal diseases, are often forced to seek outside medical care during interruptions, increasing the rate of hospitalization (35, 42). Rates of all-cause and external-cause mortality are significantly higher during power-outage periods, especially when outages are due to weather events such as hurricanes, heatwaves, and snowstorms (30, 35). Households that have faced threats of shutoffs have reported more long-term mental health issues stemming from financial, physical, and environmental stress, as well as fears and anxiety over potential future service interruptions (13, 43).




ENERGY INSECURITY AND SOCIAL DETERMINANTS

Both acute and chronic energy insecurity are influenced by the social determinants of health, which are defined by the Centers for Disease Control and Prevention (CDC) as the political, economic, and social circumstances in which people live, work, and play (44). These determinants include factors such as gender, age, health status, education, employment, socioeconomic status, and race. Here, we review literature indicating that the social determinants of health play an important role in predicting the existence of household energy difficulties and outline the importance of making a connection between the impact of climate change on social determinants of health and energy insecurity. As climate change increases the frequency, duration, and magnitude of extreme weather events, it is important to consider the populations that are most vulnerable to the impacts of such events within the context of household energy use (45, 46).


Age and Life Course Vulnerability

Age-related vulnerabilities (i.e., being young or elderly) and exposure to environmental hazards are predictors of energy insecurity. The elderly, because they are at a higher risk of experiencing medical events during heatwaves than other populations due to a combination of social isolation, heightened physiological vulnerability, and the likelihood of not having air conditioning, are more likely to endure heat stress (46–48). Children are at risk of asthma, especially those living in urban, low-income communities, and are therefore in more need of adequate energy for ventilation and temperature control (49–51). Both the elderly and children spend more time in their home environments than other groups (1), increasing their exposure to the health risks of energy insecurity (52).



Education: Literacy and Impacts on Academic Achievement

Education, as it relates to energy insecurity, also has implications for health. Lacking sufficient knowledge and ability to navigate the bureaucracy of utility companies makes it difficult for less-educated households to address and prevent energy insecurity. Knowing how to access resources such as financial subsidies or medical certifications to prevent shutoffs requires knowledge of how such bureaucratic systems work. Understanding the risks associated with using alternative methods to address energy needs also requires education. On average, those with less educational attainment have more limited income potential, making it more difficult to afford and make energy payments (6, 15).

Energy insecurity also perpetuates a cycle of lower educational attainment, most notably for children. Environmental stress and financial insecurity can lead to mental health issues and result in worse educational outcomes (53). The stress of energy hardship is associated with behavioral problems in children, whereby they are more likely to have low academic motivation, difficulty concentrating, and often act out (54, 55). Children experiencing energy insecurity and food insecurity (discussed in detail in subsequent sections) are also more likely to experience intensified behavioral issues such as depression, rule-breaking behavior, and somatic complaints (54). Asthmatic children in energy-insecure households with poor air quality miss more days of school due to illness than do non-asthmatic children (55, 56). Homes that use unsuitable energy sources expose children to toxic gasses that impair cognitive development. Additionally, children living in energy-insecure households often have trouble focusing on their homework due to noise pollution from generators, other loud energy sources, and open windows, which can lead to lower academic success (57). As a coping strategy, some households confine energy use to specific rooms to keep energy bills low or because there are limitations in their heating and cooling systems; this forces all residents to be in the same room, resulting in homework distractions and crowding, among other issues. Poor or restricted lighting to certain rooms also makes schoolwork and reading for pleasure more challenging.



Employment

Energy insecurity perpetuates the detrimental health effects associated with low-income employment. Many low-paying jobs require work in extreme temperature conditions (58), such as farming in excess heat or working in refrigerated warehouses. Those working in extreme temperature conditions are also more likely to be experiencing energy insecurity at home because they are low-income. Exposure to thermal discomfort at work and at home has a cumulative effect on temperature-sensitive health problems. Members of low-income households are also more likely to work multiple jobs to pay bills and support their families, meaning they are often physically absent from the home. This absence of caretakers can affect children's developmental needs and contribute to social deprivation and caretaker stress. Single mothers are more likely to be primary caretakers and often experience augmented impacts because they do not have a partner with whom they can share the burden and responsibility. Single mothers are also more at risk of experiencing energy insecurity compared to other groups (9, 23).



Socioeconomic Status and Household Income

Socioeconomic factors are a predictor of energy insecurity. In most households, utilities make up a substantial portion of living costs, and in low-income households, this proportion is much greater (9, 30, 59). Therefore, it can be difficult for low-income households to pay for enough energy to meet household needs and also afford other expenses (9, 30). Households at or near the Federal Poverty Level (FPL) are significantly more burdened by energy insecurity than other socioeconomic groups (9). A brief look at 2011 American Community Survey (ACS) data on the characteristics of people experiencing the gap between energy affordability and unaffordability found that 44% of low-income families (defined as below 200% of the FPL) experience economic energy insecurity compared to 2% of families who are not low-income (60). A 2016 report by the American Council for an Energy-Efficient Economy (ACEEE) found that lower-income households experience higher median energy burden (7.2%), defined as the percentage of household income spent on energy bills, whereas non-low-income households experienced a median energy burden of 1.5% (61). Furthermore, a recent study found that low-income households in the studied U.S. cities spend on average from 10 to 20% of their income on energy bills, while wealthier households spend on average between 1.5 to 3 percent on energy bills despite being the higher consumers (59). The 2015 RECS found that the lower the income, the higher the energy expenditure and energy consumption per square foot of the home due to a number of potential factors (62). For example, socioeconomic status has major implications for affordability, access, and levels of environmental hazards in the home. Additionally, low-income households are often unable to afford utility bills and therefore live without adequate energy due to heightened conservation and/or an inability to upgrade energy-related appliances and systems (59).



Race

Race is another social determinant of health that can predicate energy insecurity. Minorities tend to suffer from higher rates of energy cost burden than non-Hispanic whites in United States' cities (59). In the U.S., African Americans suffer more from energy insecurity than do any other racial groups (23, 60, 63). Of surveyed households with an African-American head of household (HOH) and children under the age of 18, 35% reported facing energy insecurity compared to 21% of Latino HOHs with children under 18 and 14% of Caucasian HOHs with children under 18 (60). Across all income levels, Black families still maintained the highest rates of energy insecurity (60). In the Washington Heights neighborhood in New York City, energy-insecure households were more likely to be black and Hispanic/Latino, low-income, and have less education (64). In Detroit, a study found that African-American households were twice as likely to be behind on utility payments and three times more likely to suffer from arrearage or shut-offs than white households (65).

When considering racial disparities, the association between environmental hazard exposure and geographical location is stronger for Black and Latino communities than for other racial groups (66). The health impacts of energy insecurity are compounded for racial-minority households that live in areas with high rates of exposure to environmental hazards energy inefficiencies (59, 66). The disparity in the impacts of acute energy insecurity is especially apparent for minority racial groups. For example, a study by O'Neill et al. (67) found that during heatwaves in four different cities across the U.S., the rate of air conditioning use was more than two times higher among the white population than the black population, suggesting that black residents did not have access to or could not afford to use air conditioning at the same rate as white residents. Additionally, the mortality rate of black residents was significantly higher than that of other racial groups across all four cities (67). This trend could be attributed to low income levels and unaffordable electricity, which disproportionately impact racial and ethnic minority households.



Gender

Gender is another social factor associated with energy insecurity that has direct and indirect health implications. In the Global South, women and girls, who are responsible for cooking, use biomass fuel, resulting in high rates of respiratory illness. Respiratory illness from solid-fuel cooking is one of the greatest causes of premature mortality globally (5, 7, 15, 68). In the Global North, women are more likely to be caretakers and spend more time at home, increasing their rate of exposure to other energy inefficiencies. Single mothers are especially vulnerable because they take on financial and psychosocial burdens alongside the responsibility of being the sole caretaker (23). It is important to note, however, that the literature in this review often fails to recognize that the separation of how gender relates to energy insecurity in the Global North vs. the Global South is reductive and essentialized, as all of the mechanisms by which women and girls are impacted by energy issues crosscut both spheres of the world.



Health Status

Illness and chronic health problems often determine energy demand and have implications for energy consumption, thereby making poor health both a predictor and outcome of energy insecurity. Residents with health conditions such as cardiovascular, pulmonary, and respiratory diseases and arthritis are sensitive to temperature extremes, meaning that a home that is too cold or too hot can exacerbate and worsen symptoms (13, 69–71). People living with a chronic health condition may be especially reliant on energy-dependent devices for treatment or maintenance of their condition, lowering their ability to withstand inadequate or unavailable energy services. For example, patients with kidney disease, chronic obstructive pulmonary disease (COPD), and cardiovascular disease (CVD) rely on dialysis and oxygen machines that require electricity (72) and diabetics must refrigerate their insulin. Cancer patients in active treatment need more heat (73), and those suffering from hypertension are more susceptible to cold stress (74). Not only do people with chronic health conditions have an increased need for energy, but they also spend more time in their households, further increasing energy use (75).




ENERGY INSECURITY AND HOUSING

A number of household characteristics beyond location predict the existence of unmet household energy needs. The type of housing, whether owned or rented, its level of energy efficiency, and its age are all associated with energy insecurity. Low-income and minority residents face a higher proportion of difficulties related to these housing characteristics.


Housing Tenure and Type

Energy insecurity is affected by housing tenure because renting and owning can lead to unique challenges that perpetuate energy insecurity. Low-income renters often face difficulties affording household costs (76) and tend to spend the greatest portion of their income on energy bills when compared to other socioeconomic groups (77). They also tend to live in the most structurally deficient homes due to a lack of weatherization and efficiency upgrades (77). Energy insecurity can become a chronic issue, partly because low-income renters have limited ability to persuade landlords to maintain proper upkeep and implement effective modifications related to energy efficiency (43, 78). They also have limited social and economic capital to afford self-repairs or to hold landlords accountable through the court system (43). Low-income owners are also at risk for energy insecurity due to the high cost of upgrading homes to higher efficiency standards or because buying a home that is already efficient is expensive. Homeowners are often responsible for the entire burden of utility bills and other operational costs, including property taxes, home insurance, and water, garbage, and sewer costs. The stress of low-income housing on both renters and owners is associated with adverse mental health outcomes and poor self-rated health (43, 76).

Housing type also influences rates of energy insecurity. Similar to homeowners, renters of single-family units face difficulties because they are responsible for the entire cost burden. Multifamily housing can be more advantageous than single-family housing because there is a shared cost with property owners. However, residents in multifamily housing and low-income tenants often lack control over the conditions (e.g., heat) of their units and have restricted ability to combat energy insecurity, mostly due to financial constraints and lack of control over housing infrastructure (9). The New York City Housing Authority (NYCHA), the country's largest public housing authority, has faced notorious housing quality and energy infrastructure issues that have plagued residents by severely compromising their housing experience and, likely, their physical, and mental health. One challenge is that NYCHA is not subject to the same maintenance regulations as private housing or developers, resulting in structural deficiencies and energy inefficient housing, attributable in part to deferred maintenance (79). Public housing is not alone in this regard. Rental housing, including subsidized, or affordable housing, presents challenges for renters since the property owners determine the level of energy efficiency and other aspects of housing quality. In most cases, there are no guidelines that stipulate a minimum level of efficiency, particularly in older housing that was constructed when building codes were less focused on sustainability. This conundrum, known as the “split incentive,” occurs when the incentive structure for an asset is not equally beneficial to both parties. In such cases, the deciding actor works in their own best interest, as is the case with owners who dictate the terms of housing without consideration of tenancy. Previous research demonstrates that subsidized housing recipients face an increased burden because they are more likely to rent from private landlords who neither weatherize nor optimize energy efficiency due to upfront costs and administrative encumbrances, which generally privileges the property owners and negatively impacts the tenants both economically and experientially (77, 80).

Beyond rental and multiunit housing, people living in manufactured housing, such as trailers or mobile homes, are disproportionately impacted by physical energy insecurity. These housing structures are often not well-insulated or weatherized, so residents tend to spend a high proportion of their income on energy and heating bills. For example, the ACEEE found that mobile home residents are more likely to be energy burdened (61). Residents living in these manufactured housing types also tend to be low-income and therefore the least able to sustain high utility bill costs or afford general maintenance (81).



Energy Inefficiency

Energy inefficiency is a common housing problem and aspect of energy insecurity that has serious health implications. Energy inefficiency is marked by poor insulation, drafts, leaks, and other points of intrusion of the outside elements that make it difficult to control indoor temperatures (82–84). Other structural deficiencies and poor housing quality conditions, such as a lack of central air conditioning and proper ventilation, can also lead to high utility bills and unsafe conditions (85). Energy inefficiency caused by poor housing quality and structural deficiencies spurs costly utility bills that are unaffordable for low-income people (86) Poor energy efficiency has been associated with an increase in household dampness (85), which is associated with worsened arthritis symptoms, dizziness, headaches, and fevers (79), and increases the presence of mold, exacerbating medical conditions such as allergies, eczema, and asthma (69, 87–90). Energy inefficiency is also associated with an increase in a number of thermal-related illnesses (85), and homes with poor ventilation and outside air infiltration have more dust mites and cockroach feces, which are known to exacerbate or lead to acute respiratory illnesses (27, 91–93). Households that are unable to open windows (see also the section entitled Heat Stress and Forbearance) have the additional risk of dampness as a result of obstructed airflow (57).

A popular intervention for older and/or poorly constructed homes is retrofitting (87). However, energy efficiency without attention to ventilation can lead to excess tightness in the building envelope, thereby obstructing airflow and exacerbating the aforementioned health issues related to ventilation and air quality (94). Air-tightness due to energy efficiency improvements is also associated with increased levels of radon, which significantly increases the risk of lung cancer (95, 96).



Age of Housing

Older housing is a frequent contributor to energy insecurity because much of the aged housing stock around the world is neither weatherized nor energy-efficient, which results in an increased prevalence of thermally inadequate home environments (97). Low-income, older and minority householders are often relegated to substandard living conditions, in part due to residence in older housing that has not been renovated (98). The effect of older, less efficient housing on energy insecurity has been studied mostly in the fuel poverty literature from northern Europe and New Zealand, where the regularity of colder outdoor temperatures heightens the need for consistent indoor heating (82, 99). Excess winter deaths are a measure of mortality as a result of cold homes, a problem known to be caused by a lack of insulation (13, 47, 69, 84, 99–101). Heat stress is a common health effect of hotter outdoor temperatures, whereas newer technology such as centralized air conditioning may not exist in older homes. A lack of air conditioning contributes to heat stress, excess deaths, and hospitalizations during heatwaves (67, 102). Therefore, the use of newer technology is important for health and safety, particularly as it relates to the prevention of premature death.

Newer homes are subject to current housing codes, many of which include public health considerations, and tend to be more energy-efficient and have fewer maintenance issues (97). Many states have ventilation standards, for example, which can combat mold from dampness and therefore reduce asthma symptoms (98). Regulations on toxin levels in homes, such as through initiatives for lead-free homes, also exist. It is, of course, easier to control risks that are never introduced into the housing sphere. Therefore, living in new housing stands to benefit occupants. However, the most vulnerable groups are often the least likely to benefit from such advantages.




ENERGY INSECURITY AND INTERSECTIONAL INEQUALITIES

Research has demonstrated that socioeconomic status and race are predictors of neighborhood, place, and presence of other hardships that can lead to or exacerbate energy insecurity. For example, residents in low-income and minority neighborhoods tend to experience issues such as increased exposure to environmental hazards, a lack of investment in housing maintenance, and poorer quality housing, all of which contribute to energy insecurity. Moreover, poverty and material hardship are complex issues in and of themselves, whereby the inability to meet basic needs extends far beyond any one category. In this section, we explore the overlapping issues that intersect with energy insecurity.


Socioeconomic Status, Race, and Place

The coalescence of socioeconomic status, race and neighborhood factors can lead to or exacerbate energy insecurity and present other hardships as well. For example, racial residential segregation, a proxy for concentrated neighborhood disadvantage, is a demonstrated predictor of energy insecurity (103). Black and Latino/a-headed households are more likely to live in an energy-insecure household because of their home's lack of energy efficiency (103). For example, NYCHA housing, predominantly inhabited by minorities, is facing a backlash over its dilapidation and lack of maintenance, which has resulted in widespread power outages, lack of heating, and the presence of mold and lead problems (79). Of these issues, NYCHA has been criticized severely for the persistent lack of available heat in its properties due to faulty boilers (104). In the winter of 2017/2018, ~80% of NYCHA residents faced a heat outage, which lasted 48 hours on average (105). Some advocates state that the difference in regulations for NYCHA housing compared to private housing is unjust and disproportionately disadvantages low-income communities of color (79, 106).

Low-income and minority neighborhoods collectively bear the brunt of more environmental hazards in and outside of their individual households (50, 107). For example, the siting of highly-polluting sources such as bus depots, landfills, highways, and plants or factories tend to be located in low-income communities. Low-income homes are also more likely to have maintenance defects, rodents, mold, and other poor housing conditions (66). Households in low-income and minority neighborhoods are also more likely to be overcrowded; this is especially true for immigrant populations in New York City and other urban areas. Overcrowded homes are associated with psychosocial stress, disease outbreaks, and higher asthma rates; they are also a predictor of the existence of other physical and social housing-related hardships that contribute to the burden of disease (93, 98, 108).

Furthermore, institutional and systemic racism and place-related social factors are drivers of higher rates of energy insecurity for minority populations. Ethnic minorities, immigrants, and indigenous groups are some examples of people who experience housing discrimination (57), a barrier to accessing more energy-efficient homes. Gentrification in many urban areas in the U.S is another social process that perpetuates racial and ethnic disparities in energy insecurity prevalence. Gentrifying or newer residents are less likely to experience energy insecurity or have an energy inefficient home compared to longer-term residents who live in older households in the area (97). Long-term residents of Washington Heights in New York City, for example, are Dominican immigrants and African Americans, and they suffer far more energy insecurity than new neighborhood residents (64).



Neighborhoods and Spatial Inequality

Energy insecurity, as we have noted, is highly correlated with spatial inequality, where residents of different neighborhoods are more or less likely to experience energy insecurity due to their neighborhood's economic, environmental, and social makeup. The mean annual energy use intensity (EUI), which is a proxy for energy insecurity by way of high energy use from low housing efficiency, is much higher in urban areas that have lower socioeconomic status, less education, and more racial minority dwellers (65, 103). In cities that are more racially segregated, neighborhoods with low-income and minority populations are more likely to suffer from difficulties in affording or accessing energy (65, 109). As the gentrification of urban areas continues, racial residential segregation increases such that lower socioeconomic status populations are forced to live in areas that have substandard conditions both in housing quality and neighborhood characteristics.

Low-income and racial-minority neighborhoods in urban areas often suffer from the highest amount of environmental hazard exposure through air and noise pollution and substandard sanitation (110). This increased prevalence of environmental hazards can contribute to the health impacts of existing energy insecurities. For example, housing with poor ventilation in an area with high levels of air pollution can aggravate a child's asthma. There are well-established, clear disparities in neighborhood rates of asthma due to both indoor and outdoor environmental hazards (50), and there is an association between neighborhoods with energy insecurity and asthma prevalence (22). There is also spatial inequality and disparity in the prevalence of psychosocial stress. Low-income and minority neighborhoods suffer from higher rates of stress, which can compound the negative health effects that result from their already-increased exposure to environmental hazards (e.g., air pollution) (111). For example, family stress combined with exposure to neighborhood violence has been found to increase the incidence of traffic pollution-induced asthma in children, due to the strain on psychosocial pathways (112). The spatial disparities in energy insecurity and health also exist between urban and rural areas, where some low-income rural communities do not have access to natural gas or even electricity services, whereas lack of access to electricity services is rare in urban communities (113).



Bundled Hardships: Energy and Other Insecurities

As demonstrated by this robust review, energy insecurity is a complex problem, and it does not occur in a vacuum. The hardship of energy insecurity intersects with other hardships, such that each compounds the severity of the others and contributes to detrimental health consequences. Competing needs and hardships, such as food insecurity, water insecurity, and housing insecurity, result in tradeoffs where basic needs are prioritized and sometimes foregone (9, 114, 115). The stress from having to make trade-offs between basic needs for food, water, housing, and energy profoundly affects adult and child mental health (116, 117), which can exacerbate many kinds of physical health and social issues.

With food insecurity, the “heat or eat” dilemma occurs when households must decide whether to expend resources on proper nutrition or adequate energy services because they cannot access or afford both (28, 30, 118, 119). Often, this dilemma leads to undernutrition, especially during the winter and summer months when there are higher energy use needs when it has been found that low-income adults and children have decreased caloric intake compared to lower-energy use months in the spring or fall (28, 118). Other health impacts from food insecurity include acute hospital visits, poor diabetes control, developmental delays, fatigue, and behavioral issues in children (54, 120, 121). In response to high energy bills, people also opt out of medical and dental care, which can lead to worse health outcomes in the future (119).

Water insecurity is another co-occurring hardship. Water and electricity tend to be dependent on one another. On a large scale, hydroelectric dams need water and electricity to function, power plants need cooling water when there are high temperatures, and nuclear plants use large volumes of water (122–124). It is not only water that is needed for energy, but the other way around as well. At the community and household level, access to hot water can be encumbered by energy insecurity (30, 41). When concerned about the cost of energy, some residents may cut back on hot water use (30). Furthermore, water pipes can freeze if there is a fuel shortage or shut-off in time of freezing outdoor temperatures (31). Without water, people's ability to access energy reduces.

Lastly, housing insecurity is a frequently cited competing hardship to energy insecurity (22). The dimensions of housing insecurity include frequent moves, lack of housing options, homelessness, high housing costs, overcrowding, and unstable neighborhoods (125–127). Households that do not have enough money to afford high-quality housing also suffer from an inability to pay high utility bills, which can result in household debt owed to utility companies. Low-income families juggling financial hardships often prioritize other financial obligations such as paying for rent or groceries, seemingly more immediate needs, over paying off debt; this behavior can leave families in prolonged debt cycles (128). Debt owed to utility companies often prevents low-income households from moving because utility debts are not transferable (9), forcing residents to continue living in poor-quality housing. A home cannot be rented without a utility account in the renter's name, which is not possible if they have arrears at another address (9). Frequent moving is also a common form of housing insecurity. Low-income families are five times more likely than higher-income families to experience eviction, resulting in a move (50, 129). Evictions generally occur when rent prices increase beyond what a family is capable of affording. Utility shut-offs play an important role in housing insecurity, as they are often the precursors to eviction. In both instances, households may encounter the double burden of housing and energy insecurity (23). As gentrification spreads across US cities, urban housing affordability is unachievable for most low-income families, forcing evictions, moves, overcrowding, and an increase in homelessness, and while newer buildings often enjoy energy-efficiency upgrades, older homes and buildings, which are often less efficient and more expensive to operate from an energy cost perspective, do not receive such upgrades (64, 130). In short, energy cost burdens can increase housing affordability strains whereas lower energy bills can protect against high housing costs and promote residential stability.




ENERGY INSECURITY, HEALTH, AND COPING

Health issues are linked to energy insecurity. In particular, such direct health outcomes are often a result of indoor temperature extremes and inadequate energy access. Thermal stress occurs when residents are unable to heat or cool their homes properly, frequently due to unaffordable utility bills or an inability to access adequate services. As a result of inadequate home energy, residents resort to coping strategies, which, with chronic use, can be taxing and overburden resilience reserves.


Improvising and Coping Without Energy

Residents implement coping strategies to manage and respond to unmet energy needs; we consider this to be the behavioral dimension of energy insecurity. Despite the ingenuity and agency many people demonstrate in the face of suboptimal energy circumstances, these coping strategies have negative health implications. One such coping strategy is the use of emergency energy technology (i.e., generators), which is generally reserved for disasters but is often employed by energy-insecure households. Generator use is strongly associated with carbon monoxide (CO) fatalities, especially when the generator is placed incorrectly in the household (e.g., in the garage or outside of a bedroom window) (35, 37, 131). Even when placed correctly, generators constantly release CO, which in small, consistent doses can lead to cognitive decline, headaches, nausea, and dizziness. Maintenance issues can aggravate the health impacts of some coping methods, such as poorly maintained households exposing people to higher levels of toxins (50). For instance, some residents living in low-quality housing use unvented gas heaters as their primary heat source and/or hot air units that do not have ducts because they are unable to afford or access improvements. Both practices are associated with increased levels of nitrogen dioxide (NO2) and volatile organic compounds (VOCs), which exacerbate allergies and respiratory illness symptoms, create ear, nose, and throat irritation, and contribute to cognitive delays (51, 132). People also resort to avoiding energy sources in their homes or use extreme conservation strategies to reduce energy expenditure. For example, some avoid using a refrigerator, which is associated with undernutrition due to a lack of fresh food in the diet, and/or avoiding hot water use, which can lead to infections and hygiene-related illnesses. Other survival strategies include practices such as only heating one room of the house, going to bed early, and using low lighting (114).



Cold Stress and Coping

In the winter, cold homes due to a lack of proper heating lead to excess deaths and a number of health problems (13, 47, 69, 99, 100, 133, 134). Cardiovascular symptoms as a result of inadequately heated homes are a prevalent cause of medical issues (69, 135), and rates of hypertension increase in cold temperatures, which can lead to strokes and heart attacks (69, 74, 101, 135). The elderly and people that are already diagnosed with CVD are more at risk of heart attack and stroke due to cold stress (13, 47). Furthermore, research has found that arthritis symptoms worsen in cold homes (12). The rate of pneumonia and other infections, mostly among children, increases due to suppressed immune function from the cold (70), and upper and lower respiratory symptoms, such as coughing and wheezing, are worsened by the cold as well (69, 99, 100). Asthmatic residents and caretakers of asthmatic children living in inadequately heated homes report higher rates of poor well-being and more frequent hospital visits (27, 136). Alzheimer's patients have a higher rate of mortality from a combination of physiological and behavioral factors as a result of the cold (137). Poorer well-being and financial strain from an increased number of medical visits can exacerbate mental health issues, such as depression and anxiety, that may already be heightened due to the stress of energy insecurity (114).

In response to a cold home, many households cope by using alternative heating methods that have a direct impact on health (23). For example, using generators and stoves to provide heat also results in the release of toxic gasses such as NO2 and CO that can impair cognitive function, exacerbate respiratory illnesses, and cause mortality (35, 49, 51, 138–140). The use of space heaters or ovens as alternative heat sources can also increase the risk of fire and injury, which could potentially lead to displacement or death (23, 104).



Heat Stress and Forbearance

Heat stress occurs when households are unable to afford or access energy to cool their homes. The health effects from this type of energy insecurity, such as increased morbidity and mortality rates, are most often seen during heatwaves when excess heat from outside conditions creates heat stress (135, 141, 142). Cardiovascular issues such as heat strokes, hypertension, and heart attack, dehydration, hyperthermia, and nervous system morbidities are examples of health impacts that occur under heat stress (69, 135, 143). Other health effects include a higher likelihood of acute renal failure (42) and increased sleep disturbances as a result of the extreme heat in inadequately cooled homes, which can exacerbate mental health conditions triggered by the stress of energy insecurity (53, 57). This increase in morbidity and mortality is motivated by other social determinants of health that predict energy insecurity (142).

Coping mechanisms for dealing with heat stress have their own related stressors and issues. For example, opening windows for ventilation and relief from heat may seem like an easy, free solution to cool down warm homes; however, in neighborhoods that are perceived to be unsafe, many people cannot or do not travel to cooler locations nor do they leave windows open due to fear of crime and violence (141, 144). Furthermore, open windows expose households to noise pollution, particularly in urban areas where there is high traffic flow, which causes sleep disturbances and obstructed concentration on tasks (57). Open windows also increase the infiltration of outdoor air pollution, such as from motor vehicle exhaust, that is associated with respiratory and cardiovascular health risks (57).



High-Effort Coping and Resilience Reserves

Energy insecurity plays a role in depleting a person's resilience reserve (24). The resilience reserve framework offers a different lens than does past resilience research, which found that marginalized groups were less resilient because they had less social and material support and more life stressors (145). The resilience reserve framework argues instead that marginalized groups that contend with social, economic, medical, physical, and geographic vulnerabilities expend resilience resources to manage everyday hardships, leaving less opportunity to accumulate the psychological and material means with which to respond to and recover from large shocks such as extreme climate events (24). Therefore, after a disaster, marginalized groups have greater difficulties coping and rebounding, because they have already depleted their reserves. For example, years after Hurricane Sandy, which occurred in 2012, low-income NYCHA residents reported longstanding physical and psychosocial difficulties, citing the Hurricane's exacerbation of existing hardships and emotional trauma (24). Specifically, NYCHA residents cited the lack of electricity, heat, and functional elevators as a source of struggle, not just after the Hurricane, but before it as well. Housing, economic, and energy-related hardships had long been a source of chronic stress, constantly gnawing at their resilience reserve before the hurricane hit (24). One risk of an increased frequency of extreme weather events is the potential to exacerbate existing hardships and deeply impact the resilience capacity of vulnerable populations as they confront a growing number of social, economic, health, and energy challenges on a normal basis.




DISCUSSION

Energy insecurity is a multifaceted phenomenon with short- and long-term iterations influenced by social determinants and a changing climate, ultimately impacting health. This paper reviews existing literature in order to trace the pathways by which chronic and acute energy insecurity directly and indirectly result in various adverse health conditions. Our heuristic model is a unique contribution to the literature that intends to depict seemingly far-flung factors associated with energy, poverty, health, and climate change. We demonstrate the disproportionate effects on vulnerable populations and the mechanisms of household energy that lead to poor health and excess death. Contributors to acute energy insecurity include power outages, fuel shortages, supply issues, and shut-offs stemming from affordability challenges. For the most part, these acute issues are short-lived, though their impact can still be significant for short- and long-term health, well-being, and survival. Meanwhile, the fundamental causes of chronic energy insecurity are rooted in socioeconomic disadvantage as determined by race, income, educational level, position within the life course, and medical conditions that affect energy needs and dependency. It is also deeply affected by housing quality and the concentration of inefficient housing at the neighborhood level that is unfortunately closely patterned along the axes of social inequality and racial residential segregation. The literature suggests that the social determinants of health, housing characteristics, and neighborhood quality seem to predict and/or exacerbate household energy insecurity. As a result, residents turn to coping methods that can have a number of negative health consequences, such as toxic exposure from generators, fires from space heaters, noise pollution and crime from open windows, and many more. Energy production and infrastructure, both globally and locally, contribute to energy insecurity in terms of access and environmental degradation. High energy demand can strain systems, weather events can create power outages, and affordably issues can lead to shut-offs and arrearages. The result of such energy insecurity contributes to outcomes such as psychosocial stress and mental health issues, poor sleep, cardiovascular and respiratory issues, and heat stress, among others. These energy-related difficulties can also deplete people's resilience reserves, such that affected populations are less able to bounce back from acute and chronic hardships. In the context of climate change, more wear-and-tear on the energy systems, housing infrastructure, and population health seems inevitable.

The following discussion offers a critical analysis of the vast but disjointed literature on energy insecurity. One critique of the present literature is that much of it lacks an environmental justice framework, which should be integral to energy insecurity research, and we exemplify this issue by discussing the lack of intersectional consideration of the rising wealth gap, coupled with increasing urbanization, and energy transitions. Second, we explore connections to energy-related issues in the Global South. Although the Global South was not the focus of this review, energy-related issues are prevalent across countries in Africa, Asia, and Latin America and must be taken into consideration when designing interventions, because energy reform anywhere has global implications. Lastly, we discuss the current and future impact of climate change on energy insecurity and the need for greater consideration of climate change when conducting research on energy insecurity. We contend that the use of acute and chronic energy insecurity terminology can be helpful to researchers using a climate change framework because it separates the direct energy-related effects of climate events (acute) from more long-term effects (chronic).


Wealth Inequality, Urbanization. Energy Transitions, and Environmental Justice

As energy becomes more expensive and the wealth gap increases in the U.S., poorer households may have greater difficulty affording adequate household energy. The difference in the proportion of income allocated to paying for energy bills could grow wider between the rich and the poor; low-income households may increasingly spend a higher proportion of their income on energy bills, because energy bills may increase at a rate faster than does their income (22). In contrast, wealthier households may experience an increase in their income at a rate that can sustain the increased price of energy. Take, for example, the yellow vest protests in France, which were incited by increased fuel costs. Wealth inequality should be addressed in energy insecurity literature, not only to ensure that lower-income households can afford and access energy through evidence-based policy but because socioeconomic status plays a direct role in determining a persons' health environment beyond energy needs.

The growing wealth gap is influenced by the exponential influx of people to urban areas, which do not have adequate infrastructure to provide for the growing population. As urbanization increases, more people are expected to benefit from urban advantage—the idea that there are health benefits to living in urban vs. rural areas (146). However, higher-income urban residents tend to benefit more from the urban advantage, and more often, low-income residents are left in unhealthy, poorly maintained neighborhood and residential environments (146). Thus, poorer residents are left without support and endure intergenerational socioeconomic hardships that prevent families from accumulating wealth. Constantly coping with hardships is financially costly, and high energy bills can be an obstacle to saving money among low-income households (9). Higher-income residents, on the other hand, pay less of their household income toward energy bills and benefit from more efficient and comfortable living environments.

The growing wealth gap between black and white families could also worsen disparate racial impacts as it relates to the intersection of energy, health, and poverty (147, 148). Energy transitions from fossil fuels to renewables such as wind and solar may also contribute to a growing gap because white-collar businesses and wealthier households are able to control and obtain financing for renewable energy, whereas poorer, minority populations are unable to grow their use of renewable energy technology because the cost is prohibitive and access is difficult given the cost, lack of social capital, and lack of education around renewables (130). African Americans have been historically excluded from opportunities for social and economic mobility, and, in the energy sphere, they are also unduly burdened. The literature has failed to explicitly acknowledge the racial divides in energy-related hardship related to cost, comfort, and efficiency and the protracted uptake of the cleanest energy technologies among minoritized groups. It is important to recognize how an increasing wealth gap will perpetuate energy insecurity, further impacting the ability of low-income and minority families to afford adequate energy. Identifying racially based injustices has been critical to advances in environmental justice, and here too, we see a potential for greater analysis of the racial disparities in energy insecurity and related health and social outcomes.



Energy Insecurity and the Global South

While this review has focused on energy implications in the U.S. and the Global North, many of the same issues are relevant to the Global South. Few articles discussed in this review use a framework of intersectionality to discuss the burden that inordinately affects marginalized populations around the world. Research on global household energy insecurity that uses environmental justice and intersectional frameworks could more adequately analyze this topic. In the Global South, millions of households lack adequate energy sources (149). It is vital that we find methods to expand modern energy services to reach more of the population (150). However, more systematically speaking, energy is dispersed unjustly and inequitably around the world (151, 152). Some populations have greater energy access than they need, while others do not have enough (8). We know that reducing carbon emissions worldwide is vital for addressing climate change, but it is also important to address the unequal distribution of energy sources. Health impacts from energy poverty in the Global South exist partially due to limited access to modern energy technologies. One example is the increased risk of COPD and heart disease from air pollutants that stem from cooking with biomass fuels rather than using electric or gas stoves (7, 19, 153, 154). Households using biomass cookstoves, for instance, face the dilemma of inhaling toxic pollutants from cooking or not eating—both of which have significant health implications. About one-third of the world, almost entirely in the Global South, relies on solid fuel sources such as wood and crop waste for cooking fuel (5, 7). Burning solid fuels for cooking creates indoor air pollution, which is significantly associated with stroke, ischemic heart disease, COPD, lung cancer, and pneumonia. The health impacts of solid-fuel cooking disproportionately impact women and children, who are exposed to higher pollution due to spending a larger amount of their time cooking than do men. Of the 1.3 million COPD deaths among women, about 511,000 are attributable to indoor cooking pollution. In contrast, of the 1.4 million COPD deaths among men, a much smaller proportion−173,000 cases—are attributable to indoor cooking pollution (7). Increasing the prevalence of and access to cleaner fuels for stoves around the world could significantly reduce these negative health outcomes.

In the same way that people of color in the U.S. disproportionately experience energy insecurity, people of color and those living in lower-middle-income countries (LMICs) around the world disproportionately bear the burden of an inequitable global energy system. Globally, people of color bear the burden of household energy insecurity. To this day, 1.3 billion people, most of whom live in Asia, Latin America, and Africa, lack access to modern energy services (155). Of the total number of people lacking electricity access worldwide, 41.3% of the people live in African countries, 28.5% live in India, 27.3% live in other Asian countries, and 2.2% live in Latin American countries (155). Countries of color are also more likely to shoulder the impacts of climate change, though they are less responsible for carbon emissions and environmental degradation, and their ability to withstand and rebuild from weather events is lower than higher-income countries (156).



Climate Change and Energy Insecurity

The literature reviewed here does not adequately demonstrate a thoughtful link to climate change that goes beyond the concepts of adaptation and mitigation. Future research should examine the impact that climate change will have on energy insecurity. We propose that the concepts of acute and chronic energy insecurity may allow future researchers to expand upon and better evaluate the effects of climate change on household energy. Climate change worsens the direct and indirect health outcomes of energy insecurity and exacerbates cumulative risk, such that those already experiencing energy insecurity are most affected by climate events because they are less able to prepare for, respond to, and recover from disaster events (157). Communities that are most vulnerable to daily hardships are also most vulnerable to the impact of weather events, and the disparity worsens with repeated shocks from climate change (156). For instance, mortality from heatwaves disproportionately affects older, minority, and low-income residents who are less equipped socially, economically, and physiologically to withstand high temperatures. After the 1995 Chicago heatwave, there was clear demographic disparity in mortality rates—lower-income and older people died at much higher rates than the rest of the population (48). These populations were much more vulnerable to heat stress due to living in decaying housing, lack of access to medical services, and social isolation (48). Without movement toward addressing the world's substandard housing, medical, and financial systems, natural disasters could continue to disenfranchise marginalized populations, intensifying and worsening existing stressors. Though some of the literature critically appraised in this review discusses weather events, the vast majority did not explicitly discuss climate change. Research should incorporate and explore the detrimental implications of climate change when evaluating energy insecurity in order to better prepare for future climate scenarios.

While vulnerable populations tend to be hit harder by climate change-related weather events all people are affected by climate change. Climate change-related energy insecurity issues, therefore, could impact anyone regardless of socioeconomic status (158). Severe weather events will lead to acute energy insecurity such as power outages that can affect anyone. More frequent heatwaves will significantly increase energy demand, the need for expanded energy systems, dependence on household air conditioning for entire populations (45, 93, 141, 142, 159). Power outages from heatwaves and storms can put anyone at risk of medical difficulties. Furthermore, storms are increasing in frequency and severity allover the world, putting people at risk of cut off energy access. And regardless of socioeconomic status, people resort to using emergency energy systems (e.g., generators) or non-energy methods during storms or disasters, which puts residents at risk of CO poisoning (160). It is difficult for residents with chronic illnesses to withstand acute energy insecurity from storm-related power outages (141, 161). As shown in these examples, energy insecurity, particularly acute energy insecurity, may become more prevalent for all people as climate change worsens. Notwithstanding the importance of the issue, a demonstrable gap in the literature exists, given that only one-third of the sources included in this review discuss climate change in relation to energy insecurity.




STRENGTHS AND LIMITATIONS

This review paper was inspired by a desire to comprehensively understand the predictors and outcomes of energy insecurity. The household energy literature spans many disciplines and research methods. As a result, we drew from a large interdisciplinary pool of research in order to capture enough relevant sources on this topic. The broad inclusion criteria allowed us to find articles that spanned many disciplines and methods to give us a realistic look at the full range of the household energy insecurity literature. Though the breadth of information about household energy is a strength, it was also challenging in that it demonstrated a clear lack of cohesion and systematic guidelines around research on household energy. Therefore, making connections and critiques across these fields of research and sources presented a formidable challenge, though we have done our best to synthesize the literature and draw conclusions from it. The papers vary significantly not only in focus but in scientific quality and rigor—some are more descriptive in nature, while others are more empirical. Many of the studies were not rigorously designed, and for the most part, the literature proved to be quite underdeveloped overall. This review did not assess for quality or eliminate studies on the basis of potential bias. The challenge of a highly dispersed evidence base led us to develop our heuristic model, which attempts to conceptually unify the literature on household energy and health.



CONCLUSION

When considering the substantial impact that inadequate household energy can have on population health, we recognize the need to adopt policies and practices that protect people from energy insecurity. This review sought to highlight how energy needs are important for all aspects of daily living and for protection against the effects of acute insecurities in the context of climate change. Climate change threatens life on earth as we know it, and our collective vulnerabilities to energy hardship need to be addressed with extreme urgency (162). By using energy insecurity as a framework for understanding the nexus of effects of unmet household energy needs, we can draw connections between the direct effects of inadequate household energy, such as hypertension from a cold home, and how social vulnerabilities and co-occurring hardships contribute to the problem. With this broader framework, we can begin to understand how policies that address food insecurity, housing insecurity, structural and institutional racism, neighborhood segregation, education inequality, income inequality, and so many other social issues, will also affect energy insecurity and together impact population health. Studying the energy–health–justice nexus through the lens of acute and chronic energy insecurity presents a novel and innovative direction for public health research, advocacy, and policy that can be used to improve the health of people in the U.S. and around the world.
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Testing is the entry point into the HIV care continuum that includes linkage to and retention in prevention services, and adherence to prevention strategies, including repeat HIV testing. Despite US policy approaches to expand HIV testing to diverse clinical care and community settings, disparities in HIV testing among Black populations persist. Foreign-born (FB) Black persons from the Caribbean have higher annual rates of HIV diagnosis and a higher percentage of late-stage HIV diagnosis, compared with US-born Black persons; and most HIV infections among FB Blacks are among men. In this article, we provide an overview of HIV testing barriers among FB Black men who engage in HIV risk-taking behaviors (e.g., condomless sex with male and/or female partners of unknown HIV serostatus). Barriers to HIV testing for both FB and US-born Black men, include HIV stigma (anticipated, perceived, internalized), low perceived HIV risk, medical or government mistrust, and perceived low access to testing resources. We examine beliefs about masculinity and gender roles that may perpetuate heteronormative stereotypes associated with perceptions of low HIV risk and barriers to HIV testing. We also discuss the impact of recent immigration policies on accessing HIV testing and treatment services and how intersectional stigmas and structural forms of oppression, such as racism, prejudice against select immigrant groups, and homophobia that may further amplify barriers to HIV testing among FB Black men. Finally, we review comprehensive prevention approaches, and suggest innovative approaches, that may improve the uptake of HIV testing among FB Black men.

Keywords: intersectional stigma, foreign born, Caribbean men, HIV testing barriers, stigma-reducing interventions


INTRODUCTION

In the United States (US), foreign-born (FB) persons, defined as individuals who were born outside the continental US and its territories, and naturalized citizens, comprise only 13% of the country's population, yet FB individuals face barriers to accessing health care that may lead to poorer HIV disease outcomes (1, 2). FB persons account for 16% of new HIV infections in the US (2); however, FB Blacks from the Caribbean and Africa have higher annual rates of HIV diagnosis, and late-stage HIV diagnosis, compared to US-born Blacks and FB Whites, thus highlighting disparities due to race and immigration status (3, 4). FB Black men who engage in HIV risk-taking behaviors, including men who have condomless sex with female and/or male partners of unknown serostatus, often reside in metropolitan areas with high HIV prevalence and are less likely to test for HIV than other groups with similar HIV risk behaviors (5, 6).

Universal HIV testing, coupled with regular testing among groups that engage in HIV risk-taking behaviors, is a foundational element of HIV control. Since 2006, the Centers for Disease Control and Prevention (CDC) has recommended universal screening for HIV, and that individuals who engage in HIV risk behaviors should test at least annually, with additional screening as warranted based on risk behavior (7–10). Testing is the entry point to the HIV continuum of care that includes diagnosis, linkage and engagement in HIV medical care, and initiation and adherence to HIV antiretroviral therapy (ART) to achieve viral suppression (10). The UNAIDS, WHO, and the US through the National HIV/AIDS Strategy have set goals for 2020 to improve diagnosis rates among people living with HIV (PLWH), initiate therapy, and achieve viral suppression; all include the goal of having 90% of PLWH aware of their serostatus (11, 12).

Increasing the proportion of persons with HIV aware of their serostatus is the goal of the UNAIDS 90-90-90 treatment target in 2020 (13) but subgroup disparities in HIV testing undermine achieving this goal. For populations with HIV risk-taking behaviors, regular testing is critical, given that most individuals reduce HIV transmission risk behaviors following an HIV diagnosis, that early ART treatment reduces risk of transmission to sexual and drug using partners by lowering viral load, and at an individual level lowers risk for AIDS-defining illnesses and death (14). Additionally, improved screening and detection of HIV at the community level leads to lowered community viral load and a reduced proportion of persons in a potential partner pool with detectable viral load (15), ultimately reducing societal-level suffering and costs associated with HIV/AIDS (16). Despite policy approaches to expand HIV testing to diverse clinical care settings, to implement “opt out” procedures for integrating HIV testing into other standard screening approaches, and to mount community-level campaigns to increase awareness about the importance of HIV screening, disparities in HIV testing among Black populations, especially Caribbean men, persist (17–19).

In Brooklyn, New York (NY), which has the largest Caribbean community in the US, the highest percentage (33%) of new HIV diagnoses are among FB Caribbean individuals, 75% of whom are men (20). New York City (NYC) recently achieved the 90% HIV testing federal goal (21); however, HIV screening among FB Black men with HIV risk-taking behaviors remains suboptimal. Numerous studies have found that late HIV testing is common among FB individuals from the Caribbean (3, 22, 23). Risk factors that adversely affect HIV testing among Black men with HIV risk behaviors, including FB Black Caribbean men, are complex and comprise individual, interpersonal, and structural-level barriers. For example, gender norms surrounding masculinity may impact sexual stereotypes (and associated behaviors) placed on Black men who have sex with men (MSM), along with HIV/STI testing behavior and communication (24, 25). Indeed, culturally oppressive heteronormative gender roles and ideologies perpetuate transmission risk associated with masculinity (26, 27). In addition to oppressive gender norms ascribed to Black men surrounding HIV transmission risk, individual barriers to testing include low perceived risk, endorsing HIV conspiracy beliefs, and perceived low access to testing (26, 27).

Since the inception of the global HIV/AIDS pandemic, there has been a parallel pandemic of stigma and discrimination fueled by blaming the “dangerous infected other” (28). Dr. Jonathan Mann called this the “third level of the AIDS pandemic” (29, 30) and stated that “discrimination is found not only to be [sic] tragic results of the AIDS pandemic, but to be the root societal cause of vulnerability.” HIV stigma, distinct from HIV discrimination, is the ascription of negative attitudes, beliefs and stereotypes about PLWH as undesirable due to fears of contagion, death, or affiliation with “spoiled identity” (31) that diminishes social status, health and wellbeing and produces harmful social consequences (32, 33) and health disparities (33). Fears of loss of privacy, social support and being ostracized due to HIV stigma have had a negative impact on preventive behaviors [e.g., condom use or anti-retroviral therapy (ART) adherence] and has hampered the uptake of HIV testing (34, 35). Internalized HIV stigma has been associated with sexual transmission risk behaviors, including condomless sex (36, 37) and lower likelihood of regular HIV testing (38, 39). HIV screening among FB Black men is influenced by HIV stigma, primarily as it relates to having prejudiced attitudes toward PLWH that perpetuates fears of the social consequences with an HIV diagnosis (40).

Guided by an understanding of intersectional stigma and an ecological model of social determinants of health, this review explores how FB Black Caribbean individuals who inhabit multiple and intersecting stigmatized identities face additional barriers to HIV testing (41, 42). In this review, we also examine gaps in HIV testing initiatives and describe potential novel approaches to lessen barriers and intersectional stigma and develop sustainable HIV testing, treatment, and care programs for this marginalized priority population.



FB PERSONS WITH HIV IN THE US

FB persons with new HIV diagnoses, compared with newly diagnosed HIV-positive US-born persons, have different group characteristics due to factors related to their immigration pathway, education, health status, local social networks, and the specific risk factors that characterize the global HIV epidemic (5, 23, 43, 44). FB persons with HIV include skilled workers and students pursuing college or graduate training, while other FB persons have become naturalized citizens or immigrate because they have family members that are US citizens or have strong social networks in place in the US (2). The most vulnerable FB individuals with HIV are those that come as undocumented migrants, asylum seekers or refugees who, based on their vulnerable status, have been exposed to political or discriminatory violence due to sexual orientation; some also experience sexual abuse and HIV exposure (45, 46). How vulnerable FB immigrants arrive in the US also impacts how they access health information, insurance, and health care, increasing for some the risk of HIV exposure (47, 48).

Until recently, there was little information about FB Black persons because they were often subsumed under the singular racial category of being “Black.” Ojikutu, Nnaji et al. argued that “All Black People Are Not Alike” in HIV surveillance data and that to explore the epidemiological diversity and more accurately identify HIV prevalence within Black immigrant subgroups, we must disaggregate racial categories by country of birth (23). Thus, grouping US-born and FB Blacks into a single homogeneous racial category masks important sociocultural, linguistic and historical differences that influence health behaviors but also ignores the important impact that migration can have on FB Black's health-seeking behaviors, including HIV testing (49).



HIV INFECTION AMONG FB CARIBBEAN BLACKS

HIV disproportionately affects FB Black men in the US who engage in HIV risk behaviors (2–5, 50, 51). In a modeling analysis, the CDC projected that approximately 4,275 FB persons with HIV could immigrate each year to the US (95% CI, 966-5768 persons), assuming that mostly healthier persons would be able to immigrate and that a more accurate prediction may be the lower end of the confidence interval (2, 52). With regard to Caribbean countries of origin, Haiti and Jamaica had the second and eighth highest total number of HIV diagnoses among FB and permanent residents in the US, respectively. California, Florida, NY, and Texas have the highest numbers of FB persons diagnosed with HIV and highest percentages of overall HIV cases in the US (3). In 2016, FB Black individuals from the Caribbean accounted for 22% of new HIV diagnoses in the US, and 70% of those new diagnoses were among FB MSM compared to 75% of US-born men who acquired HIV through MSM contact (2); and 39% of new infections were attributable to heterosexual behavior compared to 27% among US-born persons (2, 3). One study found that Black West Indian men were less likely than were US-born Black men to report non-regular partners (53). Using data from the NYC HIV surveillance registry and American Community survey, another study determined that 61% of FB infections occurred in the US (51); and that the likelihood of the acquisition of HIV in the US was higher for FB males than FB females (68 vs. 50%), and higher for FB MSM (76%), thus highlighting the urgency to promote HIV prevention among new immigrant groups (51).



FB BLACK MEN AND MULTI-LEVEL BARRIERS TO HIV TESTING

Late HIV testing is common among immigrants from the Caribbean (3, 4, 6, 22, 23, 43). Despite late presentation to HIV care, studies have shown that among FB persons there was no difference in retention in care or virologic suppression compared to US-born persons (54). In the US, factors that account for disparities in HIV screening among Black men with HIV risk behaviors (5, 55–57), including FB Black Caribbean men, are increasingly known (6, 22). Disparities in HIV testing among both US-born and FB Black men with HIV risk behaviors are associated with poor socioeconomic status and greater income inequality (58), poor access to health services (59), decreased access to HIV screening and treatment services (60), delayed health screening (61), and lower engagement with existing social services and related prevention services (62–64). However, numerous studies have noted that differences in HIV testing patterns between FB Black and US-born Blacks are also influenced by nativity (5, 23, 43). Lower levels of HIV testing among FB Black men with HIV risk behaviors, as compared to their US-born male counterparts, is also influenced by differential access to HIV testing and knowledge of how to access testing, lower health insurance coverage (65), and lower familiarity with the US health care system (6). In a recent assessment of 875 Black men with HIV risk behaviors in Brooklyn who reported multiple female partners and condomless sex in the past 6 months, 76% were FB Blacks and only 51% reported HIV testing in the past year (56). Reasons for low HIV testing rates among FB men have included privacy concerns and misconceptions about HIV transmission (66). Another study found that barriers to HIV testing for recent vs. long term immigrants were also due to health access, fatalism and anticipated HIV stigma (6). Among FB Black men with HIV risk behaviors, the benefit of testing more frequently than annually is unknown (67) and warrants investigation, especially since Caribbean men are likely to acquire HIV in the US. Multi-level factors related to immigration status may further undermine FB Black men's access to HIV screening in the US (Table 1).


Table 1. Multi-level factors influencing HIV screening among FB Black men with HIV risk behaviors.
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Structural and Policy-Level Factors

A policy-level factor that undermines access to HIV testing for FB Black persons was the removal of HIV testing at US points of entry, which was an unintended consequence of the repeal of the 22-year HIV immigration ban in 2010 (69, 70). The HIV immigration ban, which was first instituted in 1987, prevented non-US citizens with known HIV diagnoses from entering the country (71). The ban permitted the exclusion, removal or deportation of PLWH from the United States. Although the repeal of the HIV immigration ban was considered a watershed moment in eliminating HIV stigma and exceptionalism for PLWH in the US, that repeal of the ban may have inadvertently created more missed opportunities for early diagnosis (69). The repeal of the ban eliminated mandatory HIV testing as part of the physical examination and consequently removed access to free screening at all United States' points of entry. Following the repeal of the ban, the rate of HIV infection among FB individuals rose, especially among persons from the Caribbean. One study found that between 2011 and 2015, the highest rates of HIV infection (8.4%) were among Caribbean men (18).

Two other policy-level barriers to HIV testing for immigrants are restrictions to access Medicaid, and anti-immigrant, anti-Black racism and HIV criminalization laws (72). In the US, legal immigrants are restricted for 5 years after their arrival from accessing federal health benefits, such as Medicaid (73). For the FB Black man unaware of his serostatus, a 5-year delay in access to Medicaid and HIV screening increases the likelihood of HIV transmission. For a FB Black man living with HIV, 5 years without access to antiretroviral therapy could be devastating to his health. The lengthy process for establishing residency or citizenship status to legally work or access health care can further delay access to health care and HIV testing (73). Breanne Palmer (74) argues that anti-immigrant and anti-Black racism in the US legal system has resulted in a disproportionate mass criminalization and deportation of Black immigrants from the Caribbean, compared to immigrants of other races (75). Using public records on US Deportation proceedings in immigration courts, Palmer found that 20.3% of FB individuals deported for committing a crime were Black (74).

Another legal scholar, found that under the illegal NYC “stop and frisk” policy those racially profiled were mostly Black and Latino men, and 98% were deported and 75% of those deportees were male (76). Tanya Golash-Boza (76), whose research focuses on Caribbean populations, found that 10% of deportees in the US were Jamaican, who make up only 2% of legal permanent residents. Police cooperation with Immigration and Customs Enforcement (ICE) in non-sanctuary cities under President Trump's administration has fostered ambivalence and mistrust of the police in Black immigrant communities (77–80). There is evidence that some migrants underutilized HIV testing resources because of misconceptions about immigration laws and that seeking care or a positive test could result in deportation (81, 82). HIV criminalization laws that broadly penalize alleged or perceived non-disclosure of, and exposure to, HIV and non-intentional HIV transmission with incarceration can be an even more detrimental policy-level barrier to HIV screening (83, 84) among FB Blacks because being convicted of a crime can be grounds for deportation. And those deported may likely have even fewer HIV prevention resources available in their home countries.



Societal-Level Factors

Societal barriers to HIV testing that are specific to FB Black men include anti-immigrant bias, oppressive heteronormative gender roles, and masculine ideologies. Studies have found that xenophobia undermines mental health; however, little is known about xenophobia as a social determinant of health. In an integrative review of the literature, Suleman et al. (85) found that, globally, xenophobia is a “political threat” that can have a deleterious impact on the health and wellbeing of immigrant communities. A well-documented example of stigmatizing or ostracizing a population is the US medical, political, and social response to Haitian-Americans and Haitian immigrants during the 1980s and 1990s when HIV/AIDS was more of a death sentence (86–89). Anti-immigrant rhetoric in the US in the past and present strives to stigmatize and alienate people from other countries. The anti-immigrant racism that resurfaced prior to the 2016 presidential election and became manifest in new discriminatory policies are thought to limit access to health resources and increase racial and ethnic health disparities among immigrant groups and undocumented persons (90). Morey (91) argues that “immigration policy is also ‘health policy”’ and:

“When immigration policy responds to the worst sentiments of anti-immigrant bias with punitive action, disparity-inducing health consequences follow. When this happens, the vision of Healthy People 2020 of “a society in which all people live long, healthy lives” is compromised. We must recognize how the xenophobic and racist underpinnings of the current anti-immigrant environment contribute to widening health disparities (91).”

Oppressive, heteronormative gender roles and masculine ideologies are key structural barriers to HIV testing among FB Black men (92). Indeed, oppressive beliefs about masculinity, heteronormativity, and heterosexism have been found to be barriers to HIV testing, not only for gay and bisexual men, but also for heterosexual men (39, 93). Gender norms within the Black Diaspora are strikingly similar and create both barriers and facilitators to HIV testing that could include: a man's fear of losing his marriage and ability to provide for his family with a positive HIV test result; fear of being blamed for the spread of HIV; internalized feelings of shame; the perception that clinics are a female space and that “real men” don't go to doctors because it highlights their weakness instead of stoicism and self-reliance; threats to masculinity due to fears that a positive HIV screen might curtail their sexual prowess; and/or being exposed for infidelities, or philandering behavior (94). Mburu et al. argued that HIV stigma “threatened masculine notions of reputation and respectability, independence and emotional control, while it amplified men's risk-taking” and influenced men's participation in HIV services (95). In many African communities, to reveal that one is sick is a stigmatized identity, which extends beyond the individual to the family (96). The stigmatizing sick self is perceived as more severe for men due to the association of sickness as the antithesis of masculine strength (97). Mburu et al. (95) also found that seeking HIV prevention services, or any type of health care, meant that they publicly accepted the stigmatized sick role. Community-level interventions that fostered contact or visibility with the disaffected groups and targeted negative stereotypes have proved effective in reducing HIV stigma and homophobia (98).



Community-Level Factors

Community-level factors that impact HIV testing for both FB and US-born Black men include HIV-associated stigma (99–103), low normative expectations regarding HIV testing (53, 104), and endorsement of HIV conspiracy beliefs and medical and/or government mistrust (66, 105) that are rooted in historical societal abuses, which create distrust in HIV screening services and higher refusal rates when routine testing is offered (106, 107). However, distinct to FB Black men, there is the challenge of assimilating to US culture and society that may similarly create barriers to access to health prevention screening (108–110), including HIV testing. The process of migrating to another country and cultural system is stressful and often impacts community health outcomes (111–113), including HIV risk behaviors and low HIV screening (114). Losing access to protective social networks are thought to be driving factors of increased vulnerability to HIV infection (115–117). Migrants have fewer economic, cultural and psychosocial resources and often experience difficulty coping with stressful changes of living in another country, which may increase sexual risk behaviors (6). One study found that FB and US-born differences in HIV test-seeking and HIV prevention services are likely due to FB status and the loss of protective, pre-migration sexual networks (49). A study in Canada among Muslim immigrants found that longer time spent in a new country increased knowledge but decreased likelihood of HIV testing (118).

Acculturation has been found to be a key driver in HIV-related sexual behaviors and among immigrants (50, 114, 119–122). A systematic review and subset meta-analysis (119) found that immigrants with high levels of acculturation was associated with condomless sex, sexually transmitted infections (STIs), multiple partners and early sexual debut. They also found that gender moderated the relationship between acculturation, condomless sex, and STIs, and that the relationship between acculturation and condomless sex also varied across different ethnic groups (119). Despite these findings, a key limitation of this study is that most studies examined focused on Hispanics and Latinx samples or female immigrants. Saint-Jean et al. (50) found that the challenges of acculturation in the US and poverty have placed Caribbean-born Black immigrants at higher risk of substance abuse and HIV infection. Despite these challenges, other research has also shown that social integration and political empowerment for some Caribbean communities, including the Haitian and Jamaican communities in NY, has fostered wellbeing (123, 124).



Individual-Level Factors

Individual-level factors known to lower HIV screening among FB Black men include: lower knowledge of HIV transmission, lower perception of personal or partner HIV risk, reservations or fears about breaches of confidentiality, and potential societal consequences, lack of knowledge about where and how to access testing, speaking a language other than English, low income, no regular provider due to a lack of familiarity with US healthcare system, and recent immigration (6, 125, 126). English-language proficiency is also a known barrier to accessing HIV testing and health care in general (127). Francophone and Haitian immigrants in Brooklyn face greater challenges to accessing health care because of less English fluency and undocumented status (128). Language and cultural barriers can make it harder for many FB individuals to access information about HIV prevention and where to access HIV screening (129). Second, FB Black men are less likely to have a usual source of care or to utilize general preventive care services (130, 131), and are therefore less likely to have routine HIV screening offered, with the exception of men who are currently incarcerated and receive mandatory HIV screening (132, 133). A lack of familiarity with how to navigate the US health care system and system of Medicaid entitlements is another key barrier to accessing HIV prevention and screening services (134).




INTERSECTIONAL STIGMA

Building on the pioneering theory of intersectionalities (135, 136), the framework of intersectional stigma links exposure to oppression with experiences of stigma (137). Individuals with anticipated, perceived, enacted, or internalized HIV stigma often inhabit various marginalized social identities; and have exposure to multiple forms of oppression, known as intersectional stigma. Forms of privilege and oppression intersect with HIV (138, 139), and other stigmatized social identities, such as race and ethnicity, nationality, gender identity, sexual orientation, sexual practices, mental health, and addictions that may increase the cumulative burden of psychological distress (140), contribute to poor clinical outcomes (141) and create disparities in HIV screening (141, 142), especially among Black men (143, 144). However, stigmatized identities have often been analyzed in isolation, ignoring the convergence of intersecting forms of stigma or multiple stigmatized identities that is the reality for many individuals and groups (145). FB Black gay and bisexual men at-risk of acquiring HIV who have low levels of HIV screening (141, 142) may experience layered or intersectional oppression due to racism, anti-immigrant bias, homophobia, and HIV discrimination at work, home, in their communities, as well as while accessing healthcare and HIV screening services.


Racism: Being a Black, Cis-gender Man

FB Black men experience perceived or anticipated racial or ethnic discrimination in health care settings (61, 146). The influence of perceived racism on HIV testing is not well understood and studies have found mixed results. For example, some studies have found that perceived everyday racism or beliefs in racialized conspiracy theories may improve the likelihood of HIV testing, while other studies have found that perceived healthcare-specific racial discrimination or government/medical mistrust is not a major barrier contributing to the sub-optimal frequency of HIV testing (105, 106, 147, 148). One study found that perceived racism was not inherently detrimental and that it may increase the likelihood of HIV testing and early detection of HIV infection. A clinic-based study in North Carolina found that 90% of the sample had experienced perceived racism and that it was associated with higher odds of HIV testing (147). Alternatively, perceived racism and medical mistrust were found to undermine PrEP awareness and uptake in Black compared to White gay and bisexual men (149). Racial discrimination has also been found to predict lower adherence to HIV treatment (150). One study found that conspiracy beliefs related to pre-exposure prophylaxis (PrEP) were reported more frequently among Black men and transgender women who have sex with men compared to their White counterparts, and that there is an urgent need to address racial medical mistrust so that individuals at risk will understand the potential benefits of PrEP, a highly effective biomedical strategy for HIV prevention (151).



Racism and Xenophobia: Being a Black Caribbean Man

Anti-immigrant rhetoric before and after the 2016 presidential campaign fueled xenophobic fears that worsened racial and ethnic disparities, especially among Black undocumented immigrants (91). The anti-immigrant campaign slogan, “Build the wall” supported enthusiasm for the implementation of stringent immigration policies along the US-Mexico border and the Executive Order 13769, entitled Protecting the Nation from Foreign Terrorist Entry into the United States, which was also known as the Muslim ban (152, 153). Research suggests that community-level prejudice and xenophobia also increased mortality among immigrant groups (154). Most studies have focused on hate crimes (155–158), especially among transgender and gender-nonconforming individuals (159–161), or police violence and Black Lives Matter before and after the 2016 election (162–165). Seminal studies are now reporting that anti-immigrant policies and sociopolitical stressors are impacting maternal health. Two studies found an association between preterm births among US Latina women and the 2016 presidential election (90, 166, 167).

The global HIV/AIDS pandemic prompted a dubious epidemic of discrimination and racial prejudice. Nations experiencing the pandemic have blamed the “other”—those foreigners or marginalized groups within their society—in order to relocate the source of the deadly contagion safely outside the boundaries of the national identity. In 1988, Dr. Jonathan Mann (30) referred to this process of “shifting the blame” onto the “outsider” as the Third Level of the AIDS epidemic. The first level was (and continues to be) the “silent” and undetectable suffusion of HIV infection; followed by the inevitable second tier, which is the visible physical manifestation of the disease syndrome. The third level of the AIDS epidemic is defined as the concurrent epidemic of “blame” and “accusation” (87), in which the “social, cultural, economic, and political reactions to AIDS…[is]… as central to the global AIDS challenge as the disease itself” (30). These social beliefs and fears of contagion, and its causal transmission have resulted in the social control, surveillance, and stigmatization of those infected and afflicted, compromising their right to public health and civil liberties. Today, there is a dearth of research on the intersection of xenophobia, racism and HIV stigma or HIV testing; however, we could speculate that there continues to be an epidemic of blaming the foreign other. More research is needed to explore the impact of anti-immigrant bias on perceived HIV stigma and low HIV testing.



Homophobia and Racism: Being a Black, Gay, or Bisexual Man

Since the beginning of the HIV epidemic in the US, homophobia has been central to the parallel pandemics of stigma and discrimination (168). However, understandings and experiences of homophobia vary across cultures. Studies have also found a synergism with racism and minority sexual orientation status. Layered or intersecting stigmas due to racism, homophobia, and HIV have made those individuals who are “triply cursed” reluctant to pursue HIV testing (169, 170). In several studies, researchers found that implicit racist and homophobic biases among health care providers may limit access to PrEP among those patients most in need. A study among medical students found that a prevention paradox in their lack of willingness to prescribe PrEP was inconsistent with patient risk and may have been impacted by implicit racial bias (171). Using data from the Urban Men's Health Study, another study found that the combination that racism and minority sexual orientation status has impacts on Black MSM's encountered everyday racism, and thus Black MSM have a less positive experience with the gay community than their White counterparts (172).

A similar study found that Black MSM encounter racism and a less positive experience within the gay community than their White counterparts, suggesting that racism may shape the extent to which gay community affiliation serves as a protective factor against HIV for Black MSM (173). In a qualitative study in Boston (MA) and Jackson (MI), Cahill et al. (149) found evidence that providers and health departments are not adequately addressing medical mistrust among Black gay and bisexual men and other MSM. Black HIV-positive MSM who experienced greater racial discrimination were found less likely to achieve viral suppression compared to Latino HIV-positive MSM (174). Identifying particular sources of perceived racism in health care settings or circulating conspiracy discourses in the Caribbean immigrant community would help to tailor HIV testing strategies for FB Black men.




APPROACHES TO REDUCE STIGMA OF HIV TESTING

UNAIDS recommends that every nation's HIV response should include specifically targeted programs to reduce stigma (175). A review of stigma interventions (176) shows that stigma can manifest on multiple levels, including the intra-personal (e.g., individual-level interventions that aim to reduce the impact of stigma by changing behavior, attitudes, or psychosocial outcomes), interpersonal (e.g., small group-level interventions among individuals who may or may not share the same stigma status, such as HIV serostatus discordant couples), and structural-level (e.g., mass media, change in government or institutional policy). Stigma-focused interventions have generally been delivered in-person; while demonstrating efficacy, these interventions have been implemented on a relatively small scale (177). HIV prevention interventions that include Black MSM have included stigma as an intervention topic (178–180) and a growing number of eHealth interventions have been developed for Black MSM (178, 181, 182) but few interventions have addressed intersectional stigma (169, 183). To date, there are few effective interventions for cis-gender, gay or bisexual FB Black Caribbean immigrant men to promote HIV testing (18). We conducted a review of evidence-based interventions and identified six interventions, ranging from individual to community-level, which target different determinants of HIV prevention and testing, some of which also address stigma.


Self-Testing

To date, few effective interventions exist for FB Black-Caribbean immigrants to promote HIV testing (18). HIV self-testing via the OraQuick In Home HIV Test does not require interfacing with a clinical setting and has been found to increase self-testing in cohort studies and clinical trials (184, 185). Self-testing for HIV is hypothesized to also reduce the impact of HIV stigma and possibly HIV conspiracy beliefs on testing behaviors (186, 187). However, the prohibitive cost of OraQuick limits its sustainable use in resource-poor settings where many live below the federal poverty line. In addition, the high false-negative rate and inability to detect acute HIV infection are limitations of OraQuick (188). An alternative stigma reduction strategy for HIV self-testing is via Dried Blood Spot (DBS) self-collection kits (189). DBS home collection is currently used for research and clinical purposes to improve access to HIV testing in low-resource settings where access to healthcare and advanced lab techniques are limited (190, 191). DBS self-collection is becoming more common in the US and has been used successfully for self-collecting blood samples for laboratory-quantified viral load among MSM (192). DBS self-collection may become a lower-cost option for collecting blood and mailing the specimen for laboratory-based HIV testing.



Health Education in the Clinic

Health education interventions can inform both stigmatized and non-stigmatized groups about health issues and reduce perceived stigma by normalizing educational information as part of a general health care visit. A study by Armstrong et al. (193) found that low income Black and Latino men who received the educational intervention reported lower sexual risk and greater sexual health knowledge and health behaviors three months after the intervention. A part of the aforementioned educational intervention is to “teach back,” where the provider teaches the patient health information and then asks the patient to explain what they learned. Healthcare practitioners routinely include “teachable moments” during routine visits to educate patients.

Aung et al. argue that provider-initiated testing and counseling may be the most promising because they foster trust in both the provider and in health systems (82).



Individual Counseling

Counseling and referral for social support services can be used to provide basic prevention information to screen for unmet needs related to housing, mental health services, and substance use care, and can facilitate navigation to these services (194, 195). These approaches address the HIV screening determinants of HIV transmission and prevention knowledge, address gaps in access to HIV prevention information in this group, and can address gaps in care for unmet service needs. Contact with PLWH is another established and evidence-based strategy to reduce HIV stigma because it can dismantle harmful stereotypes and generalizations that perpetuate fear and misunderstanding (42).



Active Recall

Brief screening reminders (“active recall”) can promote regular HIV testing (196). In a randomized controlled trial of MSM receiving STI services in Australia, brief automated reminders to engage in testing increased HIV/STI screening to 64% as compared to 30% in a comparison group. A recent review of interventions using this approach revealed no methodologically rigorous evaluations among men with HIV risk behaviors (196). Thus, there is a need to conduct HIV prevention research with FB Black men, and other at-risk populations, to determine the feasibility of automated reminders for health screening. If feasible, this methodology would be cost-efficient (e.g., it is automated and would not require much human effort; the cost per text is low or included in most phone data plans), highly scalable (e.g., most individuals have a mobile phone), and sustainable.



Male Social Spaces

Barbershops are a natural site for the conduct of health programs on stigmatized issues, including HIV testing. Most FB Black men with HIV risk-taking behaviors are likely to visit a barbershop on a regular basis. In addition, barbershops are typically located in the customer's own neighborhood, allowing public health efforts to focus on prioritization of high-risk geographic areas. Barbershops are trusted community venues for men, and since Black men are less likely than other subgroups to be exposed to more traditional sources of HIV information, such as clinical settings and faith-based organizations (197, 198), they may be more likely to interface with a barbershop than a clinical care setting. Studies have demonstrated the feasibility of partnering with barbershops for HIV prevention efforts, as described in a recent review (198). A recent community-based study in NYC demonstrated success in developing barbershop alliances for recruiting Black men (including 35% FB Black men) for HIV testing programs (199). Thus, partnering with barbershops may be a viable community level approach to increase HIV testing uptake.



Access to Healthcare Services

Changes in healthcare policy can serve as a structural-level intervention by increasing access to care on a population level. Recent changes in legislation have increased access to healthcare, including the Affordable Care Act (2010), to reduce the number of uninsured individuals. In 2015, the Centers for Medicare & Medicaid Services (CMS) expanded HIV testing coverage to individuals between the ages of 15 and 65 years (200); however, this does not include undocumented immigrants. The Ending the Epidemic (ETE) federal initiative aims to reach groups living with, or at-risk for, HIV with testing and treatment initiatives (201). A recent report by AIDS United (202) provided a framework through which the ETE could effectively reach populations at highest risk of HIV infection, including documented and undocumented immigrants; this included recommended policy changes to include undocumented immigrants in federal HIV testing programs, such as CMS. It is important to note that some changes in healthcare policy have been the result of lobbying by individuals, groups, or corporations, which shows that those who lobby for health care rights can be a catalyst for change in access to services, including HIV testing (203).



Community-Level Campaigns

Mass media campaigns serve to educate and expose populations to conditions or topics that may be stigmatizing. However, some community-wide media health education campaigns have inadvertently been stigmatizing. A review of US STI prevention and testing mass media campaigns published between 2000 and 2014 cited stigma as the first issue that can impact STI testing and treatment (204). The review found that the campaigns reached 66% of their target populations, on average, and were feasible for reaching at-risk or high-risk populations who may not be reached via the healthcare system or similar services. The authors reported common elements of effective mass media campaigns: obtaining feedback from the target audience to understand the needs of the population and appropriate health messaging; having a theoretically based design; training media staff who run the campaign and interact with the population; reaching the target population with culturally informed messaging through multiple venues such as online, apps, magazine ads, and public transportation billboards; establishing or using existing community partnerships that will provide the services (HIV/STI testing, counseling, etc.) and funds to offer “swag” (e.g., branded condoms, lip balm, t-shirts) in order to legitimize and promote the campaign brand; continual process evaluation to adapt and improve the campaign in real-time; conducting an outcome evaluation to measure the public health impact (e.g., HIV testing rates at specified partner locations before, during, and after the campaign); and continued financial support (via grants or fundraising) to maintain the campaign and its impact. A notable finding from this review was that many of the campaigns did not have rigorous evaluation designs (i.e., no control condition), which is critical to measuring the relative success of a public health campaign.

HIV prevention interventions that include Black MSM have included stigma as an intervention topic (178–180) and a growing number of eHealth interventions have been developed for Black MSM (178, 181, 182), but few interventions have addressed intersectional stigma (169, 183). Stigma-focused interventions have generally been delivered in-person and have been implemented on a relatively small scale (177). In order to address various forms of stigma (e.g., homophobia and racism), on a structural level, stigma-focused interventions must reach much larger populations, as well as collaborate with community coalitions including churches (205, 206). As an example, Frye et al. (207) conducted a rigorous randomized cluster-design trial of community-level intervention on HIV stigma, homophobia, and HIV testing in Black-Caribbean neighborhoods in NYC and found a 350% increase in HIV testing in that neighborhood compared to a control community. Another example of addressing HIV testing on a structural level is by reaching at-risk and high-risk individuals online or via apps. In 2018, Grindr.com implemented an HIV testing reminder system on its site (208) and included HIV status for members to self-identify (e.g., HIV negative, HIV positive, undetectable). Grindr has become as nearly ubiquitous in the MSM community as Facebook is in the general population and could function as an HIV prevention platform, thus reducing stigma associated with testing and with sexual orientation. Similarly, Black MSM and FB Black men may be encouraged to test through mobile apps developed for supportive healthcare interactions and facilitation (209, 210).



Role of Faith-Based Community

Sanders and Ellen (205) suggest that addressing structural-level issues in communities may reduce racism and poverty more quickly and efficiently. For example, including federal HIV prevention funding for African American community coalitions, including churches, is one way to address racial/ethnic disparities in access to HIV testing and care (205). A review of HIV testing initiatives in Black churches found that, although testing is becoming more available at churches, there is a great need for collaboration between faith-based organizations and public health entities to increase HIV testing and linkage to care (206, 211). Another example to address racial/ethnic HIV testing disparities by involving Black churches is spurring Youth movements through social media; with support from church leadership, Youth movements could help to normalize HIV testing in churches, and consequently reduce HIV testing stigma.



Gender-Transformative Interventions

Gender-transformative interventions (GTI) “seek to reshape gender relations to become more gender equitable through approaches that ‘free both men and women from the impact of destructive gender and sexual norms”’ (92, 212). Gender within the GTIs is considered as a key social determinant of men's health and has largely focused on understanding masculinity as a set of normative beliefs that is fluid and modifiable. A systematic review of gender-transformative health interventions targeting HIV-related outcomes found 9 out of 11 interventions resulted in statistically significant reductions in sexual risk behaviors and 11 out of 12 violence reduction interventions found statistically significant changes toward gender equality (213). Participants in the pioneering One Man Can Program in South Africa (92) reported greater willingness to pursue HIV testing and fewer concerns about the stigma associated with HIV testing.




CONCLUSION

In the US, foreign-born (FB) Black men from the Caribbean with HIV risk-taking behaviors are disproportionately affected by HIV. This disparity, in part, is driven by disparities in HIV screening. Known barriers to HIV testing, such as perceived, anticipated, internalized HIV stigma, low perceived risk, endorsing HIV conspiracy beliefs, and perceived low access to testing are common among FB Blacks. Similarly, established social determinants of sickness and disease that stem from systematic forms of privilege and oppression (e.g., such as poverty, gender inequality, unemployment and limited access to education, quality health care and health promotion information) also undermine the ability of FB Blacks to engage in early testing, care and treatment (3, 4). However, more attention is needed to address the combined impact of layered social stigmas on disparities in HIV screening. And less is known about the links between heteronormative masculine gender roles and ideologies, intersectional stigma and HIV risk. Stigmatized identities have often been analyzed in isolation, but the reality is that intersecting forms of stigma or stigmatized identities seldom operate alone. Caribbean-born, Black gay, bisexual, or heterosexual men living with or at-risk of HIV experience exponential internalized stigma and oppression due to racism, anti-immigrant bias, and homophobia, as well as discrimination at work and in their communities while accessing healthcare and HIV screening services. More culturally responsive research is needed to explore the impact of intersecting stigmas on HIV testing and address the critical gap of HIV risk and poor clinical outcomes across the HIV continuum of care in this priority population.



AUTHOR CONTRIBUTIONS

TT developed the topic area and wrote sections of the manuscript. SH wrote sections of the manuscript and provided feedback. JD reviewed and provided feedback on several versions of the manuscript.



ACKNOWLEDGMENTS

The authors would like to thank Dr. Tracey Wilson for her review and feedback on a draft of the manuscript.



REFERENCES

 1. US Census Bureau. The Foreign-Born Population in the United States. American Community Survey 2010. (2012). Available online at: https://www.census.gov/content/dam/Census/library/publications/2012/~acs/acs-19.pdf. (accessed October 24, 2019).

 2. Prosser AT, Tang T, Hall HI. HIV in persons born outside the United States, 2007-2010. JAMA. (2012) 308:601–7. doi: 10.1001/jama.2012.9046

 3. Demeke HB, Johnson AS, Wu B, Nwangwu-Ike N, King H, Dean HD. Differences between US-Born and Non-US-Born black adults reported with diagnosed HIV infection: United States, 2008–2014. J Immig Minor Health. (2019) 21:30–38. doi: 10.1007/s10903-018-0699-4

 4. Demeke H, Johnson A, Zhu H, Gant Z, Duffus W, Dean H. HIV infection-related care outcomes among US-born and non-US-born blacks with diagnosed HIV in 40 US areas: the National HIV Surveillance System, 2016. Int J Environ Res Public Health. (2018) 15:2404. doi: 10.3390/ijerph15112404

 5. Ojikutu B, Nnaji C, Sithole J, Schneider KL, Higgins-Biddle M, Cranston K, et al. All black people are not alike: differences in HIV testing patterns, knowledge, and experience of stigma between US-born and non–US-born blacks in Massachusetts. AIDS Patient Care STDs. (2013) 27:45–54. doi: 10.1089/apc.2012.0312

 6. Ojikutu B, Nnaji C, Sithole-Berk J, Bogart LM, Gona P. Barriers to HIV testing in black immigrants to the US. J Health Care Poor Underser. (2014) 25:1052. doi: 10.1353/hpu.2014.0141

 7. Branson BM, Handsfield HH, Lampe MA, Janssen RS, Taylor AW, Lyss SB, et al. Revised recommendations for HIV testing of adults, adolescents, and pregnant women in health-care settings. MMWR Recomm Rep. (2006) 55:1–17; quiz CE1-4. Available online at: https://www.cdc.gov/nchs/products/databriefs/db202.htm. (accessed October 9, 2019).

 8. Branson BM, Owen SM, Wesolowski LG, Bennett B, Werner BG, Wroblewski KE, et al. Laboratory testing for the diagnosis of HIV infection: updated recommendations (2014). doi: 10.15620/cdc.23447

 9. Copen CE, Chandra A, Febo-Vazquez I. HIV Testing in the Past Year Among the U.S. Household Population Aged 15–44: 2011–2013. NCHS data brief, no 202. Hyattsville, MD: National Center for Health Statistics (2015). Retrieved from: https://www.cdc.gov/nchs/products/databriefs/db202.htm (accessed October 9, 2019).

 10. Gonsalves GS, Paltiel AD, Cleary PD, Gill MJ, Kitahata MM, Rebeiro PF, et al. A flow-based model of the HIV care continuum in the United States. J Acquir Immune Defic Syndr. (2017) 75:548–53. doi: 10.1097/QAI.0000000000001429

 11. Joint United Nations Programme on HIV/AIDS and Joint United Nations Programme on HIV/Aids. 90-90-90: An Ambitious Treatment Target to Help end the AIDS Epidemic. Geneva: Unaids (2014).

 12. The National HIV/AIDS Strategy. Updated to 2020. Washington, DC: The White House (2010).

 13. Joint United Nations Programme on HIV/AIDS. 90-90-90: An Ambitious Treatment Target to Help end the AIDS Epidemic. Geneva: UNAIDS (2014).

 14. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, Kumarasamy N, et al. Antiretroviral therapy for the prevention of HIV-1 transmission. N Eng J Med. (2016) 375:830–9. doi: 10.1056/NEJMoa1600693

 15. Miller WC, Powers KA, Smith MK, Cohen MS. Community viral load as a measure for assessment of HIV treatment as prevention. Lancet Infect Dis. (2013) 13:459–64. doi: 10.1016/S1473-3099(12)70314-6

 16. Long EF, Brandeau ML, Owens DK. The cost-effectiveness and population outcomes of expanded HIV screening and antiretroviral treatment in the United States. Ann Inter Med. (2010) 153:778–89. doi: 10.7326/0003-4819-153-12-201012210-00004

 17. Kwakwa H, Wahome R, Bessias S. HIV disparities in a US and foreign-bornn cohort in urban United States. J AIDS Clin Res. (2015) 6:2. doi: 10.4172/2155-6113.1000515

 18. Kwakwa HA, Wahome R, Goines DS, Jabateh V, Green A, Bessias S, et al. Engaging African and Caribbean immigrants in HIV testing and care in a large US city: lessons learned from the African diaspora health initiative. J Immigr Minor Health. (2017) 19:818–24. doi: 10.1007/s10903-016-0431-1

 19. Nunn A, Yolken A, Cutler B, Trooskin S, Wilson P, Little S, et al. Geography should not be destiny: focusing HIV/AIDS implementation research and programs on microepidemics in US neighborhoods. Am J Public Health. (2014) 104:775–80. doi: 10.2105/AJPH.2013.301864

 20. Hygiene N. Y. C. D.,o.H.a.M. HIV/AIDS Among People Born Outside of the US and in New York, City, 2017. H.E.a. FS Program, Editor (2018).

 21. Xia Q, Lazar R, Bernard MA, McNamee P, Daskalakis DC, Torian LV, et al. New York City achieves the UNAIDS 90-90-90 targets for HIV-infected whites but not Latinos/Hispanics and blacks. JAIDS J Acquir Immune Def Syndrom. (2016) 73:e59–62. doi: 10.1097/QAI.0000000000001132

 22. Valverde E, DiNenno E, Oraka E, Bautista G, Chavez P. HIV testing among foreign-born men and women in the united states: results from a nationally representative cross-sectional survey. J Immigr Minor Health. (2018) 20:1118–27. doi: 10.1007/s10903-017-0655-8

 23. Koku EF, Rajab-Gyagenda WM, Korto MD, Morrison SD, Beyene Y, Mbajah J, et al. HIV/AIDS among African immigrants in the US: the need for disaggregating HIV surveillance data by country of birth. J Health Care Poor Underser. (2016) 27:1316–29. doi: 10.1353/hpu.2016.0128

 24. Fleming PJ, Lee JG, Dworkin SL. “Real Men Don't”: constructions of masculinity and inadvertent harm in public health interventions. Am J Public Health. (2014) 104:1029–35. doi: 10.2105/AJPH.2013.301820

 25. Calabrese SK, Earnshaw VA, Magnus M, Hansen NB, Krakower DS, Underhill K, et al. Sexual stereotypes ascribed to Black men who have sex with men: an intersectional analysis. Arch Sex Behav. (2018) 47:143–56. doi: 10.1007/s10508-016-0911-3

 26. Bowleg L, Teti M, Massie JS, Patel A, Malebranche DJ, Tschann JM. ‘What does it take to be a man? What is a real man?’: ideologies of masculinity and HIV sexual risk among Black heterosexual men. Cult Health Sex. (2011) 13:545–59. doi: 10.1080/13691058.2011.556201

 27. Bowleg L, Heckert AL, Brown TL, Massie JS. Responsible men, blameworthy women: Black heterosexual men's discursive constructions of safer sex and masculinity. Health Psychol. (2015) 34:314. doi: 10.1037/hea0000216

 28. Taylor TN. (1998). Blaming the infected african other: an epidemic of discrimination. In: Ali-Dinar AB, Editor. Sixth Annual African Studies Consortium Workshop. Philadelphia, PA: University of Pennsylvania African Studies Center University of Pennsylvania. Available online at: http://www.africa.upenn.edu/Workshop/tonya98.html

 29. Mann JM, Chin J, Piot P, Quinn T. The international epidemiology of AIDS. Sci Am. (1988) 259:82–9. doi: 10.1038/scientificamerican1088-82

 30. Mann JM. Statement at an informal briefing on AIDS to the 42nd session of the United Nations General Assembly. J Roy Statist Soc Ser A. (1988) 151:131–6. doi: 10.2307/2982189

 31. Goffman E. Stigma Notes on the Management of Spoiled Identity. Englewood Cliffs, NJ: Prentice-Hall (1963).

 32. Earnshaw VA, Chaudoir SR. From conceptualizing to measuring HIV stigma: a review of HIV stigma mechanism measures. AIDS Behav. (2009) 13:1160. doi: 10.1007/s10461-009-9593-3

 33. Hatzenbuehler ML, Phelan JC, Link BG. Stigma as a fundamental cause of population health inequalities. Am J Public Health. (2013) 103:813–21. doi: 10.2105/AJPH.2012.301069

 34. Rael CT, Hampanda K. Understanding internalized HIV/AIDS-related stigmas in the Dominican Republic: a short report. AIDS Care. (2016) 28:319–24. doi: 10.1080/09540121.2015.1095277

 35. Wood BR, Ballenger C, Stekler JD. Arguments for and against HIV self-testing. HIV/AIDS. (2014) 6:117. doi: 10.2147/HIV.S49083

 36. Radcliffe J, Doty N, Hawkins LA, Gaskins CS, Beidas R, Rudy BJ. Stigma and sexual health risk in HIV-positive African American young men who have sex with men. AIDS Patient Care STDs. (2010) 24:493–9. doi: 10.1089/apc.2010.0020

 37. Smit PJ, Brady M, Carter M, Fernandes R, Lamore L, Meulbroek M, et al. HIV-related stigma within communities of gay men: a literature review. AIDS Care. (2012) 24:405–12. doi: 10.1080/09540121.2011.613910

 38. Golub SA, Gamarel KE. The impact of anticipated HIV stigma on delays in HIV testing behaviors: findings from a community-based sample of men who have sex with men and transgender women in New York City. AIDS Patient Care STDs. (2013) 27:621–7. doi: 10.1089/apc.2013.0245

 39. Gamarel KE, Nelson KM, Stephenson R, Rivera OJS, Chiaramonte D, Miller RL, et al. Anticipated HIV stigma and delays in regular HIV testing behaviors among sexually-active young gay, bisexual, and other men who have sex with men and transgender women. AIDS Behav. (2018) 22:522–30. doi: 10.1007/s10461-017-2005-1

 40. Okumu E, Jolly DH, Alston LM, Eley NT, Laws M, MacQueen KM. relationship between human immunodeficiency Virus (hiV) Knowledge, hiV-related stigma, and hiV Testing among Young Black adults in a southeastern city. Front Public Health. (2017) 5:47. doi: 10.3389/fpubh.2017.00047

 41. Loutfy M, Tharao W, Logie C, Aden MA, Chambers LA, Wu W, et al. Systematic review of stigma reducing interventions for African/Black diasporic women. J Int AIDS Soc. (2015) 18:19835. doi: 10.7448/IAS.18.1.19835

 42. Stangl AL, Lloyd JK, Brady LM, Holland CE, Baral S. A systematic review of interventions to reduce HIV-related stigma and discrimination from 2002 to 2013: how far have we come? J Int AIDS Soc. (2013) 16:18734. doi: 10.7448/IAS.16.3.18734

 43. Johnson AS, Hu X, Dean HD. Epidemiologic differences between native-born and foreign-born black people diagnosed with HIV infection in 33 US states, 2001–2007. Public Health Rep. (2010) 125(Suppl. 4): 61–9. doi: 10.1177/00333549101250S410

 44. Hoffman S, Ransome Y, Adams-Skinner J, Leu CS, Terzian A. HIV/AIDS surveillance data for New York City West Indian–Born blacks: comparisons with other immigrant and US-born groups. Am J Public Health. (2012) 102:2129–34. doi: 10.2105/AJPH.2012.300672

 45. Pachankis JE, Hatzenbuehler ML, Berg RC, Fernández-Dávila P, Mirandola M, Marcus U, et al. (2017). Anti-LGBT and anti-immigrant structural stigma: an intersectional analysis of sexual minority men's HIV risk when migrating to or within Europe. J Acquir Immune Def Syndrom. (1999) 76:356. doi: 10.1097/QAI.0000000000001519

 46. Grieco E, Acosta Y, de la Cruz P, Gambino C, Gryn T, Larsen L, et al. US Census Bureau American Community Survey 1103 Reports: The Foreign-Born Population in the United States: 2010. (2012). Retrieved from: https://www2.census.gov/library/publications/2012/acs/acs-19.pdf. (accessed October 9, 2019).

 47. Steel J, Herlitz C, Matthews J, Snyder W, Mazzaferro K, Baum A, et al. Pre-migration trauma and HIV-risk behavior. Trans Psychiat. (2003) 40:91–108. doi: 10.1177/1363461503040001006

 48. Beckwith CG, DeLong AK, Desjardins SF, Gillani F, Bazerman L, Mitty JA, et al. HIV infection in refugees: a case–control analysis of refugees in Rhode Island. Int J Infect Dis. (2009) 13:186–92. doi: 10.1016/j.ijid.2008.06.004

 49. Nnaji C, Metzger N. Black is decidedly not just Black: a case study on HIV among African-born populations living in Massachusetts. Trotter Review. (2014) 22:7. Available online at: https://scholarworks.umb.edu/trotter_review/vol22/iss1/7/. (accessed October 9, 2019).

 50. Saint-Jean G, Dévieux J, Malow R, Tammara H, Carney K. Substance abuse, acculturation, and HIV risk among Caribbean-born immigrants in the United States. J Int Assoc Phys AIDS Care. (2011) 10:326–32. doi: 10.1177/1545109711401749

 51. Wiewel EW, Torian LV, Hanna DB, Bocour A, Shepard CW. Foreign-born persons diagnosed with HIV: where are they from and where were they infected? AIDS Behav. (2015) 19:890–8. doi: 10.1007/s10461-014-0954-1

 52. Singh GK, Hiatt RA. Trends and disparities in socioeconomic and behavioural characteristics, life expectancy, and cause-specific mortality of native-born and foreign-born populations in the United States, 1979–2003. Int J Epidemiol. (2006) 35:903–19. doi: 10.1093/ije/dyl089

 53. Hoffman S, Beckford Jarrett ST, Kelvin EA, Wallace SA, Augenbraun M, Hogben M, et al. HIV and sexually transmitted infection risk behaviors and beliefs among Black West Indian immigrants and US-born Blacks. Am J Public Health. (2008) 98:2042–50. doi: 10.2105/AJPH.2006.106443

 54. Levison JH, Regan S, Khan I, Freedberg KA. Foreign-born status as a predictor of engagement in HIV care in a large US metropolitan health system. AIDS Care. (2017) 29:244–51. doi: 10.1080/09540121.2016.1210077

 55. Wilson TE, Fraser-White M, Williams KM, Pinto A, Agbetor F, Camilien B, et al. Barbershop talk with brothers: using community-based participatory research to develop and pilot test a program to reduce HIV risk among Black heterosexual men. AIDS Educ Prevent. (2014) 26:383–97. doi: 10.1521/aeap.2014.26.5.383

 56. Wilson TE, Gousse Y, Browne R, McFarlane, M.itchell S., Salifu M, Fraser M, et al. (2018). Barbershop talk with brothers: a cluster-randomized trial to increase condom use among heterosexual black men at risk for HIV infection. In: American Public Health Association Meeting. Atlanta GA.

 57. Taylor TN, Joseph M, Henny KD, Pinto AR, Agbetor F, Camilien B, et al. Perceptions of HIV risk and explanations of sexual risk behavior offered by heterosexual black male barbershop patrons in Brooklyn, NY. J Health Disparit Res Pract. (2014) 7:1–25.

 58. Ransome Y, Kawachi I, Braunstein S, Nash D. Structural inequalities drive late HIV diagnosis: the role of black racial concentration, income inequality, socioeconomic deprivation, and HIV testing. Health Place. (2016) 42:148–58. doi: 10.1016/j.healthplace.2016.09.004

 59. Ross J, Cunningham CO, Hanna DB. HIV outcomes among migrants from low-income and middle-income countries living in high-income countries: a review of recent evidence. Curr Opin Infect Dis. (2018) 31:25–32. doi: 10.1097/QCO.0000000000000415

 60. Rhodes SD, Leichliter JS, Sun CJ, Bloom FR. The HoMBReS and HoMBReS Por un Cambio interventions to reduce HIV disparities among immigrant Hispanic/Latino men. MMWR Suppl. (2016) 65:51. doi: 10.15585/mmwr.su6501a8

 61. Cyrus E, Sheehan DM, Fennie K, Sanchez M, Dawson CT, Cameron M, et al. Delayed Diagnosis of HIV among non-latino black caribbean immigrants in Florida 2000–2014. J Health Care Poor Underserv. (2018) 29:266. doi: 10.1353/hpu.2018.0019

 62. Hammond WP, Matthews D, Mohottige D, Agyemang A, Corbie-Smith G. Masculinity, medical mistrust, and preventive health services delays among community-dwelling African-American men. J Gen Int Med. (2010) 25:1300–8. doi: 10.1007/s11606-010-1481-z

 63. Arnett MJ, Thorpe RJ, Gaskin DJ, Bowie JV, LaVeist TA. Race, medical mistrust, and segregation in primary care as usual source of care: findings from the exploring health disparities in integrated communities study. J Urban Health. (2016) 93:456–67. doi: 10.1007/s11524-016-0054-9

 64. Ransome Y, Kawachi I, Dean LT. Neighborhood social capital in relation to late HIV diagnosis, linkage to HIV care, and HIV care engagement. AIDS Behav. (2017) 21:891–904. doi: 10.1007/s10461-016-1581-9

 65. Ku L, Matani S. Left out: immigrants' access to health care and insurance. Health Affairs. (2001) 20:247–56. doi: 10.1377/hlthaff.20.1.247

 66. Bova C, Nnaji C, Woyah A, Duah A. HIV stigma, testing attitudes and health care access among African-born men living in the United States. J Immigr Minor Health. (2016) 18:187–93. doi: 10.1007/s10903-014-0136-2

 67. United States Preventive Services Task Force. Human Immunodeficiency Virus (HIV) Infection: Screening. Rockville, MD: United States Preventive Services Task Force (2013). Retrieved from: https://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/human-immunodeficiency-virus-hiv-infection-screening1 (Accessed October 9, 2019).

 68. National Institute on Minority Health and Health Disparities. NIMHD Research Framework. (2017). Retrieved from: https://www.nimhd.nih.gov/about/overview/research-framework.html (accessed October 9, 2019).

 69. Winston SE, Beckwith CG. The impact of removing the immigration ban on HIV-infected persons. AIDS Patient Care STDs. (2011) 25:709–11. doi: 10.1089/apc.2011.0121

 70. Centers for Disease Control and Prevention (CDC and US Department of Health and Human Services. Medical examination of aliens–removal of human immunodeficiency virus (HIV) infection from definition of communicable disease of public health significance. Final rule. Fed Reg. (2009) 81:4191–206.

 71. Thompson A. The immigration HIV exclusion: an ineffective means for promoting public health in a global age. Hous J Health L Pol'y. (2004) 5:145. Available online at: https://heinonline.org/HOL/LandingPage?handle=hein.journals/hhpol5&div=9&id=&page= (accessed October 9, 2019).

 72. Martinez O, Wu E, Sandfort T, Dodge B, Carballo-Dieguez A, Pinto R, et al. Evaluating the impact of immigration policies on health status among undocumented immigrants: a systematic review. J Immigr Minor Health. (2015) 17:947–70. doi: 10.1007/s10903-013-9968-4

 73. Assistant Secretary for Planning and Evaluation. Summary of Immigrant Eligibility Restrictions Under Current Law. (2009). Available online at: https://aspe.hhs.gov/basic-report/summary-immigrant-eligibility-restrictions-under-current-law. (accessed October 24, 2019).

 74. Palmer BJ. The crossroads: Being black, immigrant, and undocumented in the era of #BlackLivesMatter. Georgetown Journal of Law & Modern Critical Race Perspectives (2017). Retrieved from: https://heinonline.org/HOL/LandingPage?handle=hein.journals/gjmodco9&div=9&id=&page= (accessed October 24, 2019).

 75. Morgan-Trostle M, Zheng K, Lipscombe C. The State of Black Immigrants. Black Alliance for Just Immigration and NYU School of Law Immigrant Rights Clinic. (2016) Retrieved from: http://www.stateofblackimmigrants.com/assets/sobi-fullreport-jan22.pdf. (accessed October 24, 2019).

 76. Golash-Boza T. The parallels between mass incarceration and mass deportation: an intersectional analysis of state repression. J World Syst Res. (2016) 22:484–509. doi: 10.5195/JWSR.2016.616

 77. Armenta A, Alvarez I. Policing immigrants or policing immigration? Understanding local law enforcement participation in immigration control. Soc Compass. (2017) 11:e12453. doi: 10.1111/soc4.12453

 78. Armenta A, Rosales R. Beyond the fear of deportation: understanding Unauthorized Immigrants' ambivalence toward the police. Am Behav Sci. (2019) 2019:0002764219835278. doi: 10.1177/0002764219835278

 79. Ellis BH, Lincoln AK, Abdi SM, Nimmons EA, Issa O, Decker SH. “We All Have Stories” black muslim immigrants' experience with the police. Race Just. (2018) 2018:2153368718754638. doi: 10.1177/2153368718754638

 80. Simmons WP, Alvord D, Valdez ES. Immigration enforcement, the racialization of legal status, and perceptions of the police. Du Bois Rev. (2018) 15:107–28. doi: 10.1017/S1742058X18000115

 81. Galletly CL, Lechuga J, Glasman LR, DiFranceisco W, Broaddus MR, Dickson-Gomez JB, et al. HIV testing and mistaken beliefs about immigration laws. J Rac Ethnic Health Disparit. (2019) 6:668–75. doi: 10.1007/s40615-019-00565-0

 82. Aung E, Blondell SJ, Durham J. Interventions for increasing HIV testing uptake in migrants: a systematic review of evidence. AIDS Behav. (2017) 21:2844–59. doi: 10.1007/s10461-017-1833-3

 83. Kesler MA, Kaul R, Loutfy M, Myers T, Brunetta J, Remis RS, et al. Prosecution of non-disclosure of HIV status: potential impact on HIV testing and transmission among HIV-negative men who have sex with men. PLoS ONE. (2018) 13:e0193269. doi: 10.1371/journal.pone.0193269

 84. Juan SC. The Impacts of HIV-Specific Criminal Laws on HIV, Serostatus Disclosure and Risk Behaviors and HIV Testing. Albany: State University of New York (2018).

 85. Suleman S, Garber KD, Rutkow L. Xenophobia as a determinant of health: an integrative review. J Public Health Policy. (2018) 39:407–23. doi: 10.1057/s41271-018-0140-1

 86. Fouron GE. Race, blood, disease and citizenship: the making of the Haitian-Americans and the Haitian immigrants into ‘the others’ during the 1980s−1990s AIDS crisis. Identities. (2013) 20:705–19. doi: 10.1080/1070289X.2013.828624

 87. Farmer P. AIDS and Accusation: Haiti and the Geography of Blame. 2nd edn. Berkeley University of California Press (2006).

 88. Brodwin P. Medicine and Morality in Haiti: The Contest for Healing Power. Cambridge: Cambridge University Press; Cambridge Studies in Medical Anthropology (1996). doi: 10.1017/CBO9780511613128

 89. Farmer P. Sending sickness: sorcery, politics, and changing concepts of AIDS in rural Haiti. Med Anthropol Quart. (1990) 4:6–27. doi: 10.1525/maq.1990.4.1.02a00020

 90. Gemmill A, Catalano R, Casey JA, Karasek D, Alcalá HE, Elser H, et al. Association of preterm births among US latina women with the 2016 presidential election. JAMA Network Open. (2019) 2:e197084. doi: 10.1001/jamanetworkopen.2019.7084

 91. Morey BN. Mechanisms by which anti-immigrant stigma exacerbates racial/ethnic health disparities. Am J Public Health. (2018) 108:460–3. doi: 10.2105/AJPH.2017.304266

 92. Dworkin SL, Fleming PJ, Colvin CJ. The promises and limitations of gender-transformative health programming with men: critical reflections from the field. Cult Health Sexual. (2015) 17(Suppl. 2): 28–143. doi: 10.1080/13691058.2015.1035751

 93. Knight R, Shoveller JA, Oliffe JL, Gilbert M, Goldenberg S. Heteronormativity hurts everyone: Experiences of young men and clinicians with sexually transmitted infection/HIV testing in British Columbia, Canada. Health. (2013) 17:441–59. doi: 10.1177/1363459312464071

 94. Sileo KM, Fielding-Miller R, Dworkin SL, Fleming PJ. What role do masculine norms play in men's HIV testing in sub-Saharan Africa?: a scoping review. AIDS Behav. (2018) 22:2468–79. doi: 10.1007/s10461-018-2160-z

 95. Mburu G, Ram M, Siu G, Bitira D, Skovdal M, Holland P. Intersectionality of HIV stigma and masculinity in eastern Uganda: implications for involving men in HIV programmes. BMC Public Health. (2014) 14:1061. doi: 10.1186/1471-2458-14-1061

 96. Janzen JM. AIDS and STDs in Africa: bridging the gap between traditional healing and modem medicine. Am Ethnol. (1997) 24:489–90. doi: 10.1525/ae.1997.24.2.489

 97. Ingstad B. The cultural construction of AIDS and its consequences for prevention in Botswana. Med Anthropol Quart. (1990) 4:28–40. doi: 10.1525/maq.1990.4.1.02a00030

 98. Frye V, Paige MQ, Gordon S, Matthews D, Musgrave G, Kornegay M, et al. Developing a community-level anti-HIV/AIDS stigma and homophobia intervention in new York city: the project CHHANGE model. Eval Program Plann. (2017) 63:45–53. doi: 10.1016/j.evalprogplan.2017.03.004

 99. Archibald C. HIV/AIDS-associated stigma among Afro-Caribbean people living in the United States. Arch Psychiat Nurs. (2010) 24:362–4. doi: 10.1016/j.apnu.2010.04.004

 100. Airall-Simon G. HIV related Stigma in Antigua, and Barbuda. Minneapolis, MN; Walden University (2014).

 101. Anderson M, Elam G, Gerver S, Solarin I, Fenton K, Easterbrook P. HIV/AIDS-related stigma and discrimination: accounts of HIV-positive Caribbean people in the United Kingdom. Soc Sci Med. (2008) 67:790–8. doi: 10.1016/j.socscimed.2008.05.003

 102. Anderson M, Elam G, Solarin I, Gerver S, Fenton K, Easterbrook P. Coping with HIV: caribbean people in the United Kingdom. Qual Health Res. (2009) 19:1060–75. doi: 10.1177/1049732309341191

 103. Norman LR, Carr R, Jimenez J. Sexual stigma and sympathy: Attitudes toward persons living with HIV in Jamaica. Cul Health Sexual. (2006) 8:423–33. doi: 10.1080/13691050600855748

 104. Crosby RA, Milhausen RR, Sanders SA, Graham CA, Yarber WL. Condom use errors and problems: a study of high-risk young Black men residing in three Southern US cities. Int J STD and AIDS. (2014) 25:943–8. doi: 10.1177/0956462414526707

 105. Eaton LA, Driffin DD, Kegler C, Smith H, Conway-Washington C, White D, et al. The role of stigma and medical mistrust in the routine health care engagement of black men who have sex with men. Am J Public Health. (2015) 105:e75–82. doi: 10.2105/AJPH.2014.302322

 106. Ford CL, Wallace SP, Newman PA, Lee SJ, Cunningham WE. Belief in AIDS-related conspiracy theories and mistrust in the government: relationship with HIV testing among at-risk older adults. Gerontologist. (2013) 53:973–84. doi: 10.1093/geront/gns192

 107. Graham JL, Grimes RM, Slomka J, Ross M, Hwang LY, Giordano TP. The role of trust in delayed HIV diagnosis in a diverse, urban population. AIDS Behav. (2013) 17:266–73. doi: 10.1007/s10461-011-0114-9

 108. Read JNG, Emerson MO. Racial context, black immigration and the US black/white health disparity. Soc Forces. (2005) 84:181–99. doi: 10.1353/sof.2005.0120

 109. Read JNG, Emerson MO, Tarlov A. Implications of black immigrant health for US racial disparities in health. J Immigrant Health. (2005) 7:205–12. doi: 10.1007/s10903-005-3677-6

 110. Hamilton TG, Hummer RA. Immigration and the health of US black adults: does country of origin matter? Soc Sci Med. (2011) 73:1551–60. doi: 10.1016/j.socscimed.2011.07.026

 111. Tuggle AC, Cohen JH, Crews DE. Stress, migration, and allostatic load: a model based on Mexican migrants in Columbus, Ohio. J Physiol Anthropol. (2018) 37:28. doi: 10.1186/s40101-018-0188-4

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

 113. Viruell-Fuentes EA, Miranda PY, Abdulrahim S. More than culture: structural racism, intersectionality theory, and immigrant health. Soc Sci Med. (2012) 75:2099–106. doi: 10.1016/j.socscimed.2011.12.037

 114. Martinez-Donate AP, Zhang X, Rangel MG, Hovell MF, Gonzalez-Fagoaga JE, Magis-Rodriguez C, et al. Does acculturative stress influence immigrant sexual HIV risk and HIV testing behavior? evidence from a survey of male mexican migrants. J Rac Ethnic Health Disparities. (2018) 5:798–807. doi: 10.1007/s40615-017-0425-2

 115. Olawore O, Tobian AA, Kagaayi J, Bazaale JM, Nantume B, Kigozi G, et al. Migration and risk of HIV acquisition in Rakai, Uganda: a population-based cohort study. Lancet HIV. (2018) 5:e181–9. doi: 10.1016/S2352-3018(18)30009-2

 116. Nieves-Lugo K, Barnett A, Pinho V, Reisen C, Poppen P, Zea MC. Sexual migration and HIV risk in a sample of Brazilian, Colombian and Dominican immigrant MSM living in New York City. J Immigr Minor Health. (2019) 21:115–22. doi: 10.1007/s10903-018-0716-7

 117. Greenaway C, Castelli F. Infectious diseases at different stages of migration: an expert review. J Travel Med. (2019) 26:taz007. doi: 10.1093/jtm/taz007

 118. Mihan R, Kerr J, Maticka-Tyndale E, ACBY Team HIV-related stigma among African, Caribbean, and Black youth in Windsor, Ontario. AIDS Care. (2016) 28:758–63. doi: 10.1080/09540121.2016.1158397

 119. Du H, Li X. Acculturation and HIV-related sexual behaviours among international migrants: a systematic review and meta-analysis. Health Psychol Rev. (2015) 9:103–22. doi: 10.1080/17437199.2013.840952

 120. Martinez I, Kershaw TS, Keene D, Perez-Escamilla R, Lewis JB, Tobin JN, et al. Acculturation and syndemic risk: longitudinal evaluation of risk factors among pregnant Latina adolescents in new York City. Ann Behav Med. (2017) 52:42–52. doi: 10.1007/s12160-017-9924-y

 121. Jardin C, Garey L, Sharp C, Zvolensky MJ. Acculturative stress and risky sexual behavior: the roles of sexual compulsivity and negative affect. Behav Modific. (2016) 40:97–119. doi: 10.1177/0145445515613331

 122. Yang N, Xu Y, Chen X, Yu B, Yan H, Li S. Acculturative stress, poor mental health and condom-use intention among international students in China. Health Educ J. (2018) 77:142–55. doi: 10.1177/0017896917739443

 123. Erving CL, Hills O. Neighborhood social integration and psychological well-being among African Americans and Afro-Caribbeans. Race Soc Problems. (2019) 2019:1–16. doi: 10.1007/s12552-019-09258-z

 124. Feldmeyer B, Madero-Hernandez A, Rojas-Gaona CE, Sabon LC. Immigration, collective efficacy, social ties, and violence: Unpacking the mediating mechanisms in immigration effects on neighborhood-level violence. Race Just. (2019) 9:123–50. doi: 10.1177/2153368717690563

 125. Blondell SJ, Kitter B, Griffin MP, Durham J. Barriers and facilitators to HIV testing in migrants in high-income countries: a systematic review. AIDS Behav. (2015) 19:2012–24. doi: 10.1007/s10461-015-1095-x

 126. Evangeli M, Pady K, Wroe AL. Which psychological factors are related to HIV testing? A quantitative systematic review of global studies. AIDS Behav. (2016) 20:880–918. doi: 10.1007/s10461-015-1246-0

 127. Pitkin Derose K, Bahney BW, Lurie N, Escarce JJ. Immigrants and health care access, quality, and cost. Med Care Res Rev. (2009) 66:355–408. doi: 10.1177/1077558708330425

 128. Simbiri KOA, Hausman A, Wadenya RO, Lidicker J. Access impediments to health care and social services between Anglophone and Francophone African immigrants living in Philadelphia with respect to HIV/AIDS. J Immigr Minor Health. (2010) 12:569–79. doi: 10.1007/s10903-009-9229-8

 129. Othieno J. Understanding how contextual realities affect African born immigrants and refugees living with HIV in accessing care in the Twin Cities. J Health Care Poor Underser. (2007) 18:170–88. doi: 10.1353/hpu.2007.0085

 130. Lepore SJ, Nair RG, Davis SN, Wolf RL, Basch CE, Thomas N, et al. Patient and physician factors associated with undisclosed prostate cancer screening in a sample of predominantly immigrant black men. J Immigr Minor Health. (2017) 19:1343–50. doi: 10.1007/s10903-016-0468-1

 131. Rhodes SD, Mann L, Simán FM, Song E, Alonzo J, Downs M, et al. The impact of local immigration enforcement policies on the health of immigrant Hispanics/Latinos in the United States. Am J Public Health. (2015) 105:329–37. doi: 10.2105/AJPH.2014.302218

 132. Ansa B, White S, Chung Y, Smith S. Trends in HIV testing among adults in Georgia: analysis of the 2011–2015 BRFSS data. Int J Environ Res Public Health. (2016) 13:1126. doi: 10.3390/ijerph13111126

 133. Barskey AE, Surendera Babu A, Hernandez A, Espinoza L. Patterns and trends of newly diagnosed HIV infections among adults and adolescents in correctional and noncorrectional facilities, United States, 2008–2011. Am J Public Health. (2016) 106:103–9. doi: 10.2105/AJPH.2015.302868

 134. Wafula EG, Snipes SA. Barriers to health care access faced by black immigrants in the US: theoretical considerations and recommendations. J Immigr Minor Health. (2014) 16:689–98. doi: 10.1007/s10903-013-9898-1

 135. Crenshaw K. Intersectionality and identity politics: learning from violence against women of color. In: Shanley ML, Narayan U, editors. Reconstructing Political Theory: Feminist Perspectives. Pennsylvania State University Press (1997). p. 178–93.

 136. Crenshaw K. Demarginalizing the Intersection of Race and Sex: A Black Feminist Critique of Antidiscrimination Doctrine, Feminist Theory and Antiracist Politics. University of Chicago Legal Forum (1989). p. 139. Retrieved from: https://chicagounbound.uchicago.edu/uclf/vol1989/iss1/8 (accessed October 24, 2019).

 137. Berger MT. Workable Sisterhood: The Political Journey of Stigmatized Women With HIV/AIDS. Princeton, NJ: Princeton University Press (2010).

 138. Earnshaw VA, Smith LR, Cunningham CO, Copenhaver MM. Intersectionality of internalized HIV stigma and internalized substance use stigma: Implications for depressive symptoms. J Health Psychol. (2015) 20:1083–9. doi: 10.1177/1359105313507964

 139. Turan B, Hatcher AM, Weiser SD, Johnson MO, Rice WS, Turan JM. Framing mechanisms linking HIV-related stigma, adherence to treatment, and health outcomes. Am J Public Health. (2017) 107:863–9. doi: 10.2105/AJPH.2017.303744

 140. Jackson-Best F, Edwards N. Stigma and intersectionality: a systematic review of systematic reviews across HIV/AIDS, mental illness, and physical disability. BMC Public Health. (2018) 18:919. doi: 10.1186/s12889-018-5861-3

 141. Earnshaw VA, Reed NM, Watson RJ, Maksut JL, Allen AM, Eaton LA. Intersectional internalized stigma among Black gay and bisexual men: a longitudinal analysis spanning HIV/sexually transmitted infection diagnosis. J Health Psychol. (2019) 2019:1359105318820101. doi: 10.1177/1359105318820101

 142. Sun S, Crooks N, Kemnitz R, Westergaard RP. Re-entry experiences of Black men living with HIV/AIDS after release from prison: Intersectionality and implications for care. Soc Sci Med. (2018) 211:78–86. doi: 10.1016/j.socscimed.2018.06.003

 143. Bowleg L. “Once you've blended the cake, you can't take the parts back to the main ingredients”: black gay and bisexual men's descriptions and experiences of intersectionality. Sex Roles. (2013) 68:754–67. doi: 10.1007/s11199-012-0152-4

 144. Bowleg L, del Rio-Gonzalez AM, Holt SL, Pérez C, Massie JS, Mandell JE, et al. Intersectional epistemologies of ignorance: how behavioral and social science research shapes what we know, think we know, and don't know about US Black men's sexualities. J Sex Res. (2017) 54:577–603. doi: 10.1080/00224499.2017.1295300

 145. Turan JM, Elafros MA, Logie CH, Banik S, Turan B, Crockett KB, et al. Challenges and opportunities in examining and addressing intersectional stigma and health. BMC Med. (2019) 17:7. doi: 10.1186/s12916-018-1246-9

 146. Lee JJ, Yu G. HIV testing, risk behaviors, and fear: a comparison of documented and undocumented Latino immigrants. AIDS Behav. (2018) 23:336–46. doi: 10.1007/s10461-018-2251-x

 147. Ford CL, Daniel M, Earp JAL, Kaufman JS, Golin CE, Miller WC. Perceived everyday racism, residential segregation, and HIV testing among patients at a sexually transmitted disease clinic. Am J Public Health. (2009) 99:S137–43. doi: 10.2105/AJPH.2007.120865

 148. Irvin R, Wilton L, Scott H, Beauchamp G, Wang L, Betancourt J, et al. A study of perceived racial discrimination in Black men who have sex with men (MSM) and its association with healthcare utilization and HIV testing. AIDS Behav. (2014) 18:1272–8. doi: 10.1007/s10461-014-0734-y

 149. Cahill S, Taylor SW, Elsesser SA, Mena L, Hickson D, Mayer KH. Stigma, medical mistrust, and perceived racism may affect PrEP awareness and uptake in black compared to white gay and bisexual men in Jackson, Mississippi and Boston, Massachusetts. AIDS Care. (2017) 29:1351–8. doi: 10.1080/09540121.2017.1300633

 150. Boarts JM, Bogart LM, Tabak MA, Armelie AP, Delahanty DL. Relationship of race-, sexual orientation-, and HIV-related discrimination with adherence to HIV treatment: a pilot study. J Behav Med. (2008) 31:445–51. doi: 10.1007/s10865-008-9169-0

 151. Eaton LA, Kalichman SC, Price D, Finneran S, Allen A, Maksut J. Stigma and conspiracy beliefs related to pre-exposure prophylaxis (PrEP) and interest in using PrEP among black and white men and transgender women who have sex with men. AIDS Behav. (2017) 21:1236–46. doi: 10.1007/s10461-017-1690-0

 152. Winkler MB. Executive Order Protecting the Nation from Foreign Terrorist Entry into the United States: Violating First Amendment Rights or Altering Constitutional Provisions Granting Foreign Policy Powers to the President. TM Cooley L Rev (2017). Available online at: https://heinonline.org/HOL/LandingPage?handle=hein.journals/tmclr34&div=8&id=&page=. (accessed October 9, 2019).

 153. Pierce S, Selee A. Immigration Under Trump: A Review of Policy Shifts in the Year Since the Election. Washington DC: Migration Policy Institute (2017).

 154. Morey BN, Gee GC, Muennig P, Hatzenbuehler ML. Community-level prejudice and mortality among immigrant groups. Soc Sci Med. (2018) 199:56–66. doi: 10.1016/j.socscimed.2017.04.020

 155. Abdelkader E. When Islamophobia turns Violent: The 2016 US Presidential Elections. The Bridge Initiative, Georgetown University (2016). Retrieved from: https://ssrn.com/abstract=2779201 (accessed October 9, 2019).

 156. Rushin S, Edwards GS. The effect of president Trump's election on hate crimes. Available at SSRN. (2018) 2018:3102652. doi: 10.2139/ssrn.3102652

 157. Siegel A, Nikitin E, Barberá P, Sterling J, Pullen B, Bonneau R, et al. Trumping Hate on Twitter? Online Hate in the 2016 US Election and Its Aftermath (2019). Retrieved from: https://smappnyu.org/wp-content/uploads/2019/04/US_Election_Hate_Speech_2019_03_website.pdf (accessed October 9, 2019).

 158. Müller K, Schwarz C. Making America hate again? Twitter and Hate Crime Under Trump. Twitter Hate Crime Under Trump. (2018). doi: 10.2139/ssrn.3149103

 159. Veldhuis CB, Drabble L, Riggle ED, Wootton AR, Hughes TL. “We Won't Go Back Into the Closet Now Without One Hell of a Fight”: Effects of the 2016 Presidential Election on Sexual Minority Women's and Gender Minorities' Stigma-Related Concerns. Sexual Res Soc Policy, Vol. 15. Basel: Springer Nature Switzerland (2018). p. 12–24 (accessed October 9, 2019).

 160. Veldhuis CB, Drabble L, Riggle ED, Wootton AR, Hughes TL. “I Fear for My Safety, but Want to Show Bravery for Others”: violence and discrimination concerns among transgender and gender-nonconforming individuals after the 2016 presidential election. Violence Gend. (2018) 5:26–36. doi: 10.1089/vio.2017.0032

 161. Gonzalez KA, Ramirez JL, Galupo MP. Increase in GLBTQ minority stress following the 2016 US presidential election. J GLBT Family Stud. (2018) 14:130–51. doi: 10.1080/1550428X.2017.1420849

 162. McManus HD, Cullen FT, Jonson CL, Burton AL, Burton VS Jr. Will black lives matter to the police? African Americans' Concerns about Trump's Presidency. Victims Offen. (2019) 14:1040–62. doi: 10.1080/15564886.2019.1671288

 163. Powell KJ. “The Year of the Ballot or the Bullet”: a discussion of race, revolution, and the 2016 election. Women's Stud Commun. (2016) 39:370–4. doi: 10.1080/07491409.2016.1227187

 164. Chernega J. Black lives matter: racialised policing in the United States. Comparat Am Stud Int J. (2016) 14:234–45. doi: 10.1080/14775700.2016.1267322

 165. Drakulich K, Hagan J, Johnson D, Wozniak KH. Race, justice, policing, and the 2016 American presidential election. Du Bois Rev Soc Sci Res Race. (2017) 14:7–33. doi: 10.1017/S1742058X1600031X

 166. Krieger N, Huynh M, Li W, Waterman PD, Van Wye G. Severe sociopolitical stressors and preterm births in New York City: 1 September 2015 to 31 August 2017. J Epidemiol Community Health. (2018) 72:1147–52. doi: 10.1136/jech-2018-211077

 167. Stanhope KK, Hogue CR, Suglia SF, Leon JS, Kramer MR. Restrictive sub-federal immigration policy climates and very preterm birth risk among US-born and foreign-born Hispanic mothers in the United States, 2005–2016. Health Place. (2019) 60:102209. doi: 10.1016/j.healthplace.2019.102209

 168. Treichler PA. AIDS, homophobia, and biomedical discourse: an epidemic of signification. October. (1987) 43:31–70. doi: 10.2307/3397564

 169. Arnold EA, Rebchook GM, Kegeles SM. ‘Triply cursed’: racism, homophobia and HIV-related stigma are barriers to regular HIV testing, treatment adherence and disclosure among young Black gay men. Cult Health Sexual. (2014) 16:710–22. doi: 10.1080/13691058.2014.905706

 170. Frye V, Wilton L, Hirshfield S, Chiasson MA, Lucy D, Usher D, All About Me Study Team. Preferences for HIV test characteristics among young, Black Men Who Have Sex With Men (MSM) and transgender women: implications for consistent HIV testing. PLoS ONE. (2018) 13:e0192936. doi: 10.1371/journal.pone.0192936

 171. Calabrese SK, Earnshaw VA, Krakower DS, Underhill K, Vincent W, Magnus M, et al. A closer look at racism and heterosexism in medical students' clinical decision-making related to HIV pre-exposure prophylaxis (PrEP): implications for PrEP education. AIDS Behav. (2018) 22:1122–38. doi: 10.1007/s10461-017-1979-z

 172. Haile R, Rowell-Cunsolo TL, Parker EA, Padilla MB, Hansen NB. An empirical test of racial/ethnic differences in perceived racism and affiliation with the gay community: Implications for HIV risk. J Soc Issues. (2014) 70:342–59. doi: 10.1111/josi.12063

 173. Haile R, Rowell-Cunsolo TL, Parker EA, Padilla MB, Hansen NB. An empirical test of racial/ethnic differences in perceived racism and affiliation with the gay community: Implications for HIV risk. J Soc Issues. (2014) 70:342–359. doi: 10.1111/josi.1206300

 174. Bogart LM, Landrine H, Galvan FH, Wagner GJ, Klein DJ. Perceived discrimination and physical health among HIV-positive Black and Latino men who have sex with men. AIDS Behav. (2013) 17:1431–41. doi: 10.1007/s10461-012-0397-5

 175. Joint United Nations Programme on HIV/AIDS (UNAIDS). UNAIDS Report on the Global AIDS Epidemic 2010. Geneva: Joint United Nations Programme on HIV/AIDS (UNAIDS) (2011).

 176. Cook JE, Purdie-Vaughns V, Meyer IH, Busch JT. Intervening within and across levels: a multilevel approach to stigma and public health. Soc Sci Med. (2014) 103:101–9. doi: 10.1016/j.socscimed.2013.09.023

 177. Operario D, Smith CD, Arnold E, Kegeles S. The Bruthas Project: evaluation of a community-based HIV prevention intervention for African American men who have sex with men and women. AIDS Educ Prevent. (2010) 22:37–48. doi: 10.1521/aeap.2010.22.1.37

 178. Klein CH, Kuhn T, Huxley D, Kennel J, Withers E, Lomonaco CG. Preliminary findings of a technology-delivered sexual health promotion program for black men who have sex with men: quasi-experimental outcome study. JMIR Public Health Surveill. (2017) 3:e78. doi: 10.2196/publichealth.7933

 179. Stein R, Shapatava E, Williams W, Griffin T, Bell K, Lyons B, et al. Reduced sexual risk behaviors among young Men of color Who have Sex with Men: findings from the community-based organization behavioral outcomes of many Men, many voices (CBOP-3MV) project. Prevent Sci. (2015) 16:1147–58. doi: 10.1007/s11121-015-0565-8

 180. Nelson LE, Walker JNJ, DuBois SN, Giwa S. Your blues ain't like mine: considering integrative antiracism in HIV prevention research with black men who have sex with men in C anada and the U nited S tates. Nurs Inquiry. (2014) 21:270–82. doi: 10.1111/nin.12055

 181. Hightow-Weidman LB, Pike E, Fowler B, Matthews DM, Kibe J, McCoy R, et al. HealthMpowerment. org: feasibility and acceptability of delivering an internet intervention to young Black men who have sex with men. AIDS Care. (2012) 24:910–20. doi: 10.1080/09540121.2011.647677

 182. Huang E, Marlin RW, Young SD, Medline A, Klausner JD. Using Grindr, a smartphone social-networking application, to increase HIV self-testing among Black and Latino men who have sex with men in Los Angeles, 2014. AIDS Educ Prevent. (2016) 28:341–50. doi: 10.1521/aeap.2016.28.4.341

 183. Harper GW, Fernandez IM, Bruce D, Hosek SG, Jacobs RJ, Adolescent Medicine Trials Network for HIV/AIDS, et al. The role of multiple identities in adherence to medical appointments among gay/bisexual male adolescents living with HIV. AIDS Behav. (2013) 17:213–23. doi: 10.1007/s10461-011-0071-3

 184. Jamil MS, Prestage G, Fairley CK, Grulich AE, Smith KS, Chen M, et al. Effect of availability of HIV self-testing on HIV testing frequency in gay and bisexual men at high risk of infection (FORTH): a waiting-list randomised controlled trial. Lancet HIV. (2017) 4:e241–e250. doi: 10.1016/S2352-3018(17)30023-1

 185. Hall EW, Ricca AV, Khosropour CM, Sullivan PS. Capturing HIV incidence among MSM through at-home and self-reported facility-based testing. J Acquir Immune Def Syndrom. (2017) 75:e142. doi: 10.1097/QAI.0000000000001338

 186. Witzel TC, Weatherburn P, Burns FM, Johnson CC, Figueroa C, Rodger AJ. Consolidating emerging evidence surrounding HIVST and HIVSS: a rapid systematic mapping protocol. Syst Rev. (2017) 6:72. doi: 10.1186/s13643-017-0452-4

 187. Ahmed-Little Y, Bothra V, Cordwell D, Freeman Powell D, Ellis D, Klapper P, et al. Attitudes towards HIV testing via home-sampling kits ordered online (RUClear pilots 2011–12). J Public Health. (2016) 38:585–90. doi: 10.1093/pubmed/fdv075

 188. Curlin ME, Gvetadze R, Leelawiwat W, Martin M, Rose C, Niska RW, et al. Analysis of false-negative human immunodeficiency virus rapid tests performed on oral fluid in 3 international clinical research studies. Clin Infect Dis. (2017) 64:1663–9. doi: 10.1093/cid/cix228

 189. Spotonsciences.com. HemaSpot™-HF Blood Collection Device. (2017) Retrieved from: http://www.spotonsciences.com/hemaspot/. (accessed October 24, 2019).

 190. van Loo IH, Dukers-Muijrers NH, Heuts R, van der Sande MA, Hoebe CJ. Screening for HIV, hepatitis B and syphilis on dried blood spots: a promising method to better reach hidden high-risk populations with self-collected sampling. PLoS ONE. (2017) 12:e0186722. doi: 10.1371/journal.pone.0186722

 191. Kania D, Bekale AM, Nagot N, Mondain AM, Ottomani L, Meda N, et al. Combining rapid diagnostic tests and dried blood spot assays for point-of-care testing of human immunodeficiency virus, hepatitis B and hepatitis C infections in Burkina Faso, West Africa. Clin Microbiol Infect. (2013) 19:E533–41. doi: 10.1111/1469-0691.12292

 192. Hirshfield S, Teran RA, Downing MJ Jr, Chiasson MA, Tieu HV, Dize L, Gaydos CA. Quantification of HIV-1 RNA among men who have sex with men using an at-home self-collected dried blood spot specimen: feasibility study. JMIR Public Health Surveill. (2018) 4:e10847. doi: 10.2196/10847

 193. Armstrong B, Kalmuss D, Franks M, Hecker G, Bell D. Creating teachable moments: a clinic-based intervention to improve young men's sexual health. Am J Men's Health. (2010) 4:135–44. doi: 10.1177/1557988309331796

 194. Craw JA, Gardner LI, Marks G, Rapp RC, Bosshart J, Duffus WA, et al. Brief strengths-based case management promotes entry into HIV medical care: results of the antiretroviral treatment access study-II. JAIDS J Acquir Immune Defic Syndromes. (2008) 47:597–606. doi: 10.1097/QAI.0b013e3181684c51

 195. Sebesta DS, Marx R, Liu Y. HIV prevention case management in San Francisco: barriers to successful implementation. AIDS Care. (2006) 18:345–55. doi: 10.1080/09540120500200641

 196. Desai M, Woodhall SC, Nardone A, Burns F, Mercey D, Gilson R. Active recall to increase HIV and STI testing: a systematic review. Sex Transm Infect. (2015) 91:314–23. doi: 10.1136/sextrans-2014-051930

 197. Luque JS, Ross L, Gwede CK. Qualitative systematic review of barber-administered health education, promotion, screening and outreach programs in African-American communities. J Community Health. (2014) 39:181–90. doi: 10.1007/s10900-013-9744-3

 198. Linnan LA, D'Angelo H, Harrington CB. A literature synthesis of health promotion research in salons and barbershops. Am J Prev Med. (2014) 47:77–85. doi: 10.1016/j.amepre.2014.02.007

 199. Wilson TE, Gousse Y, Joseph MA, Browne RC, Camilien B, McFarlane D, et al. HIV prevention for black heterosexual men: the barbershop talk with brothers cluster randomized trial. Am J Public Health. (2019) 109:1131–7. doi: 10.2105/AJPH.2019.305121

 200. Services C.f.M.,M. Decision Memo for Screening for the Human Immunodeficiency Virus (HIV) Infection (CAG-00409R). (2015). Available online at: https://www.cms.gov/medicare-coverage-database/details/nca-decision-memo.aspx?NCAId=276 (accessed October 9, 2019).

 201. Services U.S.D.o.H.a.H. Statement on FY2020 Budget Proposal for End the HIV Epidemic in America. Available online at: (accessed October 15, 2019).

 202. AIDS United. Ending the HIV Epidemic in the United States: A Roadmap for Federal Action. (2019). Available online at: https://www.aidsunited.org/data/files/Site__18/Policy/Ending__the__HIV__Epidemic__U.S.__Roadmap__for__Federal__%20Action__FINAL.pdf (accessed October 9, 2019).

 203. Demko P. How Healthcare's Washington Lobbying Machine Gets the Job Done. (2014). Available online at: https://www.modernhealthcare.com/article/20141004/MAGAZINE/310049987/how-healthcare-s-washington-lobbying-machine-gets-the-job-done

 204. Friedman AL, Kachur RE, Noar SM, McFarlane M. Health communication and social marketing campaigns for sexually transmitted disease prevention and control: what is the evidence of their effectiveness? Sexual Trans Dis. (2016) 43:S83–101. doi: 10.1097/OLQ.0000000000000286

 205. Sanders RA, Ellen JM. Structural Interventions With an Emphasis on Poverty and Racism in African Americans and HIV/AIDS. Springer (2010). p. 255–70. doi: 10.1007/978-0-387-78321-5_14

 206. Pichon L, Powell T. Review of HIV testing efforts in historically black churches. Int J Environ Res Public Health. (2015) 12:6016–26. doi: 10.3390/ijerph120606016

 207. Frye V, Paige MQ, Gordon S, Matthews D, Musgrave G, Greene E, et al. Impact of a community-level intervention on HIV stigma, homophobia and HIV testing in New York City: Results from project CHHANGE. Stigma Health. (2019) 4:72. doi: 10.1037/sah0000109

 208. McNeil DG Jr. New York, NY: The New York Times (2018). https://www.nytimes.com/2018/03/26/health/grindr-hiv-test-reminder.html

 209. Senn TE, Braksmajer A, Coury-Doniger P, Urban MA, Carey MP. Mobile technology use and desired technology-based intervention characteristics among HIV+ Black men who have sex with men. AIDS Care. (2017) 29:423–7. doi: 10.1080/09540121.2016.1220479

 210. Levy ME, Watson CC, Wilton L, Criss V, Kuo I, Glick SN, et al. Acceptability of a mobile smartphone application intervention to improve access to HIV prevention and care services for black men who have sex with men in the District of Columbia. Digital Cult Educ. (2015) 7:169.

 211. Archibald CM, Newman D. Pilot testing HIV prevention in an Afro Caribbean faith-based community. ABNF J. (2015) 26:43–9.

 212. Fleming PJ, Dworkin SL. The importance of masculinity and gender norms for understanding institutional responses to HIV testing and treatment strategies. AIDS. (2016) 30:157. doi: 10.1097/QAD.0000000000000899

 213. Dworkin SL, Treves-Kagan S, Lippman SA. Gender-transformative interventions to reduce HIV risks and violence with heterosexually-active men: a review of the global evidence. AIDS Behav. (2013) 17:2845–63. doi: 10.1007/s10461-013-0565-2

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.

Copyright © 2020 Taylor, DeHovitz and Hirshfield. 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.












	
	ORIGINAL RESEARCH
published: 27 November 2020
doi: 10.3389/fpubh.2020.557195






[image: image2]

Associations Between Maternal Community Deprivation and Infant DNA Methylation of the SLC6A4 Gene

Kelly DeLano1,2, Alonzo T. Folger1,3,4, Lili Ding1,4, Hong Ji1, Kimberly Yolton1,4, Robert T. Ammerman1,3,4, Judith B. Van Ginkel1,3,4 and Katherine A. Bowers1,4*


1Cincinnati Children's Hospital Medical Center, Division of Biostatistics and Epidemiology, Cincinnati, OH, United States

2Xavier University, Department of Mathematics, Cincinnati, OH, United States

3Every Child Succeeds, Cincinnati, OH, United States

4Department of Pediatrics, University of Cincinnati College of Medicine, Cincinnati, OH, United States

Edited by:
Allison A. Appleton, University at Albany, United States

Reviewed by:
Ana Isabel Ribeiro, University Porto, Portugal
 Livio Provenzi, IRCCS Mondino Foundation, Italy

*Correspondence: Katherine A. Bowers, katherine.bowers@cchmc.org

Specialty section: This article was submitted to Inequalities in Health, a section of the journal Frontiers in Public Health

Received: 29 April 2020
 Accepted: 29 October 2020
 Published: 27 November 2020

Citation: DeLano K, Folger AT, Ding L, Ji H, Yolton K, Ammerman RT, Van Ginkel JB and Bowers KA (2020) Associations Between Maternal Community Deprivation and Infant DNA Methylation of the SLC6A4 Gene. Front. Public Health 8:557195. doi: 10.3389/fpubh.2020.557195



Introduction: Poverty is negatively associated with health and developmental outcomes. DNA methylation (DNAm) has been proposed as a mechanism that underlies the association between adversity experienced by mothers in poverty and health and developmental outcomes in their offspring. Previous studies have identified associations between individual-level measures of stress and adversity experienced by a mother during pregnancy and infant DNAm. We hypothesized that independent of individual stresses, a mother's community-level deprivation while she is pregnant may also be associated with DNAm among the genes of her offspring that are related to stress response and/or development.

Methods: Pregnant mothers (N = 53) completed assessments that measured stress, adversity, and mental health. To evaluate community-level deprivation, mothers' addresses were linked to census-level socioeconomic measures including a composite index of deprivation that combines multiple community-level indicators such as income and highest level of education received. Infant buccal cells were collected at about age 4 weeks to measure DNAm of candidate genes including NR3C1, SCG5, and SLC6A4, which are associated with the stress response and or social and emotional development. Multivariable models were employed to evaluate the association between maternal community deprivation and infant DNAm of candidate genes.

Results: No significant associations were identified between maternal community-level deprivation and the methylation of NR3C1 or SCG5, however, maternal community-level deprivation was significantly associated with higher mean methylation across 8 CpG sites in SLC6A4.

Conclusion: This study identified an association between community-level measures of deprivation experienced by a mother during pregnancy and DNAm in their offspring. These findings may have implications for understanding how the community context can impact early biology and potential function in the next generation.

Keywords: community, deprivation, epigenetics (DNA methylation, histone modifications), poverty & inequality, prenatal


INTRODUCTION

The lifestyle and health of a mother during pregnancy can significantly affect offspring health. For example, exposure to maternal depression and anxiety is related to increased behavioral reactivity and cortisol levels in infants and is associated with reduced gray matter in the frontal cortex (1). Prenatal maternal stress is also associated with increased risks of psychopathology; decreased cognitive, linguistic, and play abilities; behavioral problems; and increased heart rate in infants (1, 2). Prenatal depression has been associated with increased cortisol levels in infants and altered neurobehaviors (3). Additional research has begun to uncover the long term effects a mother's pregnancy experience has on the life of the child as he or she grows older (4). In addition to individual maternal adversity and mental health, a mother's community, neighborhood, and social environments are also associated with infant and child development. Poverty during early childhood can lead to structural differences in brain development and related deficits in academic achievement (5, 6).

One proposed mechanism linking the maternal social environment to biologic changes in the offspring is epigenetics. Epigenetics refers to chemical modifications to chromatin, such as the binding of methyl groups to DNA, that regulate genomic transcription and may be sensitive to early environmental signals (4). For example, studies have shown increased exposure to parental stress is associated with changes in DNAm in infants (7). To associate maternal and early adversity to infant DNAm, prior studies have employed both epigenome-wide and candidate gene approaches, with a focus on genes involved in the neuroendocrine response and neurodevelopment (2, 8, 9). Evidence also suggests that differences in DNAm at certain genes is associated with development and behavior (10). However, prior studies have focused primarily on individual-level, rather than community-level adversity and the association with infant DNAm.

Community disadvantage may lead to changes in DNAm that can have functional consequences to cognitive and behavioral health that persist into adulthood. At the community-level, disadvantage can mean increased food insecurity, violence, and housing instability, all factors disruptive to early development (11). Two recent studies support a relationship between community disadvantage and DNAm at genes in the pathways of stress reactivity, inflammation and neurodevelopment (12, 13). These community-level effects appear to be independent of individual socioeconomic factors, suggesting that community deprivation has deleterious effects that extend beyond individual circumstances. The epigenetic response to community disadvantage is linked to structural brain differences in regions that impact executive function and emotional regulation (13).

The purpose of this study was to determine the association between community deprivation and offspring DNAm at loci in the regulatory regions of candidate genes. Three candidate genes were selected based on prior research and associations between maternal stress and mental health in pregnancy and infant DNA methylation. The Nuclear Receptor Subfamily 3, Group C, member 1(NR3C1) glucocorticoid receptor has been well studied due to its essential role for modulating the stress response through regulation of the hypothalamic-pituitary-adrenal (HPA) axis. Prior research has shown that methylation of this gene is associated with psychosocial stress and a variety of stress-related disorders (14). These associations have been observed for stress experienced across the life-course. DNA methylation in the Solute Carrier Family 6, Member 5 (SLC6A4) serotonin transporter gene has been associated with exposure to adversity such as maternal depression and childhood trauma (15). In addition to associations with maternal adversity, this receptor is essential for socio-emotional and behavioral development and has been shown to be epigenetically modified in people who experience major depressive disorder. Less evidence exists regarding the role of the Secretogranin V (SCG5) gene in either a response to stress and adversity or infant development. The SCG5 gene encodes a chaperone protein that is widespread in neuroendocrine tissues and, notably, high maternal prenatal distress has been associated with lower offspring DNA methylation and SCG5 gene expression (8). Differential infant DNAm of these candidate genes attributed to a mother's prenatal experience may underlie health consequences to the infant, such as delayed development.



MATERIALS AND METHODS


Study Population

We conducted this analysis within the Pregnancy and Infant Development (PRIDE) Study. Participants from the PRIDE Study were enrolled from the Every Child Succeeds (ECS) early childhood home visiting program in the Greater Cincinnati, Ohio area. The program provides home visiting services to mother-child dyads in seven counties in southwest Ohio and Northern Kentucky. All mothers in the program are low income, single, or have other psychosocial risks. Women who enroll prenatally receive weekly, bi-weekly, or monthly visits depending on their gestational week. After the infant is born, the home visits continue until the child is age 3 years, and include regular developmental screening beginning at age 4 months. The women participating in the PRIDE Study cohort were required to be English speaking, 18 years of age or older, and between 12 and 35 weeks gestation. Eligible participants were referred to the PRIDE Study by ECS home visitors. All procedures of the PRIDE Study were approved by the Institutional Review Board at Cincinnati Children's Hospital, and mothers provided informed consent for their and their infant's participation.



Study Visits

Two home visits were conducted for the PRIDE Study. The first home visit was conducted prenatally during the second or third trimester of pregnancy and the second home visit was conducted postnatally when the infant was age 3–5 weeks. At the first visit, informed consent was obtained, data on maternal stress, adversity, and social support during childhood and pregnancy were collected, and a hair sample was collected. The purpose of the second home visit was to measure infant neurobehavior and to collect buccal cells from infants for DNAm analysis.



Directed Acyclic Graph

Directed Acyclic Graphs (DAGs) are used to display hypothesized relationships and causal pathways. In a DAG, an arrow connecting one variable to another represents causation. Therefore, if there is not an arrow directly connecting two variables, there is not a causal association. DAGs are especially helpful for identifying confounding factors and for reducing biases that may occur when variables are inappropriately added to statistical models (16). We developed a DAG to guide statistical modeling of the association between maternal community deprivation and infant DNA methylation (Figure 1) utilizing available measured covariates including household income, mother's age, self-identified race, and Adverse Childhood Experience Scale (ACE) score, and identified maternal stress and social support as potential mediators.


[image: Figure 1]
FIGURE 1. Directed Acyclic Graph displaying the hypothesized association between maternal deprivation index and infant DNA methylation.





MEASURES


Deprivation Index

We identified census tracts in which each mother lived based on her address at study enrollment. For each census tract, a deprivation index was calculated. The deprivation index combines community-level indicators including the following factors: fraction of people receiving assisted income, fraction of people who graduated from high school, median income, fraction of people with health insurance, fraction of people living in poverty, and fraction of vacant housing in the community (17, 18). The deprivation index ranges from 0 to 1, where 1 indicates greater deprivation. For the present analyses, deprivation index was evaluated both continuously and dichotomously where a deprivation index above the median (0.32) was designated “high deprivation” and below the median was designated “low deprivation.”



Additional Individual-Level Measures

Adversity was measured by a variety of self-assessments during the prenatal study visit. The Adverse Childhood Experience Scale (ACE) is a 10-question assessment of physical and emotional abuse and neglect (19). The Edinburgh Postnatal Depression Scale (EPDS) (20) is used to measure maternal depressive symptoms and has been validated for use prenatally (21). The Perceived Stress Scale (PSS) is the most widely used measure of perceived stress and measures the degree to which situations in one's life are appraised as stressful (22). The Interpersonal Support Evaluation List (ISEL) is a 40-item assessment that gives an overall score of support and has four subscales including appraisal, tangible, self-esteem, and belonging (23).

Additional variables included infant sex, maternal age (years) at the time of enrollment, self-reported race (black, white, other), income level (< $25,000, ≥$25,000), high school education (yes/no), and residence distance from major roadways (meters).



DNA Methylation

DNA was extracted from infant buccal cells collected during the postnatal visit. Pyrosequencing was used to quantify DNAm of the NR3C1, SLC6A4, and SCG5 genes and methylation was measured in Beta-values that indicated percent methylation (Table 1). The Beta-values were converted to M-values with a logit transformation. Cell type heterogeneity was evaluated from an additional sample of infant buccal cells collected at the same time as the DNA and then placed in phosphate-buffered saline. Cells were spun and examined under a microscope to determine the proportion of various cell types. It was found that 99% of the cells were epithelial indicating no need for statistical adjustments for cell type composition.


Table 1. Bisulfite pyrosequencing primers.
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Statistical Analysis

For the present analyses, deprivation index was evaluated both continuously and dichotomously. Participant characteristics were compared between the high and low deprivation groups, comparing means (or medians for variables with non-normal distributions) for continuous variables and frequencies and percentages for categorical variables. Normality was assessed for continuous variables using a Shapiro Wilk Test, and a Welch's two sample t-tests was used to identify statistically significant differences between the high and low deprivation groups. When the data were not normally distributed, a Wilcoxon Signed-Rank Test was used. Chi Squared and Fisher's Exact tests identified the statistical associations between categorical variables and high and low deprivation groups. Associations between maternal characteristics, adversity measures, social support, and continuous deprivation index were analyzed using simple linear regression.

A multivariable general linear model was used to examine the association between the deprivation index of the mother and infant DNAm. Guided by the DAG, we adjusted the model for mother's age, household income, mother's self-reported race, and mother's ACE score. A potential interaction between deprivation and infant sex (male/female) was investigated by including a multiplicative interaction term in the multivariable model and using stratification. All statistical analyses were completed using R software. Associations with p ≤ 0.05 were considered statistically significant.




RESULTS

We enrolled 56 participants in this phase of the PRIDE Study. Of these, 53 participants completed both the prenatal and the postnatal study visits. Mothers identified themselves as white (38%), black or other race (62%), and Hispanic (6%). Eighty-seven percent of mothers were employed, 51% had a household income of < $25,000, and 79% had no college experience. The distribution of the deprivation index of the sample was generally higher than the overall distribution of the deprivation index across the Greater Cincinnati area. Sociodemographic variables did not significantly across deprivation groups, except self-reported race (p < 0.0001) (Table 2). No individual-level adversity measures were significantly associated with deprivation index, including the EDPS, PSS, and ISEL, administered during home visits.


Table 2. Maternal characteristics, adversity measures, and measures of support are summarized with linear regression coefficients for the association between each and a continuous measure of the deprivation index as well as means (standard deviations) for continuous variables and the number (percent) for categorical variables presented by the deprivation index variable split at the median.

[image: Table 2]

In an unadjusted model, a mother's deprivation index during pregnancy was significantly associated with infant DNAm of SLC6A4 (β = 3.31, p = 0.02). Adjusting for maternal age, the association remained statistically significant (β = 2.81, p = 0.03). Adjusting for household income, race, and the mother's ACE score, the association was no longer statistically significant (β = 2.17, p = 0.10) (Table 3). Although there was not a statistically significant interaction (p > 0.05), as we were underpowered to identify interactions, in stratified analyses the association between maternal deprivation during pregnancy and methylation of SLC6A4 was smaller among males (β = 1.87, p = 0.39) compared to among females (β = 3.69, p = 0.14). There were no statistically significant associations observed between maternal deprivation index and DNAm of NR3C1 or SCG5 (β = 3.23 (p = 0.76) and β = 3.77 (p = 0.37), respectively, in unadjusted models).


Table 3. Unadjusted and adjusted models illustrating relationship [beta values (p-value)] between maternal community deprivation and mean infant DNAm of SLC6A4.
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DISCUSSION

We identified an association between mothers' community level deprivation index while she was pregnant and infant DNAm of SLC6A4 gene. The association remained after adjustment for maternal age. Although the association was attenuated and no longer statistically significant after additional adjustment for household income, race, and mother's ACE score, the effect was still evident; statistical significance may have been impacted by our small sample size. While there was not a significant interaction between deprivation index and infant sex, the effect in females was 2-fold the effect in males suggesting a potential heterogeneity of effects that should be tested in a larger sample. No statistically significant associations were identified for CpG sites in NR3C1 and SCG5.

The SLC6A4 gene encodes the serotonin transporter (5-HTT), which is essential for the reuptake of the neurotransmitter serotonin, facilitating communication between neurons (9). 5-HTT transports serotonin from the synaptic cleft to the presynaptic neuron (24). Serotonin is a chemical compound that modulates many behavioral and neuropsychological processes, and dysregulation of receptors has been associated with psychiatric disorders (25). Previous research has demonstrated an association between prenatal maternal depression and DNAm of the SLC6A4 gene (9). Therefore, DNAm and related silencing of 5-HTT expression may disrupt normal neuropsychological processes. Alterations in 5-HTT availability may increase risk for later emotional problems such as depression (26).

The observed association between early adversity in the environment and infant DNAm aligns with several prior studies. Specifically, a 2013 study reported a significant relationship between adversity experienced during infancy and preschool and DNAm in adolescents (7). In addition, another study showed that individuals from at-risk populations who experienced significant stress from their early life experiences had greater DNAm of the SLC6A4 gene (27). Maternal depression during pregnancy has also been associated with offspring SLC6A4 DNAm, suggesting a potential impact on longer term emotional development (9).

Our study contributes to fledgling literature that examines the relationship between prenatal community-level deprivation and differential offspring DNAm. In one study, it was shown that an increase in one standard deviation of deprivation was associated with significantly higher DNAm of the MEG3 gene in infants (28). In two other studies, community disadvantage was linked to significant differences in DNAm at genes controlling stress reactivity, inflammation, and neurodevelopment (12, 13). The current study adds SLC6A4 to the list of genes involved in stress response, and more broadly, behavioral and neuropsychological processes that may have regulatory differences by community context. This information suggests that the multitude of factors at the community level can have a potent impact on offspring biology with potentially, long-term consequences.

The study had several limitations. First, the sample size precluded detection of anything other than large effects. Therefore, it is possible that other, more modest associations between community deprivation and CpG sites of other genes existed and will be important to examine in larger studies. Second, although several measures were taken regarding the experience and health of the mother before and during pregnancy, many other factors including nutrition and pollution of the environment in which the pregnant mother and infant lived may affect DNAm and were not measured in the present study. These variables could modify the identified association and should be investigated further. We also did not have the power to investigate potential mediation and effect modification of this association.

There were also important strengths to this study. First, the longitudinal study design permitted prenatal assessment of community deprivation characteristics followed by a neonatal measurement of offspring DNAm. Second, the study examined these associations within a low-income, urban cohort that was representative of families who participate in early childhood prevention programs for high-risk families. The study population permits generalization to the large system of early childhood home visiting programs serving families throughout the United States. Although all the mothers had high sociodemographic risk, there was still variation in the index of deprivation enabling estimation of the effect on DNAm. Third, the study uniquely investigated the effect of community context on offspring epigenetic mechanisms. This work provides insight into how community variation, even within lower income communities, can impact early biology. Together, the study design, biologic plausibility of candidate gene selection, and strong effect size after controlling for several covariates, suggest a potential association that warrants replication in larger studies.

We identified a novel association between the deprivation of the maternal community during pregnancy and infant methylation of DNA at the SLC6A4 gene. Given the role of SLC6A4 in social and emotional health, DNAm of SLC6A4 may underlie some of the association between maternal community deprivation and development in infants. Further research is necessary to replicate these findings.
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Here, we examine the potential effect of the COVID-19 pandemic on future birth rates. This highly contagious disease originated in China, and rapidly spread worldwide, leading to extensive lockdown policies being implemented globally with the aim of containing the infection rates and its serious attendant consequences. Based on previous extant literature, this paper overviews the potential demographic consequences of the current progressively widespread epidemic on conception and fertility as driven by the data obtained during similar prior incidents. In general, epidemics manifest a common pattern as far as their impact on population, which is remarkably similar to natural disasters, i.e., a steep decline in birth rates followed by gradual increases and then followed by a baby boom. Additionally, we have also depicted how economic conditions, mental health, fear, and mortality may also influence future birth rates.
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INTRODUCTION

The coronavirus disease-2019 (COVID-19) is an infectious disease caused by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), which was first reported in December 2019 in Wuhan, People's Republic of China. To date, the spread of this disease has been extremely rapid throughout the world (1), and the World Health Organization (WHO) declared COVID-19 as a Public Health Emergency on January 30, 2020. By March 11, 2020, COVID-19 was declared as a global pandemic by the WHO, and has since continued to spread at an accelerated rate. At the time of writing, more than 50.5 million cases have been reported across 213 countries and territories, and have ultimately resulted in more than 1.26 million deaths (November 9, 2020; (Source: Johns Hopkins University Coronavirus Resource Center; https://coronavirus.jhu.edu/map.html). The virus generally spreads between persons during close contact, most often through small droplets produced by sneezing, coughing, and talking. It can also spread by touching contaminated surfaces followed the touching of the face, nose, and eyes with unwashed hands. Since no licensed vaccines or specific antiviral treatments are currently available for COVID-19, some initiatives such as spatial distancing restrictions and lockdowns across the world have been strictly imposed to prevent the spread of the virus and reduce the magnitude of the pandemic.

As a result of the transmission control efforts, more than two-thirds of the world population have experienced lockdown measures, lasting from weeks to months, and thereby affecting family and social lives, as well as imposing a substantial burden on mental health (2). Thus, in addition to the physical health effects of the virus in those persons infected, the pandemic is also causing detrimental social and mental health effects, which in turn can influence fertility, conception, gestation, and birth. Furthermore, different propagation patterns of the COVID-19 pandemic as occurring in different countries and even in regions within countries may also in turn lead to other consequences, the latter related to different socio-economic conditions, healthcare facilities and access, and financial stability (2). Thus, the impact of the pandemic on conception, pregnancy, and birth will likely greatly differ in advanced and emerging economies.



INFLUENCES OF COVID-19 PANDEMIC ON FERTILITY RATE WORLDWIDE


The Socio-Economic Impact of the COVID-19 Pandemic

The impact of the lockdown may vary from country to country, and it is likely to increase global poverty and inequalities (3–6). Millions of individuals are unable to work because of complete or partial lockdown, and unemployment rates have exponentially risen. Consequently, individuals from all walks of life have been afflicted by the financial fluctuations and economic uncertainty during the outbreak, and the situation has led to economic recession and increased psychological stress (2). The World Bank projects that the COVID-19 pandemic will cause a contraction of 7% in GDP across the globe in 2020 and, while severely affecting all countries, the impact on unemployment will vary. According to estimates by the International Labor Organization (ILO), the lower-middle income countries (LMICs) (16.1%) experienced greater levels of working hour losses than those sustained by higher income countries (HICs) (13.9%) in the second quarter of 2020.



The Impact of Socio-Economic Circumstances on Fertility Rates

Studies suggest that fertility rates are affected by economic recession and poverty (7) with country-specific poverty rates across both emerging and developed economies leading to further variation in fertility rates (8). USA experienced a decline in birth rates during the great economic recession in 2008, and the trend was sustained till the first half of 2009, whereas the birth rates in 2007 were the highest recorded for the prior two decades. A study carried out by Pew Research Center in October 2009 in USA reported that 14% (ages 18–34) and 8% (ages 35–44) of those surveyed were still planning to postpone having a child due to the prior financial downturn (9). Other factors such as the availability of contraception, and women educational attainment levels (9) may also influence the fertility rates differently across HICs and LMICs. Therefore, the economic recession caused by the COVID-19 pandemic may impose a long-term impact on fertility rate, even after the pandemic has abated or been resolved.



The Impact of Anti-COVID-19 Measures on Fertility Rates in HICs

The economic crisis that resulted from COVID-19 pandemic along with unemployment, increase in domestic violence, and limited access to the healthcare sector in the antenatal period can also affect birth rates. The United Nations predicted that in 114 LMIC, 47 million women will be unable to access modern contraceptives due to lockdown measures and will lead to 116 million unwanted babies. In addition, 3.3 million unintended pregnancies are estimated in the USA. However, this unwanted baby boom will not be a major concern for developed economies according to the United Nations.

Fertility is usually reported as the Total Fertility Rate (TFR), indicative of the average number of children per woman. A TFR of ~2.1 children per woman is termed the Replacement Fertility Rate. The TFR has been below the replacement rate in most developed countries since 1950. The unique circumstances imposed by the pandemic are likely to affect TFR, particularly in developed economies, where the population susceptibility to economic changes appears to exert increased impact on reproductive decisions (10, 11). Moreover, in HICs the fertility rate is greatly influenced by higher women educational levels, which again may impact the birth rates in high economies during COVID-19 pandemic (12). The desire to conceive a baby is also somewhat dependent on the childcare outsourcing in HICs, and fertility is also maintained in this way. The inaccessibility to childcare outsourcing services during COVID-19 pandemic could also impact the birth rates to some extent in higher socioeconomic settings (12).

According to a survey among ovulation and pregnancy test kit customers (n = 132) in the USA, many couples have expressed reluctance to conceive babies in such adversity (13). The survey also reported that the supply of ovulation and pregnancy test kits decreased and the demand of emergency contraception increased in May 2020, whereas, there was a spike in the demand of pregnancy and ovulation test kits early in March 2020 (13) suggesting that less individuals are trying to become pregnant. Though the survey in the USA, which included only a limited number of participants, may not accurately represent all the actual scenarios, another survey in Italy involving highly educated participants (~64% graduate) found that most of them were not planning to conceive during the COVID-19 crisis (14). Their sex lives as well as planning for parenthood have been substantially influenced during COVID-19 pandemic (14) by a number of reasons like worries about future economic difficulties, fear of getting infected, complications during pregnancy, shortage of healthcare workers, and disease clusters in hospitals. Conversely, a minority of individuals may be more inclined to conceive during the lockdown (14). This is likely due to enhanced couple intimacy opportunities in the context of working from home or furlough during lockdown, emergent desire to bring about a change in their life, and the need for positive emotional support during the COVID-19 pandemic (15). Again, the study also revealed that the desire for parenthood during the pandemic was more prevalent among the higher age group (31–46 years) which may be another reason for the fluctuation of fertility rates.

The aforementioned study concerning family planning among 1,482 Italian respondents (944 males and 538 females) reported that, before the COVID-19 pandemic, 268 participants were planning to have children and the other 1,214 showed no interest in planning for babies. However, during the pandemic, 100 of the 268 abandoned their plans for fear of becoming infected (n = 28), fear of the consequences of pregnancy (n = 58), and fear of economic difficulties (n = 58). In contrast, 140 among the 1,214 participants indicated that they were now planning to have children during the pandemic. The reasons for such changes in opinion included having more free time (n = 36), increased couple interactions (n = 26), wishing to bring about some changes in the couples' lives (n = 70), and need for positivity (n = 56). Notwithstanding, there was an overall reduction in frequency of sexual intercourse during the pandemic (14). In another study (n = 2,009) carried out by the Guttmacher Institute in the USA, 40% women reported having changed their plan to not have a child during pandemic (16). The study also reported that lower-income women (36%) were more likely to have trouble and delays in having access to contraception and birth controls than higher-income women (31%) during the pandemic.



The Impact of Anti-COVID-19 Measures on Fertility Rates in LMICs

If we re-examine the consequences of a pandemic on TRF, although a baby boom, i.e., a remarkable sudden increase in the birth rates when compared to normal rates, is unlikely to occur in western countries despite economic problems, psychological distress, household stress, and shortage of health services, controlling the anticipated baby boom is impracticable among individuals in low-middle income countries (LMIC). Moreover, in LMICs (e.g., India and Bangladesh), the impact of COVID-19 on fertility appears to be quite different. While socioeconomic factors are intimately related to risk awareness as related to pregnancy during a pandemic, and therefore highly educated sectors of the population in LMIC are unlikely to plan family expansion during this situation, some cases of conception may still occur (12). For instance, prolonged lockdown may result in a large number of women or men not having access to various forms of contraception, also a major determinant of baby booms after an epidemic has occurred. The Ipas Development Foundation, which focuses on contraception and abortion in India, an LMIC of Southeast Asia, estimated that about 1.85 million women were unable to gain access to abortions between March and May 2020 (17). Another organization in the same country, Reproductive Health Service reported that about 25 million people were unable to access contraception in May 2020 during lockdown. Among all other less privileged sectors of the population in LMIC, the lack of access to birth control services is further apparent, and likely to result in millions of unintended pregnancies, unsafe abortions, and maternal deaths (18). Moreover, during the lockdown women are not able to go to the clinics for their regular check-ups and pregnancy tests, and consequently, they are not always able to prevent unintended pregnancies. Additionally, the practice of family planning is comparatively low among illiterate individuals due to poverty and lack of education and resources in LMICs (19). Such individuals do not have clear concepts and awareness about proper spacing between pregnancies, usage of condoms, and of female contraceptive methods (20, 21). As a result, unintended pregnancies are unlikely to be reduced among this group. Due to the lockdown, individuals are in their houses with their partners and because of job losses or interrupted work-related activities, the increased time spent at home will further escalate the possibility of a baby boom in rural areas during this pandemic.



The Possible Direct Impacts of COVID-19 on Fertility Rates

Few unresolved or poorly understood factors could also significantly affect the fertility rate during any pathogenic outbreak. Given the 1918 influenza pandemic as an example, pregnant women were the hardest hit among all infected individuals, but the reason behind such observations are still a subject of debate (22–24). Since many factors regarding COVID-19 remain still poorly understood, the chance of direct impact of SARS-CoV-2 (the causative agent of COVID-19) on both male and female fertility cannot be excluded. SARS-CoV-2 binds to the Angiotensin Converting Enzyme-2 (ACE-2) receptors to enter the cells of human body. Several hypotheses have pointed the presence of ACE-2 receptors on male Leydig cells and female ovaries as the possible thread to directly affect human fertility (25, 26). Therefore, how differently COVID-19 affects male and female fertility per se is not yet clear, and as a result, the actual impact of SARS-CoV-2 on overall fertility cannot entirely be incorporated into accurate estimates of future TFR (20, 21). In addition, the knowledge gap about the vertical transmission of the SARS-CoV-2 virus, along with the inability to universally diagnose asymptomatic patients remains another concern to consider the direct impact of COVID-19 pandemic on fertility rate (27). If SARS-CoV-2 is vertically transmitted from asymptomatic mother to child, the assumption on COVID-19 not affecting pregnancy outcomes or birth rates may be misleading. Furthermore, embryology laboratory personnel who is infected and asymptomatic can contaminate the gamete/embryo during manipulation required for in vitro fertilization (IVF) and thus can affect the fertility rate unknowingly. These unknown factors and certainly many others that remain unaccounted may influence professional societies recommendations (10), as well as lead to public opinion shifts regarding pregnancy decisions.



The Impacts of COVID-19-related Morbidity and Mortality on Fertility Rates

Additionally, the death rate of COVID-19 may adversely impact TFR; however, considering that COVID-19 mortality rates are particularly elevated among older individuals and those with underlying chronic disease, the overall direct effect of mortality is likely to be minor on TFR. We should point out that historical evidence from high mortality events such as wars, diseases, famines, heatwaves, and storms typically have an immediate negative effect on fertility rates, whereby mortality affects fertility by both a replacement effect and a hoarding effect. By replacement (or volitional) effect, we indicate compensation for birth loss (i.e., a response by couples to plan for a new baby because they have lost one), especially evidenced in societies where extended families living together are the norm, and where children are valuable for their support in their parents' old age and for their economic contribution to the family. A significant rise in stillbirths was observed during the ongoing pandemic in UK, India and Nepal and the study carried out among 20 thousand women in nine hospitals across Nepal revealed about 50% increase in stillbirth rates due to inaccessibility to health facilities and antenatal support (28). This suggests that the global fertility rate could be also influenced by replacement effect more specifically in developing countries. By hoarding effect, we signify expected mortality risk of offspring by their parents (i.e., a response by couples to expected mortality of their offspring which causes them to plan for more babies) (29, 30).




CORRESPONDENCE BETWEEN COVID-19 AND OTHER PRECEDING EPIDEMICS

A large number of deadly disasters have previously occurred in the world history. From influenza epidemics to COVID-19, all have taken hundreds of thousands of lives. Studies have shown that such high fatality disasters lead to a decline in births in the several months that follow such events. The Great Finnish Famine (1866–1868) killed more than 0.2 million people in Finland (i.e., 10% of the country population). The birth rate during the epidemic was lower compared to the period 1801–1850 (31). The birth rate later markedly increased shortly after the famine ended. The Spanish flu (1918) is the most destructive flu pandemic in modern history and killed 50 million people worldwide. A unique feature of this virus was the high death rate among young adults aged 20–40 years (32). There were no significant changes noticed in fertility rates between 1913 and 1918, and the fertility rate was at its lowest in 1919. However, in 1920, a baby boom occurred in European countries including Norway, Sweden, and the UK. This surge in natality was identified as reflecting the tendency of many couples rushing to wed and then conceive children after surviving the epidemic (33, 34). A surge in fertility rate was also observed 9–12 months after the Great Kanto Earthquake in Japan (1923). Experts suggested that victims of the disaster sought motherhood because of child loss in the earthquake (35).

More recently, studies suggest that fertility rates also declined during the Severe Acute Respiratory Syndrome (SARS) epidemic (2003) and the Zika virus outbreak (2015–16). In a study carried out in Taiwan that compared to pre-SARS period, the market share for childbirth health services dropped in medical centers (5.2%) and regional hospitals (4.1%) with reduced cesarean rates during the peak SARS period (36). The Ebola epidemic in Africa killed 50% of infected individuals, spread by means of bodily fluids, and had a case fatality rate up to 70%. During and after the Ebola epidemic, the birth rate declined, but after the announcement of several countries as being Ebola-free, the birth rate temporarily rose. For instance, in Liberia, a sharp decline in birth rates was observed during the first 6 months from the beginning of the Ebola outbreak, whereas a 33% rise was reported for 5 months in the 17 months preceding the outbreak (37, 37, 38).

In Figure 1, we depict monthly fluctuation (percent change in monthly birth rate after outbreak) from the start of the SARS, Zika, and Ebola epidemics in Hong Kong (2002), Brazil (2015), and West Africa (2016). After several months (8–12 months) of the epidemics, a reduction in birth rates was apparent and was followed by a noticeable upward trend in the birth rates that lasted well into 20 months after the beginning of each of these epidemics.


[image: Figure 1]
FIGURE 1. Change in birth-rate in months after the start of three recent epidemics, namely SARS, Zika, and Ebola (Source: The Economist; Institute for Family Studies).


Overall, these observations indicate that during all these three recent epidemics, the birth rates decline immediately after the epidemic and recover or further surpass pre-epidemic levels within a year and thereafter. The reclamation of fertility took place mainly because of the replacement effect and the hoarding effect. The loss of family members, relatives, or friends appeared to result in replacement fertility. Additionally, the fear of existence and insecurity influenced the hoarding effect (39). The baby boom after the Spanish flu pandemic was because many women had experienced mortality directly (i.e., loss in their own family) or indirectly (observed death in neighborhood or community). Therefore, the birth rates vary during epidemics and pandemics in different regions because of the different factors influencing birth rates.



DISCUSSION

A recent demographic study estimated that the total number of COVID-19 infections is four times larger than the number of confirmed cases. As mentioned, if SARS-CoV-2 exerts a direct effect on either male or female fertility, the impact of such asymptomatic infections on birth rates could be augmented, and yet unless universal testing is instituted for detection of all asymptomatic cases, the attributable factor to such decline in fertility and consequently birth rates would not be identified. At present, and with very limited evidence, it is somewhat difficult to predict whether and how COVID-19 will affect birth rates. However, considering factors such as changes in socio-economic conditions, mental health, mortality rates, and direct effects of the virus on fertility, and incorporating lessons learned from the previous pandemics, it would be reasonable to postulate that the COVID-19 pandemic may significantly affect future birth rates with long-term effects.

The aforementioned cross-sectional study in Italy, reported that 37.3% had abandoned intentions of having a baby due to the future economic climate, but also that 4.3% had tried to achieve pregnancy (9). Therefore, this change to family planning will to some extent mitigate each other, and the birth rate after 9 months (Bertillon effect) will not be as pronounced due to the counterbalancing effects of these two factors. After an initial reduction, it is expected that birth rates will rise again due to the aforementioned mortality replacement and hoarding effects. However, more precise estimates of the birth rates are unknown because previous studies of epidemics suggest a range from 0.25 to 2 births being added per each death toll in the course of 1 to 5 years after an epidemic. The reduction of 1 birth in 1918 during Spanish flu, was followed by an increase of 1.5 conception 1 year later and resulted in a baby boom (32, 37). This suggests that the COVID-19 pandemic is also very likely to influence the global fertility rate significantly.

The economic recession seems to be a major regulator for affecting the birth rates differently across countries with different socioeconomic settings. Moreover, since every country has unique characteristics in terms of literacy, family planning, rate of disease spread, mortality, and morbidity, different trajectories in fertility and birth rates are anticipated. Again, the countries will start recovering their normal economic state after the pandemic has abated which will also differ from one country to another. The recovery period thus may also significantly influence the global fertility rates for long term in different manners across HICs and LMICs.

Furthermore, the availability of contraception and health care facilities during the pandemic appear to affect the fertility rates greatly in LMICs than HICs. Therefore, a short-lasting drop followed by a later sudden rise in birth rates due to the pandemic is expected to normalize rapidly in developed economies, while a much more variable pattern should emerge in LMICs. And thus, governments in LMICs should ensure the emergency supports to avoid unintended baby boom in such countries during ongoing pandemic. The health agencies should monitor and record the factors associated with undesired events like stillbirth and prevent these from happening again. Moreover, lessons learned from the COVID-19 pandemic should be executed to avoid any future similar circumstances caused by outbreaks or other natural disasters.



CONCLUSION

The COVID-19-related pandemic is negatively impacting human welfare in many domains, and as a result, birth rates are likely to be affected, albeit differentially in developed economies and in LMICs. While initial reductions in birth rates are likely, it is overall expected that a rebound of such rates will take place. Consequently, LMIC governments can play an important role in preventing undesirable baby booms by implementing measures, such as ensuring continued access to family planning centers, and instituting informative public education campaigns.
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Introduction: We aimed to explore the association between night sleep duration and ideal cardiovascular health (ICH) among Chinese rural population.

Methods: In all, 35,094 participants were included from the Henan Rural Cohort study. Information on sleep was collected using the Pittsburgh Sleep Quality Index. The ICH scores were evaluated. The associations between night sleep duration and ICH were examined using both linear regression and logistic regression models.

Results: The mean night sleep duration for all participants was 7.75 ± 1.28 h. Compared with those with night sleep duration of 7 to <9 h by using linear regression model, a significant decrease in ICH scores was observed for participants with shorter [−0.077 (−0.131, −0.024)] and longer [−0.079 (−0.121, −0.036)] night sleep duration. Compared with 7 to <9 h, longer sleep duration [0.919 (0.851, 0.992)] were associated with decreased odds of ideal CVH.

Conclusions: Shorter and longer night sleep duration are negatively associated with ICH among rural population. This suggests that it may be beneficial to include night sleep duration assessment in cardiovascular risk screening.

Keywords: ideal cardiovascular health, health behaviors, health factors, night sleep duration, rural population


INTRODUCTION

Cardiovascular disease (CVD) is now the leading cause of premature mortality and disability both worldwide (1, 2) and in China (3). There are the heavy social burdens of disease due to CVD in China (4). In 2010, ideal cardiovascular health (ICH) was defined as the simultaneous presence of four ideal health behaviors including ideal smoking status, ideal body mass index (BMI), ideal physical activity, and ideal diet and four ideal health factors including ideal smoking status, ideal total cholesterol (TC), ideal blood pressure (BP), and ideal fasting plasma glucose (FPG) in the absence of CVD history by the American Heart Association (AHA) (5). Prospective studies consistently indicated that individuals with higher number of ICH metrics have lower risks of CVD events, hypertension, type 2 diabetes mellitus, cancer and all-cause mortality (6–11).

In the past few years, several studies have evaluated the relationship between night sleep duration and the occurrence of hypertension (12), diabetes (13), CVD (14–18). However, most previous studies considered single cardiovascular risk factors. A National Health and Nutrition Examination Survey among US adults, reported that both shorter and longer sleep duration were associated with decreased odds ratio of ICH and lower mean cardiovascular health scores (19). However, for a population with limited resources, such as the rural population, limited work has assessed the association between night sleep duration and cardiovascular health. Hence, we performed the current study based on data from the Henan Rural Cohort. This study aimed to explore the association between sleep duration and cardiovascular health in rural individuals.



METHODS


Study Design and Participants

The Henan Rural Cohort, was established in Henan Province, China during 2015–2017. A total of 39,259 people were included in the cohort study with a response rate of 93.7%. The details of this cohort have been described elsewhere (20). In current study, 39,223 participants with complete information on sleep information were included. Then, the participants were further excluded if they: (1) were diagnosed with coronary heart disease (n = 1,732); (2) were diagnosed with stroke (n = 2,639); (3) missed the necessary information in the present study (n = 99). Finally, 35,049 adults were included in the study.

Written informed consent was obtained from all participants. The study was approved by the “Zhengzhou University Life Science Ethics Committee” [Ethics approval code: [2015] MEC (S128)].



Data Collection

Data on participants' demographic characteristics, lifestyles, behaviors, dietary patterns (FFQ), individual history of diseases and medication use were collected using standard questionnaire through face to face interviews by well-trained research staff. Weight and height were measured twice in light clothing with shoes off and recorded to the nearest 0.1 kg and 0.1 cm, respectively, and we calculated the average of the two measures. Body mass index (BMI) was computed as body weight (kg) divided by height square (m2) based on the measurement. Blood pressure was measured three times by electronic sphygmomanometer (Omron HEM-7071A, Japan) in the right arm in a sitting position after at least 5 min rest. There were 30 s intervals between the three measurements. Venous blood samples were collected from subjects after an overnight fast of at least 8 h and stored in −80°C cryogenic refrigerator before analysis. The fasting blood glucose (FBG) was analyzed via glucose oxidative method (GOD-PAP) by ROCHE Cobas C501 automatic biochemical analyzer. Total cholesterol was measured by Roche Cobas C501 automatic biochemical analyzer.



Ideal Cardiovascular Health Scores

We used the AHA definitions of ICH (5). Each ICH metric was categorized as ideal and non-ideal according to the following criteria: ideal TC, TC < 5.18 mmol/L untreated; ideal FPG, FPG < 5.6 mmol/L untreated; ideal BP, SBP <120/DBP < 80 mm Hg untreated; ideal smoking status, never a smoker; ideal physical activity, physical activity ≥150 min/week of moderate intensity or ≥75 min/week of vigorous intensity or ≥150 min/week of moderate-vigorous intensity combination; ideal BMI, BMI < 25 kg/m2; ideal diet, ≥ 4 components. In addition, ICH was defined according to the American Heart Association's 2020 Strategic Impact Goals as follows: the simultaneous presence of 4 ideal health behaviors (ideal smoking status, ideal BMI, ideal PA, and ideal diet) and 4 ideal health factors (ideal smoking status, ideal TC, ideal BP, and ideal FPG) in the absence of a history of CVD. The healthy diet score was made some adaptations as appropriate. Healthy diet score was calculated by adding the number of diet components, including fruits and vegetables ≥500 g/d; fish ≥200 g/week; soybean products ≥125 g/d; red meat < 75 g/d; drinking tea. Ideal diet was defined as healthy diet score ≥4 components (21).

We calculated the ICH score by summing up the number of ideal metrics for each participant, ranging from 0 to 7, and participants were classified as having ideal CVH (≥5) and non-ideal CVH (0~4) (5). Ideal health behaviors (IHB) scores and ideal health factors (IHF) scores were calculated by summing the total number of IHB metrics and IHF metrics, respectively, both ranging from 0 to 4.



Night Sleep Duration

Night sleep duration was evaluated by using the Pittsburgh Sleep Quality Index (PSQI) (22). Information on sleep was taken from answers to the following questions: (1) “What time have you usually gone to bed?” (bedtime), (2) “How long (in minutes) has it taken you to go to sleep each night during the past month?” (sleep latency), and (3) “What time have you usually gotten up in the morning?” (getting up time). Furthermore, we calculate the interval between bedtime and getting up time as night sleep duration. Night sleep duration was categorized as <6 h (shorter night sleep duration), 6 to <7 h, 7 to <9 h (reference), and ≥9 h (longer night sleep duration) (19).



Statistical Analysis

Multivariable linear regression model was conducted to examine the association between night sleep duration and ICH scores. Beside the linear regression model, logistic regression model was used to further examine the association between night sleep duration and ideal CVH (ICH scores ≥5). A range of potential confounders were adjusted, including age (<40, 40–60 or ≥60 years), sex (men or women), educational level (primary school or illiteracy, junior high school, or high school or above), income (<500, 500–1,000 or ≥1,000 RMB per month) and drinking (no drinking or current drinking). Results were expressed as increased ICH scores and 95% confidence intervals (95%CIs) or odds ratio of ideal CVH associated with night sleep duration. The potential modification effects of sex, age, education level, income and drinking were examined by adding an interaction term into the adjusted model. All statistical analyses were performed by STATA 15 for Windows and R version 3.6.3.




RESULTS


Characteristics of the Participants

The characteristics of the study participants by ICH groups are presented in Table 1. Of all 35,049 participants, 21,353 (60.92%) were women and the mean age was 54.74 ± 12.28 years. A total of 13,005 participants (37.11%) showed Ideal CVH (ICH scores ≥5) and nearly half were classified as intermediate overall CVH. The mean night sleep duration for all participants was 7.75 ± 1.28 h. Lower mean age and BMI, higher income, higher proportion of women, and married/cohabiting were observed among those with ideal ICH compared to non-Ideal ICH participants. Participants with ideal CVH tended to be non-smokers and non-drinkers. The prevalence of those who slept 7 to <9 h was 67.21%, and the prevalence of shorter sleep (<6 h) was 6.16% and longer sleep (≥9 h) was 10.44%. In the different ICH groups, the proportion of those who slept 7 to <9 h with ideal CVH was significantly higher than those with non-ideal CVH, while participants who were shorter sleep or longer sleep with ideal CVH were lower than those with non-ideal CVH.


Table 1. Characteristics of the participants.
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Associations Between Night Sleep Duration and ICH

Differences were significant in all ICH metrics when stratified by the reported night sleep duration (Table 2). The results of multivariable logistic regression models showed the odds ratios (and 95%CIs) of each ICH metrics which was associated with night sleep duration scores in Figure 1. After adjusting for potential confounders, shorter night sleep duration was strongly related with total cholesterol, BMI and smoking. A strong association between longer night sleep duration and ICH metrics was observed in physical activity and blood pressure. In the linear regression models, we found a consistent association between shorter and long night sleep duration and decreased ICH scores both in the unadjusted and adjusted models. After adjusting for potential confounders, a significant decrease was observed in ICH scores for participants with shorter [−0.077 (−0.131, −0.024)] and longer [−0.079 (−0.121, −0.036)] night sleep duration, compared with those with night sleep duration of 7 to <9 h. In the multivariable logistic regression models, compared to the participants who slept 7 to <9 h, OR (95%CI) for ideal CVH among those with shorter night sleep duration was 0.853 (0.777, 0.936) in the unadjusted model and the effect was slightly attenuated with an adjusted OR (95%CI) of 0.929 (0.844, 1.023). An association between longer night sleep duration and decreased odds of ideal CVH [unadjusted 0.853 (0.793, 0.918) and adjusted 0.919 (0.851, 0.992)] was also observed (Table 3). When examining the IHB scores and IHF scores as a continuous variable, the decreased IHB scores was associated with shorter night sleep duration [−0.063 (−0.091, −0.035)] and longer night sleep duration [−0.030 (−0.052, −0.008)] in the adjusted model, and similar results were observed that the decreased IHF scores increased associated with shorter night sleep duration and longer night sleep duration were −0.056 (−0.098, 0.014) and −0.048 (−0.081, −0.015) after adjusting (Supplementary Table 1).


Table 2. Prevalence of the ICH metrics by night sleep duration.
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FIGURE 1. Odds ratio of ICH metrics (and 95%CI) associated with night sleep duration. *Potential confounders were adjusted, including age, sex, educational level, income and drinking.



Table 3. Association between night sleep duration categories and increased ICH scores and odds ratio of ideal CVH.
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Interaction Analyses of Night Sleep Duration and ICH

In Table 4, it is shown that the association between night sleep duration and cardiovascular health was modified by age, sex, income, educational level, and drinking. Stronger associations between shorter night sleep duration and increased ICH scores were present among men participants, who were 40 to <60 years, non-drinkers and with high education level. Conversely, stronger associations between longer night sleep duration and increased ICH scores were present among women who were aged ≥60 years, low income, with low education level, and non-drinker.


Table 4. Results of stratified analyses for the association between night sleep duration and ICH scores.
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DISCUSSION

To the best of our knowledge, this is the first study to examine the effect of night sleep duration on ICH among rural adults. The proportion of those who slept 7 to <9 h with ideal CVH were higher than those with non-ideal CVH, while participants who with shorter sleep or longer sleep with ideal CVH were lower than those with non-ideal CVH. There was a strong correlation between shorter night sleep duration and ICH metrics including total cholesterol, BMI and smoking, and a strong association between longer sleep and ICH metrics was observed in physical activity and blood pressure. Shorter (<6 h) and longer night (≥9 h) sleep duration were significantly associated with decreasing ICH scores, IHB scores and IHF scores, and longer sleep duration were associated with decreased odds of ideal CVH.

Currently, evidence for the adverse effect of sleep duration on ICH is limited in China or elsewhere in the world. In a National Health and Nutrition Examination Survey among US adults, shorter and longer sleep duration were associated with decreased odds ratio of ICH and lower mean cardiovascular health scores (19). The MORGEN study found that those individuals who slept 6 h or less had a 15% higher risk of CVD incidence and a 23% higher risk of CHD incidence compared with people who slept 7–8 h (23). Some studies found a U-shaped association between sleep duration and CVD (24–26). Similar results were found in our study, and our results completed the association between night sleep duration and ICH among Chinese rural population, and the correlation intensity between shorter and longer duration of night sleep and ICH of the rural population is stronger than that of the developed countries. However, other studies have shown that long sleep duration has a protective effect on CVD or has non-significant associations (27). The effect estimates are not comparable due to differences in exposure and outcome assessments. Therefore, more studies are needed in the future to provide more solid and robust evidence for the relationship between night sleep duration and ICH.

The biological mechanism for sleep and CVH likely differs from the association between sleep duration and ICH previously described, which may have multiple pathways. Night sleep duration is independently associated with several ICH metrics. In our findings, after adjusting for potential confounders, there was a strong correlation between shorter night sleep duration and ICH metrics including total cholesterol, BMI and smoking, while the association between longer sleep and ICH metrics was observed in physical activity and blood pressure. Prior literature has demonstrated that sleep duration was independently associated with several CVH metrics, such as BMI (28) hypertension (26) and hyperlipidemia (15). Abnormal lipid profiles have been reported as a possible mechanism in individuals who sleep for a long duration (29). Compared to a long sleep duration, a short sleep duration is associated with several correlates. Studies have found that short sleep shows better morbidity prediction (30). We further found that stronger effects of shorter night sleep duration and increased ICH scores were present among men participants, who were 40 to <60 years, non-drinkers and with high education level and the associations between longer night sleep duration and increased ICH scores were present among women who were aged ≥60 years, low income, with low education level, and non-drinker. In the USA data, long sleep duration was associated with stroke, especially in older people (31). The elderly are prone to sleep disorders, and their sleep duration is not guaranteed, which may lead to a stronger correlation between sleep duration and ICH in the elderly. In addition, we found that the association between shorter or longer night sleep duration and increased ICH scores existed only among non-drinkers. It also suggested that proper night sleep duration is better for cardiovascular health without drinking alcohol.

Taken together, sleep duration represents an important direction of cardiometabolic health risk. Future studies need to better describe the mechanisms by which sleep duration and other sleep metrics lead to morbidity. How to properly integrate sleep into seven ICH metrics and identify and refine interventions to better ameliorate this risk. At the same time, healthy sleep should be a consideration in the clinical care of patients with heart disease. Sleep may be one of the indicators used to describes the health of the cardiovascular system. Unhealthy night sleep duration is a modifiable risk factor and can provide targets for population intervention.

Our study had several strengths. Firstly, the relatively large sample size of rural population in China, as well as adjustments of a wide range of potential confounding factors, ensuring the reliability of the analysis. Secondly, to our best knowledge, few studies paid attention to the rural populations, who accounted for a large proportion of the Chinese population and had particular life styles including sleep habits. In addition, most subjects in our research are middle-aged and elderly people, which can better represent the current age structure of the Chinese rural population. Nevertheless, several limitations should also be considered. Firstly, these findings come from a cross-sectional study, rather than a prospective cohort design, thus do not accurately describe causality. Secondly, sleep duration data are self-reported and may have recall biases. However, previous studies have shown relationship between self-reported sleep duration and objective sleep duration measured by polysomnography or actigraphy (32). Therefore, the results of relatively large rural epidemiological study could reflect the prevalence of ICH in rural areas of China to some extent.



CONCLUSIONS

There was a strong correlation between shorter night sleep duration and ICH metrics including total cholesterol, BMI and smoking, and a strong association between longer sleep and ICH metrics was observed in physical activity and blood pressure. Shorter (<6 h) and longer night (≥9 h) sleep duration were significantly associated with decreasing ICH scores and decreased odds ratio of ideal CVH. This study suggests that it may be beneficial to include night sleep duration assessment in cardiovascular risk screening. Future research should explore the causal relationship between night sleep duration and ICH.
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Beyond the complex logistical task of prioritizing, distributing and safely storing millions of doses of COVID-19 vaccines, state and local governments must simultaneously devise and carry out transparent plans that center equity and overcome the barriers to vaccination facing minority communities. Using insights gleaned from four focus groups conducted with health care and social service professionals serving minority communities in New York State as well as from existing research on vaccination, our results emphasize that vaccine hesitancy and access barriers—particularly within minority communities—pose significant hurdles to achieving widespread uptake of COVID-19 vaccines. Overcoming barriers requires community-engaged campaigns that acknowledge and address the historical injustices and on-going inequities that drive distrust within communities of color, emphasize understandable and culturally appropriate messages that directly address people's concerns about vaccine safety and access, and tap existing community infrastructure to make full use of trusted voices to deliver timely and accurate information about vaccines. Given emerging data and changing conditions, campaigns must also be self-reflective and adaptive, assessing progress and outcomes and reevaluating strategies as needed. However, above all, primary goals should remain focused on transparency, equity and building trust.

Keywords: vaccine hesitancy, COVID-19, health disparities, community-engaged campaigns, health equity


INTRODUCTION

The COVID-19 pandemic has delivered many sobering lesson–among the most pressing the need to confront disparities in COVID-19 outcomes in minority communities1. Disproportionate rates of infection and death from COVID-19 within communities of color have laid bare the tragic consequences of systemic and pervasive inequities in medical care and working, living, and environmental conditions (1). While some states successfully contained early waves of COVID-19, the policies, institutions and cultural forces responsible for underlying systemic racial-ethnic inequities remain and threaten to find new expression as states carry out unprecedented mass-vaccination campaigns (2, 3). Beyond the enormously complex logistical task of distributing and safely storing millions of doses of vaccine, each state must simultaneously take steps to address vaccine hesitancy. Vaccine hesitancy impacts many demographic groups in America, but especially minority groups, whose experiences and viewpoints are shaped by legacies of past medical abuses, contemporary health care and criminal justice disparities, and unequal burdens of the COVID-19 pandemic.

The discussion below draws on existing research on vaccine hesitancy and disparities as well as on focus group comments from health care and social service professionals doing work related to community health serving minority communities in New York State. We focused on these professional groups as they have knowledge of communities' health behaviors and concerns, play key roles in vaccine delivery and information, and often serve as trusted sources for health information. The four focus groups, described in greater detail in Table 1, were conducted in August 2020 and organized around four locations: Long Island, Brooklyn/Queens, Syracuse, and Buffalo. Table 2 lists the primary questions related to vaccine concerns and barriers posed in the focus groups and key themes that arose in discussions. Taken together, existing research and these voices offer a compelling argument that efforts to address vaccine hesitancy must be multi-faceted, prioritize community engagement, and address the systemic inequities shaping people's experiences and viewpoints. This perspective article is based on a prior report made available in October 2020 (4), but includes updated recommendations to reflect new challenges facing equity goals in COVID-19 vaccination campaigns, and to contribute to the evidence base.


Table 1. Focus group format, recruitment, and participants.
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Table 2. Primary questions and key themes of responses.
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UNDERSTANDING VACCINE HESITANCY

Vaccine hesitancy refers to delays in the acceptance of or outright refusal of vaccines and is driven by attitudes toward a given vaccine, or the disease it is meant to prevent, as well as the difficulties one faces in trying to get the vaccine. A now-common phenomenon, vaccine hesitancy is context specific2, with reasons that vary by vaccines and groups (5, 6). Often motivated by feelings of disconfirmation by government and other elites to the felt needs and concerns of the public and perceived infringement of personal choice, vaccine hesitancy can also stem from cultural suspicions within some religious, ethnic and racial groups as illustrated by resistance to measles, mumps, and rubella (MMR) immunization within ultra-Orthodox Jewish communities in New York (7, 8). Black people and Hispanics in the United States also are more skeptical of MMR vaccine benefits and rate the risk of side effects higher than Whites (9). In Latin American immigrant communities, barriers to vaccine uptake include questions about the necessity of vaccinations, a lack of guidance by health care providers, a lack of insurance or access to health care, and concerns about side effects and safety (10). Within Black communities, vaccine hesitancy is associated with a longstanding and justified distrust of the medical community based on past experiments such as the Tuskegee syphilis study, as well as contemporary inequities in access to health care and in health outcomes (11). Underscoring the importance of this history, the Tuskegee experiments were spontaneously mentioned by participants in each of the focus groups as an enduringly salient legacy for black people. A participant in the Syracuse group working with newly resettled refugee communities also emphasized that large cultural barriers between western medicine and some refugee communities contribute to distrust and would likely pose barriers to vaccination.

Several national polls conducted in early-mid 2020 found approximately one-quarter to one-third of Whites and nearly half of black people and Hispanics appeared unwilling to be vaccinated against COVID-19 (12–15). However, more recent data indicate that public opinion is changing as vaccines are distributed. One survey reported that Black respondents who had gotten a vaccine or wanted to get one as soon as possible rose from 20% in December 2020 to 35% in January 2021; the number wishing to “wait and see” declined from 52 to 43%. Similarly, Hispanic respondents who reported getting a vaccine or wanting to get one as soon as possible rose from 26 to 42%; the number wishing to “wait and see” declined from 43 to 37% (16). Vaccine decision-making is an ongoing process, and it is critical to address recently documented disparities in Black and Hispanic Americans' access to quality information on how vaccines are developed and tested (17, 18).

Practical and logistical factors also present substantial hurdles to vaccination and drive hesitancy in minority communities–including lack of health insurance and/or access to a regular source of care, difficulty scheduling health care visits around employment or care-giving responsibilities, transportation, and language barriers. Several such barriers were noted by focus group participants (see Table 2). Some states have sought to reduce access barriers in their vaccine distribution so far, but in certain cases have run into unanticipated complications, highlighting how barriers can emerge at many points in access. As one telling example, New York state placed vaccination sites in minority neighborhoods hit hardest by COVID-19 to facilitate access for community members, but found that wealthy Whites from other areas were taking a large share of appointments, until the state began limiting early access to some sites to only local residents (19, 20).



CENTERING EQUITY IN ALLOCATION STRATEGIES REQUIRES BUILDING TRUST

Several states and localities have integrated equity strategies in their vaccine distribution plans, including using community social disadvantage indicators in allocate vaccines more equitably (21, 22). However, the ability of these plans to achieve equity goals depends critically on early engagement and trust-building. Consider, for instance, examples from the 2009 H1N1 pandemic. H1N1 vaccination rates were characterized by racial-ethnic disparities roughly on par with those for seasonal flu vaccines, with the lowest coverage among African Americans (23). Researchers who studied the H1N1 campaign in Los Angeles described substantial challenges based on underlying distrust of government and community-generated informal messaging that framed H1N1 vaccines as a conspiracy to harm minority community members. In offering lessons learned from the Los Angeles campaign, they concluded, “The key to a successful emergency response relies on trust building and collaboration with community partners in the preparedness phase….” If public health authorities do not make “significant efforts to understand and address the issues of trust and disparities that exist at baseline,” they continued, “inequities will continue in the context of an emergency response” (24).

Our focus groups underscored these issues, highlighting how perceptions of a “rushed” vaccine interact with minority communities' experiences of historical and ongoing inequities in health care as well as contemporary movements for racial justice. Participants in each focus group agreed enthusiastically with the need to collaborate early and establish trust. As one participant from Brooklyn/Queens put it: “We have institutions that come into communities and kind of rain their benevolence down on the community instead of making the community a trusted, invested partner from the very beginning. … I think you get the community involved early, often and make them invested in the process and invested in the success.” Another participant from Long Island emphasized the importance of early, systematic education of key constituencies about the vaccine-development process: “[Don't] just come to me with, ‘Hey a vaccine and it's ready’, but educate me along the way so that I can have buy-in to it… Because if you wait until you get a vaccine, forget about it. They don't trust the process.”



ADDRESSING VACCINE HESITANCY THROUGH INTERVENTIONS

Our focus groups were conducted shortly after the large, early outbreak in New York City and during a period when media outlets regularly reported on controversial promises of vaccines by Election Day. When asked to describe concerns in the communities they serve, professionals in our focus groups most commonly cited efficacy, safety and trust, although some also mentioned complacency about the disease as a potential barrier for some subsets of teenagers or young adults. The European Union's Centers for Disease Prevention and Control (ECDC) emphasizes the importance of transparency when designing interventions to address the root causes of hesitancy and highlights three general areas where transparency should be improved: (1) basic information about how vaccines work, (2) the procedures for testing and licensing, as well as efficacy and side effects, and (3) conflicts of interest/trust in motives. These three areas align well with the responses from our focus groups (6).


Basic Information

Some people hesitate to vaccinate because they misunderstand how vaccines work. This could be addressed with more basic information about vaccines presented at various education levels to accommodate varying levels of literacy. The current situation with COVID-19 is rife with seemingly contradictory information about what is necessary to produce a safe and effective vaccine, particularly with respect to the speed of vaccine development. The resulting confusion was mentioned in all four focus groups and is reflected in the comments of one focus group participant from Long Island: “We're getting saturated and inundated with information. Misinformation, correct information, who knows what kind of information. You don't know what is what. So you hear that it takes 18 months to do a vaccine. And now you're hearing that, poof, a vaccine can be done in less than that and … it's like, who's gonna get to the finish line first? I'm not sure if the one who get[s] to the finish line first is going to be the most effective one because it should have taken 18 months….”



Testing/Licensing and Efficacy/Side Effects

Clearly communicating the procedures for testing and licensing a COVID-19 vaccine will be particularly important given the media's focus on the speed of vaccine testing. Participants across all four groups emphasized the special need to create trust on the subject of testing, as indicated by this participant from Brooklyn/Queens: “There's a distrust about the vaccines and no matter what happens, or how much outreach is done, unless we can get a clear message across that the vaccines are tested, [that] they're worthwhile, it's not going to work. And this mad rush to get a vaccine in right away is not going to help.” Involving minority communities in vaccine trials and vaccine preparation work would help foster trust that the vaccine's effectiveness and potential side effects have been adequately studied. Transparency about efficacy and risk is challenging, but there are several relevant recommendations from the ECDC, including emphasizing (1) “there is no such thing as a ‘perfect’ vaccine which protects everyone who receives it AND is entirely safe for everyone,” (2) “Effective vaccines … may produce some undesirable side effects which are mostly mild and clear up quickly,” and (3) “It is not possible to predict every individual who might have a mild or serious reaction to a vaccine, although there are a few contraindications to some vaccines” (25).



Conflicts of Interest/Motives/Trust

The ECDC emphasizes the need to communicate about concerns arising from the profit motives of pharmaceutical companies. In the context of U.S. race relations, there will need to be further culturally sensitive efforts to build trust in medicine and vaccines for minority, immigrant and disadvantaged communities that are often marginalized from services and have been subjected to historical medical abuse or mistreatment. This was underscored in strong terms by one of our focus group participants from Long Island: “We have such a long history in this country being experimented on unwillingly or without informed consent, and I know that we are all taught that and it's … almost embedded in our culture. We all know about Tuskegee, we all know what happened to the slaves. We're not taught that in school but taught that by our own. And so when you talk about vaccines and when you talk about getting them, someone always brings it up. And so there's an inherent mistrust.” The participant went on to describe having heard that Black students might be among the first to return to school and continued: “Why [are] we always the first one[s] that they want to experiment on? Then it goes back to, ‘Because our lives don't matter.’ And so with the Black Lives Matter movement … building momentum now and COVID hitting at the same time… I think the numbers willing to take the vaccine will even be lower than the polls say.” People want to know that sources they trust endorse the vaccine. These sources may be inside or outside of the healthcare system and could take the form of community health workers, educators, patient advocates, community leaders, pharmacists, neighbors, health departments and trusted voices on social media. Good information delivered by trusted sources empowers members of the public to advocate for themselves and their loved ones. A participant from Brooklyn/Queens said understanding and responding to the “historical narrative” will be essential to successful vaccination messages that resonate in Black and other minority communities: “When we talk about vaccination, the idea of being a guinea pig is quite important … This is how we have to approach vaccination, in particular the Black community, but I think there's also additional ripple effects into other minority groups as well.”

Despite the fact that generalized trust in society and institutions is lower in minority communities, most people, regardless of race or ethnicity, trust people they know and have a history with—an esteemed member of their community or their own doctor—more than government health authorities and pharmaceutical companies (26, 27). Participants across all four groups emphasized that community-engaged vaccination strategies for COVID-19 will be essential to change attitudes and reduce access barriers in minority communities and preventing further COVID-19 health disparities. As one participant from the Syracuse focus group put it, there needs to be “an honest open conversation that's held in communities across the state about the disparities in health care and acknowledging … what has gone wrong, what this moment has shown us has gone wrong.” This conversation, the Syracuse participant noted, is especially relevant amid the broader social reckoning highlighted by the Black Lives Matter movement. “It almost seems like, you know, the blame is placed on the … marginalized community for not believing in medicine, when in actuality it's been the medical industry that has mistreated them.”




DISCUSSION AND RECOMMENDATIONS

In recent months, multiple COVID-19 vaccines have received emergency authorization in the U.S. and have begun to be distributed to groups defined in early phases of states' distribution plans. Despite this rapidly evolving situation, key themes that emerged in the focus groups still ring true. Justified distrust remains a central challenge, as does frequently changing information, now related to vaccine eligibility, supply, and efficacy against new strains. Although many states featured equity goals in their vaccine distribution plans (22), among the 27 states reporting racial-ethnic information in COVID-19 vaccination data, vaccination rates among Whites are three times higher than those for Latinx persons and twice as high as those for African Americans (28). These sobering numbers highlight the challenge of achieving equity, as well as why it is vital for state and local governments to regularly assess outcomes, diagnose problems, and correct course as needed.

At the time the focus groups were completed in August 2020, it was clear that above all else states' efforts to center equity in their COVID-19 vaccine strategies should begin as soon as possible, ideally well in advance of the vaccine distribution program, be multi-faceted and prioritize community engagement. Key recommendations our group made previously included: establishing vaccine equity task forces with diverse membership reflecting community leaders and public health representatives; capitalizing on existing community structures to foster community engagement; developing vaccine up-take campaigns that directly address communities' concerns and social justice contexts; and making use of diverse communication channels. Here we update several of our recommendations to reflect current conditions.

First, beyond establishing vaccine equity task forces, states and localities should integrate several practices that are likely to increase chances of success and lasting improvement in health disparities. Task forces should define clear objectives and specific metrics that can be used to assess progress and identify and address barriers when progress has been insufficient (29). Implementing this practice will require making available data on vaccinations that can be broken down by multiple dimensions of inequity, including race-ethnicity, socioeconomic status, and geography, among others. States and localities should work to maximize communication and collaboration between equity task forces and other related task forces, such as those working on vaccine distribution and implementation, so equity goals can be centered through all parts of vaccine campaigns. This may be particularly important if states and localities must quickly react to contingencies to avoid vaccine spoilage. Without careful planning, the urgency inherent in these contingencies may pose barriers to achieving equity. Additionally, and importantly, states and localities should build on COVID-19 related task forces and the bright light that the current pandemic has shone on systemic racism and health disparities to develop sustainable infrastructure for health equity and justice. Michigan has been highlighted as a promising example on this point as their gubernatorial administration has used current momentum around COVID-19 disparities to convene a Black Leadership Advisory Council to advise the governor long-term on legislation that perpetuates race inequality and support for Black arts and community groups, and a Poverty Task Force, tasked with helping to develop an anti-poverty agenda for the state (30, 31).

Second, beyond engaging with trusted community organizations and leaders, states and localities should support community organizations with needed funds and resources so they can expand their work to address vaccine equity. The importance of community engagement and building on existing community structures has been widely recognized at both the federal and state/local levels (22, 32), however it is also important not to lose sight of the heavy burden that many community organizations are already shouldering as they support communities facing multiple hardships of the pandemic, including food insecurity, unemployment and of course the disease itself. Particularly in our Brooklyn/Queens focus group, participants shared that their organizations were already stretched so thin addressing their communities' increased needs during the pandemic that supporting vaccine efforts could pose a significant challenge. Michigan has again been cited as a promising example on this point as their vaccine equity task force has solicited applications to rapidly fund promising initiatives from community organizations (29).

Third, vaccine up-take campaigns already face significant hurdles as they attempt to address communities' concerns about vaccine safety and efficacy in culturally appropriate ways that address social justice contexts. The vaccine shortages and shifting eligibility criteria that characterize the current state of COVID-19 vaccination in the U.S. only make building that trust more challenging, particularly in communities that have traditionally been marginalized from services. While supply and distribution conditions are rapidly shifting and increased vaccine supply may soon alleviate some of this pressure, states and localities should nonetheless build on existing partnerships and messaging strategies to provide culturally sensitive information about vaccine supply and eligibility as well.
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FOOTNOTES

1While we recognize that the terms used by members of different communities to refer to themselves vary, to simplify comparisons of COVID-19-related data to existing U.S. Census data, we use the term Black in this article in place of the full U.S. Census category “Black or African American alone”, and we use the term Hispanic to refer to the full Census category “Hispanic or Latino.” For the same reason, we use the term White to refer to individuals identified in the Census as “White alone, not Hispanic or Latino.”

2Many of the reasons for vaccine hesitancy discussed here focus on the U.S. social and historical context. There may be some parallels in other nations and some of the recommendations that follow may apply to other national contexts as well. Cross-national comparisons may shed additional light on vaccine hesitancy, however such comparisons are beyond the scope of this piece.
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1. INTRODUCTION

This commentary builds upon the article recently published by Strully et al.(1), which highlights vaccine hesitancy particularly among minority groups and proposes strategies to mitigate this serious setback in combating the pandemic. In light of the surging third wave of COVID-19 due to more virulent variants, the aim of this commentary is to generate further discussion and debate on the urgent need to focus efforts in making available datasets for prediction of adverse reactions from COVID-19 vaccinations. The goal of achieving herd immunity is at the moment hampered by anti-vaxxers and general skepticism from the unvaccinated arising from concerns regarding the safety of COVID-19 vaccines. With a publicly-available COVID-19 vaccine adverse reaction dataset, the machine learning community would be able to conduct predictive analytics studies and develop prediction tools to allay fears of adverse reactions based on the individual health backgrounds of the potential vaccine candidates, and this could arguably increase the confidence of the unvaccinated to get vaccinated.

As of 11 June 2021, more than 175 million cases of COVID-19 affecting 219 countries and territories have resulted in more than 3.7 million deaths (Worldometer Report). This COVID-19 outbreak, caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was first identified in Wuhan (Hubei, China) in December 2019 and has since swept across the entire globe, turning COVID-19 into a full-blown global pandemic by March 2020 (WHO), which is expected to cause up to $2 trillion in global GDP losses (UN News Report).

As countries scramble to secure vaccines to inoculate their citizens as a means of ending this pandemic, reports of adverse events arising from the urgent rush to mass vaccinate are being reported across the globe. As reported in the Business Insider (2), the Guardian (3), and CNN (4) on 12, 14, and 15 March 2021, respectively, a number of reports from major news sites have highlighted that more than a dozen countries have now suspended the use of a particular brand of COVID-19 vaccine due to severe adverse events. As such, rapid identification of patterns and trends relating to COVID-19 vaccine adverse events is beyond crucial, particularly from the use of computer-based simulations and modelling. In this vein, though data scientists are keen to assist, the large majority are sidelined due to the lack of detailed COVID-19 vaccine adverse event datasets. Although a handful of datasets related to COVID-19 vaccine adverse events are available, none of them contain any useful patient-level data such as reported symptoms and/or medical histories of the patients or are highly geographically-constrained in terms of their data source (5). If such datasets with detailed patient information are made available, a number of critically needed machine-learnable tasks would immediately become possible:

1. Prediction of susceptibility to adverse events based on health attributes such as physiological indicators, bloodwork, and/or medical history;

2. Prediction of the likelihood of fatalities due to adverse events;

3. Prediction of short-term versus long-term forms of adverse events that require hospitalization;

4. Prediction of adverse events probabilities across different vaccine brands for high-risk patients.

Apart from contributing to COVID-19 vaccination buy-in, such a system would also be beneficial to global vaccination programs against other vaccine-preventable infectious diseases. As highlighted by Salman (6), there is still a very significant shortfall in vaccine adverse events monitoring and reporting worldwide. Although improving COVID-19 vaccination acceptance is currently a crucial global agenda, the application of machine learning to the analysis and potential reduction/prevention of adverse effects of susceptible groups of vaccine recipients will remain a critical agenda for all routinely-administered vaccines. In order to materialize such a machine learning approach for vaccine safety monitoring, some potential ways forward may include:

• A globally-accessible central vaccine adverse events data repository with high quality datasets that are maintained and curated professionally [see for example (7)];

• A standardized and homogeneous data format for reporting adverse events [see for example (8)];

• Automated scheduled analysis and reporting of adverse events via machine learning approaches [see for example (9)];

• Incentives and competition-based data mining of adverse events by the machine learning community [see for example (10)].

Hence, detailed patient-level data related to COVID-19 vaccine adverse events that are rapidly made openly available is key for the application machine learning to the safe roll-out of COVID-19 vaccinations globally. The solution would need the concerted efforts of all nations to agree to contribute their patient data to a central vaccine adverse events repository (managed by the WHO?) in a timely manner that is made accessible to the public in real-time. This should perhaps become of the main global goals in order to bring the COVID-19 pandemic under control through safer mass vaccinations augmented by machine learning. Importantly, the advancements made in the application of machine learning to COVID-19 vaccine safety monitoring would be highly relevant and easily extended to other routinely administered vaccines for the same purpose. Therefore, these efforts would not only have a temporary contribution in overcoming the current pandemic but will continue to benefit the global vaccination program against other infectious diseases well beyond COVID-19.



AUTHOR CONTRIBUTIONS

The author confirms being the sole contributor of this work and has approved it for publication.



REFERENCES

 1. Strully KW, Harrison TM, Pardo TA, Carleo-Evangelist J. Strategies to address COVID-19 vaccine hesitancy and mitigate health disparities in minority populations. Front Public Health. (2021) 9:645268. doi: 10.3389/fpubh.2021.645268

 2. Dean G, Schuster-Bruce C. These 5 Countries Have All Suspended AstraZeneca's Vaccine Over Possible Side Effects while 6 Others Have Banned a Specific Batch of Shots (2021). Available online at: https://www.businessinsider.com/astrazeneca-covid-vaccine-countries-suspend-denmark-thailand-batch-blood-clots-2021-3 (accessed March 15, 2021).

 3. Boseley S. Netherlands Joins Ireland in Vaccine Suspension Over Blood Clot Concerns (2021). Available online at: https://www.theguardian.com/world/2021/mar/14/ireland-suspends-oxford-astrazeneca-covid-vaccine-over-blood-clot-concerns (accessed March 15, 2021).

 4. Picheta R. Spain, Germany, France and Italy Pause AstraZeneca Vaccine Rollout (2021) Available online at: https://edition.cnn.com/2021/03/15/europe/italy-lockdown-europe-coronavirus-monday-scli-intl/index.html (accessed March, 16 2021).

 5. U S Department of Health and Human Services (HHS). VAERS Data (2021). Available online at: https://vaers.hhs.gov/data.html (accessed March 15, 2021).

 6. Salman O. Progress in immunization safety monitoring worldwide, 2010–2019. MMWR Morbid. Mortal. Wkly. Rep. (2021) 70:547–51.

 7. OpenNeuro. A Free and Open Platform for Sharing MRI, MEG, EEG, iEEG, ECoG, ASL, and PET Data (2021). Available online at: https://openneuro.org/

 8. PRIDE. Proteomics Identification Database (2021). Available online at: https://www.ebi.ac.uk/pride/markdownpage/pridesubmissiontool (accessed June 25, 2021).

 9. Hicks SA, Eskeland S, Lux M, de Lange T, Randel KR, Jeppsson M, et al. Mimir: an automatic reporting and reasoning system for deep learning based analysis in the medical domain. In: Proceedings of the 9th ACM Multimedia Systems Conference. Amsterdam. (2018). p. 369–74.

 10. Kaggle. SIIM-FISABIO-RSNA COVID-19 Detection (2021). Available online at: https://www.kaggle.com/c/siim-covid19-detection (accessed June 25, 2021).

Conflict of Interest: The author declares 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.

Copyright © 2021 Teo. 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.












	
	ORIGINAL RESEARCH
published: 20 December 2021
doi: 10.3389/fpubh.2021.640226






[image: image2]

Hispanic/Latino Acculturation Profiles and Telomere Length: Latent Class Analysis on a Nationally Representative Sample

Francisco Alejandro Montiel Ishino1*†, Philip McNab2, Kevin Villalobos1, Jeffrey H. Cohen3, Anna M. Nápoles1 and Faustine Williams1


1Division of Intramural Research, National Institute on Minority Health and Health Disparities, National Institutes of Health, Bethesda, MD, United States

2Department of Environmental Health & Engineering, Center for a Livable Future, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United States

3Department of Anthropology, The Ohio State University, Columbus, OH, United States

Edited by:
Allison A. Appleton, University at Albany, United States

Reviewed by:
Roch A. Nianogo, UCLA School of Public Health, United States
 Elizabeth Holdsworth, Washington State University, United States

*Correspondence: Francisco Alejandro Montiel Ishino, francisco.montielishino@nih.gov; orcid.org/0000-0002-2837-726X

†Present address: Francisco Alejandro Montiel Ishino, Division of Intramural Research, National Institute on Minority Health and Health Disparities, National Institutes of Health, Bethesda, MD, United States

Specialty section: This article was submitted to Life-Course Epidemiology and Social Inequalities in Health, a section of the journal Frontiers in Public Health

Received: 10 December 2020
 Accepted: 29 November 2021
 Published: 20 December 2021

Citation: Montiel Ishino FA, McNab P, Villalobos K, Cohen JH, Nápoles AM and Williams F (2021) Hispanic/Latino Acculturation Profiles and Telomere Length: Latent Class Analysis on a Nationally Representative Sample. Front. Public Health 9:640226. doi: 10.3389/fpubh.2021.640226



Background: Acculturation profiles and their impact on telomere length among foreign-born Hispanics/Latinos living in the United States (US) are relatively unknown. The limited research available has linked acculturation with shortened telomere length.

Objectives: To identify acculturation profiles among a US representative sample of Hispanics/Latinos and to then examine telomere length differences between profiles.

Methods: We conducted a latent class analysis among a non-institutionalized US-representative sample of Hispanics/Latinos using the 1999–2002 National Health and Nutrition Examination Survey (N = 2,292). The latent variable of acculturation was assessed by length of time in the US and language used as a child, read and spoken, usually spoken at home, used to think, and used with friends (i.e., Spanish and/or English). Telomere length assessed from leukocytes was used as the distal continuous outcome.

Results: We identified five profiles: (1) low acculturated [33.2% of sample]; (2) partially integrated [18.6% of sample]; (3) integrated [19.4% of sample]; (4) partially assimilated [15.1% of sample]; and (5) assimilated [13.7% of sample]. Acculturation profiles revealed nuanced differences in conditional probabilities with language use despite the length of time spent in the US. While telomere length did vary, there were no significant differences between profiles.

Conclusion: Profiles identified revealed that possible life-course and generational effects may be at play in the partially assimilated and assimilated profiles. Our findings expand public health research using complex survey data to identify and assess the dynamic relationship of acculturation profiles and health biomarkers, while being among the first to examine this context using a person-centered approach.

Keywords: acculturation, telomere length (TL), latent class analysis (LCAs), Hispanic (demographic), complex survey data, Latino (Hispanic)


INTRODUCTION

Acculturation is a dynamic process by which individuals, often immigrants, enter into a new host culture (1, 2) that has both indirect and direct effects on behavior and biology (3, 4). A particular biological marker or biomarker of interest are telomeres—caps of tandem repeat nucleotide sequences at the end of chromosomes that help protect cellular information during replication. The caps diminish as cells divide. As such, telomere length has been used as a biomarker of cellular aging or senescence (5–7). This diminishment has been used to predict accelerated senescence and senescence-associated diseases that increase morbidity and mortality in specific population profiles (8–13), and may be affected by the acculturative process (14).

Senescence-associated diseases include cardiometabolic disorders (e.g., type II diabetes), neurodegeneration (e.g., Alzheimer's and Parkinson's disease), and some types of cancers (15–17). Moreover, the common factors associated with telomere shortening in both animal and human studies are lifestyle and stress. Lifestyle and demographic factors including physical activity, diet, and nicotine use, as well as socioeconomic status have been linked to telomere length (7, 11, 18). A possible mechanistic pathway is that stress causes an oxidative response that affects humans at a cellular level, whereby cells dividing more frequently shorten telomeres and cause apoptosis at higher rates (6, 15). The stressful process of acculturation has been found to have a shortening effect on telomere length (14), and therefore acculturation may be associated with shortened telomeres. Other environmental factors and exposures that have been associated with telomere length may be directly and indirectly related to acculturation; these include biological ancestry categorized by race/ethnicity, poverty, and the built environment of—and environmental exposures from—neighborhoods (19, 20).

Acculturation has been associated with negative health consequences among Hispanics/Latinos (21–24) and other underrepresented groups such as African Americans (25–27). Acculturation may then further exacerbate health disparities in already-vulnerable groups. Among Hispanics/Latinos acculturation has been historically measured by language use. One longstanding validated linguistic acculturation measure is the Short Acculturation Scale for Hispanics (SASH), originally developed by Marin and colleagues (28) and recently validated by Hamilton and colleagues (29). While linguistic acculturation is used as a powerful measure to ascertain an individual's strategy to separate, integrate, marginalize, or assimilate into a new culture in the United States (US) (2, 30), it is unknown how the process is directly related to health biomarkers like telomere length.

Our study builds upon the limited research on acculturation and telomere length, especially among US Hispanics/Latinos. We used latent class analysis (LCA) to, first, identify acculturation profiles among US Hispanics/Latinos based on a nationally representative sample. Our second objective was to examine if differences in telomere length among identified Hispanic/Latino acculturation profiles existed. We proposed that at least three heterogenous profiles of acculturation would be identified. We hypothesized that telomere length would be significantly different between the identified acculturation profiles. We based our hypothesis on a study by Ruiz and colleagues (14) focused on a cohort of Mexican-American pregnant mothers' telomere length as it related to acculturation, discrimination, depression, and their levels of psychosocial stress. Ruiz and colleagues (14) reported a strong relationship between shortened telomere length and mothers' latent variables of negative affect from stressful experiences and acculturation strategies oriented toward US host culture, especially when compared to newly immigrated mothers.



MATERIALS AND METHODS

LCA refers to a person-centered technique used to identify unobservable, or latent, profiles within a population (31, 32). We conducted LCA using the National Health and Nutrition Examination Survey (NHANES) US Hispanic/Latino adult (18 years old and older) sample from the 1999–2002 cycles. Hispanic/Latino was operationalized based on NHANES defined race/ethnicity variables that self-identified as Mexican American and Hispanic. The 1999–2002 NHANES cycles allowed us to assess the impact of multiple acculturation factors on mean leukocyte telomere length. The 1999–2002 sample includes useable data from 2,292 Hispanic/Latino participants with acculturation questionnaire data and telomere length data. The Institutional Review Board assessed the research protocol, and as no human participants were involved in this study no approval was necessary. The secondary data analyzed from the 1999–2002 NHANES cycle are publicly available from the Centers for Disease Control and Prevention—National Center for Health Statistics database (https://wwwn.cdc.gov/nchs/nhanes/Default.aspx). A detailed description of the sampling methods and study procedures is available elsewhere (33). Sampling weights were included in all analyses to adjust for survey non-response and sample selection probabilities for the 1999–2002 cycles. Primary sampling units and stratum variables were included to account for the NHANES complex sampling design. All data and analytical files are available upon reasonable request.


Measures
 
Acculturation

We developed our acculturation latent variable from length of time in the US and language used among Hispanics/Latinos, i.e., Mexican American and other Hispanics. Other Hispanics, as reported in the NHANES, were participants that identified as Hispanic not of Mexican descent. Length of time was split into four categories: (1) <1 year; (2) 1 – <5 years; (3) 5 – <10 years; and (4) 10 years or more (34–36). Language specific questions were modeled after the SASH, which was originally developed by Marin and colleagues (28). The NHANES acculturation questionnaire gauged language used in the context of: (1) as a child; (2) for reading and speaking; (3) at home; (4) to think; and (5) with friends. Response options for all language used questions were: (1) only Spanish; (2) more Spanish than English; (3) both equally; (4) more English than Spanish; and (5) only English.



Telomere Length

NHANES collected blood from participants to conduct biomarker and other biological analyses. Telomere data were only publicly available during the 1999–2002 NHANES cycles. Telomere length was assessed from leukocyte assays performed using a quantitative polymerase chain reaction method to measure length relative to standard reference DNA or T/S ratio. See Needham and colleagues (11) for greater detail on lab assay techniques.



Sociodemographic and Lifestyle Descriptive Variables

Variables such as gender/sex (i.e., male and female), US citizenship (i.e., no or yes), less than a high school education (i.e., no or yes), smoked at least 100 cigarettes in lifetime (i.e., ever-smoker), and moderate physical activity over the past 30 days (i.e., no or yes) were assessed as descriptives for our sample due to their associations with telomere length (14, 19). Hispanic/Latino composition (i.e., Mexican American or other Hispanic) and citizen of the US (i.e., no or yes) were also assessed.




Latent Class Analysis

The latent or unobserved variable of acculturation was based on six observed acculturation variables and the distal continuous outcome of telomere length (see Figure 1). We conducted our LCA with Mplus 8.6 (Muthén & Muthén) using a robust maximum likelihood estimator and automatic BCH approach. The automatic BCH method—a modification of the approach developed by Bolck, Croon, and Hagenaars (37)—was used to estimate mean telomere length within each profile and compare differences between profiles.


[image: Figure 1]
FIGURE 1. Latent class analysis model of acculturation where the circle represents latent variable and rectangles represent observed indicator variables.


We used a model comparison approach to determine the number of classes. A one-class model up to a seven-class model was subsequently calculated. The one-class model was calculated to assess fit indices and compare with subsequent models. To assess model fit and reliability, we used Bayesian information criterion (BIC), sample-size-adjusted-BIC (ssaBIC), and entropy (i.e., acceptable quality of classification). We evaluated all models based on fit indices and their practical and theoretical considerations.




RESULTS

The weighted sample was on average ~40 years of age and equal across gender/sex, with male participants accounting for 49.9 and females 50.1%. The Hispanic/Latino sample was also almost equally weighted between Mexican Americans (50.7%) and other Hispanics (49.3%). Most of the sample were citizens of the US (61.6%) and had more than a High School degree or GED (54.9%), with a mean family poverty income ratio of 2.04. Much of the weighted sample had not smoked more than 100 cigarettes in their lifetime (56.7%), nor engaged in at least moderate physical activity over the past 30 days (64.4%). The Hispanic/Latino mean telomere length was 1.08 T/S ratio. For more details about participant characteristics (see Table 1).


Table 1. Descriptive statistics of weighted participant sample (N = 2,292).

[image: Table 1]

Table 2 has the Hispanic/Latino weighted sample acculturation profile. Most participants lived in the US for 10 years or more (60.7%). The largest proportions of the sample used Spanish only as a child (60.2%), to read and speak (29.7%), at home (42.9%), to think (42.0%), and with friends (35.7%).


Table 2. Acculturation measure responses of weighted participant sample (N = 2,292).

[image: Table 2]


Latent Class Analysis of Acculturation

The five-class model with low BIC, ssaBIC, and high entropy of 0.891, as well as the most practical and theoretical considerations, was favored (see Table 3).


Table 3. Latent class analysis fit criteria of acculturation and telomere length models.
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Class 1, or the low acculturated profile (33.2% of sample), with mean telomere length of 1.043, was composed of Hispanics/Latinos that had the highest conditional probabilities of being in the US <10 years. Class 1 had the highest conditional probabilities of using Spanish only during childhood (100%), to read and speak (88.0%), at home (99.6%), to think (99.8%), and with friends (96.4%).

Class 2, or the partially integrated profile (18.6% of sample), with mean telomere length of 1.102 had a high conditional probability of being in the US more than 10 years (65.5%). Class 2 had the highest conditional probabilities of using more Spanish than English (but not using Spanish exclusively) to read and speak (75.8%), at home (38.3%), to think (34.5%), and with friends (41.5%). The vast majority (86.1%) of this class used Spanish only as a child.

Class 3, or the integrated profile (19.4% of sample), with mean telomere length of 1.084 had a high conditional probability of being in the US more than 10 years (86.1%). Class 3 had the highest probabilities of using Spanish and English equally to speak as a child (28.3%), to read and speak (74.6%), at home (58.7%), to think (64.4%), and with friends (74.0%).

Class 4, or the partially assimilated (15.2% of sample), with mean telomere length of 1.108 had the highest conditional probability of being in the US more than 10 years (93.2%). Class 4 had the highest conditional probabilities of using more English than Spanish to speak as a child (35.5%), to read and speak (81.1%), at home (49.4%), to think (37.5%), and with friends (47.8%).

Class 5, or the assimilated (13.7% of sample), with mean telomere length of 1.101 had the second-highest conditional probability of being in the US more than 10 years (83.6%). Class 5 had the highest conditional probabilities of using only English to speak as a child (68.9%), to read and speak (68.9%), at home (100%), to think (99.9%), and with friends (97.4%). See Table 4 for full detail of the latent class conditional probabilities.


Table 4. Conditional probabilities of 5-class solution from latent class model (N = 2,282).
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Mean Telomere Length Across Latent Classes

Telomere length by profiles were compared. The automatic BCH approach revealed that the equality test of means across classes for the overall differences was not significant (x2 = 4.54, df = 4, p = 0.34). See Appendix for Supplementary Table 1 for between class mean comparisons.





DISCUSSION

Our study using a nationally representative sample identified five profiles of Hispanic/Latino linguistic acculturation and their respective telomere length. In using the five SASH items in conjunction with time spent in the US we were able to create more dynamic profiles based on the acculturative process. The acculturative process involves language and behavioral norm acquisition from prolonged contact with the host culture (2, 30). US Hispanics/Latinos have been reported to have various acculturation strategies that include marginalization (i.e., rejection of both native and host culture), segregation (i.e., non-integration into the host culture), enculturation, integration, or assimilation (24, 38–40). Enculturation is often operationalized as reintegration or relearning of an individual's native culture (24). Integration is the process where an individual adopts aspects of the host culture without the loss of their native culture (1). Assimilation is the process where the individual replaces aspects of the native culture with those adopted from the host culture (1). The process of assimilation in the acculturative process can be a source of high psychosocial stress due to feelings of otherness and discrimination (34, 40, 41), as well as the lifestyles changes that lead to a loss of social support and unhealthy behaviors (23, 42, 43). The psychosocial effects are prominent in subsequent generations, as protective health behaviors and support structures from the native culture diminish. Moreover, Hispanic/Latino groups are reported to experience worse health outcomes as they become more similar to their US counterparts (24).

Language serves as a primary factor to integration into a new host culture (28). For instance, in reviewing the low acculturated (Class 1) profile of US Hispanics/Latinos that almost exclusively used Spanish regardless of time spent living in the US, two patterns emerged in this profile that will require further examination. First, the low acculturated profile had an approximate conditional probability of 34% to be in the US <1 year and between 1 and <5 years, which would explain the Spanish only linguistic acculturation. Newly arrived immigrant groups will learn the host country's culture and language, or that is the expectation of the host country for the newly immigrated (1, 2, 44). Second, the highest conditional probability of time spent in the US, was 47% on 10 years or more. The high conditional probability of being in the US for a decade or longer in juxtaposition of Spanish only linguistic acculturation may be indicative of low acculturation due to marginalized or segregated individuals as described by Berry (1, 44). The low acculturated profile represented the largest subgroup across all identified profiles.

While it is difficult to ascertain whether persons are marginalized and segregated in our study, it should be noted that low acculturated individuals have been reported to experience worse mental health outcomes (38). The effect of low acculturation and telomere length is less clear. Some studies have found linear associations with lower acculturated groups and decreased telomere length when compared to more acculturated or assimilated groups (45, 46). Specifically, a study by Ruiz and colleagues (14) reported that among pregnant Mexican mothers there is a complex association between low acculturation and decreased telomere length in the presence of psychosocial stress. Inversely, a study among Mexican women in the US reported that among the high acculturation group, longer telomeres were associated with increased percentage body fat but reported no association with low acculturated women (47). In our study, while we found that the low acculturated group had the lowest mean telomere length, it was not significantly different from all other acculturation profiles. Future studies must consider other factors from joint pathologies or other disease etiologies, in addition to environments that may facilitate acculturation strategies such as marginalization or segregation.

Nevertheless, environmental data from built-environmental features, community compositions, and neighborhoods were not available for use in our model, but we must acknowledge their role in linguistic acculturation. Discrimination and discriminatory policies that may be linguistically biased must also be considered to understand low acculturation in context of segregation and marginalization in an environmental context (1, 2, 30). The neighborhood environment, however, may have protective or detrimental effects to the newly introduced immigrant's health based on individual and family language usage (48–50). Neighborhood racial and ethnic composition may also have a role in linguistic acculturation, and their selected acculturation strategy (51, 52).

By contrast, the partially integrated (Class 2) spoke more Spanish than English and were more likely than the low acculturated class to have lived in the US 10 or more years (65.5% conditional probability). The integrated (Class 3) was comprised of Hispanics/Latinos living in the US 10 or more years that used English and Spanish equally, at home, to think, to read and speak, and with friends. The integrated profiles may indicate biculturalism or adaptive profiles. While the integrated profiles are often adaptive, there are some mental and physiological health concerns. Hispanics/Latinos in this adaptive bicultural process adopt customs and language norms that will benefit their integration into the larger US culture (24, 38, 40). Issues concerning identity are at the crux of this process as the degree to which Hispanics/Latinos have a choice to enculturate, integrate, or assimilate is unknown as are the health consequences.

Most individuals (57.8%) in the integrated class used at least some English during childhood—although a plurality (42.2%) of them solely spoke Spanish during this period of their lives. More than two-fifths (42.2%) of people in this class used Spanish only as a child. The integrated class indicated possible language use change over time. Interestingly, even though the conditional probability of using more English than Spanish to think was highest for this class, a majority of people (55.9%) in the partially assimilated (Class 4) reported using English only to think. The partially assimilated (Class 4) were those with the highest likelihood of living in the US 10 or more years and using more English than Spanish but not exclusively English to read and speak, at home, and with friends. The partially assimilated class illustrated the importance of social context for language use, as many individuals continued to use Spanish frequently in their lives despite reporting English use for thinking. The assimilated (Class 5) were those living in the US 10 or more years and had the highest conditional probability to speak only English as a child. The majority of the assimilated exclusively spoke English only as a child, to read and speak, at home, to think, and with friends.

Assimilation in first generation individuals can be stressful, compared to subsequent generations (24, 53). The process of assimilation in subsequent generations is often classified as either congruent or dissonant between parents and children (54). The assimilated classes from our findings could be indicative of second or subsequent generations of Hispanics/Latinos in our sample. Findings suggest a generational effect in the partial assimilation (Class 4) and assimilation (Class 5) as the profiles have an overall lower probability of using Spanish and a higher probability of speaking more English as children, respectively, to other profiles. The partially assimilated primarily had a higher probability of speaking more English than Spanish as children (i.e., 35.5% conditional probability). To contrast, the assimilated profile had the highest probability to speak English only as children (68.9% conditional probability).

Overall, using our LCA on a US representative sample of Hispanic/Latinos we identified heterogenous classes of acculturation that may reveal differences in experiences and processes, which were theoretically suggested in the literature. Linguistic acculturation can be a powerful indicator of risk, but more may be needed to detect telomere length differences between subgroups. While various reasons can be attributed as to why significant telomere differences were not detected, linguistic acculturation may be indicative of other psychosocial stressors and adaptive strategies. For instance, while language can be a source of insecurities and discrimination it can also be key to facilitate equitable access to healthcare and mental health services. In context of our findings, the largest subgroup was low acculturated with almost exclusive Spanish use while having lived in the US for 5 or more years. This may be indicative that a large proportion of US Hispanics/Latinos speak only Spanish, which may affect their access and quality of health services. Nonetheless, linguistic interventions will not be enough to mitigate the possible disparity. Spanish interpreters or translated health materials are a start but literacy and cultural empathy are critical to intervene or prevent excess risk by incorporating customs, norms, and behaviors that are conducive to health among US Hispanics/Latinos. To mitigate disparities and promote health equity, future studies must collect environmental and community data, as well as biomarkers of risk to create more comprehensive models. These comprehensive models may be used to confirm if profiles from our findings remain consistent or detect telomeric differences. Telomere differences may be indicative of increased morbidity and mortality among certain subpopulations (55). As such, the importance of detecting telomere length by acculturation may, for instance, be the critical difference in identifying cancer risk or preventing cancer among Mexican Americans (56). Lastly, in using more comprehensive person-level approaches we can model risk contextually to not only understand syndemic vulnerabilities—the synergy of disease outcomes interacting with comorbid conditions, as well as other social, cultural, biological, and environmental determinants in context of human rights (57)—but to also help develop tailored interventions and prevention programs for those at increased risk from among the most at-risk (24, 47, 53, 54).



LIMITATIONS AND STRENGTHS

Our study had four major limitations. The first was that the data, although nationally representative, were cross-sectional; therefore, we were unable to examine changes within the sample over time. Still, various published studies and reports have demonstrated that the data are of acceptable quality (11–13, 58). Second, acculturation is a complex, dynamic multidimensional process. Acculturation measures that exclusively use linguistic measures to assess the process have been critiqued (30, 53). Nonetheless, the validated SASH measure serves as a measure to assess a facet of acculturative strategies (29). Third, the telomere data were not from the current NHANES as they are only accessible from the 1999–2002 cycles. The fourth limitation concerns the meaningfulness of telomere length data in health outcomes research. While telomere research continues to be refined, the interpretation of telomere length and outcomes on morbidity and mortality are less direct (11–13, 59) and may explain why no significant telomere length differences were detected. Although more advanced methods from a manual BCH auxiliary regression approach in Mplus (37) would allow us to test the effects of covariates on classes, we would not be able to test differences of telomere length by class. Additionally, the manual approach would not permit us to test telomere length differences between profiles.

Our study also possessed notable strengths, as it is among the first to focus on acculturation and telomere length, a complex biomarker of senescence and risk. We used the most current techniques for available software packages to assess acculturation profiles and biological processes using complex survey design data of US Hispanics/Latinos. Future research will incorporate multiple acculturation factors beyond language measures to assess its impact on health biomarkers in the context of syndemic vulnerability and risk. A syndemic and latent variable approach will be critical as various factors co-occur and synergize to affect biological processes occurring in tandem without a priori categorization to capture person-centered contexts.



CONCLUSION

We identified five Hispanic/Latino acculturation profiles at possible differential risk of shorter telomere length, but no significant telomere length differences emerged. Specifically, our findings will contribute to the emerging literature on the relationship between acculturation profiles and associated biomarkers of health and disease. Our findings and approach provide a way to identify groups most at-risk in already vulnerable subpopulations. Through this work we can understand contextual risk, as well as develop prevention programs and targeted health interventions among US Hispanic/Latino groups. The implications of this research will be to examine the dynamic effects of acculturation using comprehensive models of risk biomarkers to develop prevention programs in order to mitigate health disparities and move toward health equity.
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NR3C1 1F Assay 2 chr5: 143,404,013-143,404,147° (- strand)

PCR primer forward (5' GTTGTTATTAGTAGGGGTATTGG
biotinylated)

PCR primer reverse AACCACCCAATTTCTCCAATTTCTTTTC
Pyrosequencing primer GAACTCCCCCACTCCAAACCC
Targeted CpG sites 1-5 chr5: 143,404,124; 143,404,121;

143,404,114; 143,404,099, 143,404,091
NR3C1 1F Assay 1 chr5: 143,404,011-143,404,007% (- strand)

POR primer forward AGTTTTAGAGTGGGTTTGGAG
PCR primer reverse (5' AAAACCACCCAATTTCTCCAATTTCTT
biotinylated)

Pyrosequencing primer GAGTGGGTTTGGAGT

Targeted CpG sites chrS: 143,404,075 143,404,073;

6-10 143,404,063; 143,404,057; 143,404,043
SLC6A4 Assay chr17: 30,236,070-30,236,156° (- strand)

PCR primer forward GTATTGTTAGGTTTTAGGAAGAAAGAGAGA
PCR primer reverse (5' AAAAATCCTAAGTTTCGTACTCT TTAACTT
biotinylated)

Pyrosequencing primer AAACTACACAAAAAAAGAAAT

Targeted CpG sites 1-5 Chr17: 30,236,070; 30,236,087; 30,236,101;

30,236,125; 30,236,156
SCG5 Assay chr15: 32,934,005-32,934,025° (- strand)

POR primer forward GGGTTGTTTTTAGGTGAGTATAGTTTTGAT

PCR primer reverse CTCAATAGTGCCTTCCCCTTAG

PCR primer-nested GGGTTGTTTTTAGGTGAGTATAGTTTTGAT

forward (same as

forward)

PCR primer-nested AACCTCCACCTCAAAAATTTTAACA

reverse (5' biotinylated)

Pyrosecuencing primer GGTGAGTATAGTTTTGATG

Targeted CpG sites 14 Chri5: 32,934,005; 32,934,009; 32,984,016;
32,934,005

#Chromosomal coordinates for PCR and sequencing are based on UCSC Genome
Browser Human Dec. 2013 (GRCh38/hg38) Assembly.
bChromosomal coordinates for PCR and sequencing are based on UCSC Genome
Browser Human Feb. 2007 (GRCh37/hg19) Assembly.
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Maternal characteristics
Age, yrs
Self-reported Race*
White
Black/Other
Hispanic
Yes
No
Employed
Yes
No
Household income
<§25,000
>$25,000
Education
No college experience
Some college/Bachelor's
Distance from major roadway, meters
Adversity Measures
ACE scores
<3
23
EPDS
<10
210
pPss
Low
Moderate/High
Cortisol
Social support
Appraisal
Tangible
Self-Esteem
Belonging

B

0.49

Ref
7.85

-7.91
Ref

1.08
Ref

Ref
—2.43

Ref
-0.69

Ref
0.97

Ref
e

Ref
034
-0.09

-06
-0.31
-0.02

0.04

Deprivation

High (=0.32)

22.35(3.83)

7 (35%)
19 (59%)

1(50%)
25 (50%)

24 (53%)
2(29%)

15 (66%)
11 (48%)

21 (50%)
5(50%)
2,285 (2,276)

18(51%)
8 (44%)

14 (45%)
12 (57%)

12 (52%)
14 (50%)
16 (65%)

22.12 (5.35)
21.04 (7.87)
21.92 (4.66)
22.04(7.00)

Low (<0.32)

21.19 (2.65)

13 (65%)
13 (@41%)

1(50%)
25 (50%)

21 (47%)
5(72%)

12 (44%)
12 (52%)

21 (50%)
5(50%)
3,366 (4,122)

16 (48%)
10 (56%)

17 (55%)
9(43%)

11 (48%)
14 (50%)
13 (45%)

2477 (5.33)
2335 (4.77)
2235 (4.42)
22.08(6.78)

*No variables were statistically significantly different by levels of deprivations, except for

race (P < 0.0001).
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Deprivation index
Maternal age
Household income
Self-reported race
Mother's ACE score

Unadjusted Adjusted |
3.31(0.023) 281(0.03)
047 0.08)

Adjusted I

247(0.10)
0.16(0.11)
0.45 (0.61)
0.24(0.91)
001(055)
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Individual

+ Fear of social consequences of an HIV
diagnosis/loss of confidentiaity (e.g., discrimination)

+ Lack of familiarity with US health care system

* Distrust of the medical care system and government

+ Low perception of personal HIV risk and inadequate
knowledge about HIV transmission and testing

Health outcomes
associated with
improved screening

Greater likelihood of viral
suppression; less risk behavior;
improved quality and length of life

Community

« High HIV-associated stigma

« Prejudice/stereotypes toward PLWH and groups.
with HIV risk behaviors

« Normative distrust in the medical care system

« Available testing venues are not
advertised/communicated, especially in Creole or
languages other than Spanish

« Low normative expectations of HIV
soreening/Gender normative expectations regarding
soreening

« Clinics are female spaces

* Real men don't go to doctors

to partners

*Adapted from the NIMHD Minority Health and Health Disparities Research Framework (68).

Decreased risk of HIV transmission

Policy

 No HIV testing at US points of entry

* No access to Medicaid
for 5 years after immigration

« Lengthy immigration process

HIV criminalization laws and fears of deportation

o Low access to free and confidential/anonymous
testing in venues where FB Black men are likely to
interface

« Few health promotion opportunities emphasize the
importance of HIV screening

Lower community viral
load/proportion with
suppressed viral load
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Interaction term

Gender

Men

Women

Age

<40

40-60

260

Income

<500

500

1,000

Education level
Primary school or iiteracy
Junior high school
High school or above
Drinking

No drinking

Current drinking

Income, per capita monthly income;

<6

~0.118 (~0.204, —0.033)
~0.020 (~0.087, 0.047)

~0.184 (-0.381,0.012)
~0.094 (~0.168, ~0.020)
0.004 (~0.082, 0.090)

~0.046 (~0.138, 0.046)
~0.187 (-0.232, ~0.042)
—0.064 (~0.158, 0.031)

~0.017 (~0.072, 0.039)
~0.100 (~0.185, ~0.015)
~0.249 (-0.398, ~0.105)

~0.068 (~0.131, ~0.006)
~0.096 (~0.204, 0.012)

Night sleep duration [increased ICH scores (95%CI)]

6to <7

—0.025 (~0.082, 0.033)
0.002 (~0.042, 0.045)

~0.147 (~0.255, ~0.040)
~0.020 (~0.069, 0.030)
0.007 (~0.051,0.084)

~0.022 (~0.083, 0.039)
~0.017 (~0.078, 0.044)
—0.056 (~0.119, 0.007)

~0.016 (~0.107, 0.076)
~0.073 (~0.128, ~0.018)
~0.031 (~0.119, 0.056)

—0.027 (~0.067, 0.013)
~0.039 (~0.115, 0.038)

RMB per month; ICH, Ideal cardiovascular health.

Tto <9

[Reference]
[Reference]

[Reference]
[Reference]
[Reference]

[Reference]
[Reference]
[Reference]

[Reference]
[Reference]
[Reference]

[Reference]
[Reference]

—0.073 (~0.114, =0.001)
—0.087 (—0.138, —0.036)

~0.059 (~0.183, 0.064)
~0.077 (~0.148, ~0.005)
~0.115 (~0.174, ~0.057)

~0.124 (~0.191,
~0.081 (0.156,
—0.043 (-0.127, 0.040)

~0.098 (~0.170, ~0.026)
183 (~0.208, ~0.058)
0.052 (~0.081, 0.185)

~0.094 (~0.141, -0.047)
~0.048 (~0.147, 0.051)
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Type of Number of tests.
detection performed
Overweight/obesity 21,110

Total 8171
cholesterol

Blood 30,190
pressure

Glucose 22,129
HIV/AIDS 1,106

Juntos por la Salud data base, CSFMEU, February 2016-December 2018.

High/positive
results

15,721
2,565

8,693

4,516
6

Prevalence

74.6%

31.4%

28.8%

20.4%
0.5%
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Focus group formats

Recruitment

Participants’ descriptions of their
professional roles included:

Participants’ descriptions of
communities they work with
referenced:

Al focus groups were conducted via Zoom, lasting ~90 min, during August 2020

This convenience sample was recruited in partnership with Healthcare Association of New York State (HANYS). HANYS
sent a broad notification about the study to members involved with community health work. Incividuals indicating interest
in participating were connected to the project team and provided details and Zoom invites. Some individuals who received
the initial nofification may have shared with others in their professional network, some of whom may have joined the group.
Participants were asked to join groups according to where in NY State they practiced, and sites were selected to reflect
multiple regions of the state

Long Island, a downstate largely suburban location, had 4 participants

Brooklyn/Queens, a downstate urban location, had 9 participants

« Syracuse, an urban/suburban location in central upstate, had 7 participants

« Buffalo, a primarily urban location in western upstate, had 11 participants

Community health educator, community health worker, community health worker manager, civil rights organization board
member, health care administration and management, health coordinator for early childhood education program, non-profit
and/or social service administration, city development planner, non-profit and/or social service administration, nurse
practitioner, nurse, nutrtionist

The following racial-ethnic-nativity groups: Caucasian, Affican American/African descent/Black, Latino/Hispanic (some
specifying Spanish-speaking), Native American, Asian (including specific mention of Chinese, Korean, Bangladeshi, and
Indian communities), Caribbean (including specific mention of Jamaican communities), Arab/Middle Eastern, immigrants,
newly settled refugees

Age ranges referenced included young children through seniors
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Participants were asked to address two primary sets of questions. Listed below are the key themes that emerged from these group discussions.

Question

Concerns about vaccines:

What are some of the biggest concerns
that members of your community have
about a COVID-19 vaccine?

What do you think are the best strategies
for addressing concerns and making
people feel more comfortable taking a
COVID-19 vaccine?

Access barriers to vaccination:
What are the biggest logistical and
practical bariers that people are likely to
face in getting the vaccine?

What would be the best strategies for
distributing a vaccine?

Key themes

Varied concens related to safety and side effects, with particular emphasis on how the speed of vaccine development and
poltical pressure could potentially compromise vaccine safety/efficacy (LI, B/Q, S, B)

Changing information, mixed messages, and misinformation about vaccines and virus itself driving distrust (LI, B/Q, S, B)
Justified distrust based on historical medical abuse (Tuskegee experiment, experimentation under slavery, as well as other
cases) and on-going disparities (LI, B/Q, S, B)

« Teenagers and young people not feeling as vulnerable to disease and may therefore be less motivated to take vaccine (LI,
8/Q,S)

Black Lives Matter movement as an important context for understanding vaccine concerns (LI, S)

Cultural barriers between western medicine and some refugee communities leading to miscommunication and distrust (S)
Concerns about being among the first groups (either as essential workers or communities with high COVID-19 rates) when
side effects will be least known (L)

« Vaccine trials may not include adequate representation of racial-ethnic groups or individuals with preexisting conditions (8)

Groups noted central importance of:
« Linguistically and culturally appropriate messages defivered by trusted partners who believe in vaccine (B/Q S, B)
« Early engagement before vaccines are available and education along the way (LI, B/Q)

Points on message content:

« Acknowledging and having open and honest conversations about past abuses and ongoing disparities and making clear
intentions and plans to do better (B/Q, S)

« Attending to age/generational differences in message content (B/Q, B)

« Clear information on what was done to speed up vaccine testing/production to address concerns about speed (B/Q)

When asked to suggest trusted partners, participants noted:

« Places of worship (LI, B/Q, B), Health care providers (LI, B/Q, S), Local community-based organizations (e.g., immigration
assistance, domestic violence support (LI, B/Q, B), Service fratemities and sororities (LI, B), Young activists in
communities (B/Q), Shefters (L), Mutual aid networks (B/G), Unions (B/Q), Sports leagues (B/Q), Higher ranking
individuals within school system (S), County health officials (S)

When discussing how to deliver messages, participants noted:

« Ethnic news outlets and media, including social media (LI, B/Q, B) and radio (8/Q L)

Transportation (LI, B/Q, S), Child care (LI, S), Time and scheduling around work (B/Q, S), Potential distribution sites that are
unequally distributed across a city, participants noted this as a barrier with testing that might emerge with vaccine sites as
well (B/Q)

« Have messages in plain language that are accessble to persons with disabilties, and include messaging strategies that
don't require internet ()

When discussing possible distribution sites, participants noted:

« Chain drug stores (LI, B/Q, S, B), Places of worship (LI, B/Q, ), Schools (LI, B/Q, S), Health centers (B/Q), Community-
based organizations (B/Q, B), Public libraries (B/Q, B), Shelters (B/Q), Public housing (B/Q), Parks (B/Q), and using mobile
vaccine units (B)

« Some participants (LI, S) voiced concerns that vaccines delivered in some sites or by some organizations might be
perceived as linked to delivery of in-kind benefits or services, which could make some groups feel obligated to accept
vaccinations, e.g., if vaccines are delivered at a site that also serves as a food bank, etc.
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Variables

Age (years, mean = SD)
Sex
Men
Women
Marital status
Married/cohabiting
Unmarried/divorced/widowed
Education level
Primary school of literacy
Junior high school
High school or above
Income
<500
500
1,000
Smoking
No smoking
Current smoking
Drinking
No drinking
Current drinking
BMI (kg/m2 mean = SD)
Night sleep duration, h
<6
Bto <7
Tto <9
29
Mean night sleep duration, h

Total
(n =35,049)

54.74 +12.28

13,696 (39.08)
21,353 (60.92)

31,611 (90.19)
3,438 (9.81)

15,128 (43.16)
14,304 (40.81)
5,617 (16.09)

12,169 (34.72)
11,623 (33.16)
11,257 (32.12)

25,630 (73.18)
9,419 (26.87)

27,078 (77.26)
7,971 (22.74)
2479+ 8.56

2,160 (6.16)
5,671 (16.18)
23,658 (67.21)
3,660 (10.44)
7754128

Ideal CVH
(n = 13,005)

51.25 = 12.98

3,404 (26.17)
9,601 (73.89)

11,793 (90.68)
1.212(9.32)

5,227 (40.19)
5,573 (42.85)
2,205 (16.96)

4,336 (33.34)
4,260 (32.76)
4,409 (33.90)

11,380 (87.50)
1,625 (12.50)

11,208 (86.14)
1,802 (13.86)
22,84 +£2.76

738 (6.67)
2,108 (16.17)
8913 (68.54)
1,251(9.62)
775124

Non-ideal CVH
(n = 22,044)°

56.80 + 11.351

10,292 (46.69)
11,752 (63.31)

19,818 (89.90)
2,226 (10.10)

9,901 (44.91)
8,731 (30.61)
3,412(15.48)

7,833 (35.59)
7,363 (33.40)
8,648 (31.07)

14,250 (64.64)
7,794 (35.36)

15,875 (72.02)
6,169 (27.98)
25.94 +3.48

1,422 (6.45)
3,568 (16.19)
14,645 (66.44)
2,409 (10.99)
7.76 £1.30

SD, standard deviation; Income, per capita monthly income, RMB per month; BMI, body mass index; 2ICH scores > 5; PICH scores, 0~4.

<0.001
<0.001

0018

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0500





OPS/images/fpubh-07-00357/crossmark.jpg
©

2

i

|





OPS/images/fpubh-08-606458/fpubh-08-606458-t002.jpg
ICH metrics

TC
Ideal
Non-ideal

BP
Ideal
Non-ideal

FPG
Ideal
Non-ideal

Smoking
Ideal
Non-ideal

physical activity
Ideal
Non-ideal

BMI
Ideal
Non-ideal

Diet
Ideal
Non-ideal

ICH, Ideal cardiovascular health; TC, total cholesterol: BR, blood pressure; FPG, fasting plasma glucose; BMI, body mass index (kg/m?).
Ideal diet was defined as healthy diet score > 4 components.

Total, n (%)

28,779 (67.85)
11,270 (32.15)

14,019 (40.00)
21,030 (60.00)

24,931 (71.19)
10,118 (28.87)

25,630 (73.19)
9,419 (26.87)

32,031 (91.39)
3018 8.61)

19,004 (54.48)
15,955 (45.52)

167 (0.48)
34,882 (99.52)

<6

1,394 (64.54)
766 (35.46)

907 (41.99)
1,263 (68.01)

1,530 (70.83)
630 (20.17)

1,420 (65.74)
740 (34.26)

1,975 (91.44)
185 (8.56)

1,129 (52.27)
1,031 (47.79)

9(0.42)
2,151 (99.58)

Night sleep duration, n (%)

6to <7

3,738 (65.91)
1,033 (34.09)

2,390 (42.14)
3,281 (57.86)

4,045 (71.33)
1,626 (28.67)

3,949 (69.63)
1,722 (30.37)

5,250 (92.73)
412 (7.27)

3,053 (53.84)
2,618 (46.16)

41(0.72)
5,630 (99.28)

7to <9

16,202 (68.77)
7,356 (31.23)

9,437 (40.06)
14,121 (50.94)

16,836 (71.47)
6,722 (28.59)

17,568 (74.53)
6,000 (25.47)

21,699 (91.68)
1,950 (8:32)

12,851 (54.56)
10,707 (45.45)

101 (0.43)
23,457 (99.57)

2,445 (66.80)
1,215 (33.20)

1,285 (35.11)
2,375 (64.89)

2,620 (68.85)
1,140 (31.15)

2,703 (73.85)
957 (26.15)

3,198 (87.38)
462 (12.62)

2,061 (56.31)
1,599 (43.69)

16 (0.44)
3,644 (99.56)

<0.001

<0.001

0013

<0.001

<0.001

0.017

0.034
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Night sleep duration Increased ICH scores (95%Cl) OR (95%C1)

Model 1° p Model 2° p Model 12 p
<6 ~0.143 (0,200, -0.086) <0001 —0.077 (-0.131,-0024) 0005  0.853 (0.777,0.936)  0.001
6to <7 -0052(-0089,0014) 0007  —0.022(-0057,0013) 0219 0968(0.912,1.028) 0295
710 <9 0 [Reference] 0 [Reference] 1 [Reference]

29 ~0.128(~0.172, -0.083) <0001 —0.079(-0.121, ~0036) <0.001 0.853 (0.793,0918) <0.001

Ideal CVH, ICH scores>5; ICH, Ideal cardiovascular health; CI, confidence interval; OR, odds ratio.
aModel 1: Unadjusted.
bModel 2: Adjusted for demographic factors of age, sex, education level, income, and drinking.

Model 2° p

0929 (0844, 1.023) 0133

1.004(0.943, 1.069) 0892
1 [Reference]

0919(0.851,0.992) 0,031
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Frequency (weighted %)

Weighted frequency (SE)

11,618,928 (1,110,137)
11,585,213 (1,273,746)

11,704,451 (1,276,076)
11,399,601 (2,134,279)

8,816,781 (1,275,864)
14,164,806 (1,379,033)

12,651,015 (1,296,845)
10,373,192 (1,133,168)

183,068,383 (1,411,389)
9,986,520 (1,056,596)

14,876,583 (1,646,121)
8,207,544 (821,444)

95% CL for Mean

Lower Upper
388 412
192 247
1.03 113

Sex/gender

Male 1,092 (49.9)

Female 1,200 (50.1)

Hispanics/Latinos

Mexican Americans. 1,875 (60.7)

Other Hispanics 417 (49.3)

Citizen of the US (n = 2,277)

No 906 (38.4)

Yes 1,371 (61.6)

Less than high school education (n = 2,287)

No 983 (54.9)

Yes 1,354 (45.1)

Ever-smoker (n = 2,284)

No 1,302 (56.7)

Yes 982 (43.3)

Moderate physical activity over past 30 days (n = 2,289)

No 1,152 (64.4)

Yes 737 (35.6)
Mean (SE)

Age 40.0 (0.592)

Family PIR (n = 2,060) 2,04 0.061)

Telomere length 1.08 (0.023)

PIR, poverty income ratio; SE, Standard Error.
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Length of time in the US
Less than 1 yrinUS

More than 1 yr, less than 5 yrs
More than 5 yrs, less than 10 yrs
More than 10 yrs

Language used as child
Spanish only

More Spanish than English
Both equally

More Engiish than Spanish
English only

Frequency  Weighted frequency (SE)
(weighted %)

728.9) 1,123,041 (284,563)
198 (16.4) 2,275,944 (421,384)
194 (14.8) 2,055,003 (266,954)
882 (60.7) 8,409,529 (1,432,145)

1,477 (60.2) 183,649,132 (1,747,330)

Language used to read and speak

Spanish only
More Spanish than English
Both equally

More English than Spanish
English only

Language used at home
Spanish only

More Spanish than English
Both equally

More Engiish than Spanish
English only

Language used to think
Spanish only

More Spanish than English
Both equally

More English than Spanish
English only

Language used with friends
Spanish only

More Spanish than English
Both equally

More English than Spanish
English only

SE, Standard Error.

236 (10.4) 2,364,162 (277,464)
207 (10.7) 2,412,563 (293,549)
178(8.1) 1,834,010 (251,671)
175 (10.6) 2,408,690 (263,529)
797 (20.7) 6,732,782 (1,005,467)
456 (20.0) 4,529,867 (666,345)
413 (202) 4,580,644 (449,177)
413 (19.9) 4,508,553 (526,949)
196 (10.2) 2,317,946 (296,526)

1,082 (42.9) 9,700,915 (1,588,146)

227 (0.7) 2,196,353 (305,020)
304 (15.1) 3,419,966 (407,984)
271 (12.1) 2,736,351 (335,478)
390 (202) 4,582,019 (406,487)

1,046 (42.0) 9,446,896 (1,455,867)

215(88) 1,985,948 (23,815)
328 (15.8) 3,561,600 (319,875)
2100.2) 2,057,699 (287,652)
466 (24.2) 5,449,538 (496,264)
965 (35.7) 8,076,402 (1,230,584)
244(9.7) 2,208,670 (401,562)
411 21.0) 4,762,837 (490,468)
248 (12.7) 2,867,081 (343,425)
406 (20.9) 4,726,388 (414,047)
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Model BIC

One-class solution 36576.764
Two-class solution 28410.596
Three-class solution 26075.609
Four-class solution 25309.857
Five-class solution 24869.397
Six-class solution 24801.132
Seven-class solution 24823.808

BIC, Bayesian information criteria; ssaBIC, sample size adjusted BIC.

ssaBIC

35503.688
28261.268
26850.030
25008.025
24491.313
24346.796
24293.220

Entropy

0.944
0.929
0.906
0.891
0.898
0.897
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Length of time in the US
Less than 1 yr in US

More than 1 yr, less than 5 yrs
More than 5 yrs, less than 10 yrs
10 yrs or more years
Language used as child
Spanish only

More Spanish than English
Both equally

More Engiish than Spanish
English only

Language used to read and speak
Spanish only

More Spanish than English
Both equally

More Engiish than Spanish
English only

Language used at home
Spanish only

More Spanish than English
Both equally

More Engiish than Spanish
English only

Language used to think
Spanish only

More Spanish than English
Both equally

More Engiish than Spanish
English only

Language used with friends
Spanish only

More Spanish than English
Both equally

More Engiish than Spanish
English only

Telomere length

Mean T/S ratio (SE)

SE, Standard Error.

Class 1:
Low acculturated
33.2% (n = 757)

0.113
0.231
0.182
0473

1.000
0.000
0.000
0.000
0.000

0.880
0.120
0.000
0.000
0.000

0.996
0.003
0.001
0.000
0.000

0.988
0.007
0.005
0.000
0.000

0.964
0.022
0011
0.003
0.000

1.043 (.033)

Class 2:
Partially integrated
18.6% (n = 424)

0.081
0.112
0.162
0655

0.861
0.115
0.023
0.000
0.000

0.038
0.768
0.195
0.010
0.000

0.416
0.383
0.082
0.028
0.091

0.425
0.345
0.185
0.041
0.004

0.189
0.415
0.260
0.088
0.047

1.102 (037)

Class 3:
Integrated
19.4% (n = 442)

0.000
0.051
0.088
0.861

0.422
0.231
0.283
0.024
0.040

0.006
0.053
0.746
0.149
0.046

0.085
0.096
0.587
0.184
0.068

0.054
0.074
0.644
0.116
0.112

0018
0.029
0.740
0.145
0.068

1.084 (.034)

Class 4:
Partially assi
15.1% (n = 346)

lated

0.000
0.068
0.000
0932

0.161
0.196
0.221
0.356
0.067

0.000
0.019
0.133
0.811
0.037

0.050
0.023
0.160
0.494
0.273

0.006
0.032
0.028
0.375
0.559

0.000
0.021
0.122
0.478
0380

1,108 (.089)

Class 5
Assimilated
13.7% (n = 312)

0.000
0.164
0.000
0.836

0017
0.053
0.103
0.138
0.689

0.000
0.000
0.037
0.276
0.689

0.000
0.000
0.000
0.000
1.000

0.000
0.000
0.000
0.001
0.999

0.000
0.003
0.003
0.020
0974

1.101 (031)
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