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Abstract

Disparities in diabetes burden exist in large part because of the social de-
terminants of health (SDOH). Translation research and practice addressing
health equity in diabetes have generally focused on changing individual be-
havior or providing supportive approaches to compensate for, rather than
directly target, SDOH. The purpose of this article is to propose a pathway
for addressing SDOH as root causes of diabetes disparities and as an essen-
tial target for the next generation of interventions needed to achieve health
equity in diabetes prevention and treatment. This review describes (z) the
current burden of diabetes disparities, (¢) the influence of SDOH on dia-
betes disparities, (¢) gaps in and implications of current translation research,
and (d) approaches to achieving health equity in the next generation of dia-
betes translation.
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INTRODUCTION

The past two decades have brought significant scientific advances in type 2 diabetes mellitus
(T2DM) primary prevention, therapeutics and disease care, and comorbidity and complications
management (30, 96) as well as policies to quell the global diabetes pandemic (63). Yet, the public
health impact of these advances has not been realized. Over the past 30 years, the number of adults
18 years of age and older with diabetes has quadrupled globally, increasing from 108 million in
1980 to 422 million in 2014, while the age-standardized global prevalence has doubled from 4.7%
to 8.5% (100). In the United States, 1 in every 11 people are now diagnosed with diabetes (29).
Diabetes is ranked first in US public health spending and health care spending (inclusive of am-
bulatory care, inpatient care, pharmaceuticals, emergency department care, nursing facility care)
(42). In 2017, the total economic cost of diagnosed diabetes was $327 billion, with $237 billion
in direct medical costs and $90 billion in reduced productivity (7). One in every four US health
care dollars was spent on diabetes care (7). Thus, a chasm persists between the research advances
in diabetes prevention and management and the current state of diabetes.

Diabetes translation is defined as research and practices to improve the reach, adoption, sustain-
ability, and widespread dissemination and implementation of the scientific advances in real-world
settings and populations (101). Populations of health disparity, which are systematic differences in
health that are avoidable, unjust, and related to social or economic disadvantage (19), have been
less likely to benefit from the translation of these advances and bear excess diabetes burden. Social
determinants of health (SDOH), defined as (#) the circumstances in which people are born, live,
work, and age and (b) the systems set up to address health or illness (137), account for 45-60%
of this disparity in health status (45, 141). Health equity, the absence of unfair and avoidable dif-
ferences in health among social groups (86), necessitates addressing the SDOH and striving to
equalize opportunities for all populations to be healthy (22). The World Health Organization has
called for actions to eliminate health disparities by tackling inequitable distributions of power,
money, and resources, by accurately measuring these problems, and by evaluating interventions
that address daily living conditions and their impact on health (86). Creating social and physical
environments that promote health equity offers a strategy for eliminating diabetes disparities and
improving the health of the entire population (133). Translation efforts, therefore, must incor-
porate the development, dissemination, and institutionalization of efficacious interventions that
improve SDOH. The purpose of this article is to propose a pathway for addressing SDOH in the
United States as root causes of diabetes disparities and as an essential target for interventions to
achieve health equity in diabetes translation. To accomplish this goal, we review () the current
burden of diabetes disparities, (#) the influence of SDOH on diabetes health equity, () gaps in and
implications of current translation research, and (d) approaches to achieving health equity in the
next generation of diabetes translation.

THE CURRENT BURDEN OF DIABETES HEALTH DISPARITIES

In the United States, an estimated 30.2 million people (12.2% of the population) have diabetes,
with diagnosed diabetes in 23.1 million (9.3%) and undiagnosed diabetes in 7.2 million (2.9%)
(29). Diabetes burden in racial and ethnic minorities and lower socioeconomic status (SES) groups
contributes disproportionately to diabetes prevalence rates. Among non-Hispanic whites, dia-
betes prevalence is 7.4%, compared with 15.1% among Native Americans/Alaska Natives, 12.7%
among non-Hispanic blacks, 12.1% among Hispanics, and 8.0% among Asian Americans (29,
106). Disparities in incidence rates are also observable in youth, in both type 1 diabetes and T2DM.
Non-Hispanic whites experience the highest incidence rates of type 1 diabetes (27 per 100,000),
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compared with racial and ethnic minorities (non-Hispanic black: 19 per 100,000; Hispanic: 14.8
per 100,000; Asian-Pacific Islander: 6.5 per 100,000; American Indian: 6.5 per 100,000). The trend
is reversed in T2DM incidence rates; American Indian and non-Hispanic black populations have
the highest incidence rates, 46.5 and 32.6 per 100,000 respectively, whereas non-Hispanic white
youth have the lowest incidence at 3.9 per 100,000 (29). Prevalence and incidence rates of diabetes
differ by educational attainment, with higher prevalence associated with fewer years of education.
In 2015, age-adjusted diabetes prevalence in adults with more than a high school education was
7.2%, as compared with 9.5% in adults with a terminal high school education and 12.6% in adults
with less than a high school education (29). Similarly, age-adjusted diabetes incidence rates per
1,000 for adults with more than a high school education, high school education, and less than
high school education were 5.3, 7.8, and 10.4, respectively (29). Income data reveal highest dia-
betes prevalence within the poorest stratum (<100% of the federal poverty level), with progres-
sively lower diabetes prevalence within the nonpoor stratum (200-300% of the federal poverty
level), and lowest diabetes prevalence in the least poor stratum (>400% of the federal poverty
level) (53). In addition, over the past few decades, disparities in diabetes prevalence between the
highest and lowest socioeconomic strata have widened in the United States rather than decreased.

Diabetes mortality and morbidity rates also reflect the excess diabetes burden borne by racial
and ethnic minorities and the lower socioeconomic strata in the United States. African Ameri-
can, Native American, and Hispanic adults with diabetes die from diabetes at higher rates than
do their non-Hispanic white counterparts (134). Socioeconomic inequities such as poverty and
segregation have been found to contribute to racial disparities in diabetes mortality rates (115).
Completion of high school or more education is associated with better diabetes survival rates
compared with those with lower educational attainment (47), and low educational attainment and
lack of financial wealth remain strong predictors of risk of diabetes mortality even after adjusting
for factors including demographics, access to health care, and emotional distress (121). Disparities
are evidenced among youth as well. Black children and adolescents with diabetes die at rates twice
as high as those of white and Hispanic youth with diabetes, despite white youth having higher
type 1 diabetes incidence rates and higher total diabetes prevalence rates than do black children
and adolescents (120).

Finally, the high costs of diabetes exacerbate the socioeconomic burden of diabetes. Diabetes is
the most expensive chronic condition in the United States (42). The average person with diabetes
incurs annual medical expenses that are 2.3 times higher than those of their age- and sex-matched
counterparts without diabetes (7). One in five adults with diabetes who is prescribed medication
reports skipping medication doses, taking less medication, or delaying filling a prescription owing
to costs (80).

THE INFLUENCE OF SDOH ON DIABETES HEALTH DISPARITIES:
FRAMEWORK AND EVIDENCE

Health equity is an identified priority within key US public health initiatives; SDOH are key to
this mission (133, 134). Because of the contribution of diabetes to observed racial/ethnic and so-
cioeconomic health disparities nationally, achieving health equity at the US population level will
require addressing health equity in populations with, and at risk of, diabetes. A comprehensive ap-
proach is needed to develop, manage, and evaluate translational interventions that promote health
equity in diabetes prevention and treatment. We present a framework to guide these actions in ad-
dressing SDOH as critical targets of prevention and treatment (see Figure 1). Five SDOH areas
are identified, including SES, living and working conditions, multisector domains, sociocultural
context, and sociopolitical context. These areas of influence are linked by the perspective that
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they are not independent but rather are interdependent, an important distinction when consider-
ing intervention. The influence of SDOH occurs at an individual as well as at subpopulation and
population levels. Life course exposure to influences of SDOH also impact health and diabetes
outcomes. Addressing the influence of these factors on diabetes interventions as priorities for the
next generation of diabetes translation may lead to equity in prevention and treatment. For the
purposes of this article, we next describe a working definition for each predetermined SDOH
area of influence, followed by evidence of effect on general health, and relevant research related
to diabetes outcomes.

Socioeconomic Status

SES has been defined as the social standing or class of individuals or groups, operationalized as
a combination of education, income, and occupation (8). Income and occupation, as markers of
SES, are often measured by economic stability, resources, or social standing (21). Education can
be operationalized by attainment and achievement or by quality, with lower education contribut-
ing to poorer health behaviors, knowledge, and problem-solving ability, yielding negative health
outcomes (20, 69, 146). Educational attainment is often measured by years of education; low edu-
cational achievement can be measured by literacy as a more robust proxy for low SES among racial
and ethnic minorities than is quantity of education (28, 84). Education influences health through
multiple pathways, including increased access to economic and social resources; skill development
that facilitates life navigation (including the health care system); reductions in exposures to deter-
minants associated with low SES, such as neighborhood food deserts, environmental toxins, and
crime; and biological pathways, including early-childhood brain development and allostatic load
(148).
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Research clearly demonstrates the relationship between SES and diabetes. Studies have found
that low family income, parental education, and high youth stress are common among families
of minority youth with T2DM, noting their influence on disparities in diabetes onset, quality
of life, and family burden (26, 71). Walker and colleagues (138) focus on income and stress as
key determinants of poor glycemic control. A review by Varanka-Ruuska and colleagues (135)
noted that unemployment, while strongly linked to poor health generally, was also associated with
1.6-fold odds for prediabetes and 1.7-fold odds for T2DM. Low health literacy is also associ-
ated with poorer outcomes, including suboptimal diabetes self-management skills and behaviors,
higher rates of hospitalizations and emergency department visits, and mortality (27, 69).

In general, translational research on SES and diabetes has focused on individual characteris-
tics such as income, wealth, education, and occupation, as they influence diabetes outcomes (24);
however, several studies have addressed change in SES as an intervention target. These studies tar-
geted patient/family income and found that coverage of medication costs, which are a significant
barrier to diabetes care, decreases disparities in diabetes-related death and complications between
high- and low-income patients (18, 147). Conditional cash transfer programs, which provide di-
rect income for achieving health-related or diabetes goals, have also shown evidence of reducing
diabetes mortality among older Mexican adults (13, 76). Translational interventions that not only
recognize SES influence on diabetes, but also target SES for change may further reduce inequities
leading to diabetes disparities.

Living and Working Conditions

Living and working conditions are defined by the quality of the neighborhood environment in
which people reside, often operationalized as the built and food environment, which in turn has
a direct impact on physical activity, healthy eating, and other behaviors associated with diabetes
(21). Variations in the built environment are related to adequacy of housing, safe worksites, air
and water quality, public transportation, and street connectivity, quality, or density (15), which
may explain some of the racial and other disparities found in diabetes outcomes. A recent review
by Dendup and colleagues (41) found moderate evidence of the association between T2DM and
the environment defined by walkability, air pollution, food and physical activity environment, and
roadways proximity; living in neighborhoods with higher levels of walkability and green space was
associated with lower T2DM risk, whereas higher levels of air pollution and noise were associ-
ated with increased T2DM risk (41). Jones and colleagues (68) analyzed North Carolina, New
York, and Maryland census data and found an increased likelihood of availability of recreational
facilities and parks in predominantly non-Hispanic white neighborhoods compared with ethnic
minority neighborhoods (i.e., predominantly black and Hispanic neighborhoods). Den Braver and
colleagues (40) reported that living in an urban residence was associated with higher T2DM risk or
prevalence compared with living in a rural residence; higher neighborhood walkability and more
green space tended to be associated with lower T2DM risk or prevalence. Several other reviews
noted the role of adequate housing in overall health and well-being (23, 130, 131); one reported
that housing instability and unmet material needs were associated with increased risk of diabetes
and poorer outcomes among diabetes patients (14). Others found that working conditions are as-
sociated with environmental and occupational exposures that impact health and well-being (99,
116).

The quality of the food environment can be measured by access to healthy foods, and food in-
security is defined by the insufficient quantity of nutritious foods with periods of hunger (51, 123).
As poverty in the United States has increased, so has the proportion of households experiencing
severe food insecurity (38). While the national average of household food insecurity is 11.8%, it
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is 18% for Hispanic households and 21.8% for African American households as compared with
8.8% for non-Hispanic white households (38). Low-income, ethnic minority, and female-headed
households experience the greatest risk of food insecurity (103). Lack of access to sufficient and nu-
tritious food affects the ability of individuals to manage health conditions in general, and diabetes
in particular (58). Food insecurity is present in 11.8% of US households (38); food insecurity is
more common in households with a person living with diabetes, reported in approximately 20% of
patients with diabetes; and it has been linked to poor glycemic control (16, 83, 122). Food insecu-
rity and neighborhood context may impact self-care behaviors, whereas neighborhood character-
istics such as social cohesion are associated with glycemic control (126). Heerman and colleagues
(62) report that food insecurity is associated with lower adherence to general dietary recommen-
dations, measured by eating poorly and skipping meals and yielding worse glycemic control when
compared with food-secure individuals. Other studies report that food insecurity is associated
with depression, diabetes distress, low medication adherence, and worse glycemic control (124).
In general, however, the heterogeneity in definition and outcome measures as defined across stud-
ies has led to mixed but not negligible findings of the effect of the food environment on obesity
as a precursor to T2DM (17, 56).

Several initiatives have sought to improve living and working conditions through school (36),
worksite (25, 129), or community policy and systems change (111). The Moving to Opportunity
for Fair Housing Demonstration (MTO) randomly assigned housing vouchers to public housing
residents to test the effect of moving to low-poverty neighborhoods to promote access to jobs and
middle-class social networks (104). Positive outcomes included improved overall adult health and,
for child participants, increased future college attendance and earnings (35); adult employment
outcomes did not significantly differ from those of the control group (79, 118). Overall, this body of
research suggests the influence of living and working conditions on health in general and diabetes
in particular, and interventions targeting improvements in these conditions may advance diabetes
prevention and care (18, 94).

The Multisector Domain

The multisector domain, and engagement across these sectors, is an important and necessary com-
ponent of diabetes prevention and treatment. Social disadvantage can affect the well-being of a
population through a number of sectors (e.g., health care, criminal justice, financial, education,
housing) (97). Recent reports have explored multisector partnerships with business, legal, and ed-
ucational entities that engage residents to improve the community environment with a goal to re-
duce health disparities and improve health and well-being (97). These unique but interdependent
systems are relevant to multisector interventions, allowing for the targeting of social factors and
related determinants to promote lifestyle behavior change associated with diabetes prevention or
improved treatment outcomes (37, 137). The focus to date of many diabetes translation efforts has
been on change in health care, which plays a prominent role in not only access to care but also the
quality of the care received by subpopulations (70, 134). Low-income inner cities and rural areas
often lack access to health care providers and quality diabetes care, while lower SES is associated
with an inconsistent patient—provider relationship (95). Studies of patients who cite difficulties
in obtaining care, who use acute care facilities for routine care, and who have no usual source of
care report significantly higher hemoglobin Alc when compared with patients seen in primary
care or physician offices (112, 137). Chin and colleagues (36) proposed a road map for promis-
ing clinical interventions that are culturally tailored, are skills based, employ multidisciplinary
teams involving community and family members, and target multiple leverage points to assure
equitable patient care. Yet, the contributions of clinical health care and behavioral choices to the
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prevention and management of T2DM do not adequately explain poor diabetes-related health
outcomes, particularly among disadvantaged populations (54, 66). The number and complexity of
social factors faced by patients can also have a negative impact not only on access, but also on qual-
ity of care received and diabetes management (70). Dietz and colleagues (43) describe the need to
link many community sectors and clinical systems, offering a means to integrate social and other
elements into diabetes care. However, in general, more interventions are needed that target social
factors and related determinants as drivers of behavior change (34). Additional research is needed
to create multisector partnerships beyond the health care system to better address the influence
of SDOH on diabetes prevention, treatment, and outcomes.

Sociocultural Context

Sociocultural context denotes the within-group beliefs and norms (e.g., shared cultural values,
practices, experiences) that influence behavior, cognition, learning, and identity (87). Cultural be-
liefs and patterns of group or family behavior may also be associated through religion, ethnicity,
or social interaction (136). Additionally, attitudes and beliefs of different cultures, which are trans-
ferred across generations, are also shaped by historical and social forces (61). Sociocultural context
has been associated with health and health-related behaviors among African American, Hispanic,
American Indian/Alaska Native, and other minority groups, acting as a strong independent pre-
dictor of risk behaviors (3, 67, 90, 145).

Translational trials have supported state laws integrating community health workers within
health care systems, a strategy designed to promote broad dissemination of a workforce that is
effective in meeting the needs of disadvantaged populations on the basis of proximity, related-
ness, and knowledge of the sociocultural context (31). The Centers for Medicare and Medicaid
Services (CMS) Equity Plan for Medicare identifies community health workers as a workforce
that delivers culturally and linguistically appropriate interventions to meet the health and social
needs of disadvantaged populations (32, 33). Studies on what and how to translate efficacy trials to
real-world settings found that group interventions delivered by trained community health work-
ers showed high reductions in the incidence of T2DM (11, 46). Other interventions have focused
on sociocultural influences on obesity, weight management, and diabetes risk behaviors (9, 34,
105). Sanders-Thompson and colleagues (119) reviewed 29 studies using sociocultural strategies
across diabetes materials for addressing elements unique to racial/ethnic populations; only 52%
involved information gathering or a formative research phase to support the cultural modifications
needed to avoid stereotypical views of racial/ethnic communities. There remains limited research
designed to increase understanding of how specific cultural health beliefs and practices vary across
populations and subpopulations, and more research is also needed on strategies to influence the
reach, uptake, and impact of diabetes translation efforts (92, 93, 142).

Sociopolitical Context

The sociopolitical context encompasses societal and political norms that are root-cause ideologies
and policies underlying health disparities (e.g., institutional racism, classism, genderism; the result-
ing lack of between-group shared experiences; and inequities in health and other life experiences)
(114). Racism is defined by intentionally discriminatory actions and attitudes as well as those em-
bedded in societal structures that systematically constrain opportunities and resources on the basis
of race or ethnic group (107, 108). Racial discrimination, like other forms of systematic oppression,
can influence diabetes prevention and care through three main pathways, reflecting interactions
with other SDOH, causing (#) lower levels of subpopulation-level SES (owing to lower-quality
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education and lower-paying jobs), (b) residential segregation (owing to lower income and wealth
accumulation, higher rates of unemployment), and (c) psychological distress (due, in part, to fewer
quality health care and community services) (139, 143). Disparities across communities are often
due to structural determinants of racism and discrimination as evidenced by residential segrega-
tion, lack of financial services in neighborhoods, or criminal justice policies (10, 110, 139, 143).
The For the Sake of All project described the impact of various policies (including financial and
housing) and their link to discriminatory practices and negative health and diabetes outcomes of
the black population in St. Louis (110). The Black Women’s Health Study, a follow-up of 59,000
African American women, found that women who perceived a high level of everyday racism had a
31% increased risk of diabetes; those reporting exposures to the highest levels of lifetime racism
had a 16% increased risk of T2DM (12). Other studies found that perceived discrimination im-
pacted health behaviors (64) and that American Indian women with diabetes who reported per-
ceived discrimination completed fewer diabetes services, which placed them at increased risk for
comorbidities of diabetes (55); these findings support the notion that discrimination is associated
with an increased risk of incident diabetes (147). Thus, chronic stress due to racism and discrimi-
nation can affect diabetes outcomes (12, 71, 144). However, there is a dearth of interventions that
include strategies to address racism or discrimination as factors related to diabetes outcomes.

Life-Course Exposure

Life-course exposure, a critical element of our model, is the length of time one spends growing
up in resource-deprived environments, such as those defined by poverty, lack of quality education,
or lack of health care, which has a significant impact on diabetes risk, diagnosis, and outcomes
(44). Among populations affected by health disparities, historical trends can explain social, eco-
nomic, and health differences, including long-standing poverty, low educational attainment, and
unemployment, which impact health in general and diabetes more specifically (110). Childhood
disadvantage is associated with an increased risk of obesity, a precursor to diabetes; those who are
disadvantaged across the life course are at the highest risk (39). Weathering, or the cumulative
burden of adverse psychosocial and economic circumstances on the physical health of minority
populations, is associated with adverse health risks among African Americans (39, 82). The length
of exposure to these influences can lead to intergenerational transfer of health patterns and be-
haviors that can lead to diabetes (59), which means that the foundation for diabetes may be laid in
early life, with exposure to disadvantaged conditions having long-lasting biologic and behavioral
consequences (59). Translational interventions that consider and measure life-course exposure to
SDOH are lacking and needed to better understand and guide interventions to achieve health

equity (50).

RESEARCH GAPS AND IMPLICATIONS OF CURRENT
TRANSLATION RESEARCH

The prevention and treatment of diabetes are dependent on the equitable translation of scientific
evidence to populations at large. The primary focus of health disparities research to date has been
on what we define as compensatory interventions, designed to improve outcomes at the individual
level, for the individual who is receiving the intervention, for as long as that individual is receiving
that intervention. These compensatory approaches have achieved a level of success in preventing
and treating diabetes. The Diabetes Prevention Program (DPP) is one of the best examples to date
of the impact of individually focused strategies to prevent and treat diabetes in the United States:
from a National Institutes of Health (NIH) multicenter efficacy trial with a multiethnic study

Huaire-Joshu o Hill-Briggs



population, to effectiveness studies in translational settings, to national US policy, to standardized
program and training/certifications under the oversight of the Centers for Disease Control and
Prevention (CDC), to Medicare reimbursement via public health/non-health care channels (27).
This landmark study demonstrated that both lifestyle and pharmacological interventions prevent
or delay the onset of T2DM in high-risk, prediabetes populations by 25-60% at follow-up; the
largest reductions were accomplished through lifestyle interventions (72, 73, 132). The DPP was
time and resource intensive, requiring individual case managers or lifestyle coaches; frequent con-
tact; a structured, 16-session core curriculum; supervised physical activity; a maintenance inter-
vention; and other support (72, 128). Reviews of real-world DPP translation programs reported
clinically significant (4-5%) weight loss and high reductions in the incidence of T2DM, achieved
by lay educators delivering more realistic, less intensive interventions, with outcomes dependent
in part on the number and intensity of sessions offered as well as on attendance (5, 46, 140). The
YMCA also provided the DPP to Medicare beneficiaries with prediabetes in participating YMCAs
nationwide (1, 6), reducing medical spending and utilization, inpatient admissions, and emergency
department visits. In 2010, the National DPP (NDPP) was authorized by Congress to build an
infrastructure of community-based programs across the country (74), with new regulations ex-
panding CMS coverage for Medicare beneficiaries in 2015 (91, 125). As mandated and funded
by Congress, the Indian Health Service implemented the Special Diabetes Program for Indians
demonstration project, translating the DPP lifestyle intervention across rural, reservation, and
urban American Indian/Alaska Native communities (62).

Despite a level of broad success, the DPP has been translated less effectively in populations
at risk for disparities (125). Recent findings from the NDPP found that non-Hispanic whites
lose more weight than do Hispanics and non-Hispanic blacks; low-income participants lose less
weight than do those from high-income communities. Differences in success have been attributed
to challenges to participation associated with the program’s duration and intensity requirements,
factors that have less to do with the individual than with their life circumstances (49, 113, 114).
Adapted DPP interventions generally translate protocols, methods, and materials to address in-
dividual knowledge, attitudes, or behavior change, offering supportive services to mitigate disad-
vantaged conditions (75). This focus on translational interventions that are compensatory in na-
ture, while important, has been unable to reduce diabetes disparities at a population level. Further
progress toward eliminating disparities, and achieving the full impact of efficacious interventions
such as the DPP, requires an evolution and expansion of translational efforts that act to improve,
rather than solely compensate for, root causes of diabetes disparities. The next generation of dia-
betes translation research must focus not only on disseminating interventions to individuals, but
also on determining the root causes of disparities and key drivers of health behavior options (see
Table 1). Doing so requires a transformation in approach to test macrolevel interventions tar-
geting SDOH through policy, systems, and community change, implemented through multisec-
tor partnerships (43). Finally, both the compensatory approaches, aiding individuals in addressing
immediate diabetes-related needs, and the next-generation interventions, promoting foundational
change, have a role to play in eliminating diabetes disparities. Expanding our singular, individual,
medical treatment focus, and rebalancing our translational priorities to address social determinant
influences, may further ameliorate conditions that result in diabetes disparities.

ACHIEVING HEALTH EQUITY IN THE NEXT GENERATION
OF DIABETES TRANSLATION

Several critical elements are needed to advance priorities for achieving health equity in diabetes
prevention. These elements form the basis for the next generation of translational interventions,
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Table 1 Moving from compensatory to next-generation interventions

Domains of social
determinants of

health

Compensatory interventions

Next-generation interventions

Socioeconomic
status

Adapting of diabetes health education materials
and public health information for low literacy
(less than a fifth-grade readability criterion)

Referrals to nonprofit social services in
communities (e.g., food pantries and food
banks, shelters)

Tailoring of recommendations or care for
low-income patients due to cost (e.g.,
avoiding high-cost foods, such as fresh fruits
and vegetables and lean proteins, in favor of
canned or packaged options that are less
expensive; making health care procedure or
medication-prescribing decisions on the basis
of patients’ ability to pay)

Provision of high-quality, evidence-based diabetes
educational curricula across income levels,
neighborhoods, or geographic region

Access to high-quality early education and child care

Adequate teacher compensation and incentives to
attract and maintain quality educators

Conditional cash transfer programs that support
diabetes care

Living wages policies (especially for the service
professions)

Pay equality policies to address gender and racial
inequities in pay for equal work

Job/skills-training programs in low-income
communities

Antidiscrimination in hiring policy enforcement

Living and working
conditions

Home-based exercise adaptations to avoid
unsafe environments (e.g., encourage walking
up and down stairs, doing chair exercises,
using food cans or milk jugs as weights)

Partnerships with grocery stores to deliver
groceries for individuals or families in
low-income neighborhoods and food deserts

Transportation service interventions to take
residents of low-income neighborhoods on
periodic grocery trips to higher-income
neighborhoods

Residential/built environment planning and aesthetics
for walking, biking, and community living, across
income levels and geographic regions

Mixed-income housing and access policies

Housing stability vouchers

Safety/crime policy initiatives

Equitable practices for home ownership, loans, and
neighborhood access

Equitable access to nutrition at school for children
(e.g., school nutrition policies)

Distribution of healthy food sources across
neighborhoods and geographic regions

Restriction of unhealthy businesses (e.g., fast foods,
liquor stores) in low-income neighborhoods

Behavioral economics practices that make healthy
foods default and incentivize healthy food choices
via pricing practices

Sociocultural context

Family and social network interventions on
lifestyle/behavior change

Opportunities to break intergenerational poverty
through education, employment, and financial
management interventions

Sociopolitical
context

Community worker social support programs

Antibias and antidiscrimination policies and
enforcement across sectors (education,
employment, banking, housing, criminal justice,
health)

Multisector domain

Addition of ancillary personnel workforces,
including patient navigators, case managers,
and lay health workers to bridge, translate, or
supplement health care for effectiveness

Clinic-community partnerships that guide
underserved patients back to their
communities to identify resources to meet
social service needs

Equal access to high-quality health care across health
care settings and payers

Redesign for access to and incentives for disease
prevention

Health equity policies and enforcement

Extension of care and lifestyle behavior support
outside of health care settings and providers

400
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which are designed to address the root causes of diabetes and are critical to achieving diabetes

health equity.

Make Health Equity a Goal of Diabetes Translation

Health equity is achievable; diabetes disparities are preventable. Interventions that move from
compensating for SDOH influences to targeting those influences for change are needed to elim-
inate diabetes disparities. Prioritizing actions and tracking the progress of interventions that seek
to improve diabetes outcomes by improving SDOH are also needed (2, 4). Systematic evalua-
tion of progress is necessary to achieve health equity as an outcome goal of diabetes translation
interventions. Taking advantage of big data while assuring routine and transparent reporting of
progress should be regularly addressed by national and local diabetes organizations, which should
also promote health equity as a goal of diabetes research, practice, and translation efforts.

Establish Common Definitions of SDOH

Language is important. Current translational research uses a variety of definitions for SDOH,
leading to numerous measures and outcomes associated with the SDOH. This variance limits the
interpretation of findings across studies and populations. Consistency and clarity regarding the
implementation of translational interventions will advance our understanding of what works and
why. Consensus around language associated with SDOH and diabetes intervention needs to be
achieved across research and practice communities.

Define a Suite of Core Measures of Diabetes Health Equity

What gets measured gets done. For example, metabolic control is the gold standard of diabetes
care and provides a universally agreed on metric for quality practice. Yet, despite extensive evi-
dence of influence on diabetes outcomes, there is a lack of consistency on what, when, and how to
consistently measure with regard to the SDOH or health equity in diabetes research. Conceptual
models exist for prioritizing, identifying, selecting, and incentivizing the use of measures targeting
health equity (98). Consensus is also needed on translational measures that move beyond health
care and capture the impact of social advantage and disadvantage in population settings.

Engage Multiple Sectors in Diabetes Translation

SDOH are complex, interactive, and synergistic influences on life, health, and diabetes. Yet, there is
an overemphasis on health care as the primary or singular intervention setting for patient diabetes
care, even as it accounts for a small proportion of health-related and diabetes outcomes compared
with other settings (85). This singular approach ignores the interactive, real-world environment
of the individual influenced by SDOH. Multisector partnerships are critical to translation efforts
(89) by offering purposeful collaborations of various stakeholder groups (e.g., government, com-
munity, private sector) and individual sectors (e.g., health, housing, transportation, environment,
and economy) who work to achieve a common outcome (52, 57, 77, 117). These partnerships
promote coordinated action across local and national sectors, which is required to design and
implement interventions to eliminate the root causes of diabetes disparities (89, 127).

Implement Macrolevel Interventions

A necessary paradigm shift in moving beyond compensatory and toward next-generation inter-
ventions requires approaches that will be larger in scope (e.g., policy, systems change) and tested
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over time, both within and between multiple sectors. Studies of complex interventions, examining
the interactive effects of multifaceted systems that influence SDOH, will also transform and move
translational efforts toward large-scale solutions that promote equity for all populations (60) and
mitigate the influence of SDOH on diabetes outcomes (63, 88).

Use Dissemination and Implementation Science

Evidence-based interventions and policies take an average of 17 years to be incorporated into
routine systems, with only about half ever reaching widespread use (94). This gap is heightened
among disadvantaged populations (65). Dissemination and implementation (D&I) science stud-
ies the translation of research findings into practice in order to improve health outcomes in the
broader community (81, 102). D&I offers a systematic structure to inform methods that enhance
the adoption, implementation, and sustainability of interventions and to inform reporting strate-
gies that allow for systematic comparisons across groups (109). Descriptions of interventions, how
they were adapted, and the reach or uptake are currently described variably, which limits the abil-
ity to interpret impact. D&I research will enable us to unpack the black box, which comprises
an intervention, and consistently describe its translation and implementation to address the root
causes of diabetes disparities.

Train Clinicians and Scientists in Next-Generation Translational
Research and Practice

Health care providers and researchers practice what they learn; the current system focuses on
training the workforce for acute or episodic care, with less emphasis on a holistic view that in-
cludes a person’s social and environmental influences (48). Increasing diversity among health care
providers, ensuring cultural competence, and fostering transdisciplinary educational experiences
encompassing multisector partners are needed to develop a workforce that is congruent with ad-
vancing diabetes translation (78).

Expand Funding Streams for Next-Generation Translation

Funders support grant making in ways that are consistent with their mission and where they
believe they will achieve the greatest impact. Traditionally, academic research and translational
funding have relied primarily on government funds (e.g., NIH, CDC), which, given their com-
prehensive mission and competing areas of research, can provide only limited support for new
priority translational areas. However, expanding beyond the medical or health care setting to in-
clude multiple partners and collaborators from business, transportation, and education and from
across the social spectrum opens the door for innovative funding strategies. Pursuit of this type of
funding requires promoting the benefits of diabetes prevention and treatment that can be achieved
to advance the research priorities of nontraditional funding sources.

CONCLUSION

Substantial disparities in diabetes exist, owing in part to the influence of SDOH. Diabetes
translation interventions have generally focused on changing individual behavior to compensate
for, rather than change, these SDOH. The next generation of interventions should prioritize
health equity in diabetes translation research as a goal and work through multisector partner-
ships to test macrolevel interventions addressing the root causes of diabetes disparities. Rigorous
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evaluation through D&I science and common core measures of health equity are needed to elimi-
nate diabetes disparities across populations. The training of researchers and health care providers
to promote health equity approaches and the broadening of funding mechanisms to advance these
priorities are needed. Expanding the scope of prior intervention research, and rebalancing efforts
to address health equity in diabetes translation, can further reduce or eliminate disparities in pre-
vention and treatment.
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