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Abstract Research focusing on the social determinants of
diabetes has focused on individual-level factors such as health
behaviors, socioeconomic status, and depression. Fewer stud-
ies that incorporate a broader consideration of the multiple
contexts or organizational levels (eg, family, health care set-
ting, neighborhood) within which individuals are embedded
exist in the mainstream diabetes literature. Such an approach
would enhance our understanding of this complex disease,
and thus, future avenues of research should consider the
following: (1) a life-course approach, which examines the
influence of early life exposures on the development of dia-
betes; (2) aiming to understand the biological mechanisms of
social determinants of diabetes; and (3) implementing inter-
ventions on multiple levels. Integrating this multilevel and
life-course approach will require transdisciplinary science that
brings together highly specialized expertise from multiple
disciplines. Broadening the study of social determinants is a
necessary step toward improving the prevention and treatment
of type 2 diabetes.
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factors - Diabetes - Type 2 diabetes - Obesity - Complications

Introduction

The field of social epidemiology seeks to understand whether
and how social, cultural, economic, and political factors,
sometimes collectively referred to as “social determinants,”
influence health and disease in the population (see Table 1 for
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a list of definitions) [1-5]. While the study of social determi-
nants of health has not been a major emphasis in the field of
diabetes, several key papers have attempted to conceptualize
and summarize the literature in this area. One of the first
manuscripts, developed by Brown and colleagues [6], con-
ceptualized the relationship between socioeconomic status
and health for people with diabetes, emphasizing contributors
to intermediate diabetes outcomes such as access to health
care (ie, primary care, waiting times), process measures (ie,
HbA Ic¢ testing), and health behaviors (ie, blood glucose mon-
itoring). A second manuscript summarized patient, system,
and clinician level interventions to address disparities in dia-
betes care [7]. Finally, a recent comprehensive review of the
literature presented the biological, clinical, and non-clinical
factors associated with health disparities in endocrine disor-
ders, with diabetes as a major focus [8¢]. The current manu-
script builds on those key papers in the field and summarizes
recent evidence on social determinants that influence the
development of type 2 diabetes and associated conditions
(obesity, diabetes-related complications). Furthermore, this
manuscript points to future research directions to broaden
and strengthen the literature on the social epidemiology of
type 2 diabetes and associated conditions.

Conceptual Framework

The conceptual framework guiding our summary uses a mul-
tilevel social ecological approach (Fig. 1) [9—12]. This frame-
work expands the narrow emphasis on individual-level bio-
medical and behavioral factors to include a broader consider-
ation of the multiple contexts or organizational levels within
which individuals are embedded. These contexts include
family/social networks, health care settings/practices, and the
physical and social environment, all of which are affected by
larger local, state, and national policies. Paramount to this
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Table 1 Key terms and definitions for social epidemiology

Term Definition
Social Living and working conditions and systems for
determinants addressing health and illness that are shaped by
social, economic and political structures (World
Health Organization. Social determinants of health:
key concepts [1].
Health Potentially avoidable health differences across
disparities population groups with poorer health outcomes
observed among socially disadvantaged groups [2].
Multilevel Integration of factors at different levels of organization
approach into studying health outcomes [3].
Life-course Study of influences of factors in different stages of life,
approach including those encountered in utero and in
childhood on health in later life periods. Factors in
prior generations are also sometimes considered in
relation to the health of the offspring [4].
Social Social factors within groups, neighborhoods,
environment workplaces and other contexts to which individuals
belong, including the extent and nature of social
connections, social norms and attitudes, social
disorder, safety, and other features of the social
organization of groups and places [5].
Physical Environmental substances and hazards (e.g., air
environment pollution, chemical toxicants) as well as factors

related to “man-made built environment”, including
buildings, sidewalks, streets, public spaces, physical
barriers, and access to healthy food outlets [5].

Fig. 1 A multilevel framework

for social determinants of diabetes
incidence and complications

conceptual framework is the integration of factors across these
inter-connected levels in influencing health outcomes. Fur-
thermore, the framework incorporates a time dimension that
extends beyond risk factors and disease processes in adult-
hood, and suggests that risk factors and development of dia-
betes are shaped by circumstances throughout the life course,
including those encountered in early life [4, 13, 14]. Together,
these multilevel and life-course approaches are increasingly
recognized as crucial to understanding the social epidemiolo-
gy of complex chronic diseases such as diabetes. We also
acknowledge the importance of race/ethnicity, which is a
social construct that strongly impacts many of these “levels.”
For example, it impacts how resources are distributed, how
health care is delivered, and how policies have been devel-
oped, historically, and in current times. In this manuscript, our
focus is not on racial/ethnic disparities; however, many of the
social factors that we discuss are associated with or impacted
by race/ethnicity.

Summary of the Current Literature

Individual-Level Social Factors

Individual-level factors have been the most investigated deter-
minants of diabetes. There is an expansive literature

National or state
health policy

Physical and social
emvironment

Healthcare
settings/practices
and providers
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documenting behavioral factors associated with the development
of type 2 diabetes including physical activity, dietary behaviors,
and smoking. For example, higher levels of physical activity
have been consistently associated with lower risk of diabetes
[15, 16]. Moreover, many “Western” dietary patterns indicative
of high fat, processed, and red meat consumption have been
associated with higher risk of diabetes [17-19]. In contrast,
specific dietary components including higher consumption of
fiber, whole grains, omega-3 fatty acids, coffee, and alcohol have
been associated with lower risk [20-23]. Finally, smoking, an
established risk factor for cardiovascular disease, has also been
identified as a risk factor for type 2 diabetes in several cohort
studies [24, 25]. The conventional research in the area, however,
has not focused on how social determinants at multiple levels
and across the life-course influence these well-established be-
havioral risk factors for diabetes. There are many different
pathways to achieving these behaviors, which in turn, affect
the risk of diabetes and complications. Several individual-level
social factors, socioeconomic status (SES), cultural, and psycho-
social, described below, can influence these behaviors.

Socio-Economic Status (SES)

Lower SES, most frequently measured by education and in-
come, has been associated with increased risk of diabetes
[26-30]. In a recent meta-analysis, a 3040 % higher risk of
diabetes was associated with lower levels of education, occupa-
tional class/status, and income, compared with higher levels of
these determinants [28]. Furthermore, poverty has been associ-
ated with geographical disparities in obesity [31, 32], higher
physical inactivity [33, 34], and sedentary behaviors [35].

Psychosocial Factors

An extensive literature has documented a relationship between
depression and type 2 diabetes as well as insulin resistance
[36]. More severe diabetes complications have been noted
among individuals with type 2 diabetes and depression [37].
Other adverse psychosocial factors, such as stressful events,
poor social control, and stress-prone personality, have also
been associated with poor diabetes control [38]. Furthermore,
depressive symptomatology, is often manifested in response to
stress [39] and evidence supports the theory that stress impacts
both psychological and physical well-being for a wide range of
diseases, including obesity and diabetes [40, 41]. A few studies
have examined this relationship, noting evidence of an associ-
ation between negative life events in childhood, violence ex-
posure and diabetes [42]. For example, the Adverse Childhood
Event (ACE) Study noted a relationship between traumatic
childhood experiences and diabetes in adulthood. Furthermore,
exposure to specific stressors such as, experiences of discrim-
ination, violence and job stress have been associated with
obesity and diabetes [42—44]. Few studies, however, have
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examined potential mechanisms linking stress both in child-
hood and adulthood to the development of diabetes.

Cultural Factors

The relationship between cultural factors and diabetes has not
been fully explored. Acculturation has been shown to influence
various health outcomes in different immigrant populations in
the US. Defined as “the process by which immigrants adopt the
values, customs, beliefs, and behaviors of a new culture,”
acculturation has been linked to health behaviors, obesity, and
diabetes [8¢]. The results have been mixed with acculturation
showing both positive and negative influences on diabetes and
associated risk factors. On one hand, lifestyle factors may be
negatively influenced for example, by adopting western dietary
patterns or more tobacco use. Conversely, increasing levels of
acculturation can be associated with more health promoting
resources such as higher SES, greater access to health care, and
more leisure time to engage in healthy behaviors.

It has also been shown that spirituality is seen as a source of
emotional support, a coping mechanism for stress, a positive
influence on health, and a contributor to life satisfaction
[45-47]. These studies among persons with type 2 diabetes
suggest that a belief in God or spirituality may provide the
strength to deal with daily hassles and stressors. Moreover,
religious activity might be positively related to a sense of
control over health, which, in turn, may help individuals ad-
here to diabetes self-management behaviors [46]. Some em-
pirical data also suggests more favorable health outcomes such
as blood pressure and depressive symptoms among those who
attended church frequently [48]. Although most aspects of
spirituality are considered to have positive influences on
health, there could also be the tendency to neglect self-care,
with the belief that divine intervention through prayer and/or
meditation alone is sufficient to manage health/diabetes. While
the role of acculturation and spirituality in understanding self-
management has been investigated, more research is needed to
tease out the potentially different ways in which they can
influence the development of diabetes. Given the essential role
that religion and spirituality play in many cultures, it is impor-
tant to investigate these factors as potential contributors.

Family and Social Networks

Individuals are nested within social networks of families and
friends, and are influenced by the behaviors of members of
their networks [49]. Social networks can influence behavior,
promoting both positive and negative health behaviors for its
members. The relationship between positive social support
and better physical and mental health has been well
established [7]. In contrast, these networks can also have
detrimental effects on individuals if obligations to them entail
financial burden, demands on time, criticisms, or caretaking
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responsibilities [50]. Social networks have furthermore been
shown to impact the risk of obesity. Using Framingham Heart
Study data, Christakis and colleagues demonstrated that a
person’s chance of becoming obese increased if he or she
had a friend who became obese within a specified time period
[51]. With the exception of social support, few studies have
examined the relationship between other social network char-
acteristics and diabetes. It has been shown that minority
groups rely more heavily on informal social networks to meet
disease-management needs, and social support has been asso-
ciated with better glycemic control in a few studies [52].

Healthcare Settings/Practices

Disease management, educational, and behavioral interven-
tions to improve diabetes care in health care settings have been
plentiful [53, 54]. Overall, studies implement a number of
different strategies including clinical and patient education,
case management, and reminder systems to improve diabetes
care. Some of the strategies have health care organizational
components such as using electronic patient registries,
implementing team changes, or ancillary care providers (ie,
nutritionists, nurses), or tackling organizational quality im-
provement. These disease management interventions are gen-
erally effective with an average reduction in HbAlc of
0.42 %, which is clinically modest [53, 54]. Incorporating
social factors in the management of diabetes has produced
better results. For example, interventions targeting ethnic mi-
nority groups that were culturally tailored (ie, having greater
community involvement, using community or lay education,
using a face-to-face approach) were even more effective than
those that were not tailored [55].

Interventions targeting social determinants at the health
care systems and organizational-levels (eg, reducing co-
pays, improving healthcare access) have been limited [7].
Recently, “Finding Answers: Disparities Research for
Change”, an initiative supported by the Robert Wood Johnson
Foundation, created a road map and best practices for organi-
zations to reduce racial/ethnic disparities in health care [56].
Strategies which tackle organizational-level factors such as
assessing organizational capacity, implanting interventions
into existing infrastructure to improve sustainability, and be-
ing flexible and adaptable throughout the implementation
process are encouraged. We look forward to the next genera-
tion of studies that address organizational-level factors and
their impact on diabetes care and prevention.

Physical and Social Environment

A growing body of literature on neighborhood influences on
health has focused on factors capturing the physical and social
aspects of the neighborhood environment. Specifically, 2 path-
ways have been investigated: (1) a built design pathway

affecting diet and physical activity, referred to as the “physical
environment”; and (2) a social/stress pathway, which can have a
direct (ie, sympathetic nervous system, visceral fat accumula-
tion) and indirect (ie, unhealthy diet, sedentary behaviors) effect
on obesity and diabetes, referred to as the “social environment.”

The features of social and physical neighborhood are gen-
erally inter-related. For example, neighborhood poverty has
been linked to several features of the built environment,
including greater distance to parks and recreational facilities,
less walkable areas, poor access to public transportation, and
higher crime rates, all of which have been associated with
lower levels of physical activity. Other aspects of neighbor-
hood design [57] such as greater fast food restaurant density
[58, 59], high cost and low quality of healthy foods have been
associated with greater body mass index (BMI) [60, 61]. Only
a few studies have linked fewer neighborhood resources for
physical activity and healthy food to more insulin resistance
and to the development of type 2 diabetes [62—64].

Adverse features of the neighborhood environment may
also be a direct source of stress. For example, neighborhood
crime, lack of safety, poor aesthetic quality, low social sup-
port, and cohesion can be a source of stress for the residents of
the neighborhood [65]. Based on the theory that mixed-
income neighborhoods provide a number of material (ie, more
access to healthy food options and places to be physically
active) and social (ie, social norms and networks that promote
a healthier lifestyle) resources to low-income families that are
not available in areas of concentrated neighborhood poverty,
the Moving to Opportunity (MTO) study examined the ben-
efits of using housing vouchers to move families out of public
housing projects and into mixed-income housing [66, 67]. A
recent follow-up of MTO participants confirmed earlier re-
ports on the benefits of housing voucher use and showed that
relocating to low poverty areas reduced diabetes risk [68].
However, the MTO study was unable to characterize the built
and social environment in which participants lived, making it
difficult to identify mechanisms that could explain why hous-
ing relocation to low poverty neighborhoods conferred lower
rates of obesity and risk of diabetes.

Summary of Social Risk Factors for Diabetes

A summary of the social risk factors for diabetes discussed in
this manuscript are presented in Table 2. Overall, many social
risk factors have been examined and some are both positively
and negatively associated with diabetes, which adds to the
complexity of studying them. Moreover, while research is
developing on levels higher than the individual (family/social
networks, health care settings, environment, and state and
local policy), it has not yet reached the volume and precision
of the research at the individual-level. Policies on the quality
of care and on reimbursements for care in health care settings
have received the most attention thus far [8¢]. More public-
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Table 2 Summary of social risk factors for diabetes and associated
conditions

Risk factor of interest Main association®

Individual-level factors

Physical activity -
Dietary patterns +/-
Smoking +
Socioeconomic status -
Acculturation +/—-
Religion/spirituality +/-
Depression +
Social stressors +

Family/social networks
Social networks -
Social support +/—
Health care settings/practices
Disease management -
Cultural tailoring -
Physical environment
Neighborhood poverty/SES +
Built environment +/—-
Social environment

Neighborhood social stressors +

SES socioeconomic status
# (+) Indicates significance and positive association

() Indicates significance and negative association

health-related policies/programs, which integrate the public
health and medical care systems, are needed. An example of
such effort is the New York City Department of Health and
Mental Hygiene HbAlc registry, which requires mandatory
reporting of HbAlc lab results generated in clinical settings
[69]. The HbAlc registry not only allows for surveillance of
diabetes control by socio-demographic and neighborhood
indicators, which is helpful for allocating public health re-
sources, but it also allows for behavioral/clinical intervention
among those with poor diabetes control. New York City was
the first in the US to mandate this type of program and results
of the program have not yet been published for others to
absorb or replicate. Thus, given the early stage of research
of the social determinants of diabetes at multiple levels, there
are many avenues that remain to be pursued.

Avenues for Future Research

Thinking Earlier for Prevention of Diabetes
and Cardiovascular-Related Outcomes

Over the past decade there has been increasing recognition that
many adult diseases begin in childhood. Early life conditions
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such as prenatal under-nutrition, maternal stress and obesity
during pregnancy have been associated with increased risk of
obesity and diabetes in the offspring [70]. Furthermore, the
rise in childhood obesity over the past 2 decades has led to a
dramatic increase in the number of adolescents with diabetes,
particularly among minority populations. The American Heart
Association has modified its practice guidelines, focusing on
the prevention of cardiovascular disease in childhood and
adolescence, and emphasizing the need for greater prevention
efforts and screening for cardiovascular risk factors including
insulin resistance [71]. In addition, the American Diabetes
Association recommends screening for diabetes among over-
weight and obese children who also meet 2 other risk factors
(ie, family history, high risk race/ethnicity, or signs or condi-
tions of insulin resistance) [72].

Given that risk factors and health behaviors known to
impact obesity and diabetes track from childhood to adoles-
cence and into adulthood [73, 74], it is prudent that prevention
efforts start in childhood. Furthermore, evidence suggests that,
the longer a person lives with diabetes the more likely they are
to develop cardiovascular disease and diabetes related com-
plications [75]. Little is known, however, about the trajectory
of obesity and diabetes from childhood to adulthood. Apply-
ing a life course framework to the study of type 2 diabetes
would elucidate pathways by which factors in early life,
including social conditions, affect the development of diabe-
tes. Integrating a comprehensive life course framework would
require longitudinal studies that span various life stages, col-
lect repeated measures of traditional (ie, diet, physical activity)
and non-traditional (ie, stress, neighborhood conditions) risk
factors as well as clinical measures. This wealth of informa-
tion would allow for the examination of various mechanistic
models, for example whether sensitive time periods of expo-
sure exists or a sequence of exposures lead to a final exposure
causally related to disease, or whether the accumulation of risk
factors across the life course is more detrimental [76+]. While
no one study could answer all of these questions, longitudinal
studies that collect risk factor and outcome data across the life
span will be better able to identify critical time periods and
mechanistic factors for targeted prevention efforts.

Understanding the Biological Mechanisms of Social
Determinants of Diabetes

The increasing recognition of multilevel models of disease
development has brought to attention the importance of social
factors, and resulted in a growing body of research on social
epidemiology of diabetes. The majority of research, however,
has examined social determinants in relation to behavioral
factors and clinical outcomes with limited research attempting
to elucidate how social factors work their way through bio-
logical processes leading to the development of diabetes.
Investigating the mechanisms linking social conditions and
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biological processes is an important, although challenging,
area for future research [5]. The results of such research can
enhance etiologic research on diabetes, which is primarily
focused on pathophysiological levels without much incorpo-
ration of higher level social factors. Furthermore, this research
can provide essential evidence for implicating social factors in
causal pathways to diabetes incidence [13, 77]. While such
causal relationships among social conditions and disease pro-
cesses are often implicitly assumed, they are rarely tested
empirically. For example, exposure to individual-level (or
family level) social stressors is posited to increase the risk of
diabetes through behavioral factors and activation of the
Hypothalamic-Pituitary-Adrenal (HPA) axis, but few empiri-
cal studies have rigorously tested these pathways to the de-
velopment of diabetes [78]. Two potential pathways linking
social stress and diabetes have been proposed. First, it is
hypothesized that social stressors affect health behaviors, such
as diet, physical activity, smoking, and alcohol use, partly
accounting for the high rates of obesity and diabetes seen
among minority and lower social status populations who
largely experience a greater number of stressors than non-
minority populations. In a study of adults participating in the
National Survey of Midlife in the US (MIDUS), eating more
in response to stress partially explained a relationship between
history of violence experience and obesity [79]. A second
proposed mechanism of the relationship between social stress
and obesity/diabetes is a direct stress response through activa-
tion of the HPA axis, which in response to chronic stress has
been associated with the dysregulation of cortisol [80]. In turn,
HPA axis dysfunction has been associated with both obesity
and diabetes [39].

Studies can also be designed to elucidate the possibility that
biological changes exert influences on behaviors and social
resources relevant to the development of diabetes and com-
plications. Improving our understanding of how social factors
affect biology (sometimes referred to as getting “under the
skin”) also discourages the arbitrary dichotomies between
social vs biological causes of disease, and provides a more
useful conceptual and pragmatic approach to addressing the
burden of diabetes.

Recently epigenetic modifications, heritable and potential-
ly modifiable markers that regulate gene expression without
changing the underlying DNA sequence, have emerged as a
promising area for investigating biological mechanisms un-
derlying social determinants of health [81-83]. Epigenetic
markers are responsive to non-biological and environmental
exposures; particularly those encountered in early life, and are
being increasingly associated with a number of chronic dis-
eases and associated risk factors [84—86]. A number of studies
have recently provided supportive evidence for involvement
of epigenetic mechanisms in the associations between indica-
tors of fetal nutrition and growth, childhood body adiposity,
impaired glucose tolerance, and lower DNA methylation of

imprinted IGF2 genes in mid to late adulthood [87-89]. A
small but growing body of research has also begun to study
social conditions in relation to epigenetic factors including
socioeconomic circumstances and global and genome-wide
DNA methylation [90, 91e, 92, 93]. While epigenetic epide-
miology remains in its early stages, with anticipated advances
in technological capabilities and conceptual clarity, this type
of research will be an important avenue for understanding the
role of multiple and complex risk factors, including social
factors, in the development of diabetes.

In addition to providing a more complete knowledge of the
etiology of diabetes, understanding pathways underlying as-
sociations across levels can inform translational and interven-
tion research. For example, understanding how social envi-
ronment combines with pathophysiological mechanisms and
pathways to diabetes, can help to identify targets for change in
intervention studies (eg, decreasing social stressors at individ-
ual or neighborhood levels) or identify points for interventions
(eg, improving healthcare resources for individuals or neigh-
borhoods experiencing high levels of social stressors).

Implementing Interventions on Multiple Levels

Ultimately, the goal would be to target these social determi-
nants at multiple levels as we describe in our framework
(Fig. 1) and incorporate them into interventions to reduce
obesity, diabetes, and associated complications. This is no
casy task as each level of influence is fraught with its own
set of methodological, research, and implementation
challenges.

A good example of a national debate on prevention at
multiple levels including government, clinical and community
strategies to improve lifestyle behaviors is the case of the
Diabetes Prevention Program (DPP) [94-96]. In 2002, the
DPP showed that intensive lifestyle interventions targeting
diet and exercise, primarily in individuals at high risk, may
prevent or delay the onset of type 2 diabetes by up to 58 %
[97].

Furthermore, the long-term effects of this intervention have
been proven to be beneficial [98]. This program has become
the gold standard in the field; however, the feasibility of
conducting these lifestyle interventions in non-trial settings
remains potentially limiting for widespread implementation.

A recent meta-analysis summarized the effectiveness of the
DPP in real-world settings and therefore provides a prelimi-
nary guide for the development of future tailored interventions
[99]. The studies were implemented in various community
and clinic settings and were delivered by clinically trained
professionals, ancillary care providers, and lay educators.
Thus, the translation of these programs is feasible and appro-
priate. Recently, the Centers for Disease Control and Preven-
tion (CDC) convened a working group to provide recommen-
dations for implementing diabetes prevention strategies with
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an approach that integrates community organizations, medical
practice, and policy [100]. The committee called for steps
toward immediate action (eg, training of work force to deliver
proven programs), strategic action (eg, advocate for insurers
to pay for proven prevention programs), and research (inves-
tigate ways to increase sustainability and reach of effective
prevention programs) for health care and public health set-
tings. This example should prompt incorporation of new
social factors into intervention methods and further explora-
tion of integrative approaches to tackling the epidemic of
diabetes.

Conclusions

Integrating our knowledge of social and environmental influ-
ences with downstream biological pathways to disease re-
quires varied and highly specialized expertise from multiple
disciplines, including social and molecular epidemiologists,
basic scientists, clinical and behavioral researchers, and bio-
statisticians. Transdisciplinary science, which brings together
multiple disciplinary perspectives and expertise to work on a
shared conceptual and empirical framework, is best suited for
tackling complex cells-to-society research questions
[101, 102].
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