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Appendix A
Supplementary Background: Overview of Social Determinants of Health as They Relate to
Diabetes

The impact of social determinants of health on adults with diabetes has received increased attention as
evidence mounts for their influence on health outcomes [1-2]. Defined as the social and economic
conditions in the places where people live, learn, work, and play, social determinants of health include the
neighborhood and built environment, health and health care, social and community context, education,
and economic stability [1;3]. Social determinants of health include both structural factors, such as the
socioeconomic and political context, policies, and cultural and social norms, as well as more intermediary
factors, such as material circumstances and psychosocial factors [4]. Structural determinants of health
shape more downstream intermediary factors, having both direct and indirect effects on health and health
disparities [4-5]. Though social determinants in themselves are neither positive nor negative, specific
adverse social conditions referred to as social risk factors are associated with poor health outcomes across
multiple disease states and conditions [5].

Structural Racism as Antecedent to Social Determinants of Health

Structural racism refers to the many ways in which societies foster racial discrimination via
mutually reinforcing inequitable systems across housing, education, employment, earnings, benefits,
credit, media, criminal justice, and health care that in turn reinforce discriminatory beliefs, values, and
distribution of resources [6-9]. As noted by Bailey et al. (2017), structural racism has a significant
negative impact on individual health via multiple mechanisms including: (1) economic injustice and
social deprivation; (2) environmental and occupational health inequities; (3) psychosocial trauma; (4)
targeted marketing of health-harming substances; (5) political exclusion; (6) maladaptive coping
behaviors; (7) stereotype threats; (8) state-sanctioned violence and alienation from property and
traditional lands; and (9) inadequate health care [7].

One important example of structural racism is the previously legal practice of redlining.
Redlining refers to the historic practice of systematically denying residents in select neighborhoods
(primarily African Americans) access to credit [10]. First initiated in 1933 by the Federal Housing
Administration, the Home Owners’ Loan Corporation (HOLC) used the racial composition of
neighborhoods to classify their creditworthiness as “Best”, “Still Desirable”, “Definitely Declining”, or
“Hazardous” (where “Hazardous” areas were commonly colored red) [11-12]. Residential redlining is
now prohibited under the Fair Housing Act of 1968; however, the lasting effects due to this
discriminatory practice are still present to this day. Using digitized copies of HOLC maps, several recent
studies document the persistent negative impact of redlining on present day residential segregation,
economic inequity, economic mobility, and health disparities [13-17]. Key associations include the
increased occurrence of poor physical and mental health [10;18-19], lower levels of self-rated health
status [20], lower life expectancy at birth [10], greater risk of experiencing a preterm birth [21-22], higher
rates of emergency department visits due to asthma [23], worse postoperative outcomes in terms of
mortality, complications, and readmissions [11], and significant disparity gaps with respect to COVID-19
outcomes [24-25]. Though little work has investigated the impact of redlining on chronic disease, such as
diabetes, this is an important area to understand given the intensive self-management requirements, which
are influenced by structural racism and social determinants of health.

Food Environment

Significant evidence exists regarding the impact of the food environment on physical and mental
health outcomes for adults with diabetes [1;26-28]. Food insecurity, often defined as the lack of consistent
access to enough food to lead an active and healthy life [29], is associated with a higher prevalence of
diabetes, worse glycemic control, higher likelihood of eye or kidney complications, and lower quality of
life in adults with diabetes [26;30-33]. One systematic review and meta-analysis found that food



insecurity was associated with 27% increased odds for type 2 diabetes, 40% increased odds of emergency
department visits and hospitalizations, 100% increased odds of cardiovascular disease, 53% increased
CVD mortality, and 58% overall mortality [27]. Current categorization schemes for food insecurity focus
on capturing a range of severity based on how often individuals skip meals or go hungry [29]. However,
key dimensions of the food environment including accessibility, availability, affordability, and quality of
food are not often captured using current measurement methodologies [34].

The physical food environment surrounding an individual, including the physical presence and
distribution of food stores, and conditions that influence food choices, impact food and nutrition security
within neighborhoods [2]. Higher food access and availability, generally measured by distance to grocery
stores, is associated with lower prevalence of type 2 diabetes [35-36]. There is some evidence for a
relationship between density of grocery stores and diabetes prevalence, and a combination of having both
healthy food outlets and residential walkability have been shown to be associated with better glycemic
control in adults with diabetes [2;37]. A better understanding of interventions that are effective at
addressing food insecurity and improving health outcomes for adults with diabetes is greatly needed [38].

Neighborhood Factors

Beyond access to healthy food, neighborhood factors such as violence, safety, crime, social
support and social cohesion, discrimination, and resource availability have been shown to significantly
influence glycemic control and self-care behaviors [2;39-46]. Evidence shows these social and
environmental factors can result in decreased medical adherence, poor physical health, higher rates of
obesity, and increased risk for chronic disease [46-47]. For example, individuals with diabetes living in
unsafe neighborhoods were 69% more likely to delay filling a prescription [40]. In addition, results from a
cross-sectional study showed increased levels of neighborhood violence were associated with increased
LDL levels among patients with type 2 diabetes [44].

With regards to potential pathways and mechanisms of influence, evidence shows factors such as
neighborhood aesthetics have a direct effect on glycemic control, while factors such as social support and
access to healthy food have indirect effects via self-care behaviors [44]. Also, socioeconomic position has
been shown to moderate the relationship between neighborhood factors and self-management behaviors
such as healthy food consumption, physical activity, blood sugar monitoring, and medication adherence
[40]. Furthermore, socioeconomic position and residential/regional area deprivation are associated with
poor process measures for diabetes and increased risk for microvascular and macrovascular complications
[48].

Built environment

The built environment including factors such as walkability, green space, air pollution, roadway
proximity, and physical activity spaces are widely studied environmental characteristics in the diabetes
literature [49]. Exposure to greenspace has been associated with improved clinical outcomes such as
decreased salivary cortisol, heart rate, diastolic blood pressure, high-density lipoprotein cholesterol
(HDL-C), both cardiovascular and all-cause mortality and a lowered risk for type 2 diabetes [50-52].
Greenspace exposure is also associated with a lower risk for comorbid conditions such as hypertension,
coronary heart disease, and dyslipidemia and complications such as stroke [50-52]. Evidence suggests an
increase in physical activity and lower body mass index, two important factors associated with a lower
risk for developing type 2 diabetes and slowing the progression of diabetes-related adverse outcomes,
may be the mechanism through which greenspace influences diabetes outcomes [36,51-52].

Housing Stability

Evidence shows that housing stability, or the ability to secure safe and stable housing, is
associated with decreased risk and improved chronic disease self-management for conditions such as type
2 diabetes and result in improved health outcomes [2;41;53-56]. With housing stability, adults with
diabetes can minimize the stressors associated with trying to secure a place of residence and establish
routines that lead to better outcomes such as improved diet, blood sugar monitoring, medication
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adherence and increased physical activity [54]. Stable housing provides a sense of security and affords the
opportunity for adults with diabetes to prioritize their own personal health [2;54-55]. Stable housing also
facilitates improved self-efficacy and locus of control, providing an opportunity for the conservation of
both emotional and physical qualities of life [56]. Similarly, evidence shows there is a link between
housing stability and other social determinants of health such as social support, where stable housing
results in the establishment of social networks that can result in mutually beneficial exchanges of
resources [54].

Conversely, housing instability, independently and in conjunction with challenges that include
suboptimal neighborhood factors, poor quality housing, and unaffordable housing costs, may serve as a
structural driver associated with diabetes inequities at the population health level such as lower healthcare
access, poorer processes of care, higher complication rates, and increased morbidity and mortality [2;54-
57]. Adults with diabetes and housing insecurity had lower odds of having completed a physician visit
within the previous 12 months (OR 0.67; 95% CI: 0.53,0.85) and having had an eye exam (OR 0.60;
95%CI 0.52,0.70) [57]. Most often, adults from historically marginalized, disadvantaged, and under-
resourced areas with diabetes are the individuals disproportionately impacted by structural barriers such
as housing instability [2;54-56]. Studies show that providing supportive housing and/or rental assistance
and improving social capital via housing stability, particularly for adults residing in environments such as
public housing, may be beneficial to improving diabetes self-management [54-56].

Chronic Stress

Evidence from multiple scientific reviews, cross-sectional studies, and a prospective cohort study
show stress to be one of the major health and socioeconomic determinants globally, especially among
lower-income populations [2;46;58-61]. Both acute and chronic stress have been shown to negatively
impact health outcomes, not only in overall health and well-being, but also as they relate to diabetes-
related clinical and behavioral outcomes [46;61]. Stress related to the daily management of diabetes or to
life events, which are proposed to occur via behavioral, environmental, physiological, and psychological
mechanisms, can lead to suboptimal diabetes management [46;61]. Furthermore, stress is significantly
and directly associated with other determinants of health such as neighborhood factors that include
neighborhood crime, neighborhood poverty, neighborhood violence, and discrimination, signifying its
independent and additive impact on diabetes health outcomes [46;61]. Evidence shows that stress is
associated with poorer glycemic control, lower levels of self-efficacy, and suboptimal self-care behaviors
[46].

Economic Instability/Poverty

As an added burden to or co-occurrence with chronic stress, poverty is a strong risk factor for
diabetes and has been associated with limited healthcare access, premature death from diabetes, more
hospitalizations and less preventative care, higher rates of comorbid conditions such as cardiovascular
disease and cancer, and an increased risk for diabetes-related complications [2;59-60;62]. Poverty is
associated with lower educational attainment, lower paying jobs/wages, uncertain employment, unstable
housing, and unsafe neighborhood factors or poorly maintained built environment spaces [2;59-60]. All of
these are needed for and contribute to optimal and comprehensive management of a complex and
multifaceted condition such as type 2 diabetes [2;59-60]. Surviving an environment filled with various
stressors and the competing demands of poverty force adults with diabetes to prioritize basic needs and
focus less on their immediate health-related needs [59]. However, despite being identified as a modifiable
risk factor for diabetes, evidence suggests poverty is seldom a target for intervention or investigation to
improve diabetes outcomes, even amongst some of the more vulnerable population groups [59-60].

Integration of Medical Care and Social or Non-medical Care

Despite the evidence that social determinants of health impact health care, health outcomes, and
health care costs, compared to other high-income countries, the United States spends little to address
social factors and more on health care services [2;63-64]. The United States spends $0.50 on social
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services for every $1 spent on health care compared to about $2 spent on social services for every $1
spent on health care by countries in the Organization for Economic Co-operation and Development [65].
A recent study identified 30 health and social care programs in eleven high-income countries including
the United States, and using a structured survey, examined the core design features of these programs and
how they have been implemented [66]. These programs targeted different high need populations including
frail elderly (10 programs), adults with serious mental health conditions (4 programs), and adults with
complex chronic medical conditions (16 programs). While all mental health programs and most of the
programs for the frail elderly were classified as high activity (programs providing wide range of social
services in a highly coordinated manner), many programs serving populations with complex chronic
medical conditions were categorized as having low activity (programs providing limited number of social
services with minimal coordination).

Most of the literature on integrated care in populations with diabetes, a high-risk high-cost group,
has excluded non-medical intervention and focused primarily on team-based care which includes the
patient, their primary care provider, and one or more other health professionals [67-68]. The goals of
team-based care include diabetes risk factor control, promotion of healthy behavior, improved self-
management, quality of life and prevention of diabetes complications. A recent report from the National
Academies of Sciences, Engineering and Medicine [69] identified five complementary activities to
integrate social care into healthcare delivery including awareness (identifying social risks and assets),
adjustment (altering clinical care to accommodate identified social barriers), assistance (reducing social
risk by aiding in connecting with relevant resources), alignment (understanding, organizing, investing,
and deploying existing social care assets in the community), and advocacy (promotion of policies that
facilitate creation and redeployment of resources to address needs). However, it is unclear how much of
the actionable strategies for integrating medical and social services laid out in this report are being
implemented in both general and diabetes populations.



Appendix B
Supplementary Methods

Information Sources, Eligibility Criteria, and Search

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Guidelines
were used for identifying, screening, and study selection for final synthesis [70]. Articles were chosen
based on the following inclusion criteria, established a priori by the authors: 1) published in English, 2)
based in the United States, 3) study design: clinical trial, quasi-experimental, or pre-post study design
measuring an intervention effect, 4) sample population included adults aged 18 or older with type 2
diabetes. Additionally, one or more of the following diabetes outcomes had to be included: 1) hemoglobin
AlC, 2) blood pressure, 3) lipids, 4) self-care, or 5) quality of life. Protocol and design papers were
excluded as well as studies that involved medical interventions (e.g., medications or devices). In addition,
natural experiments and retrospective designs were excluded because of the focus on inclusion of designs
that purposely tested interventions. Studies that included both type 1 and type 2 diabetes were excluded.

A reproducible search strategy was used to identify non-medical clinical trials or interventions
designed to address one or more social determinants of health using the Healthy People 2020 framework,
with the addition of structural racism and strategies to integrate medical care with social care in adults
with type 2 diabetes. Three different databases were utilized to ensure the inclusion of a robust set of
articles. These included PubMed, Cochrane, and Medline. The databases were searched with no date
parameters, and the search was conducted in January 2022. Medical Subject Heading (MeSH) terms
capturing the above-mentioned social determinants of health and social risk factors are listed in Appendix
D. Papers that were not categorized under the specified MESH terms were not included in the
manuscripts identified by the original search.

Study Selection and Data Collection

Study selection was based on an initial title and abstract review by AZD and JAC. Studies were
evaluated for inclusion using a checklist that included eligibility criteria. Articles that did not have the
diabetes outcomes specified in the inclusion criteria in the main measures section of the abstract were
excluded. While the majority of interventions were tested outside the healthcare system, those that
integrated clinical and social needs within clinical settings were included. Articles conducted in clinical
settings that did not purposely integrate social and medical care were excluded. After the title and abstract
review, full text articles that met initial inclusion criteria were included for full text synthesis. After full
text synthesis, articles not meeting inclusion criteria were excluded with reasons. Appendix E provides
details of studies excluded and retained at each phase [70]. The articles included for data extraction are
shown in Appendix F. Data extraction was conducted using a standardized data collection form and
included the study design, social determinant and social risk category, study objective, sample
populations, and impact of the intervention on outcomes. Final article decisions were made by AZD, JAC,
and LEE.



Appendix C
Details of Studies Selected for Inclusion in the Final Review

Results of Study Selection

After searching PubMed, Cochrane, and Medline, 1,676 articles were identified. An additional 8
articles were found after completing a hand search. After duplicates were removed, 530 articles remained
for title and abstract screening using the inclusion criteria listed above. Three hundred seventy-five
articles met inclusion criteria, and an additional 346 were excluded with reasons listed in Appendix E. A
total of 10 articles were included for final synthesis. Of the 10 articles, 3 focused on addressing food
insecurity to improve outcomes in patients with type 2 diabetes [71-73], 3 studies were categorized as
social risk by focusing on the use of financial incentives to improve outcomes in patients with type 2
diabetes [74-76], 2 focused on integration of care to improve outcomes in patients with type 2 diabetes
[77-78], 1 focused on the built environment [79], and 1 focused on improving housing and its impact on
diabetes outcomes [53].

Study Characteristics and Outcomes

Appendices F-H provide a summary of the 10 studies. Of the 10, 8 were randomized clinical trials
and 2 were pre-post study designs. Sample sizes ranged from 35 to 4,498. Nine of the 10 studies
examined treatment of type 2 diabetes, with 1 study examining the impact on prevention of type 2
diabetes. Appendix H provides a summary of each study by the outcomes measured and whether there
was a statistically significant difference found post intervention. All 10 studies included hemoglobin A1C
(HbA1c) as an outcome, 2 included blood pressure in addition to HbAlc, and 2 included LDL-C in
addition to HbAlc and blood pressure. Seven of the 10 studies demonstrated a statistically significant
reduction in HbA1c post intervention; of these, three reductions were also clinically meaningful--that is,
0.5 percentage points (pp) or greater.

Summary of Evidence from Studies Included in the Review, by Category

Food Environment. Three studies examined the impact of an intervention addressing food insecurity to
improve glycemic control in patients with type 2 diabetes.

First, Seligman and colleagues conducted a pre-post intervention across three state food pantries
where 687 patients with type 2 diabetes received food boxes, tailored to be appropriate for diabetes
related diet recommendations [71]. Food boxes were given 1-2 times per month depending on family size.
Patients also received referrals to primary care providers, diabetes specific support and diabetes education
as needed. At 6-months, average HbAlc among participants decreased significantly from 8.11% to 7.96%
(0.15 pp) [71]. For patients who had an elevated HbA1c of greater than 9%, average HbAlc decreased by
0.5 pp at follow-up [71].

Second, in a randomized controlled trial by Seligman et al, also conducted in food pantries, the 6-
month intervention components not only included the provision of food for individuals with diabetes; but
also included diabetes self-management education tailored to meet literacy and other participant-specific
needs (i.e., numeracy, transportation barriers, food insecurity) based on the American Association of
Diabetes Educators Self-Care curriculum and utilized patient empowerment strategies [72]. Results
showed decrease in food insecurity (RR 0.85; 95%CI 0.73, 0.98), food instability (RR 0.77; 95%CI 0.64,
0.93) and consumption of fruits and vegetables (RD 0.34; 95%CI 0.34, 0.34) among participants,
however no significant difference in HbAlc were observed (RD 0.24; 95%CI -0.09, 0.58) between the
intervention and usual care groups [72].

The third study to address food insecurity examined the impact of a farmers’ market voucher and
a 1-hour group education sessions taught by a physician or trained medical student using materials from
the American Diabetes Association focused on maintaining a healthy diet, BMI, and glycemic control
[73]. Education sessions were conducted with 3-5 participants and included a discussion of myths and
facts about barriers to fruit and vegetable consumption, and an activity incorporating a visual tool
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encouraging participants to create healthy plates when preparing meals [73]. Participants in the
intervention arm also received $6 in farmers’ market vouchers for the purchase of fresh fruits and
vegetables [73]. A significantly larger percentage of participants in the intervention reported ever
purchasing fruits and vegetables from the farmers’ markets compared to usual care at 12 weeks (I: 81% vs
UC: 48%; p=0.003). There was also a decrease in the percentage of participants reporting difficulty
affording fruits and vegetables (55% at 12 weeks vs 74% at baseline; p=0.008) in both groups, however,
the difference was not significant between study arms [73]. Improvement in glycemic control at the 12-
week follow-up visit was observed in both groups (HbALC decreased by 0.8 pp from 9.2% at baseline in
the intervention group; and by 0.9 pp from 9.4% at baseline in the usual care group); however, between
group differences were not statistically significant [73].

Housing Stability. Only one study examined the impact that a housing intervention had on diabetes
related outcomes [53]. Ludwig and colleagues randomly assigned 4,498 women and their families living
in public housing within high poverty neighborhoods to 1 of 3 groups. The first group received housing
vouchers to move to low poverty neighborhoods, the second group received general vouchers not tied to
housing but that could be used to also relocate to low poverty neighborhoods, and the third group served
as a control group and did not receive any form of voucher. The housing voucher group also received
moving specific counseling to support the process of identifying a new neighborhood. While this study
examined multiple social risk outcomes over time, only the diabetes related outcomes are reported in this
review. Overall, at 10-15 years follow-up, participants in the housing voucher group had a significantly
lower prevalence of type 2 diabetes based on HbALc of less than 6.5% compared to the control group.
There were no significant differences in type 2 diabetes prevalence based on HbAlc between the group
that received traditional vouchers and the control group [53].

Built Environment. One study tested an intervention that included factors related to the built environment
[79]. Mayberry and colleagues used a text messaging intervention to provide strategies to overcome
various barriers to medication adherence that may impact glycemic control. Daily text messages were sent
that were tailored to specific barriers patients were experiencing, as well as a weekly call to problem solve
and provide strategies to overcome barriers that were specified by individual patients. Participants
included adults aged 18 years and older with type 2 diabetes. Most participants were low income and
uninsured. Specific barriers included challenges getting to the pharmacy, fear and perceptions, and cost.
At 3-month follow-up, no reduction in HbAlc was found, however when looking at the impact of the
intervention among participants who completed each assessment time point, a significant reduction in
HbA1c was found at both 2 and 3 months [79].

Integrated Medical and Non-Medical Care. Interventions that integrated medical care with non-medical
care were included if there was purposeful integration of the social or non-medical aspects of a patient’s
lived experience, that impact disease management, into the medical intervention. Two studies examined
the efficacy and effectiveness of a collaborative care model and medication planning tool incorporated
into the electronic medical record on improving glycemic control in patients with type 2 diabetes.

First, Chwastiak and colleagues (2014) used a randomized controlled study design to examine the
impact of a Collaborative Care Team that included a nurse care manager, psychiatrist, advanced practice
registered nurse, and endocrinologist consultant on glycemic control among patients with mental illness
[78]. Collaborative care is defined as an integrated care model based on the principles of the chronic care
model which includes an evidence-based team approach to population-based care [80-81]. In the
randomized controlled trial conducted by Chwastiak et al, patients randomized to the intervention
received six biweekly (every other week for 12 weeks), chronic disease self-management education
sessions followed by monthly visits for up to 6 months, provided by a multidisciplinary care team [78]. In
addition to tailoring sessions to meet the specific needs of patients with psychosis, providers used
motivational interviewing and behavioral activation approaches to encourage behavior change. A key
component of integration of medical with non-medical care was the use of motivational interviewing and
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behavioral activation to specifically navigate barriers to engagement in self-management experienced in
the daily lives of patients. Patients in the intervention arm had a statistically and clinically significant
decrease in mean HbA1C from 9.4% to 8.3% (p=0.049), a 1.1 pp drop [78].

The second integrated care study by Graumlich and colleagues, also a randomized controlled
trial, utilized the Medtable tool implemented within the Epic electronic medical record in outpatient
clinics [77]. The Medtable tool facilitated the organization of collaborative patient and provider
interactions for medication reconciliation, review, and education [77]. This three-step intervention
included, 1) nurses loading patient medication lists from the EMR and utilization of the tool to customize
language based on patient health literacy; 2) reviewing and reconciling the medication list with the patient
and nurse during the patient encounter; and 3) patient and nurse creating a medication schedule using the
tool [77]. Specifically, this tool integrated the clinical management of medication management with
patient education designed to address patient literacy barriers to medication management. Patients in the
intervention arm had increased knowledge about medication indication (p<0.0001), increased satisfaction
with information provided about medications (p<0.0001), and consistent medication adherence overtime
compared to decreased adherence in the usual care group (p=0.0268) [77]. Results showed a statistically
significant decrease in mean HbA1C (0.12 pp) for all patients regardless of intervention group [77].

Financial Incentives to Improve Outcomes. Financial incentives have been used to address financial
instability, poverty, chronic financial stress, or social isolation as a strategy to improve diabetes outcomes.
Three studies used financial incentives as an intervention to improve glycemic control in patients with
type 2 diabetes [74-76].

First, Long and colleagues examined whether peer mentoring or the use of financial incentives
would effectively improve glycemic control compared to usual care. This study enrolled African
American veterans aged 50-70 with elevated HbAlc [75]. Most participants had less than a high school
education, had been living with type 2 diabetes for more than 10 years, and were experiencing diabetes
related complications. Participants in the peer mentoring group received tailored phone calls from their
peer mentor to set goals according to individual health goals. Participants in the financial incentive group
did not receive peer calls or education/skills training and only received an incentive of up to $200 at 6
months for decreasing HbAlc. This study found that the use of financial incentives showed a decrease in
HbAlc of 0.5 pp compared to usual care, however this decrease was not statistically significant. The peer
mentoring, however, did result in statistically significant reductions in HbAlc compared to the usual care
group with a statistically significant reduction of 1.07 pp [75].

Second, Egede and colleagues examined the impact of financial incentives combined with
education and skills training [74]. Participants in this study included African American adults aged 21
years and older with HbAlc of 8% or higher. Participants were on average low income and had been
living with type 2 diabetes for approximately 17 years. This study examined 3 separate incentive
structures on HbA1c at 3 months, with the incentives targeting key behaviors related to diabetes self-
management and glycemic control, allowing for up to $300 to be earned in incentives over a 3-month
period [74]. Findings showed statistically significant reductions in HbAlc from baseline across each
study group using a pre-post design, including a 1.25 pp reduction for group 1 receiving single incentive
(p<0.05), a 1.73 pp reduction for group 2 receiving a 2-part incentive (p<0.001), and a 1.74 pp reduction
for group 3 receiving a 3-part incentive (p<0.001) [74].

Third, Sen and colleagues randomized 75 adults between the ages of 18 and 80 to one of three
study arms: 1) high incentives, 2) low incentives, 3) no incentives. The high and low incentive groups
were offered lottery-based financial incentives based on daily use and upload of readings from a
glucometer, blood pressure monitor, and scale [76]. The average daily reward for individuals in the high
incentive arm was $2.80 whereas the average daily reward for participants randomized to the low
incentive group was $1.40 [76]. Participants in the incentive arms received daily text and/or email
messages notifying them of their incentive for the day, with those who did not use the devices and upload
results receiving a notification of how much they would have received had they used the devices [76].
Participants were also able to access their measurements online and readings were shared with a clinician
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at the study site [76]. There were no significant differences between groups for systolic blood pressure or
BMI; and while HbA1C decreased by 1.5 pp across all groups, there was no significant difference
between groups [76].

10



Appendix D Search Terms

Neighborhood and Physical
Environment

Food Environment

Historical Redlining and
Zoning Policies

Integration of Medical
Care

Diabetes

MeSH Term with Entry Terms (Keyword)

e Built Environment

o Built Environments
¢ Housing Instability

o Instability, Housing

o Housing Insecurity

o Housing Insecurities

o Insecurities, housing

o Insecurity, Housing
¢ Housing Quality

o Housing Qualities
Quiality, Housing
Housing Conditions
Condition, Housing
Conditions, Housing

o Housing Condition
e Home Environment
Environment, Home
Environments, Home
Home Environments
Social Housing Conditions
Condition, Social Housing
Conditions, Social Housing
Housing Condition, Social
Housing Conditions, Social
Social Housing Condition

o Living Alone
e Poverty

o Extreme Poverty
Poverty, Extreme
Absolute Poverty
Poverty, Absolute
Indigents
Indigent
Indigency
Federal poverty Threshold
Poverty, Threshold, Federal
Poverty Thresholds, Federal

O O O O O

O O O 0O O O O O

O O O O O O O O O

e Access to Healthy
Foods
o Healthy Food
Availability
o Avalilabilities,
Healthy Food
o Availability,
Healthy Food
o Food Availabilities,
Healthy
o Food Availability,
Healthy
o Healthy Food
Availabilities
o Access to Health
Food
e Food Deserts
o Food Desert
e Food Security
o Security, Food
¢ Food Assistance
o Assistance, Food
o Food Assistance
Programs
o Assistance
Program, Food
o Assistance
Programs, Food
o Food Assistance
Program
o Program, Food
Assistance
o Programs, Food
Assistance
o Food Aid Program
o Food Aid
Programs

Racism

o Racial Prejudice
Prejudice, Racial
Prejudices, Racial
Racial Prejudices
Racial Bias

Bias, Racial
Everyday Racism
Racism, Everyday
Racial Discrimination
Discrimination, Racial
Discriminations, Racial
Racial Discriminations
Covert Racism

o Racism, Covert
Systemic Racism

o Racism, Systemic

o Institutionalized

Racism
o Institutionalized
Racisms

o Racism,
Institutionalized
Institutional Racism
Racism, Institutional
Structural Racism
Racism, Structural

o Structural Racisms
Social Segregation

o Segregation, Social

o Racial Segregation

o Racial Segregations

o Segregation, Racial
Legislation

o Laws and Statutes

o Statutes and Laws

o Health Legislation

O 0O O 0O O O O O O O O O

O O O O

e Community Health

o Community Health
Service

o Health Service,
Community

o Service,
Community Health

o Services,
Community Health

o Health Services,
Community

o Community Health
Care

o Care, Community
Health

o Health Care,
Community

o Community
Healthcare

o Community
Healthcares

o Healthcare,
Community

o Healthcares,
Community

e Services
e Safety-net Providers

o Provider, Safety-
net

o Providers, Safety-
net

o Safety net
Providers

o Safety-net
Provider

o Safety-net Clinics

o Clinic, Safety-net

o Diabetes Mellitus, Type 2

o

Diabetes Mellitus,
Noninsulin-Dependent
Diabetes Mellitus,
Ketosis-Resistant
Diabetes Mellitus,
Ketosis Resistant
Ketosis-Resistant
Diabetes Mellitus
Diabetes Mellitus, Non
Insulin Dependent
Diabetes Mellitus, Non-
Insulin-Dependent
Non-Insulin-Dependent
Diabetes Mellitus
Diabetes Mellitus,
Stable

Stable Diabetes Mellitus
Diabetes Mellitus, Type
Il

NIDDM

Diabetes Mellitus,
Noninsulin Dependent
Diabetes Mellitus,
Maturity-Onset
Diabetes Mellitus,
Maturity Onset
Maturity-Onset Diabetes
Mellitus

Maturity Onset Diabetes
Mellitus

MODY

Diabetes Mellitus, Slow-
Onset

Diabetes Mellitus, Slow
Onset
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Neighborhood and Physical
Environment

Food Environment

Historical Redlining and
Zoning Policies

Integration of Medical
Care

Diabetes

MeSH Term with Entry Terms (Keyword)

Thresholds, Federal Poverty
Low-Income Population
Low-Income Populations
Population, Low-Income
Populations, Low-Income
Low Income Population
Low Income Populations
Population, Low Income

o Populations, Low Income
e Poverty Areas

o Area, Poverty
Areas, Poverty
Poverty Area
Slums
Slum
Ghettos

o Ghetto
¢ Financial Stress

o Financial Stresses
Stress, Financial
Stresses, Financial
Financial Pressures
Financial Pressure
Pressure, Financial
Pressures, Financial
Financial Toxicity
Financial Toxicities
Toxicities, Financial
Toxicity, Financial
Financial Challenges
Challenge, Financial
Challenges, Financial
Financial Challenge
Economic Burden
Burden, Economic
Burdens, Economic
Economic Burdens
Financial Burden
Burden, Financial
Burdens, Financial

O O 0O 0O O O O O

O O O O O

O O 0O O OO OO OO O0OO0OO0OO0OO0OO0O OO OO O0O OO O0

o Aid Program, Food
o Aid Programs,
Food
o Program, Food Aid
o Programs, Food
Aid
o Supplemental
Nutrition
Assistance
Program
SNAP Program
Program, SNAP
Programs, SNAP
SNAP Programs
Food Stamps
Food Stamp
Stamp, Food
Stamps, Food
Women, Infants,
and Children
Program
o Special
Supplemental
Nutrition Program
for Women,
Infants, and
Children (U.S.)
WIC Program
Program, WIC
Programs, WIC
WIC Programs
Food Stamp
Program
o Food Stamp
Programs
o Program, Food
Stamp
o Programs, Food
Stamp

O O 0O O O O O O O

O O O O O

o Health Legislation as
Topic

o Legislation, Health

o Constitutional
Amendments

o Amendment,
Constitutional

o Amendments,
Constitutional

o Constitutional

Amendment

Model Legislation

Legislation, Model

Population Law

Law, Population

Laws, Population

o Population Laws

(Redlining)

(Housing Covenants)

(Zoning Policy)

O O O O O

Clinics, Safety-net

Safety net Clinics

Safety-net Clinic

Safety-net

Hospitals

o Hospital, Safety-
net

o Hospitals, Safety-
net

o Safety net
Hospitals

o Safety-net

Hospital

O O O O

e Community Networks

o Community
Network

o Network,
Community

o Networks,
Community

o Community Care
Networks

o Care Network,
Community

o Care Networks,
Community

o Community Care
Network

o Network,
Community Care

o Networks,
Community Care

o Community Health
Networks

o Community Health
Network

o Health Network,
Community

o Health Networks,
Community

o

O O O O

Slow-Onset Diabetes
Mellitus

Type 2 Diabetes
Mellitus
Noninsulin-Dependent
Diabetes Mellitus
Noninsulin Dependent
Diabetes Mellitus
Maturity-Onset Diabetes
Diabetes, Maturity-
Onset

Maturity Onset Diabetes
Type 2 Diabetes
Diabetes, Type 2
Diabetes Mellitus, Adult-
Onset

Adult-Onset Diabetes
Mellitus

Diabetes Mellitus, Adult
Onset
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Neighborhood and Physical

Historical Redlining and

Integration of Medical

Environment Food Environment Zoning Policies Care Diabetes
MeSH Term with Entry Terms (Keyword)
Financial Burdens o Stamp Program, o Network,

Financial Hardship
Financial Hardships
Hardship, Financial
Hardships, Financial
Economic Hardship
Economic Hardships
Hardship, Economic
Hardships, Economic
Environment, Home
Environments, Home
Home Environments
Social Housing Conditions
Condition, Social Housing
Conditions, Social Housing
Housing Condition, Social
Housing Conditions, Social
Social Housing Condition
o Living Alone
e Stress, Psychological
o Psychological Stresses
Stresses, Psychological
Life Stress
Life Stresses
Stress, Life
Stresses, Life
Stress, Psychologic
Psychologic Stress
Stressor, Psychological
Psychological Stressor
Psychological Stressors
Stressors, Psychological
o Psychological Stress
e Occupational Stress
Occupational Stresses
Stress, Occupational
Stresses, Occupational
Job Stress
Job Stresses
Stress, Job

O O 0O 0O 0O O 0O 0O O O O OO O OO OO OO O

O O 0O 0O 0O O 0O 0O O 0 O

O O O O O O

Food
o Stamp Programs,
Food
o Security, Food
e Hunger

Community Health
o Networks,
Community Health
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Neighborhood and Physical
Environment

Food Environment

Historical Redlining and
Zoning Policies

Integration of Medical
Care

Diabetes

MeSH Term with Entry Terms (Keyword)

Stresses, Job
Work-related Stress
Stress, Work-related
Stresses, Work-related
Work related Stress
Work-related Stresses
Workplace Stress
Stress, Workplace
Stresses, Workplace
Workplace Stresses
Work Place Stress
Stress, Work Place
Stresses, Work Place
Work Place Stresses
Professional Stress
Professional Stresses
Stress, Professional
Stresses, Professional
Job-related Stress
Job related Stress
Job-related Stresses
Stress, Job-related
Stresses, Job-related
Workplace Bullying
Bullying, Workplace
Workplace Abuse
Abuse, Workplace
Abuses, Workplace

o Workplace Abuses
e Social Class

o Class, Social
Classes, Social
Social Classes
Socioeconomic Status
Status, Socioeconomic
Middle Class Population
Class Population, Middle
Class Populations, Middle
Middle Class Populations
Population, Middle Class

O O 0O OO0 0O O0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OOo0OO0OO0OO0O O0

O O O O O O O O O
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Neighborhood and Physical
Environment

Food Environment

Historical Redlining and
Zoning Policies

Integration of Medical
Care

Diabetes

MeSH Term with Entry Terms (Keyword)

o Populations, Middle Class

o Caste

o Castes
e Socioeconomic Factors

o Factor, Socioeconomic
Socioeconomic Factor
Factors, Socioeconomic
Standard of Living
Living Standard
Living Standards
Land Tenure
Tenure, Land
Social Inequality
Inequalities, Social
Inequality, Social
Social Inequalities
High-Income Population
High Income Population
High-Income Populations
Population, High-Income
Populations, High-Income

O O O 0O O 0O O 0O O 0O O O O O o0 o
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Appendix E
PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources

Identification

Screenina

Identification of studies via databases and reqgisters ]

Records identified from:
Pubmed (n = 672)
Cochrane (n = 680)
Medline (n= 324)

Identification of studies via other methods

Records screened
(n =530)

Reports sought for retrieval

\4

Records removed before
screening:
Duplicate records
removed (n = 1,146)

Records identified from:
Websites (n = 2)
Citation searching (n = 6)

Records excluded
(n = 155)

v

(n = 375)
I

Reports assessed for
eligibility
(n = 375)

[ Included ] [

Studies included in review
(n =10)

\4

Reports not retrieved
(n=0)

Reports sought for retrieval

(n=8)
I

Reports excluded:
Medical Interventions
(n = 296)
Non-clinical trial (n = 44)
Wrong outcome (n = 19)
Not type 2 diabetes (n = 7)
Outside of the US (n=5)

Reports assessed for
eligibility
(n=8)
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Appendix F Descriptive summary of articles included in the review
Study Study Sample
Author, year Design Category Objective Size Sample Population Impact on Outcome
Chwastiak, 2018 RCT Integrated To evaluate the 35 Adult mental health I: HbAL1C — decreased (from 9.4%
Care preliminary effectiveness patients with T2DM to 8.3%; p=0.049)
of a collaborative care and HbA1C >8% or BP | BMI — decreased (-1kg/m?;
model for patients with >140/90 p=0.04)
diabetes and mental UC: BMI — decreased (-0.9kg/m?;
illness on health p=0.04)
outcomes
Egede, 2021 RCT Financial To evaluate the impact of | 60 African American I: Group 1 (single incentive) mean
Incentives 3 financial incentive adults with T2DM and HbA1C decreased 1.25 pp
structures on glycemic HbA1C >=8%. (p<0.05) Group 2 (2-part equal
control incentive) mean HbA1C
decreased 1.73 pp (p<0.001)
Group 3 (3-part equal incentive)
mean HbA1C decreased 1.74 pp
(p<0.001)
Graumlich, 2016 RCT Integrated To evaluate the 674 Adults aged >=40 with | I: HbA1C — decreased across
Care effectiveness of an EMR T2DM and HbA1C groups (p<0.0001) but did not

medication-planning tool
to improve medication
knowledge, adherence,
and glycemic control
among patients with
T2DM

>=7.0%; post
recruitment challenges
HbA1C >=6.0%

differ between groups (HbAlc
difference 0.12 pp, p=0.61)
Knowledge about medication
indication — Increased (p<0.0001)
Satisfaction with information about
medication — Greater satisfaction
compared to UC (p=0.0161)
Medication adherence — remained
consistent over time, but
decreased in UC (p=0.0268)

UC: HbA1C — decreased
(p<0.0001)
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Study Study Sample
Author, year Design Category Objective Size Sample Population Impact on Outcome
Long, 2012 RCT Financial To evaluate whether 118 African American I: (Peer mentoring) significantly
Incentives financial incentives or veterans with T2DM reduced HbAlc by 1.07 pp
peer mentoring improves aged 50-70 years and | (p<0.05) at 6 months compared to
glycemic control HbAlc >=8%. control
compared to usual care | (Financial incentives) reduced
HbAlc by 0.5 pp, however not
statistically significant (p=.29)
Ludwig, 2011 RCT Housing Evaluated the 4498 Adult women living in I: At 10-15 years follow up,
longitudinal impact of public housing and women who received vouchers to
neighborhood poverty, no disease move to low poverty housing had
reassignment using conditions significantly reduced risk of
vouchers to move to low diabetes compared to the control
poverty neighborhoods group. Women who received
on diabetes related vouchers were significantly more
outcomes likely to have an HbA1c of less
than 6.5% compared to women in
the control group
(-4.31%, 95% CI -7.82 to -0.80;
p=0.02)
Mayberry, 2017 Pre-Post Built To evaluate if text 80 Low-income adults I: In the full study sample,
Environment messages to target aged 18 or older with medication adherence improved
barriers to diabetes T2DM overall but no overall
medication adherence - improvement in HbAlc. Subgroup
including of participants who participated
physical/transportation across all time points, barrier
barriers improves reduction was associated with
medication adherence lower HbAlc, average change —
and glycemic control 0.22 pp (p<0.05)
Seligman, 2015 Pre-Post Food To evaluate the impact of | 687 Adults with T2DM I: In the study sample, from

diabetes specific food
boxes on glycemic
control among food
insecure adults with type
2 diabetes

experiencing food
insecurity

baseline to follow up there was
significant improvement in HbAlc
(-0.15 pp; p<0.01). For
participants with uncontrolled
HbAlc (-0.48 pp; p<0.001)
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distributing farmer’s
market coupons and an
educational intervention
on fruit and vegetable
purchase and
consumption in adults
with T2DM

years with T2DM; BMI
>25; HbA1C >7.0%

Study Study Sample
Author, year Design Category Objective Size Sample Population Impact on Outcome
Seligman, 2018 RCT Food To determine whether 568 Adults aged 18 and I: Food security — improved (RR
diabetes self- older with T2DM or 0.85; 95%CI 0.73, 0.98)
management support elevated fasting Food stability — improved (RR
and healthy foods for glucose; HbAl1C > 0.77; 95%CIl 0.64, 0.93)
patients with diabetes 7.5%; existing or new Fruit and Vegetable Intake —
provided by a food bank food pantry client improved (RD 0.34; 95%Cl 0.34,
improves glycemic 0.34)
control HbA1C — no difference (RD 0.24;
95%Cl -0.09, 0.58)
Sen, 2014 RCT Financial To test the effectiveness | 75 Adults aged 18 — 80; HbA1C — decreased across all
Incentives of financial incentives on HbA1C >=8.0%: groups, no significant difference
improving adherence to lowered to between groups
remote-mo_nitoring > 7.5% to accelerate SBP — no significant differences
among patients with rEcrLJitment between groups
poorly controlled BMI — no significant differences
diabetes between groups
Weinstein, 2014 RCT Food To test the impact of 78 Adults aged >=18 I: Participants in the intervention

group showed a decrease in
HbAlc by 1.8 pp at 12 weeks
follow up

UC: Participants in control group
showed a decrease in HbAlc by
1.6 pp, at 12 weeks follow up.

No significant difference between
groups (p=.76)

NOTES: RCT: Randomized Controlled Trial; T2DM: Type 2 Diabetes Mellitus; I: Intervention; UC: Usual Care; HbA1C: Hemoglobin A1C; BP: Blood Pressure;
BMI: Body Mass Index; pp: percentage points
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Appendix G Summary of intervention components of articles included in the review

— Peers
Financial incentive
group — None

per month using motivational
interview strategies for setting goals
to improve health.

Financial incentive group:
Participants did not receive education
or skills, only received incentive of up
to $200 at 6 months for decreasing
HbAlc

Statistically
Significant
Diabetes
Clinical Length of
Author, Year Qutcomes Intervention Interventionist Intervention Components Tailoring
Chwastiak, 2018 X 6 months Collaborative Care . Initial 60-minute health assessment Diabetes education was
Team (nurse care with nurse care manager tailored to meet the needs of
manager, psychiatrist, |2. 6 biweekly, 30-minute chronic disease |patients with psychosis.
advanced practice self-management visits (diet, exercise,
registered nurse, medication adherence).
endocrinologist . 3 monthly self-management visits after
consultant) the 15t 12 weeks.

Egede, 2021 X 3 months Nurse case manager Home telemonitoring Tailoring of education based
Telephone delivered diabetes on home telemonitoring
education with nurse case manager | results monitored by nurse
Financial incentives for completing case manager
one or more target behaviors for
improving glycemic levels

Graumlich, 2016 X QOutpatient clinic nurse . Tool implemented within EMR in Language selected based

outpatient clinics on patients’ health literacy
. Step 1 — prior to patient visit, nurse
loads patient medication list from
EMR; use tool to customize language
based on patient health literacy
. Step 2 — during the patient encounter,
patient reviews medication list and
reconciles list with the nurse
. Step 3 — patient and nurse create a
medication schedule using the tool
Long, 2012 6 months Peer mentoring group Peer mentoring: Telephone call once | Peers tailored conversations

around desired goals for
health improvement
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Statistically

Significant
Diabetes
Clinical Length of Intervention Components
Author, Year Qutcomes Intervention Interventionist Tailoring
Ludwig, 2011 X 15 years None 1. Neighborhood reassignment through None
housing vouchers allowing
participants to move to a low poverty
neighborhood based on census tract.
2. Counseling on moving
Mayberry, 2017 X 3 months IVR Technology 1. Text messages sent to address Content tailored to specific
barriers specified by patients. barriers that patients
2. Nightly reminder text to take diabetes | identified
medication.
3.  Weekly IVR problem solving call
Seligman, 2015 X 6 months Food bank 1. Diabetes specific food boxes Food boxes tailored to be
delivered monthly or 2x per month appropriate for living with
including recipes. diabetes
2. Referral to primary care providers
and diabetes specific support.
Seligman, 2018 6 months Food bank staff and 1. Glucose and HbA1C testing at 3- and DSME was tailored by study
food pantry volunteers 6-months staff (nurse, diabetes
2. Referral to PCP educator, dietician,
3. Diabetes self-management classes (2 | Physician) to address
— 2 hour sessions during 15t month, participant challenges with
optional monthly, 1-hour session) with seli-management (literacy,
1-on-1 check-ins with educators fnouorgeirzicggutrri?;sportatlon,
4. Written diabetes education materials at
each food distribution
5. Twice monthly food packages with

diabetes appropriate foods
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Statistically

Significant
Diabetes
Clinical Length of Intervention Components
Author, Year Qutcomes Intervention Interventionist Tailoring
Sen, 2014 12 weeks 1. 2 Intervention arms: Arm 1 (High

incentive) — average daily reward of
$2.80; Arm 2 (Low incentive) —
average daily reward of $1.40

2. Participants received rewards if they
checked their glucose, BP, and weight,
and transmitted results to the study
website

3. Participants received daily text or email
notifying them of their incentive for the
day; those who did not use the devices
received a notification of how much
they would have received had they
used the devices

4. Participants had online access to their
measurements online and readings
were shared with a clinician at the

study site
Weinstein, 2013 12 weeks Physician or trained 1. 1-hour long group education session None
medical student at for diet and healthy eating based on
health center ADA and ACP guidelines

2. $6 in farmers market vouchers for the
purchase of fresh fruits and
vegetables
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Appendix H. Summary of clinical outcome measures for articles included in the review

Outcome Measure Change in Outcome Measure
Author, Year HbAlc Blood Pressure LDL HbAlc Blood Pressure LDL
Chwastiak, 2018 X X X *+ ) 1
Egede, 2021 X -- -- g - -
Graumlich, 2016 X - - * - -
Long, 2012 X -- -- o - -
Ludwig, 2011 X -- -- * - -
Mayberry, 2017 X -- -- * - -
Seligman, 2015 X -- -- * - -
Seligman, 2018 X -- -- o - -
Sen, 2014 X X -- *t o -
Weinstein, 2013 X -- X ) -- 1

x=Measured

1=No change noted

¢=Non-statistically significant change noted

x=Statistically significant change noted

*+=Statistically significant, as well as clinically meaningful (defined as 0.5 percentage points or greater) changes noted (HbAlc only)
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