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KEY POINTS

e Racial/ethnic disparities in diabetes persist and are driven by individual, health system,
and social factors.

e Obesity is a key driver of excess type 2 diabetes among minorities, but racial/ethnic mi-
nority patients may have higher burden of diabetes and prediabetes at lower body
mass index (BMI) than Whites; one contributor may be higher rates of visceral adiposity
at a given BMI, particularly for Asian subgroups.

e Behavioral, social, health system, and neighborhood factors contribute to disparities in
diabetes and obesity.

e Multilevel (patient, provider, health system, and/or community) interventions that promote
weight loss and lifestyle change have been shown to prevent or reduce obesity and may
prove to be crucial to control the diabetes epidemic among minorities.

e Metformin and sodium-glucose cotransporter 2 inhibitors are drugs of choice for initial
medical management of diabetes among minorities with type 2 diabetes mellitus.

INTRODUCTION

The World Health Organization defines equity as the absence of avoidable, unfair, or
remediable differences among groups of people, whether those groups are defined
socially, economically, demographically, or by other means of stratification.” Health
equity implies a fair opportunity to attain one’s full health. Unfortunately, marked
racial/ethnic disparities in the United States exist for almost all aspects of diabetes
and its care. Minority groups experience higher diabetes incidence and prevalence,
worse metabolic control, and more complications. The causes of these disparities
are complex; however, individual, health care system, social, and community-level
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factors all contribute to both heightened risk of diabetes and poorer outcomes. The
disproportionately high rates of infection and mortality associated with COVID-19
among Latinos, African Americans, Native Americans, and racial/ethnic minority
groups, particularly those with diabetes, obesity, and other chronic conditions, under-
score the pervasive and destructive consequences of these inequities.”™ This article
provides an update on racial/ethnic disparities in diabetes in the United States and de-
scribes evidence-based strategies for diabetes prevention and treatment among mi-
nority adults. We use the same terminology for each racial/ethnic group (eg, African
American vs Black; Hispanic vs Latino) as in the corresponding reference.

DISPARITIES IN DIABETES PREVALENCE

Evidence from the National Health and Nutrition Examination Surveys (NHANES) be-
tween 2011 and 2016 indicate that the age- and sex-adjusted prevalence of total dia-
betes (diagnosed and undiagnosed) was 12.1% for non-Hispanic White, 20.4% for
non-Hispanic Black, 22.1% for Hispanic, and 19.1% for non-Hispanic Asian adults
(overall P<.001).° The prevalence of undiagnosed diabetes generally followed similar
pattern: 3.9% for non-Hispanic White, 5.2% for non-Hispanic Black, 7.5% for Hispan-
ic, and 7.5% for non-Hispanic Asian adults (overall P<.001).> Marked heterogeneity in
diabetes prevalence is observed within the same ethnic group (Table 1). Among

Table 1
Estimated prevalence of diabetes, diagnosed and undiagnosed, in the United States among
persons aged 20 y or older among different ethnic groups
2Prevalence of
Diabetes (95%
Confidence
Ethnic Group Interval)
A. Non-Hispanic Whites 12.1% (11.0-13.4)
B. Non-Hispanic Blacks 20.4% (18.8-22.1)
C. Hispanics 22.1% (19.6-24.7)
Hispanic subgroups
1. Mexican 24.6% (21.6-27.6)
2. Puerto-Rican 21.7% (14.6-28.8)
3. Cuban/Dominican 20.5% (13.7-27.3)
4. Central American 19.3% (12.4-26.1)
5. ‘South American 12.3% (8.5-16.2)
D. Non-Hispanic Asians 19.1% (16.0-21.1)
Non-Hispanic Asian subgroup
1. “East Asian 14.0% (9.5-18.4)
2. ®South Asian 23.3% (15.6-30.9)
3. fSoutheast Asian 22.4% (15.9-28.9)
@ Weighted age- and sex-adjusted (95% confidence interval).
b Central America: Costa Rica, Guatemala, Honduras, Nicaragua, Panama, Salvador.
¢ South America: Argentina, Chile, Columbia, Ecuador, Paraguay, Peru, Uruguay, Venezuela.
d East Asia: China, Japan, Korea.
¢ South Asian: India, Pakistan, Sri Lanka, Bangladesh, Nepal, Bhutan.
f

Southeast Asia: Philippines, Vietnam, Cambodia, Thailand, Indonesia, Malaysia, Singapore.
Adapted from Cheng YJ, Kanaya AM, Araneta MRG, et al. Prevalence of Diabetes by Race and
Ethnicity in the United States, 2011-2016. JAMA. 2019;322(24):2389-2398; with permission.
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Hispanic subgroups, prevalence ranged from 12.3% for South Americans to 24.6% for
Mexican Americans. There are limited population-based data on Native Hawaiian and
Other Pacific Islander (NHOPI) communities; however, estimates suggest a 19% prev-
alence of diabetes.®

DISPARITIES AND TRENDS IN DIABETES INCIDENCE

After a steady increase in diabetes incidence in adults from 1990 to 2007, data from
National Health Interview Survey (NHIS) demonstrated a decline in incident diabetes
between 2008 and 2017.” However, this decrease in incidence was driven primarily
by non-Hispanic Whites (annual percentage change was —5.1%, P = .002) followed
by Asians (annual percentage change —3.4%, P = .06), whereas incidence rates
among Hispanics and non-Hispanic Blacks did not decrease.” In fact, the latest
age-adjusted data for 2017 to 2018 indicated that incidence of diagnosed diabetes
in adults was highest in Hispanics (9.7 per 1000 persons), followed by non-Hispanic
Blacks (8.2 per 1000 persons), and Asians (7.4 per 1000 persons), whereas non-
Hispanic Whites had the lowest incidence (5.0 per 1000 persons).®

PREVALENCE OF PREDIABETES

The most recent National Diabetes Statistics Report showed that 34.5% of all US
adults had prediabetes (defined as hemoglobin A1c [HbA1c] 5.7% to <6.5%, or fasting
plasma glucose 100 to <126 mg/dL, or 2-hour postprandial plasma glucose 140 to
<200 mg/dL).? The prevalence of prediabetes was stable from 2005 to 2008 and
2013 to 2016 and did not differ substantially by race/ethnicity or education: 31.0%
among Whites, 36.8% among non-Hispanic Blacks, 36.1% among Hispanics, and
33.0% among Asians.® Screening for prediabetes in asymptomatic adults is recom-
mended for adults of any age who are overweight or obese (body mass index [BMI]
>25 kg/m? or >23 kg/m? in Asian Americans) and have one or more additional risk
for diabetes. The BMI cutoff point of 23 kg/m2 for Asian American subgroups due
to increased risk at lower BMI.?

Disparities in Diabetes in Youth

According to SEARCH for Diabetes in Youth, a population-based registry study, inci-
dence of both type 1 and type 2 diabetes is increasing in persons younger than
20 years.'® From 2002 to 2015, the annual relative percent increase was 1.9% and
4.8% in type 1 and type 2 diabetes, respectively.'® As in the adult population, there
were clear racial/ethnic differences in the rate of increase of diabetes among youth.'®
In type 1 diabetes, the steepest increase in incidence was among Asians/Pacific Is-
landers (4.4% per year), followed by Hispanics (4.0% per year), then Blacks (2.7%/
year), and finally Whites 0.7% per year.'? In type 2 diabetes, similar order was
observed. Thus, the fastest increase was among Asians/Pacific Islanders (7.7% per
year), followed by Hispanics (6.5% per year), Blacks (6.0%/year), American Indians
(3.7% per year), and finally Whites (0.7% per year). Reasons for the increase in type
1 diabetes are unclear; however, the increased incidence in type 2 diabetes is likely
due to the increase in obesity in US youths, particularly among minority youth.™"

DISPARITIES IN PREVALENCE OF GESTATIONAL DIABETES

In 2016, the unadjusted national prevalence of gestational diabetes was 6%.'? The
lowest prevalence was observed among non-Hispanic Blacks (4.8%), followed by
non-Hispanic Whites (5.3%), then Hispanics (6.6%), then American Indians/Native

477



478

Mikhail et al

Alaskans, and highest in Asians (11.1%).'? Although the prevalence of gestational dia-
betes is lowest among Black women, their risk of subsequent type 2 diabetes was
higher than that of all other racial/ethnic groups,'® and the adjusted hazard ratio of
developing diabetes after gestational diabetes was 7.6 for Black women and 4.4 for
White women (P = .028)."®

DISPARITIES IN GLYCEMIC CONTROL

Studies have consistently shown that diabetes control, as reflected by HbA1c¢ concen-
trations, is worse in Black and Hispanic patients compared with Whites. In a national
cohort of persons older than 65 years enrolled in Medicare Advantage Health plans in
2011, Ayanian and colleagues examined the proportions of patients with HbA1c levels
<9.0%."* They found this goal was achieved by 84.0%, 80.6%, and 74.6% among
White, Hispanic, and Black enrollees, respectively (P<.001 for the difference between
any 2 groups).'* The racial/ethnic gap in HbA1c continues to widen. Analysis of
NHANES conducted between 2003 and 2014 showed worsening of glycemic control
among African American and Mexican American patients with type 2 diabetes,
whereas corresponding values tended to improve among White patients.’® It should
be emphasized, however, that the difference in HbA1c levels between Black and
White persons may be attributed in part to racial/ethnic differences in glycation of he-
moglobin.'® Thus, on average, HbA1c levels are 0.4% points (95% confidence interval
[Cl], 0.2%-0.6% percentage points) higher among Blacks than those among White in-
dividuals for a given mean blood glucose concentrations.'®

TRENDS AND DISPARITIES IN DIABETES CARE IN THE UNITED STATES

Serial analysis of the NHANES data between 2005 and 2016 suggests that diabetes
care has not significantly improved during that period.”” Only 23% to 25% of patients
met the composite goal of targets for HbA1c (<7-8.5%), depending on age and com-
plications), blood pressure (<140/90 mm Hg), low-density lipoprotein cholesterol
(<100 mg/dL), and no smoking.'” These proportions did not change between 2005
and 2016, and racial/ethnic disparities persist.17 For example, from 2013 to 2016,
25% of non-Hispanic White patients attained the diabetes care composite goal,
compared with only 14% of non-Hispanic Blacks and 18% of Hispanic patients."”

DISPARITIES IN DIABETES-RELATED COMPLICATIONS

In general, racial/ethnic minorities have more frequent macrovascular and microvas-
cular diabetes complications than Whites.'®'® In 2010, incidence (cases per 10,000)
of end-stage renal disease (ESRD) was more than double in Blacks (36.6) compared
with Whites (16.0)."® Corresponding rates for lower extremity amputation were 40.0
versus 20.4, for stroke 63.1 versus 39.0, and for hyperglycemic death 2.2 versus
1.4. A notable exception was the incidence of acute myocardial infarction, which
was lower in Blacks than in Whites, 32.5 versus 37.5, respectively.'® No corresponding
data regarding Hispanic patients were reported.'® However, findings from settings in
which patients receive uniform medical coverage suggest that incidence rates for
many of these complications among Black, Asian, and Latino patients are comparable
to or lower than those for Whites.?° The notable exception was ESRD, with adjusted
hazard ratios relative to Whites (95% CI) of 2.03 (1.62-2.54; P<.001) for Black patients;
1.85 (1.40-2.43; P<.001) for Asian patients; and 1.46 (1.10-1.93; P = .004) for Latino
patients.?’ Hospitalizations due to diabetic ketoacidosis (DKA) increased by 38%
overall between 2005 to 2006 and 2013 to 2014 but vary substantially by race and
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ethnicity. The highest increase in hospitalizations for DKA was among Hispanics
(+58.1%), followed by Blacks (+26.9%), and Whites (+18.5%).%?" There are also dis-
parities in rates of hypoglycemia: Hypoglycemia requiring health care services is more
common in Blacks (4.7%) and Hispanics (3.6%) than in Whites (2.9%).%?

Both race/ethnicity and the presence of a diabetes diagnosis are important risk fac-
tors for hospitalization and death from the 2019 novel coronavirus disease 2019
(COVID-19).2° Having type 2 diabetes is an important risk factor for hospitalization
and severe outcomes regardless of race/ethnicity, and there is emerging evidence
of disparities in diabetes complications.?* In a recent study of 180 patients with
type 1 diabetes and laboratory-confirmed COVID-19 from 52 clinical sites across
the United States, Black patients had higher odds of presenting with DKA than Whites
(odds ratio [OR] = 3.7 [95% ClI 1.4, 10.6]).2°

DISPARITIES IN DIABETES-RELATED MORTALITY

Mansour and colleagues reported significant ethnic disparities in mortality in patients
with diabetes who participated in NHANES surveys during 1999 to 2010.2° Follow-up
of this cohort revealed that all-cause and cardiovascular (CV) mortality decreased in all
ethnic groups with diabetes. However, the magnitude of reduction in CV mortality
significantly differed between various ethnic groups.?® Thus, Whites experienced
the largest reduction in CV mortality from 20.4% down to 14.5%, followed by non-
Hispanic Blacks from 20.6% to 16.3%, whereas Hispanics had only a marginal reduc-
tion from 18.4% to 17.5%.2° Similarly, a recent analysis of NHIS conducted from 1997
to 2017 showed a significant decline in CV complications among White patients only,
but no change among Black or Hispanic patients.?” Taken together, while mortality
rates decreased in patients with diabetes overall, the least mortality reduction was
observed among Hispanics and non-Hispanic Blacks. This finding is in accordance
with NHANES data mentioned previously showing that diabetes care during 2005 to
2016 was worst among minorities.'”

CAUSES OF RACIAL/ETHNIC DIABETES DISPARITIES
Obesity and Visceral Adiposity

Causes of high prevalence of diabetes in minorities are multifactorial (Box 1).? The
obesity epidemic is a main driver of diabetes, particularly among racial/ethnic

Box 1
Causes of racial/ethnic diabetes disparities

—_

Obesity and visceral adiposity

Unhealthy diet

Food insecurity

Sedentary lifestyle

Acculturation (in some immigrant groups)
Low socioeconomic and educational levels
Low health literacy

Limited English language proficiency

w ® N o U~ W N

Neighborhood factors: poor-quality housing, lack of safe areas for exercise, grocery stores
selling high-caloric food and beverages.
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minorities. Non-Hispanic Black adults have the highest prevalence of obesity, and
Mexican Americans have the highest annual increase in obesity and in waist circum-
ference.'’ Similarly, there has been a steady increase in obesity in US youths (2-
19 years) among non-Hispanic Blacks and Mexican Americans, but a recent decline
was observed among non-Hispanic Whites."' By 2030, it is predicted that severe
obesity defined as BMI >35 kg/m? will be highest among non-Hispanic Blacks
31.7% (95% ClI, 29.9-33.4), followed by Hispanics 24.5% (95% ClI, 22.8-26.2), and
non-Hispanic Whites 23.4% (95% Cl 22.1-24.8).2° Although less population-based
data are available, evidence suggests that NHOPI obesity rates approach 50%, and
rates of diabetes far exceed those in US population overall.5°

The association between obesity and diabetes varies for different racial/ethnic
groups. The Patient Outcomes Research To Advance Health Literacy (PORTAL) multi-
site study examined the association between diabetes and BMI in adults in three inte-
grated health systems.®' They found higher burden of diabetes and prediabetes at
lower BMIs for African American, Hispanic, Asian, and Hawaiian/Pacific Islander pa-
tients when compared with Whites. Many Asian American groups, including South
Asians and Filipinos, have higher rates of visceral adiposity at a given BMI, which ap-
pears to be associated with higher risk of diabetes at younger ages and lower BMI
than other groups.®2°

Health behaviors

Dietary factors and physical inactivity are risk factors both for developing type 2 dia-
betes and for inadequate control among those with diabetes.>*® High-sugar and
high-fat diets are associated with poorer outcomes, and although some traditional di-
ets may be protective,®® cultural factors, language barriers, and literacy levels can
contribute to difficulty adhering to dietary recommendations. Several racial/ethnic
groups have lower rates of physical activity, including non-Hispanic Blacks, Native
Americans, and Alaska Natives. Ethnic differences in medication adherence have
also been identified as a contributor to suboptimal glycemic control among African
Americans and Latinos.*°

Acculturation and immigration

Acculturation, the adoption of attitudes, customs, and values of the prevailing culture
of a new society,*' has been associated with lifestyle changes that may contribute to
obesity and type 2 diabetes in some immigrant populations and may be protective for
others. For example, among Japanese American men who were more adherent to a
Japanese lifestyle in the Honolulu Heart Program, rates of diabetes were lower.*° In
the Multi-Ethnic Study of Atherosclerosis (MESA), acculturation, measured by factors
such as place of birth, language, diet, and exercise patterns, was not associated with
diabetes prevalence for Chinese Americans or Mexican-origin Hispanics; however,
among non-Mexican-origin Hispanics, higher diabetes prevalence was observed in
those with the highest levels of acculturation, prevalence ratio (PR) 2.49 (95% ClI,
1.14-5.44).*> This relationship was partially mediated by BMI and diet.
Recent evidence on African immigrants, who represent one of the fastest growing
immigrant groups in the United States,*® suggests complex associations between
immigration and acculturation. Using data from the NHIS, Turkson-Ocran reported
that age-standardized diabetes prevalence was significantly lower in African immi-
grants than in US-born African Americans, 7% and 10%, respectively (P<.01).** More-
over, compared with US-born African Americans, African immigrants who had lived in
the United States for 10 or more years were significantly less likely to have diabetes,
with a PR of 0.61 (95% CI, 0.43-0.79), hypertension (PR, 0.69%; 95% CI, 0.61-0.78),



Ethnic Disparities in Diabetes

overweight/obesity (PR, 0.87; 95% CI, 0.77-0.96), or physical inactivity (PR, 0.21%;
95% Cl, 0.15—0.28).43 Hence, African immigrants seem to have a healthier metabolic
profile than African Americans.

Social disparities

There is a complex interplay between type 2 diabetes disparities and several social
factors, including low individual socioeconomic status (eg, education and income),®
food insecurity,***° low health literacy and numeracy,*® communication and language
barriers,*” and neighborhood socioeconomic status. We highlight selected social dis-
parities and their interplay in the following sections.

Limited English proficiency and language concordance. Among patients in the Kaiser
Permanente Northern California Diabetes Registry, nonadherence to newly prescribed
medications was higher among both Limited English Proficient (LEP) Latino patients
and English-speaking Latinos relative to Whites. Among LEP Latinos, the relative
risk was 1.36 for oral medications (95% ClI, 1.31-1.41) and 1.49 for insulin (95% CI,
1.32-1.69; P<.05). Among English-speaking Latinos, the relative risk was 1.23 for
oral medications (95% CI, 1.19-1.27) and 1.28 for insulin (95% CI, 1.23-1.39;
P<.05).4" It is important to note that patients included in these analyses were all
insured in the same system of care. Furthermore, among the LEP patients, these as-
sociations were independent of provider language concordance.

Food insecurity. Food insecurity, defined as limited food access due to cost, is more
common among minority patients and has been associated with poorer glycemic con-
trol. In longitudinal analyses of patients in a primary care network in Massachusetts,
food insecurity was associated with higher HbA1c (increase of 0.6%; 95% Cl,
0.4%-0.8%; P<.0001) over an average 3-year follow-up.*®

Neighborhood factors. Several studies have suggested that neighborhood environ-
ments are associated with diabetes prevalence, incidence, and outcomes.*® Minority
communities, particularly Black neighborhoods, were more likely to be characterized
by food deserts, poor-quality housing, and fewer resources for physical activity and
exercise.’® Analysis of US Counties using data from 2013 indicates that counties
with higher unemployment, higher poverty, and longer commutes had higher inci-
dence rates than counties with lower levels. By contrast, counties with more exercise
opportunities, access to healthy food, and primary care physicians had fewer diabetes
cases. In analyses that used data from MESA, communities with better neighborhood
resources, for example, grocery stores, parks, and recreational facilities that support
physical activity and healthy diets, had a 38% lower incidence of type 2 diabetes.®’
Although the physical environment has long been associated with diabetes, obesity,
and physical activity, there is little empirical evidence on whether policy interventions
to modify the built environment can improve outcomes from diabetes and its
complications.*%°?

Genetic factors

Genetic factors for diabetes susceptibility contribute similarly to diabetes risk across
race/ethnicities.”® Few studies, however, have had adequate diversity and sample
size to quantify the contributions of genetic factors to racial/ethnic differences in dia-
betes prevalence. In addition, many of these genetic associations may be confounded
by environmental exposures that contribute to disease susceptibility. To date, there is
little evidence that genetic differences play a major role in racial/ethnic diabetes
disparities.®®
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PREVENTION OF DIABETES AMONG MINORITY GROUPS
Lifestyle Changes

Weight loss strategies, including diet and exercise, are essential to prevent or delay
onset of diabetes. In the Diabetes Prevention Program (DPP) trial, which included
3234 multiethnic individuals at high risk for diabetes, participants were randomized
to a lifestyle-modification program, metformin, or placebo.®® After an average
follow-up of 2.8 years, incidence of diabetes was reduced by 58% and 31% by life-
style changes and metformin, respectively, compared with placebo.>® Subgroup ana-
lyses of the DPP showed that lifestyle intervention tended to be more effective among
minority groups with 61% to 71% reduction in incidence of diabetes compared with
51% reduction among White subjects.®® The success of the DPP led to culturally
tailored adaptations for Hispanics,*°> American Indians/Alaska Natives,’® and Afri-
can Americans,”’ including faith-based lifestyle interventions in African American
churches.”® These adaptations generally achieved limited or partial success because
of short duration of follow-up, high attrition rates, and female preponderance.®*~>8

Metformin

Although metformin was inferior to lifestyle changes in prevention of diabetes in the
DPP,*¢ its use in this setting may be considered when lifestyle changes are not feasible
or successful. In the DPP, metformin appears more effective in reduction of new-onset
diabetes among minorities than among Whites.>® African Americans had a 44%
reduction in new-onset diabetes, followed by Hispanics with a 31% reduction, and
Whites 24% reduction.®° In addition, the American Diabetes Association recommends
consideration of metformin for patients with prediabetes, especially those with BMI
>35 kg/m?, those younger than 60 years, or women with a history of gestational dia-
betes."® It is unclear whether these BMI criteria apply.

Neighborhood and Diabetes Incidence

Experimental evidence from the Moving to Opportunity and Tranquility housing mobility
study examined the impact of moving to a lower poverty community for residents of
public housing projects. After an average of 10 to 15 years of follow-up among 4498
families (approximately 85% African American or Latina women with children), among
those who received housing vouchers to reside in a low-poverty area compared with
those who did not receive a voucher, incidence of diabetes was 22% lower (95% Cl,
31.1%-35.5%), and incidence of obesity was 13% lower (95% Cl, 14.4%- 17.7%).°°

MANAGEMENT OF DIABETES AMONG RACIAL/ETHNIC MINORITIES
Lifestyle Intervention

In the “The Action for Health in Diabetes (Look Ahead)” trial, 5145 (36% minorities,
40% men) overweight or obese participants with type 2 diabetes were randomized
to intensive lifestyle intervention and a control group of diabetes support and educa-
tion.®° The objective of the lifestyle intervention was loss of 10% of body weight with
decreased caloric and fat intake and increased physical activity.®° After a mean follow-
up of 8 years, female patients from all ethnic groups had similar weight loss.®® Among
men, there was a trend toward less weight loss among African American and Hispanic
men compared with Whites.®® A more recent randomized trial conducted in lllinois
evaluated culturally tailored diet changes and increase in physical activity in low-
income African American patients with type 2 diabetes.®’ Compared with standard
care group, HbA1c levels were significantly lower at 6 months, but the difference
was no longer significant at 12 and 18 months.®’
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The ADA recommends diabetes self-management education (DSME) in all patients
with diabetes. The goal of DSME is to increase the patient’s self-efficacy to manage
diet, physical activity, glucose monitoring, and stress management.®® In one meta-
analysis of 20 randomized trials of African Americans and Hispanics, DSME programs
resulted in modest but significant HbA1c reduction of 0.31% (95% CI, —0.48% to
—0.14%) compared with standard care.®® However, another meta-analysis of eight Af-
rican American studies did not find any significant impact of DSME in improving
HbA1c values.® Overall, data suggest that long-term lifestyle intervention adopted
in the Look Ahead trial is generally effective in all ethnic groups.®°

Drug Therapy for Treatment of Diabetes Among Minorities

Metformin

In analyses of electronic health record data, metformin was associated with better
HbA1c control for African Americans (n = 7429) than for Whites (n = 8783) (0.9%
and 0.4%, respectively, P<.001 for the interaction between metformin exposure and
race).®® These results are generally in agreement with those of the DPP showing supe-
rior efficacy of metformin in prevention of diabetes among African Americans (44%
reduction of new-onset diabetes vs placebo).>® In addition, a subgroup analysis
from the DPP showed that African American subjects with prediabetes treated with
metformin have significantly greater decrease in fasting plasma glucose concentra-
tions than Whites up to 2 years after intervention.®®

Sodium-glucose cotransporter type 2 inhibitors

Sodium-glucose cotransporter 2 (SGLT2) inhibitors are effective, safe, and easy to
administer (once a day orally). They have the added benefits of reducing systolic blood
pressure and body weight. SGLT2 inhibitors significantly decrease CV and renal
events in patients with type 2 diabetes and high CV risk.®”:°® Although these agents
are well suited for treatment of type 2 diabetes in racial/ethnic minorities, these groups
remain underrepresented in the major trials of SGLT2 inhibitors.®® However, evidence
indicates that the SGLT2 inhibitors empagliflozin and dapagliflozin decrease incidence
of CV events in all ethnic groups, including Black patients that constituted approxi-
mately 5% of the study populations.®”:°® In a recent randomized trial formed exclu-
sively of African Americans with type 2 diabetes and hypertension, empaglifiozin
reduced HbA1c levels by 0.78%, mean ambulatory systolic blood pressure by
8.4 mm Hg, and body weight by 1.2 kg compared with placebo after 6 months.”°

Glucagon-like peptide-1 receptor agonists

Similar to SGLT2 inhibitors, glucagon-like peptide-1 receptor (GLP-1) agonists
decreased weight, systolic blood pressure, and CV events in patients with type 2 dia-
betes and established CV disease.”' Secondary analysis of phase Il trials showed that
glycemic efficacy, weight reduction, and safety of the GLP-1 agonist liraglutide are
generally similar between African American, Latino/Hispanic, and White patients.’%"3
In the LEADER trial in which Blacks constituted 8.3% of the study population, CV ben-
efits of liraglutide were similar for all racial groups.”! As with insulin for type 2 diabetes,
cost and the requirement for subcutaneous administration may be barriers to use by
low-income or minority adults.”*"®

Addressing Social Determinants of Health

There are limited data on the impact of intervening on the social factors on diabetes
outcomes. Patient-provider communication is a critical element in health care provi-
sion. Interventions to improve diabetes management among LEP patients have
demonstrated improvements in glycemic control.”® In one study, Latino patients
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who switched from language-discordant to language-concordant primary care physi-
cian had significant improvement in their glycemic control.”” Enhancing the use of in-
terpreters and efforts aiming at standardization of Medical Spanish in Medical Schools
may enhance communication and trust between physicians and LEP Latino pa-
tients.”® Another promising area of investigation is the impact of social needs
screening (eg, for food insecurity, housing, transportation) and referral on disparities
in diabetes outcomes. The importance of social factors for patients with diabetes
and their contribution to health inequities are well documented,’®2° but there are
limited data on whether screening and referral for food or housing insecurity, transpor-
tation needs, safety, or other social risk factors is associated with improvement in gly-
cemic control or other components of diabetes care. However, several systematic
reviews demonstrate that interventions with community health workers (CHWs)—a
lay health worker who is a trusted member, and/or has a close understanding, of
the community served.?’ CHWSs can take on many different roles, including coordina-
tion with the health care system, visit accompaniment, home visits, social support, pa-
tient education, social needs screening and linkage to services, and advocacy. In
these varied roles, CHWSs have been shown to improve clinical and social outcomes
among underserved Black, Latino, and Asian adults with diabetes. Diabetes outcomes
associated with CHW involvement in care include improved diabetes knowledge and
self-care behaviors and modest improvement in glycemic control.8'=°

SUMMARY AND CURRENT NEEDS

Racial/ethnic disparities in diabetes incidence, prevalence, metabolic control, compli-
cations, and mortality are profound and persistent. The gap in incidence of type 2 dia-
betes between Whites and many minority groups has widened.>”-%1° Obesity has
been a main driver of the increase in diabetes incidence, particularly among racial/
ethnic minority populations™”; it is also important to recognize the role of metabolic
disease in nonobese individuals. Evidence from randomized controlled trials demon-
strates that weight loss, increased physical activity, and medications are effective in
preventing and managing diabetes among all racial groups.®® There is also recognition
that strategies to target the obesity and diabetes epidemics must also incorporate so-
cial, health system, and community factors that influence these conditions. Rigorous
multilevel research can help to address the many gaps in our understanding of dia-
betes disparities. We need to expand the diversity of behavioral, pharmaceutical,
and other clinical trials. High-quality data are needed to better understand patterns
of diabetes in the heterogeneous subgroups that make up Latino, Asian, NHOPI,
and immigrant populations. More data are also needed on the equity impact of polices
at the local, state, and federal levels, for example, to limit the impact of sugar-
sweetened beverages, refined carbohydrates, and processed meats. Applying
an equity framework in the design, implementation, and analysis of clinical, social,
and policy interventions is of critical importance to understanding variation in the
effectiveness of these strategies.

CLINICS CARE POINTS

e Screen for prediabetes and diabetes in minority groups if body mass index (BMI) is >25 kg/m?
(or >23 kg/m? in Asian Americans). Tailored screening at even lower BMIs may be indicated
for some racial/ethnic groups.

o Lifestyle changes are effective in patients with diabetes and in adults with prediabetes to
prevent or delay onset of diabetes for individuals of all ethnicities.



o Effective diabetes prevention and treatment should incorporate strategies to address social

e Metformin is the initial drug of choice for diabetes. It may have superior efficacy among

e In addition to their antidiabetic effects, sodium-glucose cotransporter 2 inhibitors and

Ethnic Disparities in Diabetes

determinants of health, such as language discordance, low health literacy, food insecurity,
and community-level barriers to healthy lifestyle and evidence-based clinical care.

African Americans.

glucagon-like peptide-1 receptor agonists are useful for treatment of diabetes among
African Americans and Hispanics as they reduce systolic blood pressure, body weight, and
cardiovascular events.

ACKNOWLEDGMENTS

The authors are grateful to Mr Armen Carapetian and Mr Rishabh Shah for their pro-
fessional assistance with literature.

DISCLOSURE

The authors have no disclosures.

REFERENCES

1.

2.
3.

10.

11.

World Health Organization. Health equity 2020. Available at: http://wwwwho.int./
topics/health_equity/en/. Accessed June 1, 2020.

Yancy CW. COVID-19 and African Americans. JAMA 2020;323(19):1891-2.

Gu T, Mack JA, Salvatore M, et al. Characteristics associated with racial/ethnic
disparities in COVID-19 outcomes in an academic health care system. JAMA
Netw Open 2020;3(10):e2025197.

Ko JY, Danielson ML, Town M, et al. Risk Factors for COVID-19-associated hos-
pitalization: COVID-19-Associated Hospitalization Surveillance Network and
Behavioral Risk Factor Surveillance System. Clin Infect Dis 2021;72(11):
e695-703. https://doi.org/10.1093/cid/ciaa1419.

. Cheng YJ, Kanaya AM, Araneta MRG, et al. Prevalence of diabetes by race and

ethnicity in the United States, 2011-2016. JAMA 2019;322(24):2389-98.

. Grandinetti A, Kaholokula JK, Theriault AG, et al. Prevalence of diabetes and

glucose intolerance in an ethnically diverse rural community of Hawaii. Ethn Dis
2007;17(2):250-5.

. Benoit SR, Hora I, Albright AL, et al. New directions in incidence and prevalence

of diagnosed diabetes in the USA. BMJ Open Diabetes Res Care 2019;7(1):
e000657.

. Centers for Disease Control and Prevention. National diabetes Statistics Report,

2020. Atlanta (GA): Centers for Disease Control and Prevention, U.S. Depart of
Health and Human Services; 2020.

Hsu WC, Araneta MR, Kanaya AM, et al. BMI cut points to identify at-risk Asian
Americans for type 2 diabetes screening. Diabetes Care 2015;38(1):150-8.
Mayer-Davis EJ, Dabelea D, Lawrence JM. Incidence Trends of Type 1 and Type
2 Diabetes among Youths, 2002-2012. N Engl J Med 2017;377(3):301.

Wang Y, Beydoun MA, Min J, et al. Has the prevalence of overweight, obesity and
central obesity levelled off in the United States? Trends, patterns, disparities, and
future projections for the obesity epidemic. Int J Epidemiol 2020;49(3):810-23.

485



486

Mikhail et al

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Deputy NP, Kim SY, Conrey EJ, et al. Prevalence and Changes in Preexisting Dia-
betes and Gestational Diabetes Among Women Who Had a Live Birth - United
States, 2012-2016. MMWR Morb Mortal Wkly Rep 2018;67(43):1201-7.

Xiang AH, Li BH, Black MH, et al. Racial and ethnic disparities in diabetes risk
after gestational diabetes mellitus. Diabetologia 2011;54(12):3016-21.

Ayanian JZ, Landon BE, Newhouse JP, et al. Racial and ethnic disparities among
enrollees in Medicare Advantage plans. N Engl J Med 2014;371(24):2288-97.
Smalls BL, Ritchwood TD, Bishu KG, et al. Racial/Ethnic Differences in Glycemic
Control in Older Adults with Type 2 Diabetes: United States 2003-2014. Int J En-
viron Res Public Health 2020;17(3):950.

Bergenstal RM, Gal RL, Connor CG, et al. Racial differences in the relationship of
glucose concentrations and hemoglobin Alc Levels. Ann Intern Med 2017;
167(2):95-102.

Kazemian P, Shebl FM, McCann N, et al. Evaluation of the Cascade of Diabetes
Care in the United States, 2005-2016. JAMA Intern Med 2019;179(10):1376-85.
Gregg EW, Li Y, Wang J, et al. Changes in diabetes-related complications in the
United States, 1990-2010. N Engl J Med 2014;370(16):1514-23.

Luo H, Bell RA, Garg S, et al. Trends and racial/ethnic disparities in diabetic reti-
nopathy among adults with diagnosed diabetes in North Carolina, 2000-2015.
N C Med J 2019;80(2):76-82.

Karter AJ, Ferrara A, Liu JY, et al. Ethnic disparities in diabetic complications in
an insured population. JAMA 2002;287(19):2519-27.

Kalla Vyas A, Oud L. Temporal patterns of hospitalizations for diabetic ketoacido-
sis in children and adolescents. PLoS One 2021;16(1):e0245012.

Lopez JM, Bailey RA, Rupnow MF. Demographic disparities among medicare
beneficiaries with type 2 diabetes mellitus in 2011: diabetes prevalence, comor-
bidities, and hypoglycemia events. Popul Health Manag 2015;18(4):283-9.

Guo W, Li M, Dong Y, et al. Diabetes is a risk factor for the progression and prog-
nosis of COVID-19. Diabetes Metab Res Rev 2020;e3319. https://doi.org/10.
1002/dmrr.3319.

Manohar J, Abedian S, Martini R, et al. Social and Clinical Determinants of
COVID-19 Outcomes: Modeling Real-World Data from a Pandemic Epicenter.
medRxiv 2021. https://doi.org/10.1101/2021.04.06.21254728.

Ebekozien O, Agarwal S, Noor N, et al. Inequities in Diabetic Ketoacidosis Among
Patients With Type 1 Diabetes and COVID-19: Data From 52 US Clinical Centers.
J Clin Endocrinol Metab 2021;106(4):e1755-62.

Mansour O, Golden SH, Yeh HC. Disparities in mortality among adults with and
without diabetes by sex and race. J Diabetes Complications 2020;34(3):107496.
Chiou T, Tsugawa Y, Goldman D, et al. Trends in Racial and Ethnic Disparities in
Diabetes-Related Complications, 1997-2017. J Gen Intern Med 2020;35(3):
950-1.

Golden SH, Brown A, Cauley JA, et al. Health disparities in endocrine disorders:
biological, clinical, and nonclinical factors—an Endocrine Society scientific state-
ment. J Clin Endocrinol Metab 2012;97(9).E1579-639.

Ward ZJ, Bleich SN, Cradock AL, et al. Projected U.S. State-Level Prevalence of
Adult Obesity and Severe Obesity. N Engl J Med 2019;381(25):2440-50.

Mau MK, Sinclair K, Saito EP, et al. Cardiometabolic health disparities in native
Hawaiians and other Pacific Islanders. Epidemiol Rev 2009;31:113-29.

Zhu'Y, Sidell MA, Arterburn D, et al. Racial/Ethnic Disparities in the Prevalence of
Diabetes and Prediabetes by BMI: Patient Outcomes Research To Advance



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Ethnic Disparities in Diabetes

Learning (PORTAL) Multisite Cohort of Adults in the U.S. Diabetes Care 2019;
42(12):2211-9.

Bakker LE, Sleddering MA, Schoones JW, et al. Pathogenesis of type 2 diabetes
in South Asians. Eur J Endocrinol 2013;169(5):R99-114.

Narayan KM, Aviles-Santa L, Oza-Frank R, et al. Report of a National Heart, Lung,
And Blood Institute Workshop: heterogeneity in cardiometabolic risk in Asian
Americans In the U.S. Opportunities for research. J Am Coll Cardiol 2010;
55(10):966-73.

Sohal T, Sohal P, King-Shier KM, et al. Barriers and Facilitators for Type-2 Dia-
betes Management in South Asians: A Systematic Review. PLoS One 2015;
10(9):e0136202.

Spanakis EK, Golden SH. Race/ethnic difference in diabetes and diabetic com-
plications. Curr Diab Rep 2013;13(6):814-23.

Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the incidence of
type 2 diabetes with lifestyle intervention or metformin. N Engl J Med 2002;
346(6):393-403.

Neuenschwander M, Ballon A, Weber KS, et al. Role of diet in type 2 diabetes
incidence: umbrella review of meta-analyses of prospective observational
studies. BMJ 2019;366:12368.

Yeh HC, Duncan BB, Schmidt MI, et al. Smoking, smoking cessation, and risk for
type 2 diabetes mellitus: a cohort study. Ann Intern Med 2010;152(1):10-7.
Huang B, Rodriguez BL, Burchfiel CM, et al. Acculturation and prevalence of dia-
betes among Japanese-American men in Hawaii. Am J Epidemiol 1996;144(7):
674-81.

Heisler M, Faul JD, Hayward RA, et al. Mechanisms for racial and ethnic dispar-
ities in glycemic control in middle-aged and older Americans in the health and
retirement study. Arch Intern Med 2007;167(17):1853-60.

Perez-Escamilla R. Acculturation, nutrition, and health disparities in Latinos. Am J
Clin Nutr 2011;93(5):11635-7S.

Kandula NR, Diez-Roux AV, Chan C, et al. Association of acculturation levels and
prevalence of diabetes in the multi-ethnic study of atherosclerosis (MESA). Dia-
betes Care 2008;31(8):1621-8.

Turkson-Ocran RN, Nmezi NA, Botchway MO, et al. Comparison of Cardiovascu-
lar Disease Risk Factors Among African Immigrants and African Americans: An
Analysis of the 2010 to 2016 National Health Interview Surveys. J Am Heart Assoc
2020;9(5):e013220.

Walker RJ, Campbell JA, Egede LE. Differential impact of food insecurity,
distress, and stress on self-care behaviors and glycemic control using path anal-
ysis. J Gen Intern Med 2019;34(12):2779-85.

Walker RJ, Grusnick J, Garacci E, et al. Trends in Food Insecurity in the USA for
individuals with prediabetes, undiagnosed diabetes, and diagnosed diabetes.
J Gen Intern Med 2019;34(1):33-5.

Cavanaugh KL. Health literacy in diabetes care: explanation, evidence and
equipment. Diabetes Manag (Lond) 2011;1(2):191-9.

Fernandez A, Schillinger D, Warton EM, et al. Language barriers, physician-
patient language concordance, and glycemic control among insured Latinos
with diabetes: the Diabetes Study of Northern California (DISTANCE). J Gen
Intern Med 2011;26(2):170-6.

Berkowitz SA, Karter AJ, Corbie-Smith G, et al. Food Insecurity, Food "Deserts,"
and Glycemic Control in Patients With Diabetes: A Longitudinal Analysis. Dia-
betes Care 2018;41(6):1188-95.

487



488

Mikhail et al

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Cunningham SA, Patel SA, Beckles GL, et al. County-level contextual factors
associated with diabetes incidence in the United States. Ann Epidemiol 2018;
28(1):20-25 e22.

Schootman M, Andresen EM, Wolinsky FD, et al. The effect of adverse housing
and neighborhood conditions on the development of diabetes mellitus among
middle-aged African Americans. Am J Epidemiol 2007;166(4):379-87.
Auchincloss AH, Mujahid MS, Shen M, et al. Neighborhood health-promoting re-
sources and obesity risk (the multi-ethnic study of atherosclerosis). Obesity (Sil-
ver Spring) 2013;21(3):621-8.

Amuda AT, Berkowitz SA. Diabetes and the Built Environment: Evidence and Pol-
icies. Curr Diab Rep 2019;19(7):35.

Golden SH, Yajnik C, Phatak S, et al. Racial/ethnic differences in the burden of
type 2 diabetes over the life course: a focus on the USA and India. Diabetologia
2019;62(10):1751-60.

Van Name MA, Camp AW, Magenheimer EA, et al. Effective translation of an
intensive lifestyle intervention for hispanic women with prediabetes in a commu-
nity health center setting. Diabetes Care 2016;39(4):525-31.

McCurley JL, Gutierrez AP, Gallo LC. Diabetes Prevention in U.S. Hispanic
Adults: A Systematic Review of Culturally Tailored Interventions. Am J Prev
Med 2017;52(4):519-29.

Jiang L, Johnson A, Pratte K, et al. Long-term Outcomes of Lifestyle Intervention
to Prevent Diabetes in American Indian and Alaska Native Communities: The
Special Diabetes Program for Indians Diabetes Prevention Program. Diabetes
Care 2018;41(7):1462-70.

Sattin RW, Williams LB, Dias J, et al. Community Trial of a Faith-Based Lifestyle
Intervention to Prevent Diabetes Among African-Americans. J Community Health
2016;41(1):87-96.

Berkley-Patton J, Bowe Thompson C, Bauer AG, et al. A Multilevel Diabetes and
CVD Risk Reduction Intervention in African American Churches: Project Faith
Influencing Transformation (FIT) Feasibility and Outcomes. J Racial Ethn Health
Disparities 2020;7(6):1160-71.

American Diabetes A. 3. Prevention or Delay of Type 2 Diabetes: Standards of
Medical Care in Diabetes-2020. Diabetes Care 2020;43(Suppl 1):S32-6.

West DS, Dutton G, Delahanty LM, et al. Weight loss experiences of african amer-
ican, hispanic, and non-hispanic white men and women with type 2 diabetes: the
look AHEAD Trial. Obesity (Silver Spring) 2019;27(8):1275-84.

Lynch EB, Mack L, Avery E, et al. Randomized Trial of a Lifestyle Intervention for
Urban Low-Income African Americans with Type 2 Diabetes. J Gen Intern Med
2019;34(7):1174-83.

Powers MA, Bardsley J, Cypress M, et al. Diabetes self-management education
and support in type 2 diabetes. Diabetes Educ 2017;43(1):40-53.
Ricci-Cabello |, Ruiz-Perez |, Rojas-Garcia A, et al. Characteristics and effective-
ness of diabetes self-management educational programs targeted to racial/
ethnic minority groups: a systematic review, meta-analysis and meta-regression.
BMC Endocr Disord 2014;14:60.

Cunningham AT, Crittendon DR, White N, et al. The effect of diabetes self-
management education on HbA1c and quality of life in African-Americans: a sys-
tematic review and meta-analysis. BMC Health Serv Res 2018;18(1):367.
Williams LK, Padhukasahasram B, Ahmedani BK, et al. Differing effects of metfor-
min on glycemic control by race-ethnicity. J Clin Endocrinol Metab 2014;99(9):
3160-8.



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Ethnic Disparities in Diabetes

Zhang C, Zhang R. More effective glycaemic control by metformin in African
Americans than in Whites in the prediabetic population. Diabetes Metab 2015;
41(2):173-5.

McMurray JJV, Solomon SD, Inzucchi SE, et al. Dapagliflozin in patients with heart
failure and reduced ejection fraction. N Engl J Med 2019;381(21):1995-2008.
Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, cardiovascular outcomes,
and mortality in type 2 diabetes. N Engl J Med 2015;373(22):2117-28.

Hoppe C, Kerr D. Minority underrepresentation in cardiovascular outcome trials
for type 2 diabetes. Lancet Diabetes Endocrinol 2017;5(1):13.

Ferdinand KC, Izzo JL, Lee J, et al. Antihyperglycemic and Blood Pressure Ef-
fects of Empagliflozin in Black Patients With Type 2 Diabetes Mellitus and Hyper-
tension. Circulation 2019;139(18):2098-109.

Marso SP, Daniels GH, Brown-Frandsen K, et al. Liraglutide and Cardiovascular
Outcomes in Type 2 Diabetes. N Engl J Med 2016;375(4):311-22.

Davidson JA, Orsted DD, Campos C. Efficacy and safety of liraglutide, a once-
daily human glucagon-like peptide-1 analogue, in Latino/Hispanic patients with
type 2 diabetes: post hoc analysis of data from four phase Il trials. Diabetes
Obes Metab 2016;18(7):725-8.

Shomali ME, Orsted DD, Cannon AJ. Efficacy and safety of liraglutide, a once-
daily human glucagon-like peptide-1 receptor agonist, in African-American peo-
ple with Type 2 diabetes: a meta-analysis of sub-population data from seven
phase lll trials. Diabet Med 2017;34(2):197-203.

Lipska KJ, Ross JS, Van Houten HK, et al. Use and out-of-pocket costs of insulin
for type 2 diabetes mellitus from 2000 through 2010. JAMA 2014;311(22):2331-3.
Herkert D, Vijayakumar P, Luo J, et al. Cost-Related Insulin Underuse Among Pa-
tients With Diabetes. JAMA Intern Med 2019;179(1):112-4.

Njeru JW, Wieland ML, Kwete G, et al. Diabetes Mellitus Management Among Pa-
tients with Limited English Proficiency: A Systematic Review and Meta-Analysis.
J Gen Intern Med 2018;33(4):524-32.

Parker MM, Fernandez A, Moffet HH, et al. Association of Patient-Physician Lan-
guage Concordance and Glycemic Control for Limited-English Proficiency
Latinos With Type 2 Diabetes. JAMA Intern Med 2017;177(3):380-7.

Ortega P, Diamond L, Aleman MA, et al. Medical Spanish Standardization in U.S.
Medical Schools: Consensus Statement From a Multidisciplinary Expert Panel.
Acad Med 2020;95(1):22-31.

de Wit M, Trief PM, Huber JW, et al. State of the art: understanding and integration
of the social context in diabetes care. Diabet Med 2020;37(3):473-82.

Frier A, Devine S, Barnett F, et al. Utilising clinical settings to identify and respond
to the social determinants of health of individuals with type 2 diabetes-A review of
the literature. Health Soc Care Community 2020;28(4):1119-33.

Norris SL, Chowdhury FM, Van Le K, et al. Effectiveness of community health
workers in the care of persons with diabetes. Diabet Med 2006;23(5):544-56.
Hunt CW, Grant JS, Appel SJ. An integrative review of community health advisors
in type 2 diabetes. J Community Health 2011;36(5):883-93.

Little TV, Wang ML, Castro EM, et al. Community health worker interventions for
Latinos with type 2 diabetes: a systematic review of randomized controlled trials.
Curr Diab Rep 2014;14(12):558.

Shah M, Kaselitz E, Heisler M. The role of community health workers in diabetes:
update on current literature. Curr Diab Rep 2013;13(2):163-71.

489



490

Mikhail et al

85.

86.

87.

88.

89.

90.

Islam N, Nadkarni SK, Zahn D, et al. Integrating community health workers within
Patient Protection and Affordable Care Act implementation. J Public Health
Manag Pract 2015;21(1):42-50.

Centers for Disease Control and Prevention. Addressing Chronic Disease
Through Community Health Workers: A Policy and Systems-Level Approach. At-
lanta, GA: 2015. Available at: https://www.cdc.gov/dhdsp/docs/chw_brief.pdf.
Accessed June 16, 2021.

National Association of Chronic Disease Directors. Community programs linked
to clinical services — community health workers: reimbursement/advocacy.
2020. Available at: https://www.cdc.gov/dhdsp/pubs/docs/chw_evidence_
assessment_report.pdf.

Egbujie BA, Delobelle PA, Levitt N, et al. Role of community health workers in type
2 diabetes mellitus self-management: A scoping review. PLoS One 2018;13(6):
e0198424.

Palmas W, March D, Darakjy S, et al. Community Health Worker Interventions to
Improve Glycemic Control in People with Diabetes: A Systematic Review and
Meta-Analysis. J Gen Intern Med 2015;30(7):1004-12.

Gary TL, Batts-Turner M, Yeh HC, et al. The effects of a nurse case manager and
a community health worker team on diabetic control, emergency department
visits, and hospitalizations among urban African Americans with type 2 diabetes
mellitus: a randomized controlled trial. Arch Intern Med 2009;169(19):1788-94.





