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Abstract

Purpose of Review This scoping literature review seeks to answer the question “What is known in the existing literature
about multi-level diabetes prevention and treatment interventions for Native people living in the United States and Canada?”
Recent Findings Multi-level interventions to prevent and/or treat chronic diseases, such as diabetes, promise to help individu-
als who experience health disparities related to social determinants of health. As described by the socio-ecological model,
such interventions mobilize support through a combination of individual, interpersonal, organizational, community, and
policy levels of activity.

Summary This review revealed little literature about multi-level diabetes prevention and/or treatment programs for US and
Canada-based Native peoples. Ten interventions were identified; all focused on diabetes prevention; eight were specific to
youth. Multi-level intervention design elements were largely individual-, school-, and community-based. Only three inter-
ventions included environmental or policy-level components.

Keywords Multi-level intervention - Diabetes prevention - Diabetes treatment - American Indian - Alaska Native - First
Nations

Introduction

This article is part of the Topical Collection on Diabetes
Epidemiology Native peoples in the USA and Canada have the highest
prevalence of diabetes among all racial/ethnic groups [1] and
bear a significant burden of comorbidities. In the USA, dia-
betes prevalence is two times higher among US-based Native
people—referred to here as American Indians and Alaska
Natives (AI/AN)—than non-Hispanic white individuals
(14.7% vs. 7.5%) [2] and has increased more than 50% since
the mid-1990s [3, 4]. In Canada, between 1995 and 2014,
the prevalence and incidence of diabetes were significantly
higher for First Nations people than their non-First Nations
counterparts, particularly among younger women and chil-
dren [5]. The well-documented socioeconomic disparities
that plague these populations affect their risk of diabetes.
For example, outcomes among AI/AN participants in the
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Special Diabetes Program for Indians Diabetes Prevention
Demonstration Project (SDPI-DP) found that those who had
lower income and were enrolled in a lifestyle intervention
lost less weight and achieved a lower reduction in unhealthy
food consumption [6].

In the USA and Canada, AI/AN and First Nations mem-
bers have a high prevalence of diabetes complications [1, 2, 5,
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7-12], including hypertension, cerebrovascular disease, renal
failure, and lower-extremity amputations [1, 13, 14]. Socio-
economic factors are well known drivers of these diabetes-
related comorbidities. The poverty rate for AI/AN is among
the highest in the USA [15]; their members experience greater
poverty rates than the general US population (22% vs. 13%,
respectively) [16]. In Canada, First Nations people experience
the highest levels of poverty; 25% live in poverty and 40% of
Canada’s Indigenous children live in poverty [17].

Both populations in the USA and Canada also experi-
ence other profound inequities that undermine their health
and well-being [14, 18]. For example, AI/AN achieve
lower rates of high school graduation and are less likely
to obtain 4-year college or advanced degrees than the gen-
eral US population (20% vs. 32%, respectively) [16]. Simi-
larly in Canada, only 72% of First Nations people living
off reserve, 42% of Inuit, and 77% of Métis aged 18-44
had a high school diploma or equivalent compared to 89%
of the non-Indigenous population [19]. Although the US
government has a federal trust responsibility that includes
the provision of healthcare to members of federally rec-
ognized tribes, access to quality healthcare is limited for
many AI/ANs [20, 21]. In Canada, all citizens receive pri-
mary healthcare through its universal healthcare system
through state and provincial governments [22]. Additional
services known as Uninsured Health Benefits are provided
by the federal government of Canada to registered or status
Indians for First Nations individuals and Inuit recognized
by an Inuit land claim organization as part of Canada’s
commitments under the United Nations Declaration of the
Rights of Indigenous Peoples and the Truth and Reconcili-
ation Commission's Calls to Action, Indigenous Services
Canada [23]. Services (provided by the Indian Health Ser-
vice [IHS] and Canada Health Act) are largely underfunded
and under resourced [24-26]. In summary, AI/AN, First
Nations, and Inuit members experience inequities due to
social determinants of health and lack of healthcare access
that undermine their health and well-being. Given the ori-
gins of these inequities, multi-component interventions for
diabetes prevention and treatment are promising strategies
to mitigate diabetes and related health inequities.

The US Healthy People 2030, which sets national objec-
tives for the health and well-being of the population for the
upcoming decade, has placed new emphasis on addressing
social determinants of health through multi-level and multi-
sector interventions [27, 28]. The social determinants of
health are described as the conditions where people are born,
live, learn, work, play, worship, and age [29, 30] and, for Al/
AN, also include implications of settler colonization, com-
plicated eligibility rules for access to Native-specific health-
care services, and systemic racism [31-33]. Medical care
for people with diabetes traditionally includes healthcare
provider-offered individual-level diabetes self-management
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and care education, group-based education classes, prescrip-
tion of oral or injectable medication (e.g., insulin), or a com-
bination of these. However, a key shift in emphasis away
from solely individual-level education has encouraged health
educators to consider additional levels of influence (e.g., the
food environment, policy, or involvement of community)
that impact a person’s ability to prevent and/or manage a
chronic disease such as diabetes [34-37].

The Social Ecological Framework (or Model) is a
multi-tier framework that organizes risk and protective
factors which can then be used to inform multi-level pre-
vention and treatment models for any given public health
concern. Including micro to macro levels, the four strata
are as follows: individual, relational (intrapersonal), com-
munity, and societal. This framework allows public health
researchers and program implementers to consider the
complex interplay and influential relationship one level
has on another [38]. As supported by the Social Ecological
Framework, an individual’s health is influenced not only
by individual factors, such as health-related knowledge
and behavior, but also by additional factors at the interper-
sonal, organizational, community, and policy levels [38].
The US National Institutes of Minority Health and Health
Disparities (NIMHD) health disparities research frame-
work also supports multi-level factors affecting health.
Manson and colleagues populated this framework illus-
trating the levels and dimensions that influence AI/AN
health [39]. A compelling rationale has emerged for the
need to address the social determinants of health to reduce
health disparities through multi-level health interventions
[40, 41]. However, implementing and evaluating multi-
level health interventions are challenged by a number
of circumstances, including the length of time required,
multiple (sometimes conflicting) priorities of key parties
involved, control of potentially confounding variables,
program sustainability (e.g., cost), and varying levels of
approvals and buy-in from key parties involved [41-43].

A scoping review methodology is best suited to answer
the primary question before us: namely, “What is known in
the existing literature about multi-level diabetes prevention
and treatment interventions for Native peoples living in the
United States and Canada?” [44]. Given the limited litera-
ture on this topic, especially with respect to outcomes, this
scoping review included papers which describe multi-level
interventions for diabetes prevention and/or treatment for
Native peoples regardless of such data.

Methods

Methods used for this scoping review follow the Arksey and
O’Malley Methodological Framework [44] and PRISMA-
Scr guidelines [45]. Scoping literature reviews aim to
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identify the nature and extent of research evidence serve
well as a preliminary assessment of the potential size and
scope of available published literature. Scoping reviews can
be used to identify gaps in existing literature, map the exist-
ing literature, and are especially useful when a body of lit-
erature is not developed enough for a traditional systematic
review [44—46]. Four researchers and one medical librarian
collaborated in all stages of this scoping review.

Data Sources and Article Identification

A comprehensive literature search was performed by a
masters-trained medical librarian in May 2021. The medi-
cal librarian, co-author on this paper, met with other co-
authors on two occasions to establish a search strategy,
including identification of search terms. The medical librar-
ian searched the following databases from the inception date
of each database through May 11, 2021: MEDLINE (via
Ovid MEDLINE® ALL, 1946 to search date), Embase (via
Elsevier, 1947 to search date), Cochrane Central Register of
Controlled Trials (via Wiley), CINAHL (Cumulative Index
to Nursing and Allied Health Literature via EBSCOhost,
1981 to search date), and Web of Science Core Collection

(via Clarivate Analytics, including Science Citation Index
Expanded and Social Sciences Citation Index, 1974 to
search date).

Databases were searched using a combination of keywords
and database-specific indexing terms (when applicable) that
represent the concepts of multi-level treatment and preven-
tion interventions, diabetes mellitus, among AI/AN, First
Nations, and Inuit people of Canada. Search terms were
drafted by the librarian and refined through discussions with
fellow co-authors. Searches were not limited by participant
age, language, or publication date. Conference abstracts, edi-
torial materials, magazines, and dissertations were excluded
from this scoping review. See Table 1 for the Ovid Medline
search strategy.

All search results were exported to EndNote 20 (Clarivate
Analytics, Philadelphia, PA). Covidence systematic review
software (Veritas Health Innovation, Melbourne, Australia)
was used to de-duplicate database search results, for title
and abstract screening, and identifying publications for full
text review. The researchers then used Microsoft Excel 2020
(version 16.4) spreadsheet and Mendeley Reference Man-
ager 2008 (version 1.19.4) to manage the references identi-
fied in this manner.

Table 1 Ovid Medline search

MEDLINE (via Ovid MEDLINE® ALL, 1946 to 5/11/2021)

strategy
1 exp Diabetes Mellitus/
2 diabet™.tw,kf
3 lor2
4 exp Indians, North American/
5 ((Native* or indigenous or Indian*) adj4 (America* or Alaska* or Canad* or United States)).tw,kf
6 First Nation.tw,kf
7 First Nations.tw,kf
8 Inuit*.tw,kf
9 or/4-8
10 Community-Based Participatory Research/
11 Community Networks/
12 Community Participation/
13 or/10-12
14 exp Preventive Health Services/
15 prevention & control.fs
16 Program Development/
17 Program Evaluation/
18 or/14-17
19 13 and 18
20 ((multilevel or multi-level or multiple level* or multicomponent or multi-component or multifac-

eted or multi-faceted or communit* or policy systems environment or PSE) adj12 (intervention*
or prevent*® or treat* or therap* or manag* or program* or participat* or network*)).tw,kf

21 19 or 20

22 3and 9 and 21

23 limit 22 to journal article
24 remove duplicates from 23
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Screening and Eligibility

As suggested by Arksey and O’Malley [44], our search was
first conducted with a broad range of synonyms as agreed upon
by the research team. Key search terms, including synonyms,
were diabetes mellitus, American Indian, Alaska Native, First
Nations, multi-level, prevention, and treatment. Papers were
screened in several phases. First, we conducted a manual search
of all records to remove duplications that persisted after applying
the automated de-duplication function. Two of us subsequently
reviewed all titles and abstracts and removed records for which
full text was not available (e.g., those that were publicly avail-
able grant proposals and conference proceedings) and those that
did not meet the inclusion criteria. We next met with the entire
team to discuss candidate abstracts and to determine eligibility
for inclusion in the scoping review. To be eligible for full review,
records had to be published in the English language before May
11, 2021, involve human subjects research, be published any
time, and include Native peoples in the USA or Canada. Addi-
tionally, eligible papers had to be focused on multi-level diabetes
treatment or prevention. We excluded studies that focused on a
single level (e.g., individual) of intervention and those which did
not specify diabetes as a key focus for prevention or treatment.
For example, several multi-level obesity prevention papers were
identified, but were not included because they lacked specific
emphasis on diabetes prevention or treatment. Because so few
papers met eligibility criteria, we included papers that did not
report intervention outcomes, including papers that detailed
the development or implementation of a multi-level diabetes
prevention program, even if there were no outcomes reported.
Additionally, because several interventions were discussed in
more than one paper, we grouped all papers discussing the same
intervention together by intervention title.

Data Abstraction

Data were abstracted by four independent researchers using
the customized Microsoft Excel file capturing information
about the following domains: title, publication year, first
author, priority population, type of paper, study design, age
of participants, multi-level components, diabetes (preven-
tion/treatment), include in scoping review (yes/no), and
include in background (yes/no). All four researchers dis-
cussed results during two group Zoom sessions; two of us
met twice more to review discrepancies as they arose.

Results
A total of 1,095 articles were identified from the four databases and
uploaded to Covidence. The software was used to detect and discard

duplicates (N=616), resulting in 479 articles that were screened by
two co-authors for relevancy by reviewing abstract and title. The
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final number of articles selected for full-text review was 36. Three
co-authors read each of the 36 articles to extract key information
such as if they were specific to diabetes, AI/AN, First Nations, or
Inuit people and included multi-level intervention components.
From this screening, 10 multi-level diabetes prevention or treatment
interventions were identified as eligible to include in the scoping
review, though several interventions had more than one associated
article. At this point, the librarian conducted a cited reference search
of these publications through Web of Science on June 9, 2021, to
identify potentially relevant publications that were not included in
the original database searches. This resulted in the inclusion of two
additional articles, each associated with one of the 10 interventions
identified through the original search. In total, 16 articles from 10
interventions are included in this scoping review. See Fig. 1 for the
PRISMA flow diagram that provides details on the identification
of publications and final numbers of studies and reports included
in the scoping review.

Articles included in this scoping review were published
between 1997 and 2021. In total, 16 records were included,
encompassing 10 unique multi-level diabetes prevention or
treatment interventions for AI/AN, First Nations, or Inuit
people. Seven interventions had only one associated article
[47-53]; another intervention had three articles [54-56], a third
intervention had four associated articles [57-60], and a fourth
intervention had two articles [61, 62]. Four of the interventions
included were only represented by articles which describe the
intervention [48, 49] or only an overview of program design
and feasibility [51, 52]. Outcomes were presented in articles
for the remaining 6 interventions, and study designs included a
wide range such as a quasi-experimental design [47, 50], pre-/
post-study design [54-56], longitudinal cross sectional [59, 61,
62], and one randomized pilot study with a control group [53].
Four of the interventions took place in Canada [47, 50, 57-60]
and six in the USA [48, 49, 51, 53-56, 61, 62].

Eight of the ten interventions focused on diabetes prevention
for school-aged youth. Of these, seven included a school-based
approach which focused on classroom education, increasing
physical activity and healthy eating at school, and stress reduc-
tion [48-50, 52, 53, 57-62]. One diabetes prevention interven-
tion for 10-19-year-old youth in two Native communities did
not focus on a school-based education approach; instead, they
included individual and family home-based education in con-
junction with community-level activities [54—56]. Of the seven
school-based approaches for diabetes prevention among youth,
all included additional levels of intervention from family-based,
community (e.g., church, social events, health fairs) levels to
environmental levels (e.g., walking trails, improved selection of
healthful foods in vending machines or stores). Several of these
youth-focused diabetes prevention interventions also included
policy changes such as increasing physical activity in schools
[48], changing school meals to be healthier [49, 57, 59], and
allowing only healthier foods and beverages in school vend-
ing machines [53, 61]. Two of the ten interventions prioritized
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Fig. 1 PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers, and other sources

adults as their key intended audience [47, 51]. These included
individual clinic-based education; community exercise classes;
worksite wellness programs; the provision of healthy foods at
community Pow-wows or other community celebrations; and
newspaper, radio, and social media campaigns for healthy eat-
ing and increased physical activity [47, 51]. Of note, none of the
ten interventions focused exclusively on diabetes management
for participants living with diabetes.

All of the included articles discussed the importance of
community-based participatory research (CBPR) approaches
to diabetes prevention/treatment interventions. Most empha-
sized the importance of including culturally relevant, cultur-
ally tailored, or culturally appropriate methods and delivery
mechanisms. We noted no general trend or collective improve-
ment in any outcomes measured across all of the articles
included in this scoping review. Key intervention outcomes
were not presented in some articles that instead focused on
program description or implementation. Of the articles that
presented outcomes, some included anthropometric measures
such as weight and height (body mass index [BMI]) [47, 50,
53, 55, 56, 59], triceps skinfold [59], and waist circumfer-
ence [53]. Other articles included clinical measurements of
blood pressure [47] and biochemical/cardiometabolic indi-
cators such as levels of Hemoglobin Alc (HbAlc), fasting
glucose, and fasting insulin [53, 56, 62]. Collectively, these
articles presented mixed findings on the efficacy of any

given intervention for improving BMI or associated diabe-
tes-related laboratory values (e.g., HbAlc). These articles
described a compelling need for additional research, more
rigorous evaluation, and longer-term follow-up to determine
the efficacy of diabetes prevention interventions for improving
anthropometric markers of obesity and clinical and labora-
tory measures of intermediate diabetes outcomes. Several of
the articles included outcomes such as changes in: nutrition
related knowledge [47, 48, 52, 54], intention or receptiveness
to making dietary changes [49, 52], self-reported outcomes
such as dietary changes [47, 56, 57], reduction in sedentary
behavior or screen time [52, 57], minutes of self-reported
physical activity performed pre/post intervention [47, 54, 59],
and vending machine sales data [62].

Lessons learned, limitations, and recommendations for
the next steps in multi-level diabetes prevention/treatment
interventions were extracted from each article. Common
themes emerged: Namely, interventions need to be designed
by community members for optimal uptake and engagement
[48, 52]; enough time needs to be provided to adequately
plan, develop, implement, and evaluate these interventions
[47, 48, 50]; sustainability is a concern (e.g., cost of healthy
food, funding mechanisms) [52, 53]; and profound limita-
tions to program evaluation (e.g., lack of control group,
recruitment/retention) [53, 54, 59, 61]. Relevant details can
be found in Table 2.
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Discussion

As evidenced by this scoping review, little literature
considers multi-level diabetes prevention and treatment
interventions designed to serve the AI/AN, First Nations,
and Inuit peoples of the USA and Canada. However, as
early as the late 1990s, researchers have understood the
importance of addressing multi-level factors that influence
health, as demonstrated by the early work of several schol-
ars included in this scoping review [47, 49, 57, 61]. Addi-
tionally, scholars and experts have long called for health
promotion interventions that focus on the social determi-
nants that exacerbate health disparities among this special
population [41, 63]. Social determinants specific to dia-
betes prevention and treatment include access to healthful
food and safe places to engage in physical activity. Seminal
work on this topic includes Jernigan’s work in Oklahoma
which addresses food deserts and food insecurity as they
impact nutrition-related chronic disease health disparities
(e.g., hypertension, diabetes) through an innovative gro-
cery store intervention [64, 65] and Gittelsohn’s work on
obesity prevention through a multi-institutional obesity
control and prevention intervention for American Indian
adults [66-68]. Likewise, Curran et al. conducted an inno-
vative environmental level obesity reduction intervention
on two American Indian reservations to improve healthy
food access at local food suppliers (e.g., grocery and corner
stores) [69]. However, because these interventions were not
specific to diabetes prevention or management, they were
not included in this present scoping review.

When determining appropriate search terms to con-
duct this review, we noted the challenge of differentiating
between community-based participatory research (CBPR)
or community-based approaches with multi-level inter-
ventions. The emphasis of CBPR is to join the community
with researchers as full and equal partners in all phases
of the research process and is especially effective when
working with underserved, marginalized, or vulnerable
populations [70, 71]. Though it is widely accepted that
health interventions are best received, utilized, and most
effective when designed with CBPR or community-cen-
tered approaches, CBPR is not synonymous with multi-
level approaches. The importance of CBPR approaches is
especially well supported for work with Native peoples
[72—75]. Several well-designed, community-based, dia-
betes treatment [76] and prevention programs [77] sug-
gested positive outcomes but were excluded from this
scoping review as they only addressed one level of inter-
vention (e.g., the community level). Additionally impor-
tant to note, group-based diabetes prevention classes,
such as those featured in diabetes prevention program-like

interventions, are typically focused only on the individual
level albeit in a group-based setting [78, 79], unless they
are intentionally paired with another level of intervention.

School-based approaches to diabetes prevention were the
most common level of intervention evident in the literature.
Gillies et al. [80] conducted a scoping review in 2020 specific
to school-based nutrition interventions for Indigenous chil-
dren in Canada, and though the focus of this scoping review
was not specific to diabetes, their relevant findings indicated
schools are an excellent venue to implement individual (e.g.,
education), community (e.g., family-based activities), environ-
ment/policy (e.g., vending machines within schools and school
meal nutrient requirements) level interventions as a multi-level
approach to nutrition-related chronic disease prevention [80].
In our scoping review, 70% of the interventions were school-
based and included at least one of the aforementioned accom-
panying levels of intervention delineated by Gillies et al.

As noted by the authors of articles included in this scop-
ing review, many challenges exist in implementing and
evaluating multi-level health interventions for Native peo-
ples. These challenges are well-supported in the literature
and align with challenges related to CBPR approaches to
health promotion [41, 72, 81]. Of these challenges, the time
and financial resources needed to engage in robust CBPR,
program design, implementation, and evaluation are most
frequently cited [41, 47, 48, 50]. Challenges to program
evaluation include participant recruitment, retention, and
control of confounding variables [41, 53, 59, 61]. Finally,
multi-level approaches often require multi-organization/
institutional collaboration. Securing buy-in from varying
key parties and competing priorities among these organiza-
tions introduce special challenges to the design, evaluation,
and long-term sustainability of these interventions (e.g.,
school vs. local grocery store priorities) [40, 43, 82].

Conclusions

The worldwide COVID-19 pandemic placed a spotlight on dis-
parities in health inequities and social determinants that impact
these health disparities, leading to a renewed emphasis on
addressing social determinants of health to reduce health dispar-
ities [83—85]. As supported by the Social Ecological Framework
[38], NIMHD research frameworks [39], the Centers for Disease
Control and Prevention [86], and US Healthy People 2030 [27,
30], researchers and interventionists should consider multi-level
approaches with well-designed, appropriately funded evaluation
strategies for diabetes prevention and treatment interventions. In
addition, we should work in equitable and collaborative partner-
ship with the communities we hope to serve.

@ Springer



46

Current Diabetes Reports (2021) 21

46 Page8of17

syuedronaed jnpe 103 pajuasaid st ejeq
weidoxd ayy uo Sunjiom

juads Koy awr) Jo JUNOWE Ay} ASLAIOUT

0 K)Iqe payrw] pey pue dw 1red
pokorduwe arom JJe1s UOTIUSAIIU]

(suonipuod peoi Jood ‘owrn

Jo yoe[ “o'1) Ky1anoe [earsAyd mop

Sunoedwr s1010e) 95ueyd 03 JNOYJIP
31 9pew porrad UOTIUSAISIUT JIOYS Y],

SUONUIAIANUL Y} Ojur pajerodioour
[1oM 10U 219m oseyd uonuaaIul-axd
Y} SuLInp PaYNUIPE $Ja1[aq [eUISLIOGY

J3ueyd 9qeud
03 ajedionaed o) pajeanoe Apuaroyyns
10U sem AJIUNWWOD UOTIUIAIIUL Y],

-9jenbopeul sem SWRIJIWI) UOTIUIA

-1o-a1d yyuow-/ ay) pue ‘p09foxd
9} 10J PATRIO[[B AI9M SYIUOW 47 A[UQ

uonuaAINUI AY) SUIMO[[0F
dnoi3 xoy1e ur [Ag Ut d3ueyd ur

SOOUDIAIP JULIYIUSIS OU AIOM I,

sdnoi3 yjoq 10j pasearour
Kj1Anoe A181U9pas JO Junowre pue
sdnoi3 uostredwod pue UOIUIAIAUT

10q J0J PaseaIdp Sjunod \Q;ﬁow e

$2100$ QuIfaseq JoJ judunsnfpe

1013 syuapuodsar uostredwiod ueyy
S9I00S 93 PO[MOUY POOJ PUE (SIIIOYD
POOJ I21y)[eaYy “'2°T) $2109s uonisinboe
pooy Ayireay JoySiy Apueoyrudis

pey syuopuodsar UOTIUIAISIU]
‘sjonuod pue dnoiS uonuaAIUI

y10q uo ejep-isod pue -a1d jo uon

2900 YJIM UOTIUSAIDIUT YJUOWI-IUIN

yoom 1ad Kyanoe
Suronpoid-jeams jo saposide jo
Ioquinu ul pue Yoom 1ad 90u0 Ised|
e K31anoe Suronpoid-jeams Jo 90ud[
-eAa1d ay) ‘sajoqeIp Jo o3pajmoury ur
9SBAIOUT UB PIMOYS AJTUNWIIOD UOT)
~USAIUI Y} ‘[9A9] AJTUNWIWOD Y} Iy
a3ueyo jou
pip Ayanoe [edrsAyd jo sioy juoj
-eambs orjoqeisuwt pue ‘uondwnsuod
[oyoo[e ‘Sunjows ‘I01ARYeq AIeIoIq
(dnoi3 uostredwod
A} 10} %/'G 01 €6°G WOIJ 9SLAIOP
B 'SA 9()7°9 01 Z8'G WOIJ paseaIout
dnoi3 uonuaAIRIUI AY) “°9°T) PaseaIoUl
91vqH "dnois jonuod ayy ur Sur
-seaour [Iym dnoi3 uonuaAIIUI A}
10§ pasea1dap y1oq (dnoi3 uostredwod
oy} 10§ /3N 9°g7 01 'L WOy
ASLAIOUT UE “SA W/3Y '0¢ 0F §°0¢
wo1j pasearodp dnois uonuoAIul
) “*91) xopur ssew Apoq pue (dnoid
uosLiedwod ay) 10y SH wiw §°§Y |
0] €€ WOIJ ISBAIOUI UR ‘SA SH
WW G'G[ 0} G'[Z[ WOIJ PaseaIddp
dnoi3 uonuaaoyur Ay “9°1) saanssaid
POO[q JI[0ISAS UBIW ‘[9AJ] 1I0YOD Y} 1Y

S[RAISIUT Yoam-8—Q 10
(so3e10A9q JA1Y)[EIY *T°9) oWy
qures ay) pamof[oj Jusuodwiod yoeg
s)yS1u uny A[rurej pue soSuo[eyd
Supj[em Se yons sjusAd AJiunuod
PpuUR $20LJO pueq Ur §)$3) J)se)
pue ‘SUONENSUOWIp SULj00d
‘uSredwes erpow ssew Surpnpour
Juouodwod paseq-Arunwiwo))
3003S Ul SASUBYO pue ‘s)sd)
Q)sk) ‘SUOTLNSUOWAP SUR00d
‘SPOOJ PAWNSUOD A[UOWITIOD 0}
SOATIRUIONE JATY)[eaY JO uonowoid
Surpnpour juouodwod paseq-a101§
Kyanoe [esrsAyd pue uontynu
Sunowoid opeI3 y1anoj ur suossa|
L1 pue opeiS pIy) ur suosso| 9T Jo
Sunsisuod Juouodwod paseq-[0oYos

paurelqo
Q1oM suonezIuesSIo 9soy) WOy
SQOINOSAI pUE ‘SUOTLZIULTIO 958D
-SIp OIS PUE JJBAY PUE SIJOqRIP
UM PAYSI[qeIS 2I0M SUOTIOUUO))
SSOT JYSToMm pue "JOIp ‘OSIOTOX
10§ sdn yim s1n9[smau pue ‘xad
-edsmou [e00] & UT SI[OTIE [eUOT)
-eonpa Surpnjour uSredwed BIPIN
dnois 110ddns sejeqeip e pue
‘$9JOqEIp UO SWINIOJ ‘SINO) JUBINE)
-sa1 pue joyrewrrodns ‘dnois uon
-B$$90 SUIYOWS © ‘SUOT)EISUOWap
Surjooo ‘s3uead yireay ‘dnoid
Sunyem e ‘sasse[d as1010x2 Sur
-pnjout sentanoe Ayrunuruod dnoin

Apmys Apiqrseay
reyuswiadxa-1send)

sdnoi3 jonuod
Arunwiwod aI-uon
-UQAIQIUT-UOU OM) PUR
dnoi3 uonuaAIuI
Ayunwiwod d[3urs
‘TepuourIadxa-1seng)

(@divz)
$9)aqRI(] JUdAI] 0) Ful
soSe e tson -yoea, :UImaSeew Oury

-TUNWWod SUOTeN ISIg

[og] epeue)
‘OLIBIUQ "§00T ‘¥ 32 OH

I9pJO pue s1eak 8|
a3e ‘uordar ueSeueyO [L¥]
[BINI WOIJ SIdqUIdUI epRUR) ‘RIqUIN[OD) YST
SUOTIEN] ISTI PISISOY -1 "666] ‘T8 10 [olue  paynuopl sureu weifoid oN

SUOTIE)IWI PUB POUIEI] SUOSSO]

sSurpuy pue sowoono Aoy

S)uauOduwod UOTIUSAIIUT [OAS[-NIA

udisop Apmg

uoneodo[ Apnjs ‘reak

uonendod Apmg uoneorqnd ‘(s)royiny owreu werSold

(ponunuoo) zsjqey

urmauademinyz

pringer

Qs



Page9of17 46

46

Current Diabetes Reports (2021) 21

pers
jsSuowe werdoxd ayy ur JusweseIud
pue a3paymour| ur saSueyod 0) anp Jur

-Suareyd st s10yoed) Suoure JeAouIN],
saripuadxo
weidoxd jo uoniod jueoyusis e dn
ayew 3509 pooj pue ‘weisoxd ay)

0} Jo11IRq JULIYIUSIS B ST POOJ JO 901
Aniqeureisns [eroao pue werdoid
oy Jo uorsuedxo 0) £ oY) U99q sey

werSoxd oy Jo diyszoumo Kyrunwwio))

[)[eay] pue A)1S9qo JO UOISSNISIP
pue uoneonps uontynu oeridordde
A[TeImno 10j paou SuroJuo ue ST AIAYJ,

synpe 1o3unoA pue

yInoA 3y 93e3us 19119q 01 UOHIBINP
Palo[Ie)-o3e 2I0W J0J PISU B SBM I,

Sunsay

ur uonedronted paonpar ur pajnsal

pUE SIOP[d JO SUONIPUOD YI[eay Y}

0] QATIISUDS JOU A1oM SJUOAD SuLInNp
Sunse) o1ndWOIq J0j saw) Jrem Suo

210)$ A190013 9} UT SOATIRUIdIE 91)
-1eSns pue Spooj 1eJ-MoJ JO UONII[IS

o) pasearout wersoid 210)§ UIAYLION

(%S¢ 01 0 wo1y)
IeSns Woly paure1qo SaLIo[ed Jo
ofejuao1od o) UT 9SBAIOAP B PIMOYS
wrexSoxd [ooyos oy Jo [ uoneneAq
QWIT) UIAIDS UT ISBAIIJP ©
pue Koeoyje-J1os Arejarp pue ‘sydoouod
wnnILLIND Jo aFpajmoury ‘vouarajord
AIe301p ‘UOTULIUT ATRITP UT SISEAIOUT
JueoYIuSIS AIoM QIOY) PUB SIINSEAW
dn-mof[o 2y pue aurfaseq ay) y1oq
parerdwoon 9,88 ey punoj syuedron
-1ed weaSoxd [ooyos Jo uonen[ead [eniuy

Spo0J Alpowiod
uo puadop 0} PadIOJ 1M PUE SUOTIBA
-19591 uo paoerd arem Aot UM JIIp
s, Qyrunwwod ay) Jo 1red € owedsdq
peai1q A1y 9YI[ SPOOJ Ure)1ad Aym
Jo uonsanb ay) paIopIsuod pue e
-udoxdde Ajpeimno a1om suoIssnosip
pooj pue ssauy [edrsAyd o) yoeorddy
d[qeureIsns
weidoxd ay) opew SAIIWIR) d[oym
SurSeSuo pue [9A9] Ajrunwwod
QY Je swou yjreay Surdojoadq

A[uey uo snooj ay) Jurpnpout
weidoxd oy Jo syoadse [ermyno
Q) pakolud sroquuiow Ajrunwwo))

Kyanoe [eorsAyd pue
uonINNU U0 SUISNO0J SIUAI AU
-nwwo)) ‘sdwed 1owwns sajeqerp
YINOZX “MOYS OIPEI $AAqRIP [e00]
Ayanoe earsAyd pesearour 93eInooud
0} [Ten) Sunj[em ApImM-AIunuuwo))
werdoid [00yos YMeyo
Aemeuyey] AY) Uo paseq SUossI|
JO S)P9Mm /] JO SunsISuod 7 pue ¢
SopeIS J0J WN[NILLIND S3JOQRIP [00YIS
Kyanoe 1earsAyd pue ‘yireay ‘uon
-1Lnu uo Suryoed) sapiaoid INAZL
Jo JuoweSeurw pue uonuasald ay)
103 werdoid JISIA QWIOY [QAJ[-ATTWE]
suondo pooj Ayieay Jo a3paymouy
pue Kjpiqereae ay) Sursearour
Je powre weiSoid 210)§ UIYIION
10300 YsLI pue doudreadrd (NATZL)
ST $9jeqeIp Z-odA) Juawnoop
0} SKOAINS [OAQ[-KyIUnuIo))

Korjod auryoew Jurpuaa
Ayireay e Surpnjour sagueydo Ao104
Kyanoe
[eo1sAyd pasearour pue ‘douep 0}
PAUIBY[ ‘SJUAD [B100S mommod
A} 10J BI[ET2I dpRW YINOK I9YM
swerSoxd jooyosierye ySnoayy
uonedionred Ayunwwod 1opeorg
SIOPBI[ AJTUNWIWIOD PUR ‘SIUdPNIs
Ayis1oatun ‘sxoured Kyrunwwiod
£q pap1aoxd syj00q [euoneULIOJUT
pue ‘Spooj Ayieay ‘uoneonpa
ey YIIM SJUSAD [BIO0S MOM
-mod ssa1301d [oAdl-Kyrunwiwo))
IedK | 10J Yoom
12d sAep £ pajonpuod syuedronied
UONUAIIUI 0] Sasse[d ssoujy dnoin
s[eosd jo
JUSWIAAJIYIE PUB SINIANIE Ajrunw
-wod pue dnoiS ur uonedronred
I1Y) UO Paseq S[enpIAIpUT JOJ SOZIIJ

suorn
-UQAIUI JO SAWOIINO
pue ‘uonen[eAd ‘uon

-ejuowrdur ‘K101STH

Apms Auiqrseay
pue ud1sop weidoid

sordoad

suoneN 1si1j aye| Apues

uoneziuesio Sur
-SNOY URIPU] UROLIOUIY
ueqIn SWIOOUI-MO] B Ul
SuIpisar sal[Iuey 11ay)
pue sajeqerp g-odAy
10J Y[SLI 1B 910M oYM
s1eak 49 0) g1 soSe
S[ENPIAIPUT SNOUASIPU]

[zs]
BpEUE) ‘OLIRIUQ "€10T
“Te 30 yorunSeyoyes|

190f014 saRqeIq
pue yi[edy oe] Apueg

[16] VSN NN "120¢T

‘Te 39 sSuTuuL[-uosuyof Suong yrreg omry

SUOTIE)IWI PUB POUIEI] SUOSSO]

sSurpuy pue sowoono Aoy

S)uauOduwod UOTIUSAIIUT [OAS[-NIA

udisop Apmg

uonendod Apmg

uoneodo[ Apnjs ‘reak

uoneorqnd ‘(s)royiny owreu werSold

(ponunuoo) zsjqey

pringer

a's



46

Current Diabetes Reports (2021) 21

46 Page 100f17

SUOTIUAAINUT oY) JO AI[Iqe
-1doooe pue Ayijiqises) ajedIpur sojel

uonuaI pue uone[dwod uossay YySIg

Passasse 9q Jou
PINOD BIBP JUI[ISEq WO} INZL 10)
s10108} 2A1309101d pue ysu1 oy ‘dnoid
[onuod Ayeay e oy ‘WATL
Surdojoaap 10 ysu1 Je Suraq se poy
-1JUSPI 319M IO [)IM PISOUTRIP Iom
Apmys s1y3 ur pa[[oIus yInok snouaSIpug

weiSoid ay) InoySnoiy) jue)s

-U0D PIUIBIIAI S}OAMS PUR SIBJ WOoIJ
SOLIO[BOO[TY JO aSeIu0o1ad URIPOy
*PaAIasqo Jou a10m uondwnsuod

S109MS U $)B] Ul Soguryd JULdYIUSIS

9€0'0=d)
%S 9<DIV 2ul[oseq & pey oym
S9JOQERIP I [INOA SUOWIR PIAISqO

Q1om DV ueaw ur syuswdsoxduy

(920°0=d) uotsuay

-10dAy pue ‘($00'0=d) S2I09S Xopul

ssew Apoq paziprepuels ‘(100" >d)

JU2IU0D O, O PAIR[I dFPa[mouy

‘(100" > &) swoydwAs aarssardop

(100" > d) 211 Jo Ayenb s ok

UI POAIISQO 1om sjuataAoIdur
uowyjorud-jsod syyuowr 71 1y

S9JOqRIP Y)IM PAsOuSeIp A1om %47 ¢ |
pue ‘sajoqerpaid ym pasouderp arom
%7°0S ‘OA1sudIadAy arom syuedronred

JO PIIYI-0UQ) "9$AQO dIAM 9%9°'7] PuE

yS1omI10A0 a1om syuedonted Jo 46 ¢

Kep Aue uo Kyianoe [eorsAyd snoioJLx
Jourur (¢ < ur Judwagesua ou pajiodar

(%0°89) siuedonaed jo Aofew

) ‘[reoar Ayanoe [earsAyd Kep-¢ e ug
(%S°€9) 10p1aoid
ures 9y 0] pue (%8°78) dIedYIRAY
10§ o1upo oy10ads & 0) Suro3 payrodar
oA snoua3Ipuy ISOJA “(A[1991100
paromsue suonsanb Jo %G4) T sem

91095 93Pa[MOUY SUI[aseq dFRIOAR ],

T'€1 Sem JUSW[[OIUD Je 958 UeIpIW

) pue (%1°9S) skoq arom syuedron
-1ed poyjo1us jo uontodoid 1oysiy v

sajenpeId [ooyds Y31y jo uon

-1odoid 10y31y e pue uosied y1oddns

© PaynuopI oYM YInoKk snouaipuy Jo

oSejuaorod 10mO] B PEY INOJ IS TNOJ

uoneso[ AIs ur Apsowr ‘suondaoxd
QWIS HIM ‘SIS sso10. d[qeredwod
QIoM SI[GRLIEA PIAISSQO Jo ALIofew Y],

suoneziuesio

reuor3ar yim sdiysiounred pue

SIUQAQ ssauf[am Apjeamiq Sur
-pn[oul SONIANOR [IAJ[-ANUNUITIOY)

S)S1[e103dS 10110 pue suerd

-1131Ip O} S[RLIJaI pUE ‘s1apiaoid

0) sojou ssa1doid ‘syuounurodde

oo 03 uoneodsuen Jurpnjour
Juouodwod [BIIUID [9AS[-[ENPIAIPU]

ynok Sunedronred

oY) jo opdoad 110ddns ay) 103 uon
-BONPI PIsLQ-oWoy [IAJ[-[enpIAIpU]

SIIPS 1] pue ‘Ayianoe

[eo1sAyd ‘uonLnnu uo SUOISSIS

1 JO Sunsisuod yinoA 10y uorn
-BONP PISLQ-oWOY [IAJ[-[enpIAIpU]

SYIUOW 7 O} Qurjaseq
wouiy syutod awr) 4
‘uonenyeaa-1sod/-a1g

Apnys
jo[1d uonuoauI-1sod
/-o1d yuow-7 |

10J 1R QUI[Oseq

Kunwwod aydedy
UIBJUNOJA] A}IYAY SUO
puE SONIUNTIIOD
oleAeN do1y) ut Ayjroey
[edIpaW [BOO[ 119} JO
SO[IW (G UTYITM SUIAT]
SIOAISQIRD J10Y) pue
s1eak 61— SoSe yInox

[9¢]
VS UI0ISoMYIN0S
'910T ‘T8 10 ‘Aouuay]

[¥¢]
VS UINSamyInos
"S10T 'Te 30 s10quIeyD

[elL, (AOL)
s9)oqeI(] Uo Joy)30], YL,

SUOTIE)IWI PUB POUIEI] SUOSSO]

sSurpuy pue sowoono Aoy

S)uauOduwod UOTIUSAIIUT [OAS[-NIA

udisop Apmg

uonendod Apmg

uoneodo[ Apnjs ‘reak

uoneorqnd ‘(s)royiny owreu werSold

(ponunuoo) zsjqey

pringer

Qs



Page 110f 17 46

46

Current Diabetes Reports (2021) 21

6 93e 19)Je PAJOU JOIARYq

Ul SOOUAIRYIp 10§ o[qrsuodsar A[ened

1SBO[ J& 9q P[NOD SIY, *SSL[O UI UMO

1191} uo skaaIns pajejdurod 1opjo pue

6 USIP[IYD Iy ‘-9 SaFe udIp[Iyo
Jo syuared Aq pajedwiod axom skoaing

soSueyo o[K)soj1] Sur

YW 9JoM SIOAISQIED Jey) OPEW oIoM

SUOIBAISqO Joyje weidoxd oy ur aye|

POpPpE SeM UOTII[[0D BIRP SIY) 9SNBIAq
porwy st ejep d13o[o1sAyd 113018

yoom Jod sowr) Inoy uey)

Q10w sa1y youal] 1o sdiyo ojejod
Sunea Suntodax asoy) ur asearour
ue pue ‘A[rep sYULIp 3Jos 10 epos Jur
-wnsuod uniodar asoy) ur aseaIour
ue ‘Ajrep oom( Supyurip 110dor oym
aSeyuaorad posearoop e sI d1ey ‘g

o3e punoue spIS pue s£oq 10q JoJ

sKep [00UIS UO pUB SPU M

UO UOISIAJ[9) SUIYdIeM dU) 2I0W
puads Koy uaym ¢ jo 95e oy punore
ATpayTew JIys syqey Surgorem

UOISIAQ[9) ‘sK0q pue S[IS 10q J0g

porrad aures 2y 1040 sKoq
J0j Wd 69°G7[ 03 60° 1T Woly pue
S[IS 10§ WO 8/ 6¥ 03 00'61 | woiy
paseaout 1yS1oY ‘skoq woij 8Y 70" Ly
01 ()6 WOy pue SIS 10§ 8 £ °61
0) 84" €7 WOIJ PAseaIour JySrom
‘S1e9A 11 pue 9 Jo saSe oy) usamieg
*aSe ym pasearoul (*030 S1oy
9u3rom) eyep orydiowodoryjue
J10J SON[eA UBdW 3y} ‘pajoadxa sy
(wo 99| =ueawr)
QOULIJWINDIID ISTeM UT UOTIONPI B
pey pue ‘(‘q[ 6°¢ ‘ueaw) JySom £poq
JO JUnowWe JUBOYIUSIS © JSO[ JNOYIIM
9SOY) UBY) SUOSSI] (INOK dI0W
popuaye SI0AISIEd AU, "BIep O130[0
-15Ayd pey s10A152180 (%4°91) LE ATUO
Qwoy J1oy)
PAJISIA OYM [YOBOD Y)[BaY ATy 3y}
payI ose Aoy, ‘sentanoe weidoxd
dOL pue paures Koy} o3pajmouyy
Ay pay1[ Aay) Jey) pajtodar s1oAISare)
(100=d
6L’ SA §'Q) Sa1RqRIp 10 YSII-Je
INOK JO SISAISAIRD UBY) SUOSSI]
oA arow Apueoyrusis popusye
so10qRIP UM YINoK JO SIoAISTRD)

WOOISSB[O
oy ur paraarep wersoid uon
-eonpa deridordde Ajrermny
§1SOIU0J PUE ‘SUONENS
-uowdp Suryood ‘Ayranoe reorsAyd
Surpnyour s)uswuoNIAUL Ayifeay
owoid 0} $JUGAD [9A[-[00YOS
PpIeoq AIOSIApPE AJTUNWWOD € JO
UONRULIO) PUE ‘SJUAAD [euonowold
‘UOTJRUTWASSIP UOTRULIOJUT Sut
-pNOUT SANTANIOR [9AS[-AITUNUIWIO))
Korjod uoninnu
JO JUWIADIOJUD QATIOR PUR S[BOW
[ooyos punore sagueyd Aorjod yieoHq

S[ootos
KIejuowd[o woIsks
uoneINpy oyemeuyey|
Q) UT PI[JOIUD YINOK
JMBUOJA UBIpRUR)

s[ooyos uostred

-WOd PUE UOUIAIAUT

Surzimn juowssasse
1oedwr pue K)Iqiseaq

Apmys

jo11d uonusaauI-1sod

/-01d yyuow-g | 10j
BIEp JOAISOIED JNPY

(ddas>n
199(014 uonuaAald s9eq

-BI(] S[OOYOS OyemBuyEy]

[L6] epeur) 03gand)
‘1661 ‘T8 10 Ae[nedRIAl

(pon
-unuod) [elf, (dO.L)
s9jeqeI(] U0 12y1e30], Y,

[s6] VSN usaisom
-4InoS "§10T "s19qUILY)

SUOTIE)IWI PUB POUIEI] SUOSSO]

sSurpuy pue sowoono Aoy

S)uauOduwod UOTIUSAIIUT [OAS[-NIA

udisop Apmg uonendod Apmg

uoneodo[ Apnjs ‘reak

uoneorqnd ‘(s)royiny owreu werSold

(ponunuoo) zsjqey

pringer

a's



46

Current Diabetes Reports (2021) 21

46 Page120f17

SOpRIS 19O UT SJUAPNIS

£q wooisse[d oy ur uond[dwos ‘sa
¢—1 sopeis ur sjuopnys 1oy sjuared £q
skaAIns Jo uonardwods oy anp Ajiqe
-[IeAR BJED AOAINS UI SOOUAIQIP pue
‘eyep dn-mo[[oj Jo yoe[ ‘azis ojdures

[[BWS 0} ONP PIAIISQO dIOM SUOTIBIWIT

00T Ut [9A9] aul[aseq
9y} 0} pauImaIing 6661 PUe 8661 Ut
Apueoyrusis ouleseq WoIj pasearour
sonTAnoe [edtsAyd Jo requinu ueaur Y],
6661 uI plojunys sdootn
10§ 1dooxo ssouyey Apoq IoySIy Jo YSLI
9y Jo uoIssaIZo1d yim pajeroosse
SeM IBOA QAISSIOINS [IBI ‘QUI[ISE] 0)
weidoid ay) jo reak yoes Jurredwod up
AIUNWIWOD UONUIAIANUI Y}
Suowe paseaIodp [00Yos Je sse[d WAS
Surpuane jo Aouanbaiy 1nq ‘94 €7 Aq
paseasour Aj1anoe [edrsAyd jo unw G|
15897 Je Jo saposide pajrodar-Jas Jo
Kouanbaiy oy ‘sonIunwiod y1oq uf
Kmunwwod uostredwod
oY) Ut 08°61 01 9L LT Yim pareduiod
UQIP[IYO Aemeuyey] Suowe (6|
01 $7°L ] WOIJ Paseaoul [INFG
ueaw pajsnipe-ropuas pue -o5e oy,
Amunurwod uosLredwod o) UT UIPIYo
uey) ssouoIy) projurys sdootn pue
re[ndeosqns ur saseaIour SSof ApUedyIu
-S1S PamOYs A)TUNUITIOd UOTJUSAIUT
Sy UL UIP[IYD ‘9661 O3 1661 WOL]
ATUNwwod UoNUAINUI Uey)
uosLIedwod 9y UT I9MO] 2I0M PUE
potiad Apnjs oy JnoySnoay) o[qels
AJarey paurewar sajel uonedioned
POA[OAUL 350} [[B
10§ sontunytoddo Sururesy syudsardax
ey 309fo1d e Jo uoneard oy, ()
JUSUIUOIIAUD JOPROIq ) WOIJ SPUBWIP

0) aarsuodsar epuage 9[qrxap  SuiaeH (¢)

sjuouodwod YOIeasar UOTen[eAd

pUE UOTJUSAINUI ) JO UOHRITIUL
[euonouny pue [eInonns oyJ, (7)

390lo01d oy Jo aseyd £19A9 ur

s1ouyred [enbo se s1oyoressar pue ofd
-0ad fyrunuwod jo uoneiAur ayy, (1)

:uonejuawadwr pue jo0afoxd J4as
oy Sunaoddns sordrourrd Aoy anog

Kyunw
-WO0J BY:BYIY,USTUBY]
9y} UI [00YOS PUOIIS
© Ul UAIP[IYO JO
dnoi3 uostredwos
juoreAInbouou € yirm
uSisop [eurpnyiSuog
puUE [BUOI}OIS-SSOIO
poxtw Sursn joedwr
1894-8 uo j10doy

uoneuaw
-ordwr woij pauIes|
suossa Jo uondrisoqg

[65] vpeue) ©09q
-and) 'S0 ‘T8 10 sipered

(panunuo)) (ddasn
100[01g uonUAAAI $30q

-BI(J S[OOYDS demeuyey]

[09] epeue) *0oq
-anQ) "g00C ‘T 19 UIAI0J

SUOTIE)IWI PUB POUIEI] SUOSSO]

sSurpuy pue sowoono Aoy

S)uauOduwod UOTIUSAIIUT [OAS[-NIA

udisop Apmg uonendod Apmg

uoneodo[ Apnjs ‘reak

uoneorqnd ‘(s)royiny owreu werSold

(ponunuoo) zsjqey

pringer

Qs



Page 130f 17 46

46

Current Diabetes Reports (2021) 21

s1oupred oq1n
om) ay) usamiaq sdrysiourred Suons
pajensuowa(J 199(01d UONUAAIJ
$9)0qeI(] 2ANEN Jo suoneidepe
snoiaald pas() ‘SUOUIAIUI [I[eaY
Paseq-Ajrunwwiod 1oy 1ysisur ured
0) 010U D) 990IAYD) YIIM parouIed
YS1I s9JaqeIp uo joedwr wie)-Suoy
pue KJI[IqeUreIsns dUIWLXd 0) PUIWWO
-0 "UOTIULAIAUI AY) JO sjuduodwod
[ENPIAIPUI ORI JO JUIWIDINSLIW OU
<Kyanoe earsAyd 1o ayejur Krejorp
Jo JudwaInseaw oN ‘sdnoid omy
Q) udaMIaq dFURYD [N UT 99U
-IOIp JueOYIUSIS B sem a1y Aym
KJNuapI 0) Papoadu oq pInom SIsATeue
93ueyo J01ABYDq YI[EAY SNOIOSLI QIO

Koeoyje-J1os Kyanoe [eosrsAyd 1o
K1e)a1p 10 ‘own udaIos parioda-Jas
‘s103e01pUI d1[0qRIWOIpIRd dnoId
UQ9M]Aq JO IIM SOIUAIQJJIP JUBIYIU
-31s ON "(60°0=d ‘W2 7’1 +) dnoid
UOTIUSAIONIT oY) 10U Inq (1000 > d
‘wo /¢ +) dnoi3 jonuod ay) ur
pasearour APUeOYIUSIS OUAIJWNIIID
IR “(28°0=d ‘10°0) S1uedronred
[onuod10uINg ($00'0=d ‘L1°0—)
UOT)UIAIOIUT UT PISBAIOOP 9I00S-2
[N PUE “(€1°0=d ‘;W/3Y ¢'0+)
syuedroned UONUAAIAUT JOU Ing
(100°0>d “w/3% 0T +) [onu0d
Ul PaseaIour T "SOW09IN0 JLI
-1owodoIyjue 10§ UIIS AIOM S)OQD
Juowean) JURdYIuSIs A[[eonsnels

wexSoxd jopid oy Jo amgeu ay 03 anp
payuu] a1om pSud] weaSond pue azis ojdureg

[00Y9S 0) Y[em 0}
OI[ PINOM AdY) PaJEIIPUL %G°GE pue
%1"9% 19K [00YDS 0] PY[eM JOAU
pey Aoy Jey) pajesrpur ‘Kjansadsar
‘SJUQPNIS 9 pue G SAPRIT JO %8°€9
pue %8°// 18y} pIMoys SAOAING o[
1 JO 9ouR)SIp Sun{[eM Y} UIYIIM
PAAI] sasnq AQ paAIas sjuapnis Auej
9yordwod
sem 9,009 A[UO ‘SY[BMIPIS J[qR[IBAR
oy} JO "Sunyiq 1o Suny[em I0y o[qelns
[ren paaed © pey 9/ '{ pue J[BMIpIS
© pey suawsas [9AeI) JO %9°L] A[uo
JeT) PUNOJ JUSWISSASSe AN[IQe[eM
[00YoS [9Ba J© SUONEIO] JIX pue
douenus Jofew je suernsapad 0) pork
0) 3uryrey pue ‘dos 03 Surprej ‘sdoys
Surfjox papnour 9say ], ‘Koains juared
9y} YSnoIy) paynuIpI SUIOUOD YIIM
PpausIe [00Yds ora Je SUOIBIO|
paynuaprt-a1d Je pajonpuod suon
-BAI9SQO Y3NOIY) PAYNUIPI SUIOUOD)

SIU9AQ AJTUNWWOD
PIZIUBSIO YOTYM SAYOROD PUE ‘SBLI
-9JBW UONBONPA ‘SWAISAS JOPUTLIDL
suoyd Surpnfour s90IN0sAI
QIBOYI[BIY PUE ‘AIIUNWWOD
‘[ooy9s ‘AJrurej/owoy 10j Xoq[oo],
SUOISSas G 10J spekp
pryouared 10y Surjasunod Sur
-MOTAINUI [RUOTIBATIOW [OAS]-AJIUIR]
sordoy Kjayes pue yijedy
[e1oua3 SULIDA0D 19Y)30) SOsSe[d
dnoi3 papuane s10A132180 pue
suedionaed [onuo) -a1mnd pue
‘Kyanoe reorsAyd ‘Sunjooo ‘uon
-1ONU SULISA0D JIAISAIRD 119y} puB
UQIP[IYD I0J SISSB[I ()] papn[oul
UOTUSAIIUI JuoW -g [9A3[-dno1n

[00yos 0} Funjem

SIUOPMIS JO SIOQUINU dSBAIOUT

pue Kjoyes uernsopad aaoxduwr
01 pajea1d a1om sued uonoy

JoA1S0180 Arewnad
puared 1 Zym payed
-1onred oym pue 9s9qo
/IYSIOMIOAO A1OM oYM
s1eak ()]—, sode ‘uaIp
-[1yo (ofearN) Qui(y pue
Kpms jor1d pozrwopuey] 2901y JO pueq UIISeq

[€S] VSN ‘AN pue
ON '$T0¢ 'T¢ 12 19pnes

[00Y2S 0] $aIN0I JJes

Jo Aijiqejree pue sy

-qey [oaex) Sunoedur
SI0)OEJ JO JUSWISSISSY

[86] epeue) *03gand)
'910C T2 0 SIPLIoEIN

(dL1) weid

-014 Jutod Sutuing, fequiy,

(panunuo)) (ddasn
100[01g uonUAAAI $30q

-BI(J S[OOYDS demeuyey]

SUOTIBJIWI] PUE PAUIED] SUOSSIT sSurpuy pue sowoono Aoy

S)uauOduwod UOTIUSAIIUT [OAS[-NIA

uoneodo[ Apnjs ‘reak

udisop Apmg uonendod Apmg uoneorqnd ‘(s)royiny

swreu weiSoig

(ponunuoo) zsjqey

pringer

a's



46

Current Diabetes Reports (2021) 21

46 Page 140f 17

oA 2y Juowe sjeqeIp

10§ YSLI JO uononpal 1oy suoneorjdur

Surstwold sey [oA9] Ajrunwiwod )

12 93UBYD [JUSWUOIIAUD ()M UOT)
-ounfuod ur 309014 UONUAAAI] SAJRqEI]

€ 1K 03 T Jeak woiy asearout
jou pip uonedonted ‘pasearout
wesSoxd oy Jo ssoudreme ySnoyiy
suonezIue3Io 1ou
-11ed sso1oe $9ss9001d 9AnRNSIUTUPE
Ul SOOURIAYIP JO Sulpue)siopun jo
Joe[ © pue ‘say1s werdoxd opisino
peis weaSoxd jo uonesof reorsAyd
‘werdoxd wirey-}I0ys © 10j Jyels sur
-urejqo AJnoyyIp ‘suoneziuesio
1omred je 10a0ouIn) papnyour wersod
oy jo uonejuawaldwi 03 saguarey)

pariodar sem Jooyos e
uondwnsuod epos ou jsow|e ‘¢ 1eak
Ag uondwnsuod/safes JuLIp 1jos
Quryoew SUIPUSA POPNOUT JOJEIIPUT
9SurYd [BIUSWIUOIIAUS JO UOTIEN[EA]
*9500N[3 Jur)sey Ul punoj aIom
soSueyo Jueoyusis oN uostredwod
o[Suy 1unzZ-uou uey) 1oysiy [[0s
Q1om sanfeA asay) ‘uona[dwos Apms
IV (S0°0=d) skoq 1oy 1ony/jowd 01
0] €6 woxy pue “(000'0=d) €
1eak Aq s[1S 1oy 10311/[0wd g6z 03
018 JO UBIPOW © WOIJ PIseaIodp
s[oAQ] urnsur ewseyd synurw-K)Iy [,
*(000°0=d) s&oq 105 1ayj/jowd ¢
0} 99 WoIJ pue (sIsA[eue pual Ioj
€0°0=d) ¢ Teak Aq S[1I3 10§ 1o
/lowd g4, 01 g/ JO URIPIW B WO}
PasLaIddP S[OAQ] UInSUI Sunsey
“UOTJURAIUI ) INOYSNOIY) YINOA
TUN7Z Ul pourfoop Apueoyrusis s[oAd]
urpnsut ewseld a3uaqreyo asoon3
-1sod urw-g¢ pue Sunse, ymok

9y Suowre pasearour AJIANIR [BIISAYJ

SOTIEI UI[NSu1/as0on[3
ur pasearout pue ‘sajer asind Sumis
paonpar ‘(T Jeak ur aejur 1oqy Arep
MO[ YIIM %G < "SA ¢ Jeak ur oxejur
Joqy dFueI-prwt pey %0g <) 1oqy Jo
AeIUT PAsLaIoUT ‘(950G O) PAWNSUOD
$98eI10A9q JO %()8 WOIJ) saSeIoAaq
Are3ns jo uondwnsuod paonpar
‘TING Pasea1odp 109foid reak-¢ oy,
WIOOISSE[O ) JO APISINO
pue opisur uonowoid yi[eay Jo Loud
-1SISUOD ‘dSIOTIXA [BUOTIEAIIAI O]

sanianoe pue juswdinba jo Lyiqe[reay

JAJUII 92INOSAI UOTEINP S3)
-aqeIp & Jo Juowdo[oas( "uonEINpa
AKynoey Surpnjour WNNOLLIND [00YDS

A UT PAJLISAUT UOHELINP SAqRIT
spoyjowr 3urjood pue sadroar mou
Jo uondope pue ‘SIOPUIA POOJ MU
JO UONBOYNUAPT ‘SAFUBYO QUIYORUL
Surpuaa y3no1y) suso) 0) o[qe

-Treae A1ddns pooj jo uonedyIpoA
SUQ9) J0J AN[IOB) SSU

-[[oMm AJTUNWWOD € JO UOTONISUOD)

yno£ pue Kjnoey Kyruntuwiod ayy Joy
sytomyau oddns eroos jo Justudopeaaq

[29] vsn ‘NN
"€00T 'Te 10 ySnequairy

S[00Yos
yS1y Juaroyip om) Sur
[BUOTIORS SSOI)  -pudle Inok o[gend Tunz

weiSoig
UOTUAARIJ S)RqeI(] Tunyz,

[19] VSN ‘AN "8661
‘y3nequairy pue [oynaL,

SUOTIE)IWI PUB POUIEI] SUOSSO]

sSurpuy pue sowodnno Aoy

S)uQuOduwod UOTIUSAINUT [OAS-NIA

uoneodo[ Apnjs ‘reak

uisop Apmg uonendod Apmg uoneorqnd ‘(s)royiny owreu werdold

(ponunuoo) zsjqey

pringer

Qs



Current Diabetes Reports (2021) 21: 46

Page 150f 17 46

References

10.

11.

12.

13.

14.

15.

Halseth R. The prevalence of type 2 diabetes among First Nations
and considerations for prevention. National Collaborating Cen-
tre for Aboriginal Health. Child Youth & Family Health. 2019.
https://www.nccih.ca/docs/health/RPT-Diabetes-First-Nations-
Halseth-EN.pdf. Accessed 4 October 2021.

Centers for Disease Control and Prevention. National diabetes
statistics report, 2020 [Internet]. National Diabetes Statistics
Report.Atlanta, GA; 2020. Available from: https://www.cdc.gov/
diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf.
Accessed 4 October 2021.

Burrows NR, Geiss LS, Engelgau MM, Acton KJ. Prevalence of
diabetes among Native Americans and Alaska Natives, 1990-
1997: an increasing burden. Diabetes Care. 2000;23(12):1786-90.
Centers for Disease Control and Prevention. National diabetes
statistics report 2020 - estimates of diabetes and its burden in
the United States [Internet]. Atlanta, GA; 2020. Available from:
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabe
tes-statistics-report.pdf. Accessed 4 October 2021.

Walker JD, Slater M, Jones CR, Shah BR, Frymire E, Khan
S, et al. Diabetes prevalence, incidence and mortality in First
Nations and other people in Ontario, 1995-2014: A population-
based study using linked administrative data. Can Med Assoc J.
2020;192(6):E128-35.

Jiang L, Huang H, Johnson A, Dill EJ, Beals J, Manson SM,
et al. Socioeconomic disparities in weight and behavioral out-
comes among American Indian and Alaska Native participants
of a translational lifestyle intervention project. Diabetes Care.
2015;38(November):2090-9.

Rith-Najarian S, Dannels E, Acton K. Preventing amputations
from diabetes mellitus: the Indian Health Service experience.
West Indian Med J. 2001;50(Supplement 1):41-3.

Narva A, Kuracina T. Chronic kidney disease is a public health
issue. Indian Health Service Provider. 2002;27(9). https://www.
ihs.gov/sites/provider/themes/responsive2017/display_objects/
documents/2000_2009/PROV0902.pdf. Accessed 4 October 2021.
Rhoades DA, Welty TK, Wang W, Yeh F, Devereux RB, Fabsitz
RR, et al. Aging and the prevalence of cardiovascular disease risk
factors in older American Indians: The Strong Heart Study. J Am
Geriatr Soc. 2007;55(1):87-94.

Zhang Y, Galloway JM, Welty TK, Wiebers DO, Whisnant
JP, Devereux RB, et al. Incidence and risk factors for stroke
in American Indians the Strong Heart Study. Circulation.
2008;118(15):1577-84.

Howard B, Lee E, Cowan L, Devereux R, Galloway J, Go O,
et al. Rising tide of cardiovascular disease in American Indians.
Circulation. 2012;99(18):2389-95.

Bursell SE, Fonda SJ, Lewis DG, Horton MB. Prevalence of dia-
betic retinopathy and diabetic macular edema in a primary care-
based teleophthalmology program for American Indians and
Alaskan Natives. PLoS ONE. 2018;13(6):1-18.

Wilson C, Brown T, Acton K, Gilliland S. Effects of clini-
cal nutrition education and educator discipline on glycemic
control outcomes in the Indian Health Service. Diabetes Care.
2003;26(6):2500-4.

Crowshoe L, Dannenbaum D, Green M, Henderson R, Nagsh-
bandi Hayward M, Toth E. Diabetes Canada 2018 Clinical prac-
tice guidelines for the prevention and management of diabetes in
Canada: type 2 diabetes and Indigenous peoples. Can J Diabetes.
2018;42(Suppl 1):5296-306.

Income, Poverty and Health Insurance Coverage in the United
States: 2015 [Internet]. United States Census Bureau. 2016 [cited
2017 Jan 12]. Available from: https://www.census.gov/newsroom/

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

press-releases/2017/income-povery.htmlAccess date 4 October
2021

US Census Bureau. Selected population profile in the United
States: 2017 American community survey 1-year estimates.
[Internet]. Census Bureau American FactFinder Advanced Search.
[cited 2019 Apr 1]. Available from: https://factfinder.census.gov/
faces/tableservices/jsf/pages/productview.xhtml?pid=ACS_17_
1YR_S0201&prodType=table.

Canadian Poverty Institute. Poverty in Canada [Internet]. [cited
2021 Jun 27]. Available from: https://www.povertyinstitute.ca/
poverty-canada.

Jiang L, Huang H, Johnson A, Dill EJ, Beals J, Manson SM,
et al. Socioeconomic disparities in weight and behavioral out-
comes among American Indian and Alaska Native participants
of a translational lifestyle intervention project. Diabetes Care.
2015;38(11):2090-9.

Bougie E, Kelly-Scott K, Arriagada P. The education and employ-
ment experiences of First Nations people living off reserve, Inuit,
and Métis: Selected findings from the 2012 Aboriginal Peoples
Survey [Internet]. 2013. 77 p. Available from: http://www.statc
an.gc.ca/daily-quotidien/131125/dq131125b-eng.pdf. Accessed
4 October 2021.

Adamsen C. Native fact sheet health care coverage by age for
American Indian / Alaska native elders. 2015. https://ruralhealth.
und.edu/pdf/native-health-care-coverage.pdf. Accessed 4 October
2021.

Lillie-Blanton M, Roubideaux Y. Understanding and addressing
the health care needs of American Indians and Alaska Natives.
Am J Public Health. 2005;95(5):759-61.

Beckett M, Firestone MA, McKnight CD, Smylie J, Rotondi MA.
A cross-sectional analysis of the relationship between diabetes
and health access barriers in an urban First Nations population in
Canada. BMJ Open. 2018;8(1):1-9.

Government of Canada. Benefits and rights for Indigenous peoples
[Internet]. 2021 [cited 2021 Jun 27]. Available from: https://www.
canada.ca/en/services/indigenous-peoples/benefits-and-rights-for-
indigenous-peoples.html. Accessed 4 October 2021.

O’Connell JM, Wilson C, Manson SM, Acton KIJ. The costs of
treating American Indian adults with diabetes within the Indian
Health Service. Am J Public Health. 2012;102(2):301-8.
Government of Canada. Canada health act. Revised statutes of
Canada. [Internet]. 1985 [cited 2021 Jun 27]. p. c. C-6. Avail-
able from: https://laws-lois.justice.gc.ca/eng/acts/c-6/page-1.html.
Accessed 4 October 2021.

Caron S. Addressing the disparities in health care and health out-
comes between Indigenous and non-Indigenous peoples in Canada
[Internet]. University of Ottawa; 2020. Available from: http://hdl.
handle.net/10393/40942. Accessed 4 October 2021.

US Department of Health and Human Services. Healthy people
2030 [Internet]. Office of Disease Prevention and Health Promo-
tion. [cited 2020 Oct 3]. Available from: https://health.gov/our-
work/healthy-people-2030. Accessed 4 October 2021.

American Public Health Association. Healthy people 2030 charts
new course for nation. The Nation’s Health [Internet]. 2020 Oct;
Available from: https://thenationshealth.aphapublications.org/
content/50/8. Accessed 4 October 2021.

Ratcliff KS. The social determinants of health: looking upstream.
1st ed. Cambridge: Polity Press; 2017. p. 2-3.

Office of Disease Prevention and Health Promotion. Social deter-
minants of health: know what affects health [Internet]. Healthy
People 2020. 2019 [cited 2020 Jan 30]. Available from: https://
www.cdc.gov/socialdeterminants/index.htm. Accessed 4 October
2021.

Jernigan VBB, Peercy MT, Branam D, Saunkeah BR, Wharton
D, Winkleby MA, et al. Beyond health equity: achieving wellness

@ Springer


https://www.nccih.ca/docs/health/RPT-Diabetes-First-Nations-Halseth-EN.pdf
https://www.nccih.ca/docs/health/RPT-Diabetes-First-Nations-Halseth-EN.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.ihs.gov/sites/provider/themes/responsive2017/display_objects/documents/2000_2009/PROV0902.pdf
https://www.ihs.gov/sites/provider/themes/responsive2017/display_objects/documents/2000_2009/PROV0902.pdf
https://www.ihs.gov/sites/provider/themes/responsive2017/display_objects/documents/2000_2009/PROV0902.pdf
https://www.census.gov/newsroom/press-releases/2017/income-povery.html
https://www.census.gov/newsroom/press-releases/2017/income-povery.html
https://factfinder.census.gov/faces/tableservices/jsf/pages/productview.xhtml?pid=ACS_17_1YR_S0201&prodType=table
https://factfinder.census.gov/faces/tableservices/jsf/pages/productview.xhtml?pid=ACS_17_1YR_S0201&prodType=table
https://factfinder.census.gov/faces/tableservices/jsf/pages/productview.xhtml?pid=ACS_17_1YR_S0201&prodType=table
https://www.povertyinstitute.ca/poverty-canada
https://www.povertyinstitute.ca/poverty-canada
http://www.statcan.gc.ca/daily-quotidien/131125/dq131125b-eng.pdf
http://www.statcan.gc.ca/daily-quotidien/131125/dq131125b-eng.pdf
https://ruralhealth.und.edu/pdf/native-health-care-coverage.pdf
https://ruralhealth.und.edu/pdf/native-health-care-coverage.pdf
https://www.canada.ca/en/services/indigenous-peoples/benefits-and-rights-for-indigenous-peoples.html
https://www.canada.ca/en/services/indigenous-peoples/benefits-and-rights-for-indigenous-peoples.html
https://www.canada.ca/en/services/indigenous-peoples/benefits-and-rights-for-indigenous-peoples.html
https://laws-lois.justice.gc.ca/eng/acts/c-6/page-1.html
http://hdl.handle.net/10393/40942
http://hdl.handle.net/10393/40942
https://health.gov/our-work/healthy-people-2030
https://health.gov/our-work/healthy-people-2030
https://thenationshealth.aphapublications.org/content/50/8
https://thenationshealth.aphapublications.org/content/50/8
https://www.cdc.gov/socialdeterminants/index.htm
https://www.cdc.gov/socialdeterminants/index.htm

46

Page 16 of 17

Current Diabetes Reports (2021) 21: 46

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

within American Indian and Alaska Native communities. Am J
Public Health. 2015;105:S374-6.

Satterfield D, Frank M. Health promotion and diabetes preven-
tion in American Indian and Alaska Native communities -tradi-
tional foods project, 2008-2014. Morb Mortal Wkly Rep Suppl.
2016;65(1):4-10.

Hojjati A, Beavis ASW, Kassam A, Choudhury D, Fraser M,
Masching R, et al. Educational content related to postcolonial-
ism and indigenous health inequities recommended for all reha-
bilitation students in Canada: a qualitative study. Disabil Rehabil
[Internet]. 2018;40(26):3206-16. https://doi.org/10.1080/09638
288.2017.1381185.

Holben DH, Marshall MB. Position of the academy of nutrition
and dietetics: food insecurity in the United States. J Acad Nutr
Diet. 2017;117(12):1991-2002.

Fain JA. 2017 National standards for diabetes self-management
education and support (DSMES): revised and updated. Diabetes
Educ. 2017;43(5):439.

Tagtow A, Herman D, Cunningham-Sabo L. Next-generation
solutions to address adaptive challenges in dietetics practice:
the I+PSE conceptual framework for action. J Acad Nutr Diet.
2021;1-10. https://doi.org/10.1016/j.jand.2021.01.018.
Honeycutt S, Leeman J, McCarthy WIJ, Bastani R, Carter-Edwards
L, Clark H, et al. Evaluating policy, systems, and environmental
change interventions: lessons learned from CDC’s prevention
research centers. Prev Chronic Dis. 2015;12(10):1-11.
McLeroy K, Bibeau D, Steckler A, Glanz K. An ecological
perspective on health promotion programs. Health Educ Q.
1988;15:351-77.

Manson SM. National institute for minority health and health dis-
parities research framework adaptation - American Indian [Inter-
net]. [cited 2020 May 25]. Available from: https://www.nimhd.
nih.gov/about/overview/research-framework/adaptation-frame
work.html. Accessed 4 October 2021.

Paskett E, Thompson B, Ammerman AS, Ortega AN, Marstel-
ler J, Richardson DJ. Multilevel interventions to address health
disparities show promise in improving population health. Health
Aff. 2016;35(8):1429-34.

Jernigan VBB, D’Amico EJ, Duran B, Buchwald D. Multilevel and
community-level interventions with Native Americans: challenges
and opportunities. Prev Sci. 2020;21:65-73.

Cleary PD, Gross CP, Zaslavsky AM, Taplin SH. Multilevel inter-
ventions: study design and analysis issues. J Natl Cancer Inst -
Monogr. 2012;44:49-55.

Agurs-Collins T, Persky S, Paskett ED, Barkin SL, Meissner HI,
Nansel TR, et al. Designing and assessing multilevel interventions
to improve minority health and reduce health disparities. Am J
Public Health. 2019;109(S1):S86-93.

Arksey H, O’Malley L. Scoping studies: Towards a meth-
odological framework. Int J Soc Res Methodol Theory Pract.
2005;8(1):19-32.

Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac
D, et al. PRISMA extension for scoping reviews (PRISMA-ScR):
checklist and explanation. Ann Intern Med [Internet]. 2018 Sep
4;169(7):467-73. Available from: https://doi.org/10.7326/
M18-0850.

Peters MDJ, Godfrey CM, Khalil H, MclInerney P, Parker D,
Soares CB. Guidance for conducting systematic scoping reviews.
Int J Evid Based Healthc. 2015;13(3):141-6.

Daniel M, Green LW, Marion SA, Gamble D, Herbert CP, Hertz-
man C, et al. Effectiveness of community-directed diabetes pre-
vention and control in a rural Aboriginal population in British
Columbia. Canada Soc Sci Med. 1999;48(6):815-32.

Bachar J, Lefler L, Reed L, McCoy T, Bailey R, Bell R. Chero-
kee choices: a diabetes prevention program for American Indians.
Prev Chronic Dis. 2006;3(3):A103.

@ Springer

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Cook VV, Hurley JS. Prevention of type 2 diabetes in childhood.
Clin Pediatr (Phila). 1998;37(2):123-30.

Ho LS, Gittelsohn J, Rimal R, Treuth MS, Sharma S, Rosec-
rans A, et al. An integrated multi-institutional diabetes preven-
tion program improves knowledge and healthy food acquisi-
tion in northwestern Ontario First Nations. Heal Educ Behav.
2008;35(4):561-73.

Johnson-Jennings M, Punjabi A, Paul K, Jones J, Jennings D.
Little Earth Strong: a community-level, culturally appropriate
diabetes prevention pilot targeting urban American Indians. Prog
Community Heal Partnerships Res Educ Action. 2021;15(1):3-14.
Kakekagumick KE, Hayward MN, Harris SB, Saksvig B, Git-
telsohn J, Manokeesic G, et al. Sandy lake health and diabetes
project: a community-based intervention targeting type 2 diabetes
and its risk factors in a First Nations community. Front Endocrinol
(Lausanne). 2013;4(NOV):1-9.

Sauder KA, Dabelea D, Callahan RB, Lambert SK, Powell J,
James R, et al. Targeting risk factors for type 2 diabetes in Ameri-
can Indian youth: the tribal turning point pilot study. Pediatr Obes.
2018;13(5):321-9.

Chambers RA, Rosenstock S, Neault N, Kenney A, Richards J,
Begay K, et al. A Home-visiting diabetes prevention and man-
agement program for American Indian youth: the Together on
Diabetes trial. Diabetes Educ. 2015;41(6):729-47.

Chambers R, Rosenstock S, Walls M, Kenney A, Begay M,
Jackson K, et al. Engaging Native American caregivers in youth-
focused diabetes prevention and management. Prev Chronic Dis.
2018;15(6):1-6.

Kenney A, Chambers RA, Rosenstock S, Neault N, Richards J,
Reid R, et al. The impact of a home-based diabetes prevention
and management program on high-risk American Indian youth.
Diabetes Educ. 2016;42(5):585-95.

Macaulay AC, Paradis G, Potvin L, Cross EJ, Saad-Haddad C,
McComber A, et al. The Kahnawake Schools Diabetes Prevention
Project: intervention, evaluation, and baseline results of a diabetes
primary prevention program with a native community in Canada.
Prev Med (Baltim). 1997;26(6):779-90.

Macridis S, Garcia Bengoechea E, McComber AM, Jacobs J,
Macaulay AC. Active transportation to support diabetes preven-
tion: expanding school health promotion programming in an
Indigenous community. Eval Program Plann. 2016;56:99-108.
Paradis G, Lévesque L, Macaulay AC, Cargo M, McComber
A, Kirby R, et al. Impact of a diabetes prevention program on
body size, physical activity, and diet among Kanien’kehé:ka
(Mohawk) children 6 to 11 years old: 8-year results from the
Kahnawake Schools Diabetes Prevention Project. Pediatrics.
2005;115(2):333-9.

Potvin L, Cargo M, McComber AM, Delormier T, Macaulay AC.
Implementing participatory intervention and research in commu-
nities: lessons from the Kahnawake Schools Diabetes Prevention
Project in Canada. Soc Sci Med. 2003;56(6):1295-305.

Teufel NI, Ritenbaugh CK. Development of a primary prevention
program: Insight gained in the Zuni diabetes prevention program.
Clin Pediatr (Phila) [Internet]. 1998;37(2):131-41. https://doi.org/
10.1177/000992289803700211.

Ritenbaugh C, Teufel-Shone NI, Aickin MG, Joe JR, Poirier S,
Dillingham DC, et al. A lifestyle intervention improves plasma
insulin levels among Native American high school youth. Prev
Med (Baltim). 2003;36(3):309-19.

Kulhawy-Wibe S, King-Shier KM, Barnabe C, Manns BJ, Hem-
melgarn BR, Campbell DJT. Exploring structural barriers to
diabetes self-management in Alberta First Nations communities
11 Medical and Health Sciences 1117 Public Health and Health
Services. Diabetol Metab Syndr. 2018;10(1):1-7.

Jernigan VBB, Salvatore AL, Styne DM, Winkleby M. Address-
ing food insecurity in a Native American reservation using


https://doi.org/10.1080/09638288.2017.1381185
https://doi.org/10.1080/09638288.2017.1381185
https://doi.org/10.1016/j.jand.2021.01.018
https://www.nimhd.nih.gov/about/overview/research-framework/adaptation-framework.html
https://www.nimhd.nih.gov/about/overview/research-framework/adaptation-framework.html
https://www.nimhd.nih.gov/about/overview/research-framework/adaptation-framework.html
https://doi.org/10.7326/M18-0850
https://doi.org/10.7326/M18-0850
https://doi.org/10.1177/000992289803700211
https://doi.org/10.1177/000992289803700211

Current Diabetes Reports (2021) 21: 46

Page 170of 17 46

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

community-based participatory research. Health Educ Res.
2012;27(4):645-55.

Jernigan VBB, Wetherill MS, Hearod J, Jacob T, Salvatore AL,
Cannady T, et al. Food insecurity and chronic diseases among
American Indians in rural Oklahoma: the THRIVE study. Am J
Public Health. 2017;107(3):441-6.

Gittelsohn J, Jock B, Redmond L, Fleischhacker S, Eckmann T,
Bleich SN, et al. OPREVENT?2: Design of a multi-institutional
intervention for obesity control and prevention for American
Indian adults. BMC Public Health. 2017;17(1):1-9.

Gittelsohn J, Jock B, Poirier L, Wensel C, Pardilla M, Fleis-
chhacker S, et al. Implementation of a multilevel, multicomponent
intervention for obesity control in Native American communities
(OPREVENT?2): challenges and lessons learned. Health Educ Res.
2020;35(3):228-42.

Gittelsohn J, Kim EM, He S, Pardilla M. A food store-based
environmental intervention is associated with reduced BMI and
improved psychosocial factors and food-related behaviors on the
Navajo Nation. J Nutr. 2013;143(9):1494-500.

Curran S, Gittelsohn J, Anliker J, Ethelbah B, Blake K, Sharma
S, et al. Process evaluation of a store-based environmental obesity
intervention on two American Indian reservations. Health Educ
Res. 2005;20(6):719-29.

Holkup PA, Tripp-Reimer T, Salois EM, Weinert C. Commu-
nity-based participatory research: an approach to intervention
research with a Native American community. Adv Nurs Sci.
2004;27(3):162-75.

Israel BA, Schulz AJ, Parker EA, Becker AB. Review of commu-
nity-based research: assessing partnership approaches to improve
public health. Annu Rev Public Health. 1998;19:173-202.
Tremblay MC, Martin DH, McComber AM, McGregor A,
Macaulay AC. Understanding community-based participatory
research through a social movement framework: a case study of
the Kahnawake Schools Diabetes Prevention Project. BMC Public
Health. 2018;18(1):1-17.

Jernigan VBB. Community-based participatory research with
Native American communities: the chronic disease self-manage-
ment program. Health Promot Pract. 2010;11(6):888-99.
Delafield R, NacapoyHermosura A, Ing CT, Hughes CK, Palakiko
DM, Dillard A, et al. A community-based participatory research
guided model for the dissemination of evidence-based interven-
tions. Prog Community Heal Partnerships Res Educ Action.
2016;10(4):585-95.

Chung-Do JJ, Look MA, Mabellos T, Trask-Batti M, Burke
K, Mala Mau MKL. Engaging Pacific Islanders in research:

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

community recommendations. Prog Community Heal Partner-
ships Res Educ Action. 2016;10(1):63-71.

Shah VO, Carroll C, Mals R, Ghahate D, Bobelu J, Sandy P, et al.
A home-based educational intervention improves patient activa-
tion measures and diabetes health indicators among Zuni Indians.
PLoS ONE. 2015;10(5):1-14.

Gray-Donald K, Robinson E, Collier A, David K, Renaud L,
Rodrigues S. Intervening to reduce weight gain in pregnancy and
gestational diabetes mellitus in Cree communities: an evaluation.
Can Med Assoc J. 2000;163(10):1247-51.

Tabak RG, Sinclair KA, Baumann AA, Racette SB, SebertKuh-
Imann A, Johnson-Jennings MD, et al. A review of diabetes
prevention program translations: use of cultural adaptation and
implementation research. Trans] Behav Med. 2015;5(4):401-14.
The Diabetes Prevention Program Research Group. The diabetes
prevention program (DPP). Diabetes Care. 2002;25(12):2165-71.
Gillies C, Blanchet R, Gokiert R, Farmer A, Thorlakson J, Ham-
onic L, et al. School-based nutrition interventions for Indigenous
children in Canada: a scoping review. BMC Public Health.
2020;20(1):1-12.

Jumper-Reeves L, Allen Dustman P, Harthun M, Kulis S, Brown
E. American Indians’ cultures: how CBPR illuminated inter-tribal
cultural elements fundamental to an adaptation effort. Prev Sci.
2014;12(4):564-74.

Sallis JF. Needs and challenges related to multilevel interventions:
physical activity examples. Heal Educ Behav. 2018;45(5):661-7.
Paremoer L, Nandi S, Serag H, Baum F. Covid-19 pandemic and
the social determinants of health. Br Med J. 2021;372:1-5.
McNeely CL, Schintler LA, Stabile B. Social determinants and
COVID-19 disparities: differential pandemic effects and dynam-
ics. World Med Heal Policy. 2020;12(3):206-17.

Abrams EM, Szefler SJ. COVID-19 and the impact of social deter-
minants of health. LancetRespir Med. 2020;8(7):659-61. https://
doi.org/10.1016/S2213-2600(20)30234-4.

Center for Disease Control and Prevention (CDC). CDC health
disparities and inequalities report - United States, 2013. MMWR
Morb Mortal Wkly Rep. 2013;62(3):1-186.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/S2213-2600(20)30234-4
https://doi.org/10.1016/S2213-2600(20)30234-4

	Multi-level Diabetes Prevention and Treatment Interventions for Native People in the USA and Canada: a Scoping Review
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Methods
	Data Sources and Article Identification
	Screening and Eligibility
	Data Abstraction

	Results
	Discussion
	Conclusions
	References




