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OBJECTIVE

Evidence for long-term translational effectiveness of lifestyle interventions in
minority populations is scarce. This article reports long-term outcomes, for up to
10 years, of such an intervention to prevent diabetes in American Indian and Alaska
Native (AI/AN) communities.

RESEARCH DESIGN AND METHODS

From January 2006 to July 2016, the Special Diabetes Program for Indians Diabetes
Prevention Program implemented the Diabetes Prevention Program lifestyle
intervention among 46 AI/AN health care programs. Enrolled participants
underwenta thoroughclinical assessmentatbaseline, after completing the Lifestyle
Balance Curriculum (postcurriculum assessment), and annually thereafter. Pro-
portional hazards regression was used to estimate the association between dia-
betes incidence and postcurriculum weight loss status.

RESULTS

Of 8,652 enrolled participants, 65% finished the postcurriculum assessment. The
assessment completion rate diminished over time to 13% in year 10. Among those
with postcurriculum weight measurements, 2,028 (36%) lost >5% of their initial
weight, 978 (17%) lost 3–5%, whereas 2,604 (47%) had <3% weight loss (average
weight loss 3.8%). Compared with those with <3% weight loss, participants with
>5%weight loss had a 64% (95% CI 54–72) lower risk of developing diabetes during
the first 6 years of follow-up, whereas those with 3–5% weight loss had 40% (95%
CI 24–53) lower risk.

CONCLUSIONS

Moderate to small weight losswas associatedwith substantially reduced long-term
risk of diabetes in diverse AI/AN communities. High participant attrition rates
and nonoptimal postcurriculum weight loss are important challenges found in
this translational effort implemented in an underserved population.
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Type 2 diabetes, a serious global epidemic,
disproportionately affects disadvantaged
populations. Minority groups constitute
25% of all adult patients with diabetes
in the U.S. and represent the majority
of children and adolescents with type 2
diabetes (1). In particular, American In-
dians and Alaska Natives (AI/ANs) have
thehighest rates of diabetes in thenation:
adult prevalencewas15.1% in2015,more
than twice that of non-Hispanic whites
(2). Given the daunting diabetes dispar-
ities that AI/ANs face, successful interven-
tion strategies are urgently needed to
prevent diabetes in this population. Land-
mark clinical trials such as the U.S. Diabetes
Prevention Program (DPP) have shown
that lifestyle interventions can effectively
prevent or delay the onset of diabetes
among those at risk (3–6). Furthermore,
long-term follow-up of these random-
ized clinical trials has demonstrated that
lifestyle intervention can yield sustained
risk reduction in diabetes incidence over
a longtimeperiod,even15–20yearsafter the
intensive phase of the intervention (7–10).
Several diabetes prevention initiatives

have attempted to implement lifestyle
interventions in real-world settings in order
to inform practice with evidence-based
methods (11–13). Most previous trans-
lational efforts were small in scope and
only reported short-term intervention
outcomes without examining the primary
outcome of interest, diabetes incidence.
There is little evidence for their long-term,
sustained effectiveness. Recently, a few
studies reported reduction in diabetes in-
cidence, notably a text-messaging interven-
tion in India (14) and the U.S. Department
of Veterans Affairs (VA) MOVE! Weight
ManagementProgram(15).Thefirststudy
foundthat,comparedwiththosereceiving
standardadvice,maleparticipants in India
who received regular motivational text
messages had a 36% lower incidence
of diabetes 2 years postbaseline. The VA
MOVE! Program observed that individ-
uals with more frequent and sustained
participation exhibited a 33% reduction
in diabetes risk after an average follow-
up of 5 years. In both studies, the magni-
tudeofweightlosswasstronglycorrelated
with diabetes risk reduction.
The Special Diabetes Program for Indians

Diabetes Prevention (SDPI-DP) Program (16)
was a congressionally mandated initiative
designed to prevent diabetes amongAI/ANs
by implementing the DPP lifestyle interven-
tion. It began enrolling AI/AN adults with

prediabetes in January 2006 and followed
the initial cohort of participants for .10
years. With a total of 8,652 enrolled AI/
ANs, theSDPI-DPisoneofthe largestDPP
translational efforts in the U.S., espe-
cially among racial/ethnic minority pop-
ulations. This article reports the long-term
outcomes of the SDPI-DP participants
over a follow-up period up to 10 years.

RESEARCH DESIGN AND METHODS

FromJanuary 2006 to July 2016, 46AI/AN
local health care programs received
funding to participate in the SDPI-DPpro-
gram. A diversemix of grantees served$80
tribes across 18 states and 11 of the 12
Indian Health Service (IHS) administrative
areas. The participating programs were re-
quired to implement the 16-session Life-
style Balance Curriculum drawn from the
DPP (5) and participate in the evaluation of
the effectiveness of their prevention ac-
tivities.The inclusionofacontrolgroupwas
deemed unethical due to strong evidence
supporting the efficacy of the lifestyle in-
tervention in preventing diabetes (3–6).
Rather, thegoalofSDPI-DPwastopursue
a comprehensive public health evalua-
tion of the translation of a proven in-
tervention in diverse AI/AN communities.

Participants
SDPI-DP programs identified potential
participants through community events,
localclinics,orproviderreferral.Eligibility
criteria were being AI/AN (based on
eligibility to receive IHS services), being
at least 18 years old, and having pre-
diabetes. Prediabetes was defined as
having either a previous diagnosis of
prediabetes or a fasting blood glucose
(FBG) between 100 and 125mg/dL, a 2-h
oral glucose tolerance test (OGTT) result
between 140 and 199 mg/dL, or an A1C
of 5.7–6.4% at baseline (in the month
beforestartingtheintervention).Thedef-
inition of prediabetes and eligibility cri-
teria changed slightly after 31 July 2009.
Details of the eligibility criteria before
and after that date are presented in Sup-
plementary Fig. 1. Exclusion criteria in-
cluded: 1) a previous diagnosis of diabetes,
2) current pregnancy, 3) end-stage renal
disease on dialysis, and 4) any condition
that could affect successful participation
based on provider judgment.

Enrollment began 1 January 2006, and
centralized data submission ended on
31 July 2016. The analyses here include
baseline and follow-up data for up to

10 years from 8,556 participants who
completed the baseline assessment and
started the intervention by 31 January
2016 or completed the postcurriculum
assessment by 31 July 2016. The SDPI-DP
protocolwasapprovedbythe institutional
review boards of the University of Colo-
rado Denver and the national IHS. When
required, grantees obtained approval
from other entities overseeing research
in their programs (e.g., tribal review
boards).All participantsprovidedHealth
Insurance Portability and Accountabil-
ity Act authorization and written in-
formed consent in accordance with local
authority.

Intervention
As in the DPP lifestyle intervention arm
(17), the primary goal of the intervention
was to achieve and maintain a weight
reduction of at least 7% of initial body
weight through a healthy diet and in-
creased physical activity. Grantees used
the 16-session DPP curriculum covering
diet, exercise, and behavior modification
to help participants achieve this goal.
Adaptation for local culture and situation
was allowed provided the same basic
information was presented and adapta-
tion was documented. Many grantees
drew upon their local culture to translate
educational concepts and curriculum in-
to tribal languages and incorporated, for
instance, talking circles or indigenous
foods into intervention sessions. The
curriculum was delivered in group set-
tings within 16–24 weeks after baseline
assessment and typically taught by a
local program dietitian and/or health
educator. It was supplemented bymonthly
individual lifestyle coaching sessions
that used motivational interviewing strat-
egies to personalize goals and care plans
and address barriers to participation.
Upon completing the curriculum, grant-
ees offered continued quarterly individ-
ual lifestyle coaching aswell as group and
community diabetes-prevention activi-
ties, guided by the DPP Lifestyle Balance
after-core manual. After-core group activ-
ities focused on different behavioral/
motivational topics (e.g., physical activity
or healthy eating) and were often com-
bined with community-based activities
to involve families and youth. On average,
each participant attended 3.1 individual
lifestyle coaching sessions and 2.1 after-
core group activities per year. Initially,
participants were informed that the
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program would last 3 years; as funding
was extended, the intervention contin-
ued to be offered to all participants.

Outcome Measures
At baseline, within a month of completing
the last lifestyle class (usually 4–6 months
after baseline, hereafter called the
postcurriculum assessment) and annually
after baseline for up to 10 years, partic-
ipants underwentacomprehensiveclinical
assessment to evaluate diabetes risk and
incidence. At the same time, each partic-
ipant completed a questionnaire including
items regarding health-related behavior
(exercise and diet) and comorbidities.
Participants underwent an additional
glycemicmeasurementmidwaybetween
annual assessments to assess possible
diabetesconversion.Theprimaryoutcome
was incidenceof diabetes, diagnosedbyan
annualor semiannual glycemicmeasure-
ment conducted in local or regional lab-
oratories. Before 31 July 2009, an annual
OGTT and a semiannual FBG test were
conducted for each participant. After 31
July 2009, each site conducted an A1C,
FBG, or OGTT at each assessment. An
A1C$6.5%,anFBG$126mg/dL,ora2-h
OGTT result$200mg/dL after a 75-g oral
glucose load required confirmation by a
second test, preferably within 6 weeks of
the first test, to establish the diagnosis of
diabetes. If diabetes was diagnosed, the
participant was informed and referred to
his/her doctor for treatment, and all data
collection for that participant was discon-
tinued. If a participant was diagnosed by
aprovideroutsideoftheSDPI-DP,diagnos-
tic information was obtained, and data
collection was discontinued.
Secondary outcomes included weight

loss,bloodpressure (BP), lipidprofile, and
diet. At each clinical assessment, body
weight was measured with participants
wearing light clothing and no shoes; BP
was measured by a grantee staff mem-
ber. Laboratory assays of FBG, HDL cho-
lesterol (HDL-C), LDL cholesterol (LDL-C;
often calculated), and triglycerides were
conducted after 9–12 h of fasting. Height
and demographic information were ob-
tained at baseline. Diet information was
acquiredusingasetof culturallyadapted
questions for self-reported frequency
of eating a variety of foods (18).

Statistical Analysis
Participant characteristics were com-
pared between subgroups using x2 tests
for categorical variables and ANOVA for

continuousvariables. Product-limit curves
were used to examine the primary out-
come of the intervention (cumulative in-
cidenceof diabetes) by participant’sweight
loss status at the postcurriculum assess-
ment. Participants were divided into three
groups based on their weight change be-
tween baseline and postcurriculum assess-
ment: 1),3%weight loss, 2) 3–5%weight
loss, and 3) .5% weight loss.

Proportional hazards (Cox) regression
models were used to estimate the hazard
ratio (HR) of diabetes incidence byweight
loss status, after controlling for baseline
demographic characteristics (age and sex)
and clinical diabetes risk factors (baseline
glucose status, BMI, HDL-C, and smoking
status). Baseline glucose status was di-
chotomized as normal versus nonnormal,
in which normal glucose status was de-
fined as having an FBG ,100 mg/dL, a
2-h OGTT ,140 mg/dL, and/or an A1C
,5.7% at baseline. (Glycemic measure
requirements changedover time;all base-
line assessments included at least one of
those three measures.) Other clinical risk
factors initially considered included sys-
tolic and diastolic BP, triglycerides, and
LDL-C,whichwerenot retained in thefinal
model during the backward model selec-
tion process because their P values
were .0.2. The proportional hazards as-
sumption of the Cox regression models
was examined by including interaction
terms of time with each of the indepen-
dent variables. Weight loss status did not
satisfy the proportional hazards assump-
tion.Consequently, the interactionoftime
withweight loss statuswas retained in the
Cox models, and time-varying HRs were
calculated and presented graphically. In
anadditionalmodel, a dichotomous time
variable (#6 vs..6 years) was used in the
interaction to estimate the average HRs
of weight loss groups before and after
6 years of follow-up. For secondary out-
comes, pairwise comparisons are displayed
graphically, andpaired t tests (or sign tests
for triglycerides) were used to assess the
significance of the paired changes.

Sensitivity analyses were conducted
with the participants recruited before
and after 31 July 2009 analyzed sepa-
rately. The results were very similar be-
tween these two cohorts. Therefore, the
analysis results for all SDPI-DP partici-
pants are presented in this study as the
main findings. All data analyses were
conducted using SAS 9.4 (SAS Institute
Inc., Cary, NC).

RESULTS

Baseline Characteristics and
Participant Retention
As shown in Fig. 1, 8,652 AI/AN partic-
ipantsmetthe inclusioncriteria,enrolled,
and finished the baseline assessment.
Because of rolling enrollment, not every
participant is expected to be followed
thesamenumberofyears.Amongthepar-
ticipants anticipated to complete the
assessment, 66%, 48%, 16%, and 13%
of them completed the postcurriculum,
1st, 6th, and 10th annual assessment,
respectively. Some participants missed
assessments and then returned to the
program; 837 participants remained in the
programfor$6 years.When centralized
data submission ended, 34% of enrolled
participants were still active (defined as
not formally dropped out, with atten-
dance or assessments in the 18 months
before closeout). The reasons for SDPI-DP
participants becoming inactive are illus-
trated in Supplementary Fig. 2. Loss of
contact and scheduling difficulties were
the most common reasons cited; how-
ever, the reasonwas often listed as “other”
or “unknown.”

Table 1 compares SDPI-DP participant
characteristics by follow-up and postcur-
riculum weight loss status. About three-
fourths of SDPI-DP participants with at
least one postbaseline assessment (i.e.,
those included in subsequent analyses)
were female, with a mean age of 48
years and average BMI of 35.8 at base-
line. Compared with participants who
did not achieve $3% weight loss at the
postcurriculum assessment, those who
lost more weight were older, more likely
to be male and nonsmokers, and had
higher systolic BP and lower unhealthy
diet scores at baseline. On average, the
participants with at least one postbase-
line assessment were followed for 3.0
years (0.5–10 years) in the data reported
in this study. Those who achieved more
postcurriculum weight loss were more
likely to attend all 16 DPP classes and com-
pleted more assessments. The average
follow-up time for the three weight loss
groups (,3, 3–5, and.5%)were 2.8, 3.0,
and 3.2 years, respectively (P , 0.0001).

Primary Outcome
Between 1 January 2006 and 31 July
2016, a total of 625 SDPI-DP participants
were diagnosed with diabetes, correspond-
ing to a crude diabetes incidence rate
of 3.5 cases/100 person-years. Among
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the participants with postcurriculum weight
measurements, 2,028 (36%) lost.5% of
their initial weight, and 978 (17%) lost
3–5% weight, whereas 2,604 (47%) did
not achieve a weight loss of $3%. As
presented in Fig. 2A, the unadjusted cu-
mulative diabetes incidence decreased
with greater postcurriculum weight loss.
Cox regression models revealed that, in
addition to postcurriculum weight loss,
the following factors also significantly
or marginally correlated with diabetes
conversion: baseline age, BMI, HDL-C,
glucose status, and smoking status.
The relationships of weight loss status

with the hazard functions varied over time.
Figure 2B and Supplementary Table 1
illustrate the time-varying HRs of di-
abetes incidence comparing weight loss
groups after adjusting for demographic
characteristics and baseline clinical dia-
betes risk factors. Although the adjusted
HRs over 10 years for those with.5% or
3–5% weight loss were significantly lower
thanfor thosewith,3%weight loss for the
most part, the statistical significance de-
clined over time (as did the sample size),

and the advantage of .5% weight loss
versus 3–5% weight loss also dissipated
over time. On average, compared with
those who did not achieve a weight loss
of $3%, those who lost .5% of their
initial weight had a 64% (95% CI 54–
72; P, 0.0001) lower risk of developing
diabetes during the first 6 years of follow-
up, whereas those with 3–5% weight loss
hada40%(95%CI24–53;P,0.0001)lower
risk on average. After year 6, the .5%
weightlossgrouphada38%(95%CI14–56;
P = 0.005) lower risk of incident diabetes
than the ,3% weight loss group, but
its diabetes risk was not significantly
different from the 3–5%weight loss group
(40% lower risk than the,3%weight loss
group). When weight loss was entered
as a continuous variable into the multi-
variate Cox regression model, every ad-
ditional 1% weight loss was associated
with 13% reduction in diabetes risk in the
first 6 years of follow-up (data not shown).

Secondary Outcomes
Figure 3 depicts changes from baseline in
secondary outcome variables using paired

data. On average, the participants who
had postcurriculum weight measurements
lost 3.8% of their initial weight (8.3 6 10.6
lb). The average weight loss was atten-
uated to 2.8%, 1.5%, and 1.1% at years 1, 3,
and 6, respectively. Yet, except for years
9 and 10, the pairedweight changes at all
time points were statistically significant.
Overall, compared with their baseline
data, the majority of participants had
small but consistent improvements in
triglycerides, HDL-C, and LDL-C, but not
in BP. Consistent and significant improve-
ments over baseline were also seen at
most time points with respect to glucose
status, smoking status, exercise levels,
anddietaryhabits (SupplementaryFig.3).

CONCLUSIONS

Tenyears after the launchof theSDPI-DP,
the data collected from $8,000 partic-
ipants yielded a diabetes incidence of
3.5 cases/100 person-years among these
AI/ANs with prediabetes. This is similar
to the pooled rate of 3.4 cases/100
person-years (95% CI 2.2–5.6) based
on eight other translational lifestyle

Figure 1—SDPI-DP assessment completion rates (percentage of potential participants completing the assessment, in which potential participants are
defined as the participants who initiated the intervention early enough to reach the time point of a specific assessment by 31 July 2016).
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intervention projects that reported in-
cident diabetes (13) and is lower than the
crude incidence rate of diabetes among
participantswithprediabetesintheStrong
Heart Study (6.6 cases/100 person-
years), an observational cardiovascular
disease project conducted in 13 Native
American communities/tribes (19). Thus,
although without a concurrent control
group, the evidence for the diabetes
risk reduction effect of the SDPI-DP life-
style intervention is strong. Further, our
resultsconfirmedthe long-termeffectsof
moderate weight loss achieved through
an intensive lifestyle intervention in re-
ducing the risk of type 2 diabetes among
AI/ANs. Compared with those who did
not attain $3% weight loss immediately
after the intensive phase of the interven-
tion, those who lost more weight had a
substantially lower risk of developing
diabetes during the follow-up period.
Again, these findings are consistent with
other studies showing that weight change
is strongly associated with incident diabe-
tes (20).
SDPI-DP participants also achieved

small to moderate but consistent long-
term improvements in most secondary
outcome variables except BP. The average

levels of both systolic and diastolic BP of
SDPI-DP participants were in the normal
range,withmore thanhalf of participants
meeting the intervention goals at base-
line,whichmaybeapotentialreasonforthe
lack of improvement in BP. Overall, the
participants who completed the postcur-
riculum assessment lost an average of 3.8%
of their baselineweight immediately after
the DPP curriculum. This amount of weight
loss was lower than that in the lifestyle
group of DPP (6.9% weight loss over the
core curriculum) but comparable to the
meta-analysis results of DPP translational
studies (;4%weight loss over 12months)
(11). The initial weight losses attenuated
over time, consistent with observations
from the DPP and several other lifestyle
intervention translational projects (8,9,21,22).
Although previous studies have shown
successful initial weight loss is strongly
associated with reduced risk of incident
diabetes over relatively long follow-up
periods (15,23), the DPP study found
2-year weight loss was the strongest
predictor of diabetes risk (24). How much
weight loss needs to be maintained over
how long in order to effectively prevent
type 2 diabetes remains unknown and
warrants further inquiry.

Despite the encouraging results of
SDPI-DP, especially among those with
moderate weight loss, our findings
also revealed important challenges in
the widespread translation of intensive
lifestyle intervention to prevent diabetes
in real-world settings. First, although the
SDPI-DP was successful at recruiting a
large number of participants, it only
reached a small proportion of potentially
eligible AI/ANs who could benefit from a
diabetes prevention program. For exam-
ple, similar to many other lifestyle in-
tervention projects (13,15,25,26), the
majority of recruited participants (.70%)
were women, indicating a critical chal-
lenge for this kind of program is to reach
men. To overcome the challenges in the
attempt to reach all potentially eligible
participants, many grantees encouraged
further expansion of local culture activ-
ities, such as drumming or powwow danc-
ing, to be included in future recruitment
efforts, which may well increase the re-
presentation of men and other hard-
to-reach groups.

Second, the attrition rates of SDPI-DP
participants ranged from 64% to 87% af-
ter year 1, indicating a huge challenge for
participant retention. Although long-term

Table 1—SDPI-DP sample characteristics by postcurriculum weight loss status

Baseline only
(N = 2,575)

Any postbaseline
(N = 5,981) P value

Weight loss at postcurriculum

P value
,3%

(N = 2,604)
3–5%

(N = 978)
.5%

(N = 2,028)

Baseline characteristics
Sex (% male) 28 24 0.0006 23 23 27 0.0012
Age (years) 44.4 48.2 ,0.0001 47.0 48.3 50.0 ,0.0001
Weight (lb) 221.4 217.1 0.0007 216.9 216.5 217.4 NS
BMI (kg/m2) 36.2 35.8 0.03 35.9 35.8 35.6 NS
Waist (inches) 45.1 44.1 ,0.0001 44.2 43.9 44.1 NS
Systolic BP (mmHg) 126.2 127.0 0.03 126.3 127.4 127.7 ,0.005
Diastolic BP (mmHg) 78.4 78.6 NS 78.6 78.6 78.6 NS
HDL-C (mg/dL) 45.6 46.3 0.02 46.7 45.9 46.4 NS
LDL-C (mg/dL) 109.2 110.2 NS 109.9 110.6 110.5 NS
Triglycerides (mg/dL) 156.3 156.3 NS 156.3 159.6 154.7 NS
Total cholesterol (mg/dL) 181.9 184.9 0.0007 184.8 185.2 184.8 NS
Glycemic measure in normal range (%) 15 15 NS 16 15 14 NS
Healthy diet scorea 3.5 3.5 NS 3.5 3.5 3.5 NS
Unhealthy diet scoreb 3.0 2.9 ,0.0001 2.9 2.9 2.8 ,0.0001
Nonsmoker (%) 72 78 ,0.0001 77 79 81 0.02
Physically active (%) 30 31 NS 31 29 31 NS

Attendance and retention
Completed 16 DPP classes (%) 10 87 d 87 88 91 ,0.0001
Postbaseline assessments submitted 0 4.8 d 4.6 5.0 5.2 ,0.0001
Follow-up years in program 0.2 3.0 d 2.8 3.0 3.2 ,0.0001

Data are means or percentages. A total of 96 participants who started the program after 31 January 2016 with no postcurriculum assessment
were excluded. A total of 342participants did not complete the postcurriculumassessmentbut returned for at least one annual ormidyear assessment,
and 29 postcurriculum assessments were missing a weight measurement. aHigher healthy diet score indicates healthier diet. bLower
unhealthy diet score indicates healthier diet.
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retention was not a primary objective of
the SDPI initiative, the high attrition rates
pose an important limitation in our ability
to soundly interpret the long-term results
of the current study. Specifically, changes
in secondary outcomes were based on
paired data at each time point, relying
upon a small and highly self-selected
group for the long-term time points.
Thus, the overall impact of the interven-
tion on all participants of the program
remains unknown. Similar difficulties in
participant retention have been reported
by several other large-scale real-world

implementations of lifestyle interven-
tions. For example, 43% of the Centers
for Disease Control and Prevention’s Na-
tional DPP completed 16 sessions, with
most session attendance occurring in
the first 6 months (26). In the Australian
lifestyle intervention program Life!, 37%
of 8,412 program starters completed the
8-month program (25). The Finnish Na-
tional Diabetes Prevention Program ac-
quired follow-up data from 38% of the
10,149 individuals who met initial eligi-
bility criteria (27). The VA MOVE! Pro-
gram (15) found that, compared with

nonparticipants, low-intensity partici-
pants only lost 0.5–1% of their initial
weight and had a 20% risk reduction for
incident diabetes, whereas intensive and
sustainedparticipants (attending$8ses-
sions within 6 months) had 2–3% weight
loss and 33% lower diabetes risk. Yet, in
most DPP translational efforts, including
the SDPI-DP, only a small fraction could be
classified as intensive and sustained par-
ticipants. This calls for additional research
on the sustainability of the intervention
when implemented in real-world set-
tings.

Another challenge facing DPP transla-
tional projects is the relatively small
percentage of participants achieving
meaningful weight loss (i.e., $3%). As
illustrated by theDPP (23) and confirmed
by this study, weight loss is the dominant
predictor of diabetes risk reduction. Yet,
in most translational efforts, the magni-
tude of weight loss is lower than that
realized in the evidence-establishing
clinical trials (12). For instance, 81% of
the DPP intensive lifestyle intervention
participants lost $3% of their initial
weight at the end of the DPP curriculum
(28), whereas only 53% of SDPI-DP par-
ticipants achieved such weight loss. Our
previous study has shown strong socio-
economic disparities in postcurriculum
weight loss among SDPI-DP participants,
in which those with lower annual house-
hold income lost significantly less weight
than participants with higher income.
These income disparities were partially
explained by difficulties in improving
dietary scores in low-incomeparticipants
(29).Astheaveragesocioeconomicstatus
of the SDPI-DP participants was substan-
tially lower than DPP participants, the
smaller proportion of meaningful weight
loss achieved in SDPI-DPmay be partially
caused by socioeconomic differences
between the two cohorts. This empha-
sizes the practical challenges faced by
many participants of lifestyle interven-
tion with respect to adopting recommen-
ded behavioral changes in the real world.
To maximize the effectiveness of lifestyle
intervention in future widespread imple-
mentation, it may be important to not
only target individual behavioral changes
but also address the social context of
the diabetes pandemic, such as improv-
ing the availability and affordability of
healthy foods and other community re-
sources for participants with disadvan-
taged socioeconomic status (30).

Figure 2—A: SDPI-DP cumulative incidence of diabetes by weight loss groups at postcurriculum
assessment.B: Adjusted (by sex, baseline age, glucose status, BMI,HDL-C, and smoking status) HRs
of weight loss groups for diabetes incidence.
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In addition to the practical challenges
discussed above, the results of the current
study need to be interpreted in light of
several limitations. First, due to high at-
trition rates, our estimate of the crude
diabetes incidence and conclusion based
on the Cox regression model highly de-
pends on the random censoring assump-
tion, which cannot be verified. As shown
in Table 1, participants who did not
achieve $3% weight loss were more
likely to be censored early, which means
diabetes incident cases were likely to be
underreported in that weight loss group,
indicating diabetes incidence rate might

be underestimated in this study. Mean-
while, it also implies our estimate for the
association of weight loss with diabetes
riskmaybeconservative. Second, residual
confounding tempers our conclusion re-
garding the association between weight
loss status anddiabetes risk. However,we
adjusted for many potential confounders
in regressionmodels, andour conclusion
is consistent with previous studies (15,23).
Third, the eligibility criteria, data collection
methods, and diabetes diagnosis all had
slight changes in the middle of SDPI-DP,
which complicated the analytic strategy
and interpretationof results. For example,

OGTT results were not available for all
participants recruited after 31 July 2009.
However, sensitivity analysis exhibited no
substantial differences between early and
late cohorts, reducing the concern of co-
hort heterogeneity.

In summary, as one of the largest DPP
translational efforts implemented in a
racial/ethnic minority population, the
SDPI-DP collected data for 10 years to
demonstrate the feasibility of a lifestyle
intervention for preventing diabetes in
diverse AI/AN communities. Moderate
to small weight loss immediately after
the completion of the curriculum was

Figure 3—Changes in secondary outcomes among SDPI-DP participants based on paired data.Means comparedwith paired t tests; medians compared
with signed rank test. Numbers in parentheses in the second row of the horizontal axis are sample sizes. *P, 0.05; **P, 0.001; ***P, 0.0001. DBP,
diastolic BP; P-C, postcurriculum assessment; SBP, systolic BP.
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associated with significantly reduced risk
of incident diabetes, highlighting the im-
portance of weight loss in diabetes pre-
vention among AI/ANs. Although these
results are encouraging, they also un-
derscore important challenges facing the
fieldaswemovefromclinical trialstoreal-
world implementation. As have other
similar efforts, this large-scale transla-
tional lifestyle intervention encountered
difficulties in reaching all potentially el-
igible participants, retaining participants
in the long-term, and achieving optimal
weight loss. Future research is needed to
examinethemeansbywhich tobroaden
the reach of the intervention, ensure
long-term program engagement in di-
abetes risk reduction, and cost-effectively
adapt the intervention to motivate more
individuals to achieve weight loss goals in
practical, real-world settings. Although cen-
tral data submission of SDPI-DP stopped
on 31 July 2016, the intervention con-
tinues to be offered to many eligible AI/
AN participants, with the potential of
health insurance reimbursement. As the
SDPI-DP continues to be deployed in AI/
AN communities, the lessons revealed by
the current study will greatly inform the
diffusion of this evidence-based inter-
vention to health care systems to combat
the diabetes disparities that plague AI/
ANs and other underserved populations.
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