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Abstract
This study compared the effectiveness of two Diabetes Prevention Program (DPP) interventions on weight loss among 
overweight and obese Marshallese adults. The study was a two-arm cluster randomized controlled trial conducted in 30 
churches in Arkansas and Oklahoma. Marshallese adults with a body mass index ≥25 kg/m2 were eligible for the study. The 
study sample included 380 participants. Participants received either a faith-based adaptation of the DPP or a family-focused 
adaptation of the DPP, each delivered over 24 weeks. The primary outcome was weight change from baseline. Secondary 
outcomes included changes in Hemoglobin A1c, blood pressure, dietary intake, family support for healthy behaviors, and 
physical activity. Outcomes were examined longitudinally using general linear mixed effects regression models, adjusting 
for baseline outcomes, sociodemographic covariates, and clustering of participants within churches. Reductions in weight 
were small for both groups. Overall, only 7.1% of all participants lost 5% or more of their baseline body weight. There were 
no significant differences in weight loss between the 2 arms at 6 months (P = .3599) or at 12 months (P = .3207). Significant 
differences in systolic and diastolic blood pressure were found between the 2 arms at 6 months (P = .0293; P = .0068, 
respectively). Significant within-arm changes were found for sugar-sweetened beverage consumption and family support 
for both arms at both follow-ups. Both interventions achieved a modest weight loss. While even modest weight loss can 
be clinically significant, future research is needed to identify chronic disease prevention interventions that can successfully 
reduce weight for this at-risk population.
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What do we already know about this topic?
The DPP has been shown to be effective at preventing T2DM across multiple settings in the general population and in 
multiple racial and ethnic populations.

How does your research contribute to the field?
The DPP had yet to be tested with Marshallese adults, who experience significant cardiometabolic health disparities 
compared with the general US adult population.

What are your research’s implications toward theory, practice, or policy?
This study provides important information on an understudied community with significant health disparities; future 
research is needed to identify community members’ barriers to weight loss, which can inform future intervention 
development.
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Introduction

Native Hawaiian and Pacific Islander (NHPI) populations 
are the second fastest growing racial/ethnic group in the 
United States (US).1,2 Much of the growth is concentrated in 
Southern and Midwestern states.1,2 There are approximately 
17 000 Marshallese Pacific Islander residents in Arkansas 
and Oklahoma; most reside in Springdale, Arkansas and 
Enid, Oklahoma.

Beginning in 2012, a community- and patient-engaged 
research team began conducting qualitative and quantitative 
needs assessments within the community.3-6 Health screen-
ing events conducted with adults in the Marshallese commu-
nity in Arkansas found significant health disparities 
disproportionate to the general US population. More than a 
third (38.4%) of participants (n = 401) had type 2 diabetes 
mellitus (T2DM).7 This proportion is more than 3 times the 
rate of T2DM observed in the general US adult population.8 
Another 32.6% of Marshallese participants had prediabetes, 
and 89.7% were overweight or obese.7 Excess body weight is 
the strongest modifiable risk factor for T2DM, and weight 
loss of 5-10% of a person’s body weight can lead to clinically 
meaningful reductions in the risk of T2DM.9-12

In response to the aforementioned disparities, researchers 
and Marshallese stakeholders sought to discover an evi-
dence-based weight loss intervention to reduce T2DM. The 
Diabetes Prevention Program (DPP) is a gold standard 
behavioral weight loss intervention that improves risk fac-
tors for T2DM. The DPP has decreased the incidence of 
T2DM by 58% across multiple settings in the general popu-
lation and in multiple racial and ethnic populations including 
African American/Black and Hispanic communities.13,14 
While the DPP has been tested across multiple populations 
and settings, the DPP had yet to be adequately tested in 
Pacific Islander populations in general or the Marshallese 
population specifically.15

After reviewing many of the DPP interventions adapted 
for other populations, researchers chose 2 DPP adaptations 
that seemed the most salient to Marshallese and had poten-
tial to make significant changes in body weight and other 
T2DM risk factors: Partnership for Improving Lifestyle 
Intervention (PILI) DPP16 and Wholeness, Oneness, 
Righteousness, Deliverance (WORD) DPP.17 Both interven-
tions incorporated all required components of the DPP. 
These interventions focus on increasing physical activity, 

eating healthily, and maintaining a healthy weight. The PILI 
‘Ohana DPP curriculum was adapted for implementation in 
Pacific Islander communities and tested in Hawai‘i.18,19 The 
WORD DPP is a faith-based curriculum which teaches par-
ticipants to connect their faith to their health and the proj-
ect’s behavioral goals.

Purpose of the Study/Study Overview

Using a community- and patient-engaged approach, we 
worked with community stakeholders to design and conduct 
a cluster randomized controlled trial (cRCT). The primary 
aim of the study was to compare the effectiveness of 2 DPP 
curriculums (PILI and WORD) on weight loss among over-
weight and obese Marshallese adults. Given that the PILI 
DPP included more cultural components relevant to 
Marshallese and yielded significant weight loss in other 
NHPI populations, we hypothesized that participants ran-
domized to the PILI DPP arm would show a significantly 
greater weight loss compared with those randomized to the 
WORD DPP arm.

Methods

The study was approved by the University of Arkansas 
for Medical Sciences Institutional Review Board (#207034) 
and registered in ClinicalTrials.gov (#NCT03270436) and 
HSRProj (#HSRP20181360).

Study Setting

The study was conducted in 30 Marshallese churches in 
Arkansas and Oklahoma. As described in the study protocol,20 
Marshallese stakeholders selected churches as the preferred 
study setting. Prior assessments conducted with the Marshallese 
community in Arkansas found 96.5% of Marshallese report 
regular church attendance.21

Cluster eligibility.  Because randomly assigning participants 
within churches to different interventions could cause issues 
of contamination, participants were clustered by churches. 
Churches with a minimum of 6 eligible participants were 
considered eligible. Churches with more than 20 eligible par-
ticipants were split into at least 2 groups for intervention 
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delivery; however, groups within an individual church were 
randomized to the same arm to prevent potential issues of 
contamination.

Participants

Inclusion and exclusion criteria.  Marshallese adults (aged 18 
and older) who had a body mass index (BMI) of ≥25 kg/m2 
(ie, those classified as overweight or obese) were eligible to 
participate in the study. Exclusion criteria included: (1) a 
medical condition likely to impact weight (eg, cancer, HIV/
AIDS); (2) currently pregnant or breastfeeding an infant 
6 months old or younger; or (3) conditions that make it 
unlikely that the participant will be able to follow the proto-
col, such as terminal illness, plans to move out of the area, or 
an inability to finish the intervention.20,22

Recruitment and consent.  Church leaders within the Marshal-
lese community were the first point of contact during the 
recruitment process. Once a church leader and their congre-
gation agreed to participate in the study, Marshallese research 
staff held several informational sessions at the church to 
answer the congregation’s questions. After the informational 
sessions, eligibility screening events were held at each 
church. All recruitment and consent materials were produced 
in the Marshallese and English languages.

Bilingual Marshallese research staff reviewed the consent 
information with groups of eligible persons. After review, 
Marshallese research staff addressed questions from the group 
and offered private discussions of the study and the consent 
document with persons before obtaining informed consent. 
Each participant received a copy of their consent form. Every 
member of the research team received training and underwent 
certification for participant consent procedures, study proto-
col, and the protections provided to human subjects.

Randomization.  Randomization occurred at the church clus-
ter level with a 1:1 assignment of churches to each arm (PILI 
DPP or WORD DPP). Churches were blocked according to 
geographic region and approximate number of adult church 
members. Within each cohort, randomization of churches 
was conducted utilizing a random number generation func-
tion that concealed the identities of the churches from the 
person making the assignment. Except for the investigator 
who conducted randomization, the allocation sequence for 
each cohort was concealed from study staff until after the 
cohort was recruited and randomized. Randomization was 
conducted by a biostatistician co-investigator who had no 
interaction with potential participants and had no supervi-
sory role with study staff responsible for recruitment, con-
sent, and/or intervention delivery.

Interventions

Both PILI DPP and WORD DPP focused on self-monitoring, 
behavioral strategies for weight loss, decreasing caloric 

intake for weight loss, and increasing physical activity. Both 
interventions were delivered by bilingual DPP educators in a 
group setting at the participating churches. Each educator 
received at least 40 h of DPP lifestyle coach training prior to 
the start of the interventions. Both interventions provided 
educational materials in Marshallese and English and offered 
makeup lessons for missed modules. Table S1 provides an 
overview of the specific topics covered in each lesson of 
each intervention. Articles discussing the adaptation of the 
interventions and integration of stakeholder input have been 
published previously.20,22

The two-phase PILI DPP curriculum integrated family 
and community support.23 Phase 1 of PILI DPP included all 
original core DPP lessons, with additional topics specifically 
focused on the economics of healthy eating (ie, eating healthy 
within your budget) and talking with your doctor (ie, how to 
communicate effectively with your healthcare provider). 
Phase 2 integrated participants’ families and friends in the 
study, which allowed the participants to proactively elicit 
specific support from their families and friends for their 
long-term behavior changes. Such support included family 
activities focused on eating and being active, managing chal-
lenging social situations, effectively communicating their 
healthy lifestyle goals, and identifying and utilizing commu-
nity resources like parks and farmers markets. In this study, 
the PILI DPP intervention was delivered over 24 weeks in 
90-min lessons (8 weekly lessons in phase 1 and 6 biweekly 
lessons in phase 2). The PILI DPP has slightly fewer contact 
hours compared to the WORD DPP, and the curriculum is 
culturally adapted to be relevant to Pacific Islanders. The cul-
tural adaptation included a focus on family and leveraging 
the collectivist nature of the Marshallese community. In the 
Hawaiian language, Pili means “to be close to” or “together,” 
and ‘Ohana means “family.”16 The curriculum emphasizes 
the importance and inclusion of a person’s friends and family 
to support lasting lifestyle changes.

The WORD DPP is based on a community-engaged 
approach for rural African American communities of faith.17 
The research team, with input from stakeholders, made slight 
revisions to the curriculum. These revisions ensured rele-
vance to Marshallese faith communities; however, the cur-
riculum was not adapted for other aspects of Marshallese 
culture. The WORD DPP curriculum included 16 lessons 
delivered in 90-min lessons over 24 weeks. The first 8 les-
sons were delivered weekly before the curriculum switched 
to a biweekly schedule. The WORD DPP intervention 
encouraged participants to make healthy lifestyle changes by 
connecting their health to their faith. This included discuss-
ing bible verses and prayers selected by the community that 
focused on living a healthy lifestyle.

Data Collection

Data were collected at three-time points: baseline (pre-inter-
vention), 6 months (immediate post-intervention), and 
12 months (6 months after the immediate post-intervention). 
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All measures were administered at each time point. We used 
the formal study protocol to ensure that data were collected 
thoroughly and systematically from all study participants. 
Biometric and survey data were collected in the participating 
churches. Survey data were captured face-to-face with pencil 
and paper and then entered into REDCap.24 After March 
2020, biometric data were collected in a UAMS clinic, and 
survey data were collected remotely (via telephone, Skype, 
or Zoom) due to the COVID-19 pandemic. Data collection 
staff each had at least 3 years’ experience collecting biomet-
ric and survey data. Study staff kept regular contact with par-
ticipants through regular phone calls, text messages, and 
church visits to foster retention. All eligible participants were 
contacted to provide data at each data collection time point 
regardless of whether they had participated in the previous 
data collection event (ie, those who missed the 6 months data 
collection were contacted to participate in the 12 months data 
collection).

Study Measures

Demographic measures included age, sex, marital status, 
education level, and employment status. Biometric measures 
included weight, height, HbA1c, systolic blood pressure 
(SBP), and diastolic blood pressure (DBP). Participant 
weight was measured in light clothing to the nearest 0.5 lb. 
(0.2 kg) using a calibrated digital scale. Blood pressure was 
measured using a sphygmomanometer and stethoscope or 
digital blood pressure device, with the participant seated and 
arm elevated. Fingerstick blood collection was used to test 
HbA1c using a Rapid A1c test kit and Siemens DCA Vantage 
Analyzer.

Sugar-sweetened beverage consumption over the past 
30 days was assessed using 2 items from the Centers for 
Disease Control and Prevention’s Behavioral Risk Factor 
Surveillance System.25 Fruit and vegetable consumption was 
assessed using 3 items adapted from Shannon et al.26 Family 
support for engaging in healthy behaviors was measured 
using 6 items adapted from Gruber.27 Each of the 6 items is 
measured via 3 response options (Often = 2, Sometimes = 1, 
Never = 0), giving a possible range of scores of 0 to 12, with 
higher scores indicating higher perceived family support. 
Physical activity was assessed using 2 items adapted from 
the brief self-report Physical Activity Questionnaire, which 
assessed participants’ frequency of engaging in moderate 
and vigorous levels of physical activity over the past month 
(more than 4 times a week, 2-4 times a week, about once a 
week, etc.).19,28 Using methods developed by Marshall et al,28 
we created a total physical activity variable to estimate pro-
portions of participants who engage in sufficient levels of 
physical activity. Each 4-point scale for moderate and vigor-
ous physical activity was weighted: 0 = Rarely or Never; 
1 = Once a week; 2 = 2-4 times a week; and 4 = More than 4 
times a week. The weights for each participant’s response to 
the moderate and vigorous physical activity variables were 

then summed and dichotomized: ≥4 = sufficient physical 
activity and <4 = insufficient physical activity.

Sample Size and Power Calculations

The primary objective of the study was to estimate the effect 
of the PILI DPP compared with the effect of the WORD DPP 
on weight loss from baseline. Based on prior PILI DPP 
research,18 we hypothesized that the adapted intervention 
would result in 2.5 kg (SD = 7) larger weight loss than the 
WORD DPP (~4% body weight loss), which reflects a 
medium effect size of 0.36.29 Using the randomized clustered 
design, a sample size of 32 churches (16 clusters per arm, 
with 12 participants per cluster) would total 384 participants. 
This structure achieved 91% power to detect a difference of 
2.5 kg between the group means when SD = 7 (extreme 
spread [ES], 0.35) and the intraclass correlation (ICC) is .01, 
using a 2-sided t-test with a significance level of .05, or 80% 
to detect smaller effects (ES, 0.31), if observed. All power 
calculations were conducted with PASS12.30

Post-Hoc Detectable Effect Calculations

Post-hoc detectable effects were calculated based on the 
actual observed number of clusters, average participants per 
cluster, and ICC for the primary outcome. Sample sizes of 
212 in WORD and 166 in PILI, which were obtained by sam-
pling 16 churches with an average of 13 subjects each in 
WORD and 14 churches with an average of 12 subjects each 
in PILI, achieve 80% power to detect an effect size between 
the group means of at least 0.43, per 1 unit standard deviation 
assumed to be 1, which is close to a medium effect size. The 
ICC is assumed to be .08 based on the observed model data 
for weight at post-intervention. The coefficient of variation 
of cluster sizes is 0.65. A two-sided test was used with a sig-
nificance level of .05. A one-sided test with a significance 
level of .05 and same observed data allows us to detect an 
effect size of 0.38, which is slightly lower than the two-sided 
test, for a small to medium effect. These effect sizes translate 
into group differences of approximately 0.5 kg per 1-unit 
standard deviation. In this study, that would indicate 1 to 
1.5 kg detectable differences, given the observed standard 
deviation of the difference close to 3. This test used degrees 
of freedom based on the number of subjects. As executed, 
this study was powered to detect meaningful small to medium 
effects for primary and secondary outcomes.

Study Outcomes and Analytical Approaches

Descriptive statistics, including means, standard deviations, 
and proportions, were generated for all variables of interest 
included in the analysis, overall, and by intervention arm.

The primary outcome was the change in participant body 
weight from baseline. For the primary outcome analysis, we 
used linear mixed-effects regression model for repeated 
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measures to examine the impact of the PILI DPP compared 
with the WORD DPP on change in weight. The model 
included intervention arm, time, and their interaction effect 
while adjusting for baseline weight, age, sex, marital status, 
education, and employment status, allowing us to examine 
and test weight change trajectories over time for both arms. 
The model also accounted for clustering of churches as a ran-
dom effect with assumed compound symmetry as an under-
lying covariance structure. Treatment effects were estimated 
and tested by comparing the change in arm-specific means 
from baseline to the 2 post-intervention time points, conser-
vatively adjusting for baseline weight differences. Data were 
examined for distributional normality and outliers prior to 
any analyses.

Secondary outcome measures that were continuous, such 
as HbA1c, were modeled using the same approach used to test 
the primary outcome. Secondary outcomes that were dis-
crete, such as engagement in sufficient physical activity, 
were modeled using logistic regression. Analyses were 
guided by intention-to-treat principle, without regard to 
intervention adherence. This allowed us to examine and test 
change trajectories over time for both groups using all avail-
able data. Potential differential effects of the DPP interven-
tions among subgroups were evaluated to determine 
effectiveness in specific population segments. This was done 
by testing three-way interactions between intervention 
assignment, time, and covariate of interest. These covariates 
included sex and age. They were tested within the full model. 
All analyses were performed with SAS/STATv14.1.31

Results

Participant Flow

Figure 1 presents the study’s CONSORT Flow Diagram. A 
total of 31 churches initially agreed to participate in the study 
and were randomized. Prior to delivery of the intervention, 1 
church randomized to the PILI DPP arm ceased operation. 
One participant from this church joined a church also ran-
domized to the PILI DPP arm so that they could participate 
in the study. Of the 386 participants consenting to be screened 
for eligibility, 380 were determined to be eligible and par-
ticipated in the study arm to which the church was random-
ized (mean participants per church = 12.67). Two eligible 
participants did not provide baseline data during their data 
collection window. Although these participants were not 
administratively unenrolled from the study (ie, they were 
allowed to attend classes and provide data at follow-up data 
collection events), they are not included in outcomes analy-
ses due to missing baseline data on the primary outcome. 
Reasons for ineligibility and incomplete follow-up data col-
lections are provided in Figure 1. Because none of the 
churches discontinued participation after beginning the inter-
vention, retention/attrition throughout the course of the study 
is shown for individual participants. Participants were 

included in counts if they provided any data at the respective 
data-collection event (ie, if participants provided only survey 
data or only biometric data, they are included in the numbers 
for that data-collection event).

Participant Characteristics

Table 1 presents the baseline characteristics of participants 
by study arm and overall. Of the 378 participants with base-
line data, the mean age was 42.3 years (SD = 11.6; range = 18-
74), and 56.6% were female. Mean weight was 84.5 kg 
(SD = 15.1). Overall, 26.5% of participants had prediabetes, 
and 48.2% had T2DM at baseline based on HbA1c.

Table 2 presents unadjusted summary statistics for all pri-
mary and secondary outcomes by study arm for completers 
only (ie, only those with outcome data at all 3 time points).

Intervention Session Attendance

Participants in the WORD DPP arm attended a mean of 7.3 
sessions (SD = 4.3) out of a possible 16 sessions, and partici-
pants in the PILI DPP arm attended a mean of 6.7 sessions 
(SD = 6.9) out of a possible 14 sessions. Within the WORD 
DPP arm, 44.3% of participants attended 50% or more of the 
16 sessions. Within the PILI DPP arm, 47.0% of participants 
attended 50% or more of the 14 sessions. We found no sig-
nificant differences between arms with respect to the mean 
number of sessions attended (P = .1316) or the proportion of 
participants attending 50% or more of intervention sessions 
(P = .4693).

Changes in Weight

Overall, 7.1% of all participants lost 5% or more of their 
baseline body weight by 6 months. Among those in the 
WORD DPP arm, 8.2% lost 5% or more of their baseline 
weight, and 5.4% of those in the PILI DPP arm lost 5% or 
more of their baseline weight. Comparing the mean change in 
weight between arms from baseline to each time point, linear 
mixed-effects adjusted models showed no difference in the 
changes for the PILI DPP arm compared with the WORD 
DPP arm at 6 months (between-arm difference = −2.07 kg; 
P = .3599) and no differences at 12 months (between-arm 
difference = −2.38; P = .3207) (Table 3).

Within-arm changes in mean weight from baseline to each 
time point are presented in Table S1. Participants random-
ized to the WORD DPP arm had no statistically significant 
mean change in weight from baseline to 6 months (estimated 
change = 0.03; P = .9821) or from baseline to 12 months (esti-
mated change = −0.26; P = .8625). Participants randomized to 
the PILI DPP arm had no statistically significant mean change 
in weight from baseline to 6 months (estimated change = 0.08; 
P = .9626) or at 12 months (estimated change = −0.52; 
P = .7776). Further, no pre-planned three-way interactions 
from baseline to post-intervention (group × time × sex, 
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Figure 1.  Modified Cluster Trial CONSORT Flow Diagram: Cluster and Participant Randomization, Enrollment, and Retention.
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Table 1.  Baseline Characteristics of Participants, Mean (Standard Deviation), or %.

PILI DPP (N = 166) WORD DPP (N = 212) Total (N = 378)a

Age (years) 41.4 (12.8) 42.9 (10.6) 42.3 (11.6)
Male 41.6 44.8 43.4
Married/partnered 80.1 84.9 82.8
Education
  Less than HS 48.8 48.6 48.7
  HS/GED 37.9 32.6 34.9
  Higher than HS 13.3 18.8 16.4
Employed 50.0 58.0 54.5
Weight (kg) 83.4 (14.3) 85.4 (15.6) 84.5 (15.1)
HbA1c (%) 7.8 (2.9) 7.5 (2.6) 7.7 (2.8)
SBP (mmHg) 128.8 (20.9) 131.3 (18.6) 130.2 (19.7)
DBP (mmHg) 78.4 (10.4) 80.1 (11.6) 79.5 (10.6)
T2DM statusb

  Prediabetes 26.5 26.4 26.5
  Diabetes 50.0 46.7 48.2

Note. DPP = Diabetes Prevention Program; PILI = Partnership for Improving Lifestyle Intervention; WORD = Wholeness, Oneness, Righteousness, and 
Deliverance; HS = high school; GED = graduate equivalency diploma; HbA1c = Hemoglobin A1c; SBP = systolic blood pressure; DBP = diastolic blood 
pressure.
aN = 378 due to missing baseline data for 2 participants.
bT2DM status was determined based on participant HbA1c reading. Prediabetes was defined as HbA1c 5.7% to 6.4%; diabetes was defined as HbA1c ≥ 6.5%.

Table 2.  Primary and Secondary Outcomes: Unadjusted Means and 95% Confidence Intervals by Study Arm and Time, among Those 
with Outcome Data at All 3 Time Points.a

Baseline 6 Months 12 Months

Weight (kg)
  WORD DPP (n = 128) 86.67 (83.80-89.54) 86.10 (83.29-88.91) 85.80 (82.95-88.65)
  PILI DPP (n = 72) 83.83 (80.75-86.91) 83.71 (80.67-86.75) 83.41 (80.23-86.6)
HbA1c (%)
  WORD DPP (n = 128) 7.53 (7.07-7.99) 7.58 (7.10-8.06) 7.55 (7.05-8.05)
  PILI DPP (n = 72) 8.09 (7.39-8.78) 8.05 (7.36-8.75) 8.13 (7.42-8.85)
SBP (mmHg)
  WORD DPP (n = 128) 133.09 (129.95-136.22) 130.00 (125.89-134.11) 124.55 (120.97-128.14)
  PILI DPP (n = 72) 132.06 (126.52-137.59) 123.86 (117.53-130.19) 120.26 (115.62-124.91)
DBP (mmHg)
  WORD DPP (n = 128) 80.99 (79.15-82.83) 79.59 (77.41-81.76) 77.74 (75.57-79.92)
  PILI DPP (n = 72) 78.88 (76.45-81.30) 74.28 (71.66-76.90) 75.51 (72.73-78.29)
SSB consumption
  WORD DPP (n = 148) 1.38 (1.11-1.64) 1.03 (0.82-1.23) 0.92 (0.67-1.17)
  PILI DPP (n = 88) 1.67 (1.23-2.11) 1.16 (0.84-1.48) 1.31 (0.92-1.70)
F&V consumption
  WORD DPP (n = 146) 3.49 (3.27-3.72) 3.80 (3.58-4.02) 4.05 (3.83-4.27)
  PILI DPP (n = 87) 3.47 (3.20-3.74) 3.72 (3.42-4.03) 3.78 (3.46-4.10)
Family support
  WORD DPP (n = 144) 4.88 (4.51-5.26) 6.24 (5.80-6.69) 6.17 (5.71-6.62)
  PILI DPP (n = 86) 5.15 (4.59-5.71) 6.33 (5.74-6.91) 6.02 (5.44-6.60)
Sufficient physical activity, no. (%)
  WORD DPP (n = 148) 82 (55.4) 93 (62.8) 85 (57.4)
  PILI DPP (n = 87) 30 (34.5) 52 (59.8) 45 (51.8)

Note. Decreases in SSB consumption, and increases in all other outcomes, are considered beneficial.
DPP = Diabetes Prevention Program; PILI = Partnership for Improving Lifestyle Intervention; WORD = Wholeness, Oneness, Righteousness, Deliverance; 
HbA1c = hemoglobin A1c; SBP = systolic blood pressure; DBP = diastolic blood pressure; SSB = sugar-sweetened beverage; F&V = fruit and vegetable.
aThe means, confidence intervals, numbers, and percentages presented here do not take into account clustering of participants within churches.
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P = .2580; group × time × age, P = .9723) or including all 3 
time points (group × time × sex, P = .5029; group × time ×  
age, P = .9936) were detected, suggesting reasonable homo-
geneity of treatment effects across time for these key demo-
graphic variables.

Changes in Secondary Biometric Outcomes

Table 2 presents unadjusted summary statistics for HbA1c, 
SBP, and DBP. Comparing mean change between arms at 
each time point relative to baseline, linear mixed-effects 
adjusted models showed there were no significant differ-
ences in mean HbA1c change at 6 or 12 months (between arm 
difference = 0.23, P = .5698; between arm difference = 0.36, 
P = .4106) (Table 3). Similarly, there were no significant 
mean changes in HbA1c within either study arm (Table S2).

With respect to blood pressure, there were significant dif-
ferences between arms for SBP and DBP at 6 months 
(SBP = −7.18, P = .0293; DBP = −4.42, P = .0068) but not at 
12 months (SBP = −2.45, P = .4686; DBP = −0.17, P = .9181) 
(Table 3). Participants randomized to the WORD DPP arm 
had no statistically significant mean reduction in SBP from 
baseline to 6 months (estimated change = −2.59; P = .1803) 
but had statistically significant mean reduction from base-
line to 12 (estimated change = −8.67; P < .0001). Participants 
randomized to the PILI DPP arm had statistically significant 
mean reductions in SBP from baseline to 6 months (esti-
mated change = −8.55; P = .0005) and at 12 months (esti-
mated change = −9.90; P = .0002) (Table S2). Participants 
randomized to the WORD DPP arm had no statistically sig-
nificant mean reduction in DBP from baseline to 6 months 
(estimated change = −1.10; P = .3451) but had statistically 
significant mean reduction from baseline to 12 months (esti-
mated change = −3.19; P = .0114). Participants randomized to 
the PILI DPP arm had statistically significant mean reduc-
tion in DBP from baseline to 6 months (estimated 
change = −4.25; P = .0034) but not at 12 months (estimated 
change = −2.09; P = .1601) (Table S2).

Changes in Secondary Health Behaviors and 
Psychosocial Outcomes

Table 2 presents unadjusted summary statistics for the mea-
sures of health behaviors and perceived family support. We 
examined the effect of the interventions on changes in these 
4 self-reported health behavior and psychosocial outcomes 
from baseline. Among these 4 secondary outcomes, results 
showed no significant differences between the arms at either 
follow-up time point (Table 4).

To describe participants’ health behaviors and perceived 
family support over time within each study arm, within-arm 
changes from baseline to each time point are presented in 
Table S3.

Participants randomized to the WORD DPP arm had 
statistically significant mean reductions in SSB consump-
tion from baseline to 6 months (estimated change = −0.41; 
P = .0348) and at 12 months (estimated change = −0.47; 
P = .0165). Participants randomized to the PILI DPP arm also 
had statistically significant mean reductions in SSB con-
sumption from baseline to 6 months (estimated change = −0.79; 
P = .0009) and at 12 months (estimated change = −0.75; 
P = .0013).

Participants randomized to the WORD DPP arm had statis-
tically significant mean increases in fruit and vegetable con-
sumption from baseline to 6 months (estimated change = 0.35; 
P = .0147) and from baseline to 12 months (estimated 
change = 0.50; P = .0006). Participants randomized to the 
PILI DPP arm had no statistically significant mean increases 
in fruit and vegetable consumption from baseline to 6 months 
(estimated change = 0.02; P = .8860) or at 12 months (esti-
mated change = 0.10; P = .5388).

Participants randomized to the WORD DPP arm had 
statistically significant mean increases in perceived family 
support from baseline to 6 months (estimated change = 1.67; 
P < .0001) and at 12 months (estimated change = 1.49; 
P < .0001). Participants randomized to the PILI DPP arm 
also had a statistically significant increase in perceived 
family support from baseline to 6 months (estimated 
change = 0.88; P = .0092) and at 12 months (estimated 
change = 0.96; P = .0041).

Participants in both arms showed statistically significant 
increases in the proportion of individuals who engage in suf-
ficient levels of physical activity at 6 months. We observed 
more than a 50% increase in odds of engaging in sufficient 
physical activity for both WORD DPP and PILI DPP arm 
participants (P = .0261 and P = .0388, respectively). The 
observed increases deteriorated at 12 months and were no 
longer significant for either arm.

Discussion

The primary aim of the study was to compare the effective-
ness of the WORD DPP with the PILI DPP in achieving 
weight loss among overweight and obese Marshallese adults. 
We hypothesized that the PILI DPP intervention would pro-
duce greater weight loss than the WORD DPP intervention. 
However, there were not significant differences in weight 
change between the PILI DPP arm and the WORD DPP arm. 
Only 7.1% of participants lost at least 5% of body weight, 
which is considered clinically meaningful.9-12 This is a lower 
proportion of study participants than what has been found in 
previous studies. Whittemore’s32 systematic review showed 
a range of 11% to 64% met the 5% weight loss goal at fol-
low-ups of 3 to 12 months.

Regarding secondary outcomes, there were no significant 
changes in HbA1c. This is in contrast to prior studies of 
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diabetes self-management education adapted for the 
Marshallese population.33 However, there were significant 
improvements within arm for blood pressure, and there were 
significant differences between arms in SBP and DBP reduc-
tions at 6 months in favor of PILI DPP arm. Not only were 
these reductions statistically significant, but based on prior 
research, they are likely to be clinically meaningful for par-
ticipants as well. Prior research has noted that thresholds for 
clinically meaningful improvements in blood pressure tend to 
start at reductions of 5 mmHg for SBP and 2 mmHg for 
DBP.34,35 Reboldi et al35 found a reduction in SBP of 5 mmHg 
resulted in a 13% decreased risk of stroke, and reduction in 
DBP of 2 mmHg resulted in an 11.5% decreased risk of stroke. 
At 12 months, the reductions in SBP and DBP observed 
within each arm eclipsed this threshold, with significantly 
larger reductions in SBP for both arms. A more recent study 
found that for every 10 mmHg reduction in SBP, the risk of 
coronary heart disease decreased by 21%.36 The reductions in 
SBP observed in the PILI DPP arm (−9.90 mmHg) may result 
in similar reductions in risk for those participants. Given that 
the reductions in SBP observed at 12 months for both arms 
were greater than the reductions observed at 6 months, these 
reductions may be maintained beyond the life of the study. 
However, it should be noted that these reductions cannot be 
attributed solely to the adoption of positive lifestyle modifica-
tions resulting from the DPP interventions; it is possible that 
participants initiated or began to adhere to previously pre-
scribed blood pressure medications.

There were observed improvements within arms for SSB 
consumption in both interventions, with the PILI DPP arm 
reducing almost a full drink per day, which is a nutritionally 
meaningful change. There were significant improvements 
within the WORD DDP arm for fruit and vegetable con-
sumption. Within both arms, there were significant improve-
ments in the proportion of participants who engaged in 
sufficient levels of physical activity at 6 months. There were 
significant improvements within both arms for perceived 
family support at 6 and 12 months. While only the PILI DPP 
specifically focused on increasing family support, the 
WORD DPP also increased family support. This could have 
been the result of delivering the interventions in a close-knit 
community setting (ie, within churches).

While neither intervention facilitated significant weight 
loss, there is potential for the results to help stakeholders 
make decisions. The null results may indicate the presence of 
social ecological barriers to weight loss and diabetes preven-
tion. Prior research has shown that social, economic, and 
environmental determinants are significant predictors of 
being overweight/obese and having pre-diabetes or diabetes 
and may inhibit weight loss success.37-40 Marshallese com-
munities face many social, economic, and environmental 
challenges.5,41-44 Prior studies have shown that Marshallese 
and other Pacific Islanders have significant food insecu-
rity,45-47 and food insecurity has been linked to both higher 
BMI and T2DM in other populations.48-51 Similarly, research 

has documented that a large proportion of Marshallese live in 
low-income and unstable housing.21,52 Environmental deter-
minants such as housing have been associated with increas-
ing BMI.37-40

Future Research

Our findings were in contrast to prior literature which has 
demonstrated the effectiveness of DPP.14,15 Our findings 
demonstrate the importance of specific research on under-
studied populations rather than assuming that the findings 
from research that did not include Pacific Islander or Pacific 
Islander subpopulations such as the Marshallese are effec-
tive. Future research should incorporate qualitative methods 
to better understand Marshallese community members’ bar-
riers to weight loss. In addition, research focused on family 
models of DPP may be successful given the prior success of 
a family model of diabetes self-management education and 
support.33 Future research should also focus on policy-level 
and multi-level interventions that move beyond solely focus-
ing on individual-level behaviors and instead focus on social, 
economic, and environmental aspects of obesity and diabetes 
prevention. For example, there is emerging research on the 
effectiveness of policy-level interventions to address obesity 
among minority populations.53 Multi-level interventions that 
have focused on the individual level as well as social, eco-
nomic, and environmental aspects of obesity and diabetes 
prevention have also shown success; however, most multi-
level obesity and diabetes prevention studies have been con-
ducted with children.54

Strengths and Limitations

The study has both strengths and limitations. Class atten-
dance and retention were not as strong as our prior studies, 
especially at 12 months, where the COVID-19 pandemic 
heavily affected our ability to collect data in the community. 
It is possible that the similarity of the 2 interventions contrib-
uted to the lack of differences in baseline to follow-up 
changes in the primary outcome. Despite each intervention 
being adapted (ie, PILI for Pacific Islanders and WORD for 
faith communities), the content of both the PILI DPP and the 
WORD DPP was aligned with that of the original DPP cur-
riculum. Further, the shared setting (ie, churches) in which 
both interventions were conducted may have contributed to 
the interventions being too similar despite the tailoring of the 
interventions. The WORD DPP was specifically tailored to 
incorporate faith, while the PILI DPP was not conceived to 
include this aspect; however, conducting the PILI DPP inter-
vention in churches may have resulted in some aspects of 
faith being brought into the intervention even if not explicitly 
mentioned by the educators. Similarly, some educators were 
involved with leading classes for both the PILI DPP and the 
WORD DPP, which may have further contributed to the 
interventions being too similar. The study focused on 
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Marshallese participants from 2 geographic areas, so find-
ings may not hold for other populations or Marshallese com-
munities in other geographic areas. Though we used survey 
measures that have been shown to be valid and reliable in 
other populations, there are no measurement studies to our 
knowledge that have validated survey measures in the 
Marshallese language or among Marshallese participants. 
Despite limitations, this study provides important informa-
tion on an understudied community with significant health 
disparities. This study fills an important gap in the current 
literature in several ways. To our knowledge, this study is one 
of only 2 RCTs conducted with the Marshallese community. 
This study was also one of the first DPP trials to be conducted 
solely with Pacific Islander participants in the continental 
US. Despite showing no difference in the effectiveness of the 
interventions, the study was methodologically sound and 
powered to detect a small effect. This provides an important 
example for others conducting cRCTs that are methodologi-
cally rigorous, patient-centered, and community-engaged.

Acknowledgments

The authors would like to thank the participants in the trial who 
made this study possible; Marshallese church leaders in Enid, 
Oklahoma and Springdale, Arkansas; Marshallese Educational 
Initiative; Arkansas Coalition of Marshallese; Enid Community 
Clinic; Faith in Action Research and Resource Alliance; Mathan 
Jacob; Ajlok Beajea; Gregory Kabua; and the Marshallese Consulate 
General in Springdale, Arkansas. The authors would like to thank 
the community advisory board members who guided this research: 
Anita Alik, Sosylina Maddison, Robert Aini, Albious Latior, Joe 
Kaminaga, Anita Jatios-Alik, Rumina Lakmis, Faith Jibas, and 
Rotha Mejbon Samuel. We also thank members of the study team 
who are not authors but whose work contributed to the success of 
the study: Lisa Smith, Gwen Wiley, Wana Bing, Lucy Capelle, 
Ransen Hansen, Courtney Stark, Mandy Ritok-Lakien, Tori Rowe, 
Janine Boyers, Karra Sparks, and Ralph Wilmoth.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: 
Financial support for the study was provided by an award from 
PCORI (#AD-1603-34602). Additional support for the CBPR 
team was provided by a Translational Research Institute award 
(#1U54TR001629-01A1) from the National Center for Advancing 
Translational Sciences of the National Institutes of Health. The con-
tent of this paper is solely the responsibility of the authors and does 
not necessarily represent the official views of the funders.

Ethical Approval

The study was approved by the University of Arkansas for Medical 
Sciences Institutional Review Board (#207034) and registered 

in ClinicalTrials.gov (#NCT03270436) and HSRProj 
(#HSRP20181360).

ORCID iDs

Pearl A. McElfish  https://orcid.org/0000-0002-4033-6241

Karen H. K. Yeary  https://orcid.org/0000-0003-0149-6338

Supplemental Material

Supplemental material for this article is available online.

References

	 1.	 Hixson L, Hepler B, Kim M. The Native Hawaiian and other 
Pacific Islander population 2010. 2012. Accessed January 24, 
2023. https://www.census.gov/library/publications/2012/dec/
c2010br-12.html

	 2.	 Grieco E. The Native Hawaiian and other Pacific Islander 
population: census 2000 brief. 2001. Accessed October 1, 
2015. https://www.census.gov/library/publications/2001/dec/
c2kbr01-14.html

	 3.	 McElfish P, Kohler P, Smith C, et al. Community-driven 
research agenda to reduce health disparities. Clin Transl Sci. 
2015;8(6):690–5. doi:10.1111/cts.12350

	 4.	 Hallgren E, McElfish P, Rubon-Chutaro J. Barriers and  
opportunities: a community-based participatory research study  
of health beliefs related to diabetes in a US Marshallese 
community. Diabetes Educ. 2015;41(1):86-94. doi:10.1177 
/0145721714559131

	 5.	 McElfish P, Hallgren E, Yamada S. Effect of US health policies 
on health care access for Marshallese migrants. Am J Public 
Health. 2015;105(4):637-643. doi:10.2105/AJPH.2014.302452

	 6.	 McElfish PA, Goulden PA, Bursac Z, et al. Engagement prac-
tices that join scientific methods with community wisdom: 
designing a patient-centered, randomized control trial with 
a Pacific Islander community. Nurs Inq. 2017;24(2):1-11. 
doi:10.1111/nin.12141

	 7.	 McElfish P, Rowland B, Long C, et al. Diabetes and hyper-
tension in Marshallese adults: Results from faith-based 
health screenings. J Racial Ethn Health Disparities. Dec 
2017;4(6):1042-1050. doi:10.1007/s40615-016-0308-y

	 8.	 Centers for Disease Control and Prevention. National Diabetes 
Statistics Report 2020: estimates of diabetes and its burden in 
the United States. 2020. Accessed January 24, 2023. https://
www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-
statistics-report.pdf

	 9.	 Willett WC, Dietz WH, Colditz GA. Guidelines for healthy 
weight. N Engl J Med. 1999;341(6):427-434. doi:10.1056/
NEJM199908053410607

	10.	 Blackburn G. Effect of degree of weight loss on health bene-
fits. Obes Res. 1995;3 Suppl 2:211s-216s. doi: 10.1002/j.1550-
8528.1995.tb00466.x

	11.	 Douketis JD, Macie C, Thabane L, Williamson DF. Systematic 
review of long-term weight loss studies in obese adults: clinical 
significance and applicability to clinical practice. Int J Obes 
(Lond). 2005;29(10):1153-1167. doi:10.1038/sj.ijo.0802982

	12.	 Stevens J, Truesdale KP, McClain JE, Cai J. The definition of 
weight maintenance. Int J Obes (Lond). 2006;30(3):391-399. 
doi:10.1038/sj.ijo.0803175

https://orcid.org/0000-0002-4033-6241
https://orcid.org/0000-0003-0149-6338
https://www.census.gov/library/publications/2012/dec/c2010br-12.html
https://www.census.gov/library/publications/2012/dec/c2010br-12.html
https://www.census.gov/library/publications/2001/dec/c2kbr01-14.html
https://www.census.gov/library/publications/2001/dec/c2kbr01-14.html
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


McElfish et al	 13

	13.	 Diabetes Prevention Program Research Group; Knowler WC, 
Fowler SE, Hamman RF, et al. 10-year follow-up of diabetes 
incidence and weight loss in the Diabetes Prevention Program 
Outcomes Study. Lancet. 2009;374(9702):1677-1686. doi:10 
.1016/s0140-6736(09)61457-4

	14.	 Hall D, Lattie E, McCalla J, Saab P. Translation of the diabe-
tes prevention program to ethnic communities in the United 
States. J Immigr Minor Health. 2016;18:479-489. doi:10.1007/
s10903-015-0209-x

	15.	 Tabak RG, Sinclair KA, Baumann AA, et  al. A review of 
diabetes prevention program translations: use of cultural 
adaptation and implementation research. Transl Behav Med. 
2015;5(4):401-414. doi:10.1007/s13142-015-0341-0

	16.	 Mau M, Kaholokula K, West M, et al. Translating diabetes 
prevention into native Hawaiian and Pacific Islander commu-
nities: the PILI ‘Ohana Pilot project. Prog Community Health 
Partnersh. 2010;4(1):7-16. doi:10.1353/cpr.0.0111

	17.	 Yeary K, Cornell C, Prewitt E, et al. The WORD (Wholeness, 
Oneness, Righteousness, Deliverance): design of a random-
ized controlled trial testing the effectiveness of an evidence-
based weight loss and maintenance intervention translated for 
a faith-based, rural, African American population using a com-
munity-based participatory approach. Contemp Clin Trials. 
2015;40:63-73. doi:10.1016/j.cct.2014.11.009

	18.	 Kaholokula J, Wilson R, Townsend CM, et al. Translating the 
Diabetes Prevention Program in Native Hawaiian and Pacific 
Islander communities: the PILI ‘Ohana Project. Transl Bheav 
Med. 2014;4(2):149-59. doi:10.1007/s13142-013-0244-x

	19.	 Townsend CK, Miyamoto RE, Antonio M, et al. The PILI@
Work Program: a translation of the diabetes prevention pro-
gram to Native Hawaiian-serving worksites in Hawai’i. Transl 
Behav Med. 2016;6(2):190-201. doi:10.1007/s13142-015-
0383-3

	20.	 McElfish PA, Long CR, Kaholokula JK, et al. Design of a 
comparative effectiveness randomized controlled trial test-
ing a faith-based Diabetes Prevention Program (WORD 
DPP) vs. a Pacific culturally-adapted Diabetes Prevention 
Program (PILI DPP) for Marshallese in the United States. 
Medicine. 2018;97(19):e0677. doi:10.1097/MD.00000000 
00010677

	21.	 McElfish PA, Moore R, Laelan M, Ayers BL. Using CBPR 
to address health disparities with the Marshallese community 
in Arkansas. Ann Hum Biol. 2018;45(3):264-271. doi:10.1080 
/03014460.2018.1461927

	22.	 McElfish PA, Ayers BL, Felix HC, et al. How stakeholder 
engagement influenced a randomized comparative effective-
ness trial testing two Diabetes Prevention Program interven-
tions in a Marshallese Pacific Islander Community. J Transl 
Med. 2019;17(1):42. doi:10.1186/s12967-019-1793-7

	23.	 Kaholokula J, Mau M, Efird J, et al. A family and community 
focused lifestyle program prevents weight regain in Pacific 
Islanders: a pilot randomized controlled trial. Health Educ 
Behav. 2012;39(4):386-95. doi:10.1177/1090198110394174

	24.	 Harris P, Taylor R, Thielke R, Payne J, Gonzalez N, Conde 
J. Research electronic data capture (REDCap)–a metadata-
driven methodology and workflow process for providing 
translational research informatics support. J Biomed Inform. 
2009;42(2):377-381. doi:10.1016/j.jbi.2008.08.010

	25.	 Centers for Disease Control and Prevention. Behavioral 
Risk Factor Surveillance System (BRFSS). 2022.Accessed 
November 25, 2020. http://www.cdc.gov/brfss/

	26.	 Shannon J, Kristal A, Curry S, Beresford S. Application of a 
behavioral approach to measuring dietary change: the fat- and 
fiber-related diet behavior questionnaire. Cancer Epidemiol 
Biomarkers Prev. 1997;6:355-361.

	27.	 Gruber K. Social support for exercise and dietary habits among 
college students. Adolescence. 2008;43(171):557-575.

	28.	 Marshall AL, Smith BJ, Bauman AE, Kaur S. Reliability and 
validity of a brief physical activity assessment for use by fam-
ily doctors. Br J Sports Med. 2005;39(5):294-297. doi:10.1136/
bjsm.2004.013771

	29.	 Cohen J. Statistical Power Analysis for the Behavioral 
Sciences. 2nd ed. Lawrence Erlbaum Associates; 1988.

	30.	 Hintze J. Pass 12. NCSS, LLC; 2013.
	31.	 SAS/STAT. Version 14.1. 2015. Accessed January 24, 2023. 

http://www.sas.com/en_us/home.html
	32.	 Whittemore R. A systematic review of the translational 

research on the Diabetes Prevention Program. Transl Behav 
Med. 2011;1(3):480-491. doi:10.1007/s13142-011-0062-y

	33.	 McElfish PA, Long CR, Kohler PO, et al. Comparative 
Effectiveness and Maintenance ofDiabetes Self-Management 
Education Interventions for Marshallese Patients With Type 
2 Diabetes: A Randomized Controlled Trial. Diabetes Care. 
2019;42(5):849-858. doi:10.2337/dc18-1985

	34.	 Guthrie NL, Berman MA, Edwards KL, et  al. Achieving 
rapid blood pressure control with digital therapeutics: retro-
spective cohort and machine learning study. JMIR Cardio. 
2019;3(1):e13030. doi:10.2196/13030

	35.	 Reboldi G, Gentile G, Angeli F, Ambrosio G, Mancia G, 
Verdecchia P. Effects of intensive blood pressure reduction 
on myocardial infarction and stroke in diabetes: a meta-anal-
ysis in 73,913 patients. J Hypertens. 2011;29(7):1253-1269. 
doi:10.1097/HJH.0b013e3283469976

	36.	 Pencina MJ, Navar AM, Wojdyla D, et  al. Quantifying 
importance of major risk factors for coronary heart dis-
ease. Circulation. 2019;139(13):1603-1611. doi:10.1161/
CIRCULATIONAHA.117.031855

	37.	 West GF, Jeffery DD. Utilizing selected social determinants 
and behaviors to predict obesity in military personnel. Public 
Health Nurs. 2018;35(1):29-39. doi:10.1111/phn.12383

	38.	 Campbell MK. Biological, environmental, and social influences 
on childhood obesity. Pediatr Res. 2016;79(1-2):205-211.  
doi:10.1038/pr.2015.208

	39.	 Bilal U, Auchincloss AH, Diez-Roux AV. Neighborhood 
environments and diabetes risk and control. Curr Diab Rep. 
2018;18(9):62. doi:10.1007/s11892-018-1032-2

	40.	 Gebreab SY, Hickson DA, Sims M, et al. Neighborhood social 
and physical environments and type 2 diabetes mellitus in 
African Americans: the Jackson Heart Study. Health Place. 
2017;43:128-137. doi:10.1016/j.healthplace.2016.12.001

	41.	 Ayers BL, Shreve MD, Scott AL, et al. Social and economic 
influences on infant and child feeding practices in a Marshallese 
community. Public Health Nutr. 2019;22(8):1461-1470. 
doi:10.1017/s1368980018004007

	42.	 Ayers BL, Purvis RS, Bing WI, et al. Structural and socio-
cultural barriers to prenatal care in a US Marshallese com-
munity. Matern Child Health J. 2018;22(7):1067-1076. 
doi:10.1007/s10995-018-2490-5

	43.	 Wang ML, McElfish PA, Long CR, et al. BMI and related risk 
factors among U.S. Marshallese with diabetes and their fami-
lies. Ethn Health. 2021;26(8):1196-1208. doi:10.1080/135578
58.2019.1640351

http://www.cdc.gov/brfss/
http://www.sas.com/en_us/home.html


14	 INQUIRY

	44.	 McElfish P, Balli M, Hudson J, et al. Identifying and 
Understanding Barriers and Facilitators to Medication Adherence 
Among Marshallese Adults in Arkansas. J Pharm Technol. 
2018;34(5):204-215. doi: 10.1177/8755122518786262

	45.	 Long CR, Rowland B, McElfish PA, Ayers BL, Narcisse MR. 
Food Security Status of Native Hawaiians and Pacific Islanders 
in the US: Analysis of a National Survey. J Nutr Educ Behav. 
2020;52(8):788-795. doi:10.1016/j.jneb.2020.01.009

	46.	 McElfish P, Hudson J, Shulz T, et al. Determinants of Diet 
Quality in a Pacific Islander Community. Diversity & Equality 
in Health and Care. 2019;17(1):91-100. doi:10.36648/2049-
5471.17.1.198

	47.	 Willis D, Fitzpatrick K. Adolescent food insecurity: the 
special case of Marshallese youth in north-west Arkansas, 
USA. Public Health Nutr. 2020;23(3):544-553. doi:10.1017/
S1368980019002647

	48.	 Seligman HK, Bindman AB, Vittinghoff E, Kanaya AM, 
Kushel MB. Food insecurity is associated with diabetes mel-
litus: results from the National Health Examination and 
Nutrition Examination Survey (NHANES) 1999-2002. J Gen 
Intern Med. 2007;22(7):1018-1023. doi:10.1007/s11606-007-
0192-6

	49.	 Seligman HK, Laraia BA, Kushel MB. Food insecurity is 
associated with chronic disease among low-income NHANES 
participants. J Nutr. 2010;140(2):304-310. doi:10.3945/jn 
.109.112573

	50.	 Pan L, Sherry B, Njai R, Blanck HM. Food insecurity is asso-
ciated with obesity among US adults in 12 states. J Acad Nutr 
Diet. 2012;112(9):1403-1409. doi:10.1016/j.jand.2012.06.011

	51.	 Gregory CA, Coleman-Jensen A. Food insecurity, chronic dis-
ease, and health among working-age adults. 2017. Accessed 
November 29, 2018. https://www.ers.usda.gov/webdocs 
/publications/84467/err-235.pdf

	52.	 McElfish P, Moore R, Woodring D, et al. Social ecology 
and diabetes self-management among Pacific Islanders in 
Arkansas. Journal of Family Medicine and Disease Prevention. 
2016;2(1):026. doi:10.23937/2469-5793/1510026

	53.	 Gittelsohn J, Trude A. Environmental interventions for obesity 
and chronic disease prevention. J Nutr Sci Vitaminol (Tokyo). 
2015;61 Suppl(Suppl):S15-S16. doi:10.3177/jnsv.61.S15

	54.	 Mikkelsen BE, Novotny R, Gittelsohn J. Multi-level, multi-
component approaches to community based interventions 
for healthy living-a three case comparison. Int J Environ Res 
Public Health. 2016;13(10):1023. doi:10.3390/ijerph13101023

https://www.ers.usda.gov/webdocs/publications/84467/err-235.pdf
https://www.ers.usda.gov/webdocs/publications/84467/err-235.pdf

