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ABSTRACT
Native Hawaiians/Pacific Islanders experience a high
prevalence of overweight/obesity. The Diabetes
Prevention Program Lifestyle Intervention (DPP-LI) was
translated into a 3-month community-based
intervention to benefit these populations. The weight
loss and other clinical and behavioral outcomes of the
translated DPP-LI and the socio-demographic,
behavioral, and biological factors associated with the
weight loss were examined. A total of 239 Native
Hawaiian/Pacific Islander adults completed the
translated DPP-LI through four community-based
organizations (CBOs). Changes from pre- to post-
intervention assessments in weight, blood pressure,
physical functioning, exercise frequency, and fat in diet
were measured. Significant improvements on all
variables were found, with differences observed across
the four CBOs. CBOs with predominately Native
Hawaiian and ethnically homogenous intervention
groups had greater weight loss. General linear
modeling indicated that larger baseline weight and
CBO predicted weight loss. The translated DPP-LI
can be effective for Native Hawaiians/Pacific
Islanders, especially when socio-cultural, socio-
economic, and CBO-related contextual factors are
taken into account.
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INTRODUCTION
Overweight (body mass index [BMI] ≥25) and
obesity (BMI ≥30) have reached epidemic propor-
tions in the Unites States affecting 68 % of the adult
population [1–3]. The combined prevalence of
overweight and obesity is between 76 % and 90 %
for Native Hawaiians and Pacific Islanders (e.g.,
Samoans and Chuukese) [4–6]. They have a higher
prevalence of obesity-related diseases, such as
diabetes at 19 %, hypertension at 41 %, and heart

disease at 20 % compared to the general population
at 8 %, 25 %, and 12 %, respectively [5, 7, 8].
Translating evidence-based lifestyle interventions
for at-risk populations, such as Native Hawaiians
and Pacific Islanders, to curb obesity-related dis-
eases is a public health priority [9].
The Diabetes Prevention Program (DPP) showed

that lifestyle interventions are efficacious in achiev-
ing moderate weight loss and significant health
improvements in people at risk for diabetes [3,
10]. Participants of the DPP Lifestyle Intervention
(DPP-LI) had a 34 % lower incidence of diabetes
over 10 years [10]. Since this landmark clinical trial,
there has been a profusion of translational research
to establish the DPP-LI's effectiveness in real world
settings [11–13]. The DPP-LI has been successfully
translated into various settings to include rural and
urban communities [14–16], health centers [17–20],
community centers, churches, and senior care
facilities [21–24]. The DPP-LI has also been trans-
lated into many ethnic/racial populations, such as
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Implications
Practice: Evidence-based lifestyle interventions
can be effectively translated into real-world
settings when adapted to a specific ethnic pop-
ulation and the characteristics of community-
based organizations, and they can be feasibly
implemented using in place human resources.

Policy: The expeditious translation of evidence-
based intervention strategies into real-world
contexts is needed to address serious shortfalls
in the application of scientific discoveries.

Research: More research is needed to elucidate
the role of social support and networking in
obesity interventions, especially for economically
challenged and socially marginalized groups,
such as immigrants and indigenous peoples.
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Latinos [25, 26], Native Americans [27], and Afri-
can-Americans [21, 22, 24].
A meta-analysis of 28 translational DPP-LI studies

indicated its effectiveness in achieving moderate
weight loss, averaging 4 %, across diverse settings
andmodes of delivery (usingmedical and allied health
professionals, lay educators, and electronic media)
[28]. It was found that lay educators achieved compa-
rable, and in some instances better, weight-loss
outcomes as clinically trained professionals (e.g.,
nurses, nutritionists, and social workers). Although
no difference in weight change was found by treatment
length, there was a trend of increased weight change
associated with the number of treatment sessions
attended, which corresponded to the number of
treatment sessions offered by the programs.
The PILI 'Ohana Project (POP), a community-

based participatory research project (CBPR), con-
ducted a pilot study (2005 to 2008) to determine the
feasibility and weight-loss effects of a translated
DPP-LI in Native Hawaiians and Pacific Islanders
[29]. The translated DPP-LI was modified to be
community-based and delivered by community
health advocates (CHAs) who ranged from lay peer
educators to master-level social workers, nurses, and
nutritionists. It was built into a two-phase weight loss
and weight loss maintenance program, called the
PILI Lifestyle Program (PLP). Phase 1 was the
translated DPP-LI, delivered in eight sessions over
3 months to initiate weight loss [29], and Phase 2
was a family and community focused weight-loss
maintenance intervention, delivered in six sessions
over 6 additional months [30]. Mau et al. [29] found
that the translated DPP-LI (Phase 1) for Native
Hawaiians and Pacific Islanders (n=169) with excess
body weight led to significant, albeit modest, weight
loss (−1.5 kg) and improvements in systolic
(−6.0 mmHg) and diastolic (−2.8 mmHg) blood
pressure (BP), distance walked in 6 min, and self-
reported physical activity levels and fat intake.
To more definitively evaluate the DPP-LI trans-

lated into Native Hawaiian and Pacific Islander
communities, the POP further examined its effects
on initial weight loss, systolic and diastolic BP,
physical functioning, physical activity levels, and
fat intake in a larger and different sample. It was
done between 2009 and 2012 across four distinct
community-based organizations (CBOs). The POP
also sought to examine the baseline socio-demo-
graphic (i.e., age, sex, education, and marital status),
behavioral (e.g., physical activity level and fat
intake), and clinical (e.g., BP, weight, and physical
functioning) correlates of initial weight loss, and the
effects of attendance on weight loss. Previous studies
have indicated that greater weight loss early in an
intervention program and better attendance leads to
greater weight loss and its maintenance [30–33]. The
long term goal of improving the effectiveness of
translating proven interventions into diverse com-
munities is facilitated by a deeper understanding of
the social and cultural context of these communities.

The purpose of this paper is to elucidate the socio-
demographic, behavioral, and biological factors
associated with early weight-loss efforts among four
ethnically and organizationally diverse groups with
members at high risk for diabetes.

METHODS AND PROCEDURES
Participants
Data for this study come from 239 Native Hawaiian
and Pacific Islander adults (18 years of age and
older) who completed the 3-month DPP-LI translat-
ed weight-loss intervention [30]. The inclusion
criteria for participation in the intervention study
were: (a) Native Hawaiian, Filipino or other Pacific
Islander ancestry (i.e., Chuukese, Samoan), (b)
≥18 years of age, (c) overweight/obese — defined
as BMI ≥25 for Native Hawaiians and Pacific
Islanders and ≥23 for Filipinos [34], (d) willing and
able to perform 150 min of moderate physical
activity (equivalent to brisk walking) per week and
to follow a healthy diet to induce weight loss of up
to 1 kg per week, and (e) identifying at least one
family member or friend to provide support
throughout the program. A detailed description of
the methods can be found in the work of Mau et al.
[29] and Kaholokula et al. [30].

Study design and procedures
The study design (pre- to post-intervention evalua-
tion) was developed collaboratively between the
community and academic partners of the POP using
a fully engaged CBPR approach [29, 35]. Four
CBOs participated in the POP: Hawai'i Maoli of
the Association for Hawaiian Civic Clubs (HM), Ke
Ola Mamo (KOM; a Native Hawaiian Health Care
System), Kōkua Kalihi Valley Comprehensive Fam-
ily Services (KKV; a community health center), and
Kula no nā Po'e Hawai'i (KULA; a non-profit
organization serving three Hawaiian Homestead
communities). HM, KOM, and KULA are predom-
inately Native Hawaiian-serving CBOs and KKV is
a predominately immigrant Pacific Islander-serving
CBO by nature of their location in urban O'ahu. For
more details about these CBOs, refer to Nacapoy et
al. [35]. Recruitment of participants and the imple-
mentation and evaluation of the intervention were
conducted in the respective participating CBOs by
trained CHAs. Recruitment strategies were devel-
oped and implemented by the CBOs, which includ-
ed physician referrals, recruitment booths at health
fairs, newsletters, and word-of-mouth.
Consistent with our CBPR approach, assessments

were performed by trained community researchers
using standardized protocols for data collection on
demographics, clinical measures, physical function-
ing, and self-reported dietary and physical activity
behaviors. The institutional review boards of the
Native Hawaiian Health Care Systems and the
University of Hawai'i at Mānoa approved this study.
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This study is also registered on ClinicalTrials.gov
(NCT01093924). Informed consent was obtained
from all participants prior to their involvement.
Data presented here were collected at pre- and post-
intervention.

Translated DPP lifestyle intervention
The original DPP-LI was developed using the social
cognitive theory (SCT) [36] by nutritionists, behav-
ioral psychologists, exercise physiologists, nurses,
and physicians from the University of Pittsburgh
Medical Center and the DPP Interventions Com-
mittee [37, 38]. Nine of the 16 behavior change
technique clusters as defined by Michie et al. [39]
were used repeatedly in the DPP-LI curriculum,
including: reward (e.g., self-reward), antecedents
(e.g., avoidance and changing exposure to cues for
the behavior), associations (e.g., prompts/cues),
natural consequences (e.g., social consequences),
feedback and monitoring (e.g., self-monitoring of
behavior), goals and planning (e.g., goal setting —
outcome), social support (e.g., social support —
general), self-belief (e.g., self-talk), and shaping
knowledge (e.g., instructions on how to perform a
behavior). All of these techniques were applied to
both dietary and physical activity behaviors.
The adaptation of the DPP-LI was based on

community assessments to identify salient issues of
obesity affecting Native Hawaiians and other Pacific
Islanders. Mau et al. [29] described in detail the
methods and results of the community assessments
and how the DPP-LI was adapted. Briefly, key-
informant interviews, focus groups, and surveys with
333 Native Hawaiian and other Pacific Islander
stakeholders and community "windshield tours"
(i.e., walking/driving through a defined community
to visually survey its infrastructure, condition, and
available resources) were conducted and the infor-
mation obtained from them informed the DPP-LI
adaptation.
Salient socio-economic and socio-cultural factors

identified from the community assessments were
incorporated into the intervention: lessons on eco-
nomical healthy eating and communicating effec-
tively with the doctor were added to the curriculum
based on POP analysis of community and provider
group interviews and discussions. To capitalize on
the cultural value of 'ohana (i.e., the preference for
working together and group decision making) and
for feasibility purposes, the lessons were delivered in
group settings of 10–20 people (M=12) and partic-
ipants were encouraged to have a support person, a
family member or friend, attend with them. In order
for the intervention to be feasible and accessible for
delivery in community settings by CHAs, it was
shortened from 16 lessons delivered over 24 weeks
to eight lessons delivered over 12 weeks but with all
original foci and strategies retained. The first four
lessons were delivered weekly and the second four
lessons were delivered every other week for the

remaining 8 weeks. Each lesson was 1–1½h in
length with group interaction. As with the original
DPP-LI, the intervention focused on evidence-
based behavioral weight loss strategies for
healthy eating, physical activity and stress/nega-
tive emotions management utilizing individual
action planning [29, 40].
Although the consolidation and condensing of the

original DPP-LI lessons may have weakened the
intervention effects, it was necessary to make it
practical for the socioeconomic realities of many
Native Hawaiians and Pacific Islanders. The com-
munity partners believed it was necessary to ensure
its feasibility and sustainability across different types
of Native Hawaiian and Pacific Islander communi-
ties. A summary of the translated lessons in
comparison to the original DPP-LI lessons is
presented in Table 1 and can also be found in Mau
et al. [29].
The adaption of the DPP-LI was also informed by

the SCT, which emphasizes the importance of social
and interpersonal influences in behavior change and
cognitive processes as important mediators of behav-
ior change [36]. Constructs used in curriculum adap-
tation from the SCT included: self-efficacy, self-
regulation, social support, and social modeling. These
constructs have been successfully used to improve
healthy eating and physical activity [41–44]. The
behavior change techniques used in the original
DPP-LI were all maintained in the adapted DPP-LI.
Because the adapted DPP-LI was delivered in group
settings (vs. one-on-one delivery in the original DPP-
LI), covert learning (e.g., vicarious reinforcement) was
also a behavioral strategy used.
All participants were encouraged to achieve a

weight loss of ≥5 % of their initial body weight, to
engage in at least 30 min of physical activity for
most days of the week, and to eat <30 % fat in their
daily diet over the course of the 3-month interven-
tion. However, the community partners believed
that making the intervention goals too stringent and
inflexible would lead to higher attrition and an
inability for the participants to maintain the amount
of effort needed to obtain large weight loss in a 3-
month period. It was preferred to allow the partic-
ipants to make slow and gradual changes if they so
desired and to set realistic goals based on their
individual life situation, resources, and level of
support.

Assessment measures

Clinical measures
Systolic and diastolic BP was obtained using an
automatic BP device (HEM-907XL IntelliSense).
Body weight in kilograms (kg) and height in
centimeters (cm) were measured using an electronic
scale (Tanita BWB800AS) and a stadiometer (Seca
222), respectively. Height was measured at baseline
only. All clinical measures were obtained in dupli-
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cate, recorded, and computed as the average of the
two values. BMI was computed as body weight in kg
divided by height in meters squared.

Socio-demographics
Date of birth, sex, marital status, education level,
and self-reported Native Hawaiian, Filipino and
other Pacific Islander ancestry were collected. The
ethnic/racial category of Native Hawaiians and
other Pacific Islanders in the United States includes
people with origins in the original inhabitants of
Polynesia (e.g., Native Hawaiians, Samoans, and
Tahitian), Micronesia (e.g., Chuukese), or Melanesia
(e.g., Fijian) [6]. Due to their similar risk profile as
Pacific Islanders for obesity and related diseases in
Hawai'i, Filipinos (often federally classified as
"Asian") were included in this study [7].

Physical functioning
Physical functioning was assessed using a 6-min
walk test (6MWT) that measures the distance (in
feet) a person is able to walk in 6 min [45].

Participants were asked to walk as far as possible
(without running) back and forth using a fixed-lap
distance. Participants were allowed to stop and to
rest, if needed, but asked to resume walking as soon
as they were able. Immediately following the walk
test, the number of laps completed and the distance
walked in final lap were recorded. The 6MWT has
been found to be highly associated with functional
capacity [46].

Exercise frequency
The brief Physical Activity Questionnaire (PAQ)
was used to assess exercise frequency and change
during the past month [47]. It consists of three items:
one item to assess moderate activity level (e.g.,
bowling, golf, and walking), one item to assess
vigorous activity level (e.g., running, swimming,
aerobics), and one item to assess change in activity
level. The first two items were used to calculate
exercise frequency for this study. Frequency for
moderate and vigorous activities were both rated on
a scale from 1 (>4 times per week) to 5 (rarely or
never). Exercise frequency scores were computed by

Table 1 | Summary of how the original DPP Lifestyle Intervention was adapted for Native Hawaiian and Pacific Islander
communities

Original DPP-LI Session and Topic Adapted DPP-LI

• Session 1A: Welcome to the Lifestyle Balance Program
• Session 12: The Slippery Slope of Lifestyle Change
• Session 16: Ways to Stay Motivated

Lesson 1: Introduction to PILI Lifestyle Intervention:
Change? It's no big thing.

• The Benefits of Lifestyle Change
• Setting Goals
• Ways to Stay Motivated

• Session 1B: Getting Started Being Active
• Session 3: Being Active: A Way of Life
• Session 5: Three Ways to Eat Less Fat

Lesson 2: Getting Started:
• Being Active
• Exercising Safely
• Three Ways to Eat Less Fat

• Session 1B: Getting Started Being Active & Getting
Started Losing Weight

• Session 4: Be A Fat Detective
• Session 2: Move Those Muscles

Lesson 3: Get Moving:
• Tracking Progress
• Being A Fat Detective
• Move Those Muscles

• Session 6: Healthy Eating
• Session 10: Four Keys To Healthy Eating Outa

• Session 13: Jump Start Your Activity Plan

Lesson 4: Making It Fun:
• Healthy Eating with the Plate Method
• The 3 Right Ways to Healthy Eating Out
• Heart Strengthening Activities

• Session 8: Tip the Calorie Balance Lesson 5: Keeping It Going:
• Tip the Calorie Balance
• Economics of Healthy Eatinga

• Session 7: Take Charge of What's Around You
• Session 14: Make Social Cues Work for You.

Lesson 6: Taking Charge:
• Battling Temptation
• Make Social Cues Work for You

• Session 9: Problem Solving Lesson 7: Talking It Out:
• Problem Solving Skills by Exploring Options
• Talking with Doc (Effective Communication)b

• Session 11: Talk Back To Negative Thoughts
• Session 15: You Can Manage Stress

Lesson 8: Wrapping It Up:
• Managing Negative Thoughts and Emotions
• Controlling Stress
• Review of All Lessons

This table was borrowed from Mau et al. [29]
a Developed to address issue of the high cost of eating healthy (per focus groups and previous education sessions to similar populations)
b Supplemented with materials from the "Sugar WATCH" lifestyle curriculum
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summing participants' responses to each item and
dividing by two. Scores ranged from 1 to 5, with
lower scores indicating greater exercise frequency.

Fat in diet
A 39-item modified version of the Eating Habits
Questionnaire (EHQ) was used to estimate the
amount of fat in participants' diet over the last
month [29, 48]. The questionnaire assesses frequen-
cy in four fat consumption categories: (1) modify
meat, (2) avoid fat, (3) modification/substitution,
and (4) replace with vegetables, using a 4-point scale
ranging from 1 (always) to 4 (never). The summary
score for fat consumption was obtained by adding
the mean of each of the fat categories and dividing
that by 4. A dietary fat score of ≥2.5 indicates
greater than 30 % of calories from fat in diet.

Statistical analysis
Demographic, clinical, and behavioral variables at
pre- and post-intervention were summarized by
descriptive statistics: mean and standard deviation
for continuous variables (e.g., age) and frequency
and percentage for categorical variables (e.g., eth-
nicity). Differences in baseline characteristics were
compared by one-way analysis of variance
(ANOVA) for continuous variables, followed by
Tukey–Kramer procedure for pairwise comparison
if significant differences were observed. For categor-
ical variables, Chi-square tests or Fisher's exact tests,
if applicable, were used. For subsequent analyses,
participants reporting "other Pacific Islander" and
"Filipino" ancestry, and no Native Hawaiian ances-
try, were aggregated into an "other" category.
Changes in clinical and behavioral measures at
post-intervention from pre-intervention (baseline)
measures were evaluated using paired t-tests by
CBO and for the combined sample. All changes in
clinical and behavioral variables (including weight
loss) were defined as post-intervention values minus
baseline values. The differences in the changes
across the CBOs were compared by one-way
ANOVA, followed by Tukey–Kramer procedure, if
significant differences were observed. The associa-
tion of weight loss (from baseline to post-interven-
tion) with the baseline socio-demographic, clinical,
and behavioral measures was also examined using
correlation analysis.
A general linear model (GLM) was developed to

identify variables contributing to weight loss from
baseline to post-intervention. Included were those
baseline variables that were suggestive with p<0.10
in their bivariate associations with weight change
from baseline to post-intervention. Because the
ethnic distribution overlapped to some degree with
CBOs, ethnicity was also entered into the model to
determine if it had any significant independent effect
on weight loss after adjusting for the CBO variable.
The ethnicity-by-CBO interaction term was also first

examined to determine whether it was significant. F-
tests were used to evaluate the significance of each
variable in the GLM model. To better understand
possible factors associated with the differences in
weight loss between KKV and the other three
CBOs, a post-hoc secondary and exploratory anal-
ysis was conducted to compare the impacts of
education level, number of lessons, and Chuukese
(an ethnic group mainly from KKV) on weight loss,
either within KKV subset sample or between KKV
and other CBOs, using Spearman correlation and
one-way ANOVA. All statistical analyses were
performed using SAS software version 9.3 (SAS
Institute Inc., Cary, NC, USA). A two-sided p value
<0.05 was considered statistically significant.

RESULTS
Baseline characteristics
Baseline characteristics for each CBO and the
combined sample are summarized in Table 2.
Overall, participants had a mean age of 50.8 years
(SD=14.3) and BMI of 38.3 (SD=8.7), and a
majority were Native Hawaiian (71 %) and female
(84 %). There were significant differences at baseline
among CBOs on ethnic composition [χ2(15,N=
238)=156.39, p<0.001], age [R2=0.033, F(3,233)=
2.65, p=0.0499], education level [χ2(9, N=238)=
41.56, p<0.001], weight [R2=0.050, F(3,235)=4.11,
p=0.0072], systolic BP [R2=0.045, F(3,235)=3.68,
p=0.013], diastolic BP [R2=0.098, F(3,235)=8.51,
p<0.001], 6MWT [R2=0.065, F(3,233)=5.37, p=
0.0014], and Physical Activity Frequency [R2=
0.056, F(3,235)=4.61, p=0.0037]. At baseline,
KKV participants tended to be younger (46.2 years),
with a higher percentage at high school or less
education level (65 %), higher weight (111 kg), lower
physical activity frequency (3.8 with 4=least active),
but able to walk the furthest in a 6-min walk test
(1,336 ft) compared to the other three CBOs.
Notable ethnic differences were observed with
KULA, HM, and KOM comprised primarily of
Native Hawaiians (84–87 %), while at KKV 15 %
were Native Hawaiian, with 39 % Chuukese, 29 %
Samoan, and 14 % Filipino.

Change in clinical and behavioral measures
When examining combined data from the four
CBOs, all variables had significant changes from
pre- to post-intervention assessments as summarized
in Table 3. There were significant improvements in
weight loss of [M=−1.7 kg, SD=3.5; t(238)=−7.59,
p<0.001] and systolic BP [M=−3.3 mmHg, SD=
18.6; t(238)=−2.80, p=0.0056] and diastolic BP
[M=−3.4 mmHg, SD=12.5; t(238) =−4.23,
p<0.001] improvements. There were also significant
improvements in feet walked during the 6MWT
[M=106.6 ft, SD=238.4; t(235)=6.87, p<0.001],
Physical Activity Frequency [M=−0.5, SD=1.2,
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t(236)=−6.12, p<0.001], and Fat in Diet [M=−0.3,
SD=0.4, t(237)=−12.37, p<0.001].
Because of baseline differences in CBOs involved

in delivering the intervention, the outcomes by
CBO were also examined. Although all four CBOs
showed similar changes in Physical Activity Fre-
quency and Fat in Diet, outcomes on the following
variables differed significantly: weight [R2=0.051,
F(3, 235)=4.24, p=0.0061], BMI [R2=0.055, F(3,
232)=4.51, p=0.0043], systolic BP [R2=0.036, F(3,
235)=2.92, p=0.035], diastolic BP [R2=0.08, F(3,
235)=6.81, p<0.001], and 6MWT [R2=0.087, F(3,
232)=7.33, p<0.001]. Statistically significant weight
loss was found at KOM [−2.0 kg, SD=3.8, t(69)=
−4.39, p<0.001], KULA [−2.2 kg, SD=3.1, t(58)=
−5.34, p<0.001], and HM [−2.3 kg, SD=3.6, t(57)=
−4.91, p<0.001]; whereas, KKV showed some
weight loss (−0.2 kg, SD=3.2), but this was not

significant. Only KULA showed a statistically sig-
nificant reduction in BP, with the average reduction
of −9.3 mmHg, SD=22.4 [t(58)=−3.17, p=0.0024]
for systolic BP and −9.5 mmHg, SD=14.2 [t(58)=
−5.13, p<0.001] for diastolic BP. In the other three
CBOs, there was a trend towards BP reduction at
the end of study. All CBOs showed an improvement
in 6MWT performance; however, only KULA and
HM were statistically significant with average im-
provements of 183.7 ft, SD=207.4 [t(57)=6.75,
p<0.001] and 169.8 ft, SD=237.6 [t(56)=5.39,
p<0.001], corresponding to 15.1 % and 12.9 %
average increases from baseline, respectively.

Bivariate analyses
The bivariate associations between baseline socio-
demographic, clinical, and behavioral characteristics

Table 2 | Participants' baseline socio-demographic characteristics, clinical measures, and behavioral measures by community
site and combined sample

Characteristics Community Combined

KULA (n=
59)

HM (n=
58)

KOM (n=
70)

KKV (n=
52)

p total
(n=239)

Ethnicity <.001
Chuukese 0 (0.0) 0 (0.0) 1 (1.4) 20 (38.5) 21 (9)
Filipino 1 (1.7) 2 (3.5) 2 (2.9) 7 (13.5) 12 (5)
Native Hawaiian 51 (86.4) 48 (84.2) 61 (87.1) 8 (15.4) 168 (71)
Samoan 0 (0.0) 0 (0.0) 2 (2.9) 15 (28.9) 17 (7)
Other Pacific Islander 2 (3.4) 0 (0.0) 1 (1.4) 0 (0.0) 3 (1)
Non Pacific Islander 5 (8.5) 7 (12.3) 3 (4.3) 2 (3.9) 17 (7)

Age (years) 51.8±12.5a,b 51.0±
16.8a,b

53.2±14.2a 46.2±12.5b <.0499 50.8±14.3

Females 53 (89.8) 40 (72.7) 60 (85.7) 45 (86.5) <.091 198 (84)
Education level <.001
Less than High School 2 (3.4) 1 (1.8) 0 (0.0) 12 (23.0) 15 (6)
High School diploma/
GED

22 (37.3) 17 (29.8) 26 (37.1) 22 (42.3) 87 (37)

Some college/tech 21 (35.6) 24 (42.1) 34 (48.6) 12 (23.0) 91 (38)
College degree 14 (23.7) 15 (26.3) 10 (14.3) 6 (11.5) 45 (19)

Marital Status <.70
Never married 11 (18.6) 15 (26.3) 20 (28.6) 13 (25.0) 59 (25)
Currently married 27 (45.8) 26 (45.6) 28 (40.0) 27 (51.9) 108 (45)
Disrupted marital status 21 (35.6) 16 (28.1) 22 (31.4) 12 (23.1) 71 (30)

Weight (kg) 99.9±22.1a,b 95.0±21.0a 105.6±
23.6a,b

111.0±
34.8b

<.0072 102.8±26.2

Body mass index (kg/m2) 38.0±6.6a,b 34.8±6.4a 38.7±8.4a,b 41.7±11.9b <.001 38.3±8.7
Systolic blood pressure
(mmHg)

136.5±21.6a 132.0±
25.3a,b

127.0±
20.2a,b

124.1±
18.7b

<.013 130.0±22.1

Diastolic blood pressure
(mmHg)

89.1±14.8a 84.2±
14.7a,b

80.7±
12.4b,c

76.5±12.2c <.001 82.7±14.4

6-Minute Walk Test (feet) 1224.8±
278.1a,b

1327.5±
316.6a

1153.8±
316.9b

1335.5±
277.9a

.0014 1253.3±311.7

Physical Activity
Frequency Score

3.5±1.3a,b 3.5±1.2a,b 3.0±1.1a 3.8±1.2b <.0037 3.4±1.2

Fat in Diet Score 3.0±0.4a 2.9±0.4a 2.9±0.4a 3.0±0.3a <.34 3.0±0.4
Data shown are mean±SD or n (%). Means with different subscripts differ significantly at p<0.05 by Tukey-Kramer procedure. The p value for categorical
variable based on Fisher's exact or Chi-square test; the p value for continuous variable based on one-way ANOVA. Column numbers may not equal 100 %
due to round-off or unknown values

KULA Kula no nā Po'e Hawai'i, Papakolea Homestead Community; HM Hawai'i Maoli, Association of Hawaiian Civic Clubs; KOM Ke Ola Mamo, Native
Hawaiian Health Care System of O'ahu; KKV Kōkua Kalihi Valley Comprehensive Family Services
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and weight loss at post-intervention were examined.
There was a significant association between CBOs
and post-intervention weight loss [R2=0.051;
F(3,235)=4.24,p=0.0061]. Higher baseline weight
was also significantly associated with more weight
loss [r(237)=−0.15, p=0.021]. Because CBOs and
ethnicity were significantly associated [χ2(3,
N=238)=97.80, p<0.001] and the association be-
tween higher diastolic BP at baseline and more
weight loss approached significance [r(237)=−0.12,
p=0.073], they along with baseline weight and CBO
were considered in the following multivariable
analysis.
The number of lessons received by participants

across the CBOs and its association with weight loss
was also examined. KKV participants received
significantly [R2=0.199, F(3, 219)=18.18, p<0.001]
fewer lessons (M=6.2, SD=2.6) compared to KULA
(M=7.7, SD=0.5), HM (M=7.8, SD=1.1), and
KOM (M=7.9, SD=0.5). However, the number of
lessons received was not significantly associated with
weight loss [r(221)=−0.039, p=0.57].

Multivariate analysis predicting weight loss
Table 4 shows the GLM results of baseline weight,
diastolic BP, ethnicity, and CBOs, and predicting post-
intervention weight loss from baseline. The two-way
interaction of CBO and ethnicity (Hawaiian vs. other)
was not statistically significant. Thus, only main effects
of these two variables were included in the model,
which explained a small amount of the variance in
weight loss [R2=0.092, F(6,231)=3.88, p=0.0010].
Only baseline weight [F(1,231)=9.33, p=0.0025] and
CBO [F(3,231) 4.11, p=0.0073] were significant
predictors of weight loss.

Post-hoc analysis
Because there were notable difference between
KKV and the other three CBOs, we conducted a
post-hoc secondary analysis to better understand
possible factors contributing to these differences. It
was found that higher educational obtainment was
associated with more weight loss [Spearman corre-
lation, ρ (n=52)=0.273, p=0.0499] only within the
KKV sample, but not within the other three CBOs
[ρ (n=186)=0.033, p=0.66]. A positive correlation
between education level and number of lessons
attended was also only found within the KKV
sample [ρ (n=52)=0.43, p=0.0017], but not within
the other three CBOs [ρ (n=170)=0.056, p=0.46].
Conducting one-way ANOVA within the KKV

sample, there was no significant difference in weight loss
between Chuukese and participants from other Pacific
Islander ethnicities [F(1, 50)=1.29, p=0.26]. However,
Chuukese tended to gain weight (M=0.39 kg, SD=3.43)
compared to the other participants (M=−0.63 kg;
SD=2.98). The effects of education level was stronger
for Chuukese [F(1, 50)=4.27, p=0.044]: those with a
high school or less education tended to gain weight
(n=17; M=1.02; SD=1.90), whereas those with higherTa
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than a high school education tended to lose weight
(n=35; M=− 0.85; SD=3.49). Chuukese also attended
less lessons (M=5.35; SD=2.60) than other participants
(M=6.63; SD=2.53) but the difference was not signifi-
cant [F(1, 50)=2.86, p=0.097].

DISCUSSION
Translating evidence-based interventions into real-
world settings to benefit health disparate popula-
tions is a national priority in the U.S. [49, 50]. To
address obesity disparities experienced by Native
Hawaiians and Pacific Islanders, the POP translated
the DPP-LI for these populations to initiate weight-
loss efforts as part of a larger community-based
lifestyle intervention. Following completion of the
adapted DPP-LI the participants continued on in a
weight loss maintenance program (not reported
here). Overall, the translated DPP-LI yielded signif-
icant, although modest, weight loss (average of
−1.7 kg), which was comparable to its pilot testing
results (−1.5 kg) in another sample of Native
Hawaiians and Pacific Islanders [29]. Significant
improvements in systolic and diastolic BP, physical
functioning and activity level, and dietary fat intake
were also achieved. However, these outcomes were
not comparable across the different types of CBOs
where the intervention was delivered.
Three of the four CBOs (KULA, HM, and KOM)

achieved a greater average weight loss (−2.0 to
−2.3 kg) than that of the combined sample. To place
these findings in the context of their clinical
significance, the DPP showed that for every kilo-
gram (or 2.2 lbs) of weight loss in a person with
excess weight reduces his or her risk for diabetes by
16 % [3]. It is important to note that the three CBOs
(KULA, HM, and KOM) with greater weight loss
had predominantly Native Hawaiian participants
(84 % to 87 %), making their intervention groups
more ethnically homogenous in contrast to the
fourth CBO (KKV). KKV's intervention groups

had a more diverse Pacific Islander representation
(i.e., Native Hawaiian, Chuukese, Filipino, and
Samoan). These differences are expected given that
KULA, HM, and KOM are predominately Native
Hawaiian serving CBOs and KKV is a community
health center serving mainly immigrant Pacific
Islanders. A significant ethnic effect in weight-loss
outcomes was not observed in this study, which may
be partially due to the smaller sample size of Pacific
Islanders other than Native Hawaiians. Notwith-
standing, the difference between the weight-loss
outcomes of KULA, HM, and KOM compared to
KKV may be related to differences in socio-cultural
(e.g., native vs. immigrant status) and socio-econom-
ic (e.g., living conditions) characteristics across
Pacific Islander groups.
In conducting a post-hoc analysis to better under-

stand the factors related to the lower weight loss
achieved by participants in the KKV sample, it
appears that education level may play a role in weight
loss for immigrant Pacific Islanders, especially for
Chuukese, but not so much for Native Hawaiians.
Chuukese were the largest ethnic group in the KKV
sample and were the group least likely to lose weight.
They were also the ethnic group most likely to have
less than a high school education, and education level
was associated with their weight loss. Chuukese who
had less than a high school education tended to attend
less lessons than those with a high school education or
greater. It would appear that, for Chuukese, either
having a lower education level itself and/or factors
related to having a lower education level, such as less
stable employment, is adversely affecting their ability
to fully participate in, and benefit from, a behavioral
weight loss intervention. Fully participating in such an
intervention is important given that studies have found
a significant positive correlation between the number
of prescribed lessons received and weight loss [30, 33].
Of Native Hawaiians and other Pacific Islanders

in Hawai'i, Chuukese are the most economically
disadvantaged and marginalized ethnic group. In
addition to their lower educational obtainment on

Table 4 | General linear regression model predicting weight loss at post-intervention

Variable B SE Effect test p

Intercept −0.59 1.33
Baseline weight (kg)a −0.027 0.009 F(1,231)=9.33 <0.0025
Community F(3,231)=4.11 <0.0073
KULA vs. KKV −2.45 0.82 <0.0032c

HM vs. KKV −2.75 0.81 <0.001c

KOM vs. KKV −2.21 0.78 <0.0048c

Hawaiian vs. Other −0.49 0.65 F(1,231)=0.62 <0.43
Diastolic Blood Pressure (mmHg) −0.009 0.016 F(1,231)=0.30 <0.59
For overall model fitting, R2 =0.092, F(6, 231)=3.88, p=0.0010
a Baseline weight variables were first transformed by grand mean centering before entering the general linear regression model
b Pairwise comparisons among KULA, HM, and KOM were all not significant (p>0.8)
c Pairwise comparisons were adjusted for Tukey procedure
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average, other factors related to their acculturation
status may have affected their ability to fully benefit
from the lifestyle intervention, such as poorer
English proficiency, experiences of discrimination,
and other social stressors. It appears that the
adapted DPP-LI can be effective for Chuukese and
other Pacific Islander immigrant groups with higher
educational obtainment but questionable for those
with lower educational obtainment.
Another possible factor related to the lower

weight loss at KKV might have something to do
with the ethnic mixing in their intervention groups.
It is important to note that KKV has effectively
implemented other health interventions [51], and
KKV participants actually yielded the largest weight
loss compared to the other three CBOs in the pilot
testing of the translated DPP-LI in which a majority
were Chuukese [29, 30]. Whereas their education
status was similar in both studies, a notable differ-
ence between the groups at KKV in this study
compared to the previous study is that they were
much more heterogeneous. In the pilot study, KKV
segregated the intervention groups by Pacific Island-
er ethnicity (e.g., Chuukese-, Samoan-, and Filipino-
only groups), which allowed them to deliver the
intervention in the native language of the partici-
pants. In the current study, they delivered the
intervention to mixed groups of Native Hawaiians
and Pacific Islanders and only delivered it in the
English language (with the exception of one
Chuukese-only in language group). This mixing of
distinct Pacific Islander groups into a single inter-
vention group may partly explain the lower weight
loss observed among KKV participants in this study.
It is likely that the socio-cultural differences between
these groups may have influenced how the inter-
vention was delivered and received (e.g., favoring
examples more relevant to one group) and/or
impeded the ability of participants to solicit the
necessary social support from other group members.
There are socio-political tensions (e.g., competi-

tion for limited resources and negative stereotyping
and discrimination) between Pacific Islander groups
in Hawai'i [52], which may have interfered in their
ability to fully participate and engage with each
other. The more ethnically homogenous groups may
have been able to form and sustain the needed social
support network to assist them in achieving their
lifestyle goals because of similar sociocultural and
socioeconomic characteristics. Social support is an
important factor in a person's weight-loss efforts
when undergoing a behavioral lifestyle intervention
[53, 54].
KULA's outcomes further point to the importance

of social networks in obesity intervention for Native
Hawaiian and Pacific Islanders. Their CBO yielded
one of the highest mean weight losses and they were
the only CBO that yielded significant improvements
on all clinical and behavioral measures, to include

systolic and diastolic BP. They are also the only
CBO that is defined as a neighborhood (i.e.,
homestead community) compared to the other three
CBOs that are defined as a community health center
(KKV), health service organization (KOM), and a
civic club (HM). Being a homestead community, the
participants at KULA were more familiar to each
other and lived amongst each other in the same
immediate neighborhood, and the CHA delivering
the intervention was from the community and knew
most of the participants intimately. It is likely that
this kind of familiarity and living situation led to
better social networking to support the lifestyle
modifications promoted by the intervention.
KULA's participants were more likely to form
community walking groups and participate in
Zumba (a Columbian-inspired dance fitness pro-
gram) and Hula (the traditional Hawaiian dance)
classes as a group. Their shared Hawaiian values
and interests may have also spurred this process,
something that may be missing in mixed ethno-
cultural intervention groups.
Overall, there was significant weight loss (−1.7 kg)

and significant improvements in systolic and dia-
stolic BP, physical functioning and activity level, and
dietary fat intake. When placed in the context of
being delivered by CHAs with varying backgrounds
and who are relatively inexpensive to employ
compared to traditional health professionals, and
delivered in and across various community settings,
it appears that the DPP-LI can be successfully
translated into Native Hawaiian and Pacific Islander
communities. However, it does appear that the
weight loss and other clinical and behavioral
benefits of this translated DPP-LI may be influenced
by the ethnic composition of the intervention group
and the degree to which social support and net-
working amongst the participants are possible. It is
less likely that differences in the CHAs' experience
and background across the CBOs contributed to the
differences observed. All the CHAs followed the
same standardized protocols and materials, con-
firmed by intermittent fidelity checks and regular
meetings, and a majority of them also participated in
the pilot study. Also, previous studies find no
difference between lay educators and clinically
trained professionals in the amount of weight loss
achieved by their participants given the same
intervention [28].
There are some limitations of this study. A pre-

and post-intervention design was used, which does
not allow us to compare against a no-intervention
control group to determine the intervention's effica-
cy. However, the intent of this study was to translate
the DPP-LI, which was already found efficacious,
into real-world settings. Also, it is highly unlikely
that the participants would have lost the amount of
average weight loss observed and obtained the other
clinical and behavioral benefits over 3 months in the
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absence of the intervention. The intervention may
have not been delivered in the same manner as
intended across CBO settings, which could have led
to the differences observed. However, this is a
translational study and real-world circumstances that
would alter the delivery of the intervention are
entirely expected and cannot be practically elimi-
nated. Although most of the measures used were
objective (i.e., weight, BP, and 6MWT), subjective
measures of physical activity levels and dietary
changes were used. Short of direct behavioral
observations or daily self-monitoring of these be-
haviors, it is challenging to obtain more objective
data, feasibly, from participants across diverse
CBOs. Finally, the condensing of the DPP-LI may
have weakened the weight loss effects of the
intervention. However, most behavioral lifestyle
interventions that apply stringent weight loss, caloric
intake, and exercise goals are extremely difficult to
maintain over time, especially for economically
challenged communities.

Implications
The findings of this study have several important
practice, policy, and research implications. In
regards to the practice implications, the effective
translation of evidence-based lifestyle interventions
into real-world settings can occur when properly
adapted to the specific characteristics of a popula-
tion, such as those shared by ethnic populations and
CBOs. They can be feasibly implemented using the
human resources (e.g., lay community health edu-
cators) already inherent in many types of CBOs.
Regarding policy implications, this study highlights
the importance and benefits of expeditiously trans-
lating evidence-based intervention strategies into
real-world contexts. The average reported 17-year
delay in getting only 14 % of original scientific
discoveries applied in real-world settings is unac-
ceptable, given that they could have immediate
public health benefits [55]. The POP's translation
of the DPP-LI into Native Hawaiian and Pacific
Islander communities demonstrates how evidence-
based interventions can be rapidly disseminated
using CBPR approaches [56]. This study's findings
also suggest that more research is needed to
elucidate the role of social support and social
networking in obesity interventions, especially for
economically challenged and socially marginalized
groups, such as immigrants and indigenous peoples
of the U.S. Overall, the findings of this study point
to the importance of disaggregating Native Hawai-
ians and other Pacific Islanders in practice, policy,
and research decisions. Differences in their accul-
turation history and status and socio-cultural and
socio-economic characteristics may necessitate dif-
ferent public health intervention foci and strategies.
It appears that a "one-size-fits-all" assumption is
erroneous; that is, context matters in the translation
of evidence-based interventions, whether it is the

ethno-cultural, socio-economic, and/or CBO
context.
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