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OBJECTIVE — To examine the association of stage of change with diet and exercise behaviors
in response to a lifestyle intervention for Native Hawaiians (NHs).

RESEARCH DESIGN AND METHODS — A family (‘ohana) support lifestyle interven-
tion was compared with a standard intervention in NHs with or at risk for diabetes in two rural
communities in Hawaii (n � 147). Stage of change, as a hypothesized mediator of behavior
change, and dietary and exercise behaviors were measured at baseline and at 1 year postinter-
vention.

RESULTS — Stage of change was significantly associated with positive dietary and exercise
behaviors. NHs receiving the ‘ohana support (OS) intervention were more likely to advance from
pre-action to action/maintenance for fat intake and physical activity than the group who received
the standard intervention. Participants in the OS group who advanced from pre-action to action/
maintenance showed more improvement in fat intake and physical activity than those in the
standard group.

CONCLUSIONS — These initial findings suggest that stage of change is an important factor
in mediating lifestyle behavior changes in persons with or at risk for diabetes and merits further
study among minority populations at high risk for diabetes.
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N ative Hawaiians (NHs), the indige-
nous people of Hawaii, have the
second highest rate of type 2 diabe-

tes in the U.S. and have an increased risk
for new cases of diabetes due to high rates
of obesity, impaired glucose tolerance,
and insulin resistance syndrome (1–4).
Diet and exercise habits play a major role
in the management and prevention of di-
abetes, and not surprisingly, a variety of
interventions have been developed to ad-
dress these adverse lifestyle behaviors (5–

8). Unfortunately, few intervention
programs have evaluated the process of
changing lifestyle behaviors in individu-
als with diabetes, and furthermore, suc-
cessful lifestyle behavior changes have not
been consistently reported by all pro-
grams. Even less is known about how
these processes may unfold in unique
high-risk populations such as NHs. Un-
derstanding the process of behavior
change may provide insight into the vari-
able rates of success found and may also

aid in the development of more effective
methods for improving lifestyle behaviors
in individuals with diabetes.

The process of changing behaviors is
complex, and several theories have been
proposed to predict and/or explain ob-
served lifestyle behaviors (9 –11). The
Transtheoretical Model and Stages of
Change has been successfully used to pre-
dict diet and physical activity behaviors
(12–22). Unfortunately, few studies have
included individuals with chronic dis-
eases or a significant number of ethnic
minorities. Therefore, the Native Hawai-
ian Diabetes Intervention Program (NH-
DIP) sought to evaluate the Stages of
Change model as a potential mediator in
changing lifestyle behaviors in NHs with
or at risk for diabetes.

The NHDIP was a 4-year research
project in which the main objective was to
determine whether a lifestyle intervention
implemented with a family (‘ohana) sup-
port (OS) person would improve lifestyle
behaviors compared with standard inter-
vention (SI). We hypothesized that the
implementation of a “helping relation-
ship” in the OS group, via the OS person,
would enhance movement along the
stages of change and thus mediate im-
provement in lifestyle (diet and exercise)
behaviors (9). A culturally responsive life-
style intervention was developed and
then implemented by peer educators in
two rural NH communities (23). The pri-
mary purpose of this analysis was to eval-
uate 1) whether participants receiving the
OS lifestyle intervention showed greater
improvements in diet and exercise behav-
iors and stages of change compared with
the SI group and 2) whether forward
movement in stages of change was associ-
ated with improvement of healthful diet
and exercise behaviors.

RESEARCH DESIGN AND
METHODS — The overall study de-
sign was a nonrandomized, concurrent
intervention with assignment of OS to the
West Kauai community and SI to the
North Kohala community. A quasi-
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experimental design with ecologic assign-
ment of the intervention was chosen for
two major reasons: 1) the concept of ran-
domization was not culturally acceptable
in these NH communities; and 2) indi-
vidual treatment assignment would
have been highly susceptible to cross-
contamination, considering the use of
a lifestyle intervention arm. Of the 250
eligible NHs invited to participate, 147
(59%) agreed to enroll in the study (OS
group, n � 72; SI group, n � 75) (1,24).
Eligible participants that enrolled in the
program were not significantly different
from those who did not volunteer for the
study in terms of glucose intolerance,
presence of diabetes, mean weight, and
NH blood quantum. Eligibility criteria for
the study included: 1) resident of the
study communities; 2) NH ancestry (self-
reported); 3) age �30 years and nonpreg-
nant; and 4) presence of diabetes
(previous diagnosis or positive result on
2-h oral glucose tolerance test) or high
risk for diabetes (presence of impaired
glucose tolerance or two or more compo-
nents of insulin resistance syndrome)
(25). Insulin resistance syndrome compo-
nents included hypertension (blood pres-
sure �140/90 mmHg), dyslipidemia
(total cholesterol �200 mg/dl, triglycer-
ides �200 mg/dl, or HDL cholesterol
�35 mg/dl), central adiposity (waist-to-
hip ratio �0.9 in men and �0.8 in wom-
en), and obesity (BMI �27.5 kg/m2).

In addition, all participants in the OS
group were asked to identify one OS per-
son who would attend all program activ-
ities and examinations with them. This
OS person was required to be aged �18
years, live in the study community area,
and be a family member, neighbor, or co-
worker of the participant. All participants
(including OS persons) were required to
receive medical clearance by a physician
before participation in the program and
gave written informed consent.

Lifestyle intervention
Both intervention groups (OS and SI) re-
ceived a culturally competent program for
a total of 6 months (23). However, the OS
group differed from the SI group in two
major areas. First, participants in the OS
group were enrolled with a designated OS
person. Second, participants in the OS
group were given practical instructions
on “how to” ask their OS person to help
them overcome challenges in making life-
style behavior changes (see Appendix).

Community peer educators at both sites
were trained regarding program imple-
mentation by the core research staff
through didactic and role-playing teach-
ing methods. Peer educators were then
personally evaluated on site and/or video-
taped during a teaching session after the
program was launched, followed by verbal
feedback and discussion with the core team
every month to ensure standardization.

Measures of dietary and physical
activity behaviors and mediating
factors
A 3- to 4-h research examination was per-
formed at study entry (Exam 1) and 6
months after the intervention program
ended at Exam 3 (�1 year after the base-
line exam). All research examinations
were performed on site by trained com-
munity research staff who performed
clinical measurements and interviewed
participants on all research question-
naires. All questionnaires used in this
study were selected because of demon-
strated acceptable reliability and validity,
as indicated below.

Dietary behaviors were measured us-
ing a semiquantitative food-frequency
questionnaire, previously validated in a
NH population, to assess usual dietary in-
take during the past month (26,27). The
166-item questionnaire was administered
by an interviewer using visual aids to help
respondents estimate portion sizes accu-

rately. Dietary behaviors were assessed by
nutrient intake of total calories (kcal/day),
daily fat (g/day), and daily fiber (g/day).

Physical activity behaviors were as-
sessed using the Modified Activity Ques-
tionnaire, an instrument previously
validated and adapted to an NH popula-
tion (28–30). Estimates of energy expen-
diture were calculated for total and leisure
physical activity and expressed in meta-
bolic equivalent (MET) hours per week.

Mediating factors of dietary and phys-
ical activity behaviors were assessed using
previously validated instruments based
on the Stage of Change (SOC) construct
(12,13,19,31). Dietary SOC was calcu-
lated for fat and fiber intake using a 19-
item questionnaire previously validated
in the Working Well Trial (12–14). Exer-
cise SOC was assessed using a four-item
subscale adapted from the Dieting Readi-
ness Test questionnaire (31).

Statistical analyses
Bivariate analyses at Exam 1 were per-
formed using �2, Student’s t tests, or non-
parametric tests where appropriate. For
analyses on the patterns of dietary SOC,
the number of stages were reduced from
five to two and defined as pre-action and
action/maintenance. This modification
was made for practical reasons (i.e., small
numbers, simplicity and interpretability)
and to allow for comparison with other
published literature (14). For analyses us-

Table 1—Baseline characteristics of participants with or at risk for diabetes: the Native
Hawaiian Diabetes Intervention Program (n � 47)

Background factors
OS group

(W. Kauai)
SI group

(N. Kohala) P

n 72 75 —
Women (%) 69 68 —
With diabetes (%) 41 29 0.12
With �50% Hawaiian blood quantum (%) 68 46 0.02
Age (years) 47.9 � 10.6 51.3 � 11.9 0.06
BMI (kg/m2) 34.5 � 7.6 32.3 � 5.9 0.05

Diet and exercise behaviors
Total daily calories (kcal/day) 2,323 � 1,159 2,273 � 1,140 0.79
Daily fat intake (g/day) 81 � 51 76 � 42 0.51
Calories from fat 30.3 � 7.6% 30.0 � 7.0% 0.56
Daily fiber intake (g/day) 19 � 11 23 � 14 0.05
Total physical activity (MET h/week) 86 � 95 111 � 136 0.21
Leisure physical activity (MET h/week) 44 � 65 47 � 48 0.75

Stage of change
Pre-action stage of change for dietary fat (%) 31 25 0.60
Pre-action stage of change for dietary fiber (%) 29 32 0.84
Pre-action stage of change for exercise (%) 89 68 0.01

Data are or means � SD.
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ing exercise SOC, a priori scores were
summed for each person and collapsed
into a dichotomous variable defined as
pre-action and action/maintenance to fa-
cilitate and simplify analyses and inter-
pretation (31). All analyses evaluating
intervention effects (before and after
changes) were performed using only par-
ticipants with complete data for both Ex-
ams 1 and 3 (OS, n � 70; SI, n � 62). Of
the individuals not examined at Exam 3
(n � 15), one had moved out of the com-
munity, one had died, four had a major
illness or surgery that precluded their con-
tinuation in the study, and nine refused
follow-up examination. Baseline stages of
change for these 15 individuals showed
that 19 and 31% were in the pre-action
stage of change for dietary fat and fiber,
respectively, whereas 63% were in the
pre-action stage of change for exercise.

The two main outcomes analyzed in
this study were: 1) achieving or maintain-
ing the action/maintenance stage of
change at follow-up and 2) the mean di-
etary intake and physical activity expen-
diture for individuals in the action/
maintenance stage at follow-up. Odds
ratios (ORs) and 95% CIs for each diet
and physical activity domain were calcu-
lated to evaluate the odds of being in the
action/maintenance stage of change in the
OS group compared with the SI group.
Ordinary least-squares regression analy-
sis was performed to compare the mean
values at follow-up in each behavioral do-
main (diet and physical activity behav-
iors) between intervention arms adjusted
for the baseline behavior values. The
number of participants for each behav-
ioral domain analyzed varied according to
the number of individuals noted to be in
the action/maintenance stage at follow-up
for each intervention group. All findings
were considered statistically significant if
the P value was �0.05. Statistical analy-
ses were performed using SAS software
(version 6.12; SAS Institute, Cary, NC)
and SPSS software (version 10; SPSS, Chi-
cago, IL).

RESULTS — Baseline characteristics of
the OS and SI groups are shown in Table 1.
In general, the groups were not significant-
ly different, except for percentage with
50% Hawaiian blood quantum (68% in
OS vs. 46% in SI, P � 0.02) and percentage
in the pre-action stage of change for exer-
cise (89% in OS vs. 68% in SI, P � 0.01).

Dietary intake at baseline showed rel-

atively high caloric intake (i.e., �2,200
kcal/day), although the percent of calories
from fat was not excessive (�30% of daily
calories from fat). Both groups also re-
ported moderate to high intake of dietary
fiber, which approached or met national
recommendations of 20–35 g/day. Both
groups showed wide variability in levels
of physical activity (total and leisure); the
distribution of participants was skewed

toward sedentary activity levels (mode of
leisure activity hours/week � 1.8 h vs.
recommended moderate activity levels �
3.5 h/week) (32).

Mean changes in diet and exercise be-
haviors from baseline to follow-up were
not statistically significant for either inter-
vention group and were broad in variabil-
ity. The SI group showed improvements
in mean total calories and daily fat com-

Figure 1—Change in stages of dietary and exercise change for lower fat, higher fiber, and
increased exercise: the Native Hawaiian Diabetes Intervention Program (n � 132). A, action; AM,
action/maintenance; C, contemplation; M, maintenance; P, pre-action.

Lifestyle behavior in native Hawaiians with diabetes
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pared with the OS group (total calories: SI
�94.54 vs. OS �21.24 kcal/day; daily
fat: SI �4.70 vs. OS �0.46 g/day). How-
ever, the OS group showed improve-
ments in mean daily fiber intake
compared with the SI group (daily fiber:
OS �1.69 vs. SI �0.90 g/day). Both groups
reported mean decreases in leisure and
total physical activity energy expenditure
(leisure activity: OS �12.58 vs. SI �4.66
MET h/week; total physical activity: OS
�6.23 vs. SI �25.00 MET h/week).

Association of stage of change with
dietary and physical activity
behaviors
Individuals with the healthiest dietary fat
and exercise patterns were more likely to
be in the action/maintenance stage of
change than participants with the least
healthiest diet/exercise behaviors at both
exams (daily fat: Spearman’s r at Exam
1 � �0.29 and at Exam 3 � �0.25; lei-
sure physical activity: Spearman’s r at
Exam 1 � 0.41 and at Exam 3 � 0.26; all
P � 0.005). A similar association was also
found with daily fiber intake, although
this correlation was only significant at
Exam 3 (daily fiber: Spearman’s r at Exam
1 � �0.16, P � 0.06 and at Exam 3 �
�0.32, P � 0.001).

Patterns of change in diet and
exercise stage of change by
intervention group
Figure 1 shows that the most common
pattern of diet and exercise SOC move-
ment was no change in stage. For fat SOC,
�35–40% of the participants in both in-

tervention groups remained in the action
stage; similar distributions of forward and
backward movement were observed in
both groups. For fiber SOC, the most com-
mon pattern was to remain in the main-
tenance stage at follow-up (�25%).
Although a higher percentage of partic-
ipants in the SI group had forward
movement in fiber SOC, no apparent dif-
ferences were observed for backward
movement between groups. For exercise
SOC, most individuals were in the con-
templation stage at both time points.
However, a higher percentage of partici-
pants in the SI group moved backward
from action/maintenance to contempla-
tion in exercise SOC (SI 13% vs. OS 4%).

The odds of being in act ion/
maintenance for the OS group versus the
SI group for exercise activity, fat intake,
and fiber intake are shown in Table 2. For
fat SOC, the odds for the OS group to
advance from pre-action at baseline to ac-
tion/maintenance at follow-up was more
than twofold higher (OR 2.88, 95% CI
0.76 –10.99) compared with the SI
group. Exercise SOC in the OS group also
showed that the odds of advancing to
action/maintenance from pre-action was
45% higher than in the SI group (OR
1.45, 95% CI 0.50–4.22). Little differ-
ence was observed for the participants in
the OS group in action/maintenance at
baseline to remain in this stage for fat or
exercise SOC (fat SOC, OR 1.07; exercise
SOC, OR 0.97). For fiber stage, OS group
participants were less likely to advance to
a later stage at follow-up, regardless of the
stage at which they started at baseline:

pre-action (baseline), OR 0.44, 95% CI
0.13–1.58; postaction (baseline), OR
0.15, 95% CI 0.03–0.74.

Changes in stage and changes in
dietary intake and physical activity
behaviors
The mean differences in dietary and phys-
ical activity behaviors between the OS and
SI groups for participants in the action/
maintenance stage at follow-up are shown
in Table 3. Individuals in the OS group
who advanced from pre-action to action/
maintenance, on average, made more
healthy changes, as assessed by reduced
fat intake (�2.3 g/day), increased daily
fiber intake (2.5 g/day), and increased
physical activity (63.3 MET h/week), than
the SI group. By contrast, individuals in
the OS group who started in the action/
maintenance stage at baseline, on average,
made less healthier changes, such as in-
creased fat intake (5.6 g/day) and reduced
physical activity (�19.9 MET h/week),
but increased their mean fiber intake
compared with the SI group. Overall, in-
dividuals in the OS group who were in the
action/maintenance stage at follow-up
improved in all behavioral domains com-
pared with the SI group (overall fat �0.92
g/day, overall fiber 3.5 g/day, and overall
physical activity 20.1 MET h/week).

CONCLUSIONS — The ana ly se s
presented here show that SOC is signifi-
cantly correlated with dietary intake (fat
and fiber) and physical activity behaviors.
In response to an intervention emphasiz-
ing social support, participants in the OS
group in the pre-action stage were more
likely to advance to action/maintenance
for dietary fat and exercise but not for di-
etary fiber SOC compared with the SI
group. This apparent discordance in the
dietary fiber stage with the other stage do-
mains is probably related to a number of
factors, including small sample sizes,
slightly older population in the SI group,
and relatively high baseline intakes of
dietary fiber with a high proportion in
action/maintenance at baseline, thus cre-
ating a ceiling effect. Finally, individuals
in the OS group who advanced from pre-
action to action/maintenance at follow-up
were found to have overall “healthier” di-
etary and exercise behaviors compared
with the corresponding participants in
the SI group.

The results of this study suggest that
interventions of a similar design seem to

Table 2—Odds of being in action/maintenance SOC for diet and exercise at follow-up for OS
group (n � 69) versus SI group (n � 62)

Domain and baseline
stage of change

Follow-up stage of change:
action/maintenance 95% CI

Fat
Pre-action 2.88 0.76–10.99
Action/maintenance 1.07 0.47–2.40
Overall† 1.01 0.46–2.20

Fiber
Pre-action 0.44 0.13–1.58
Action/maintenance 0.15* 0.03–0.74
Overall† 0.36* 0.16–0.83

Exercise
Pre-action 1.45 0.50–4.22
Action/maintenance 0.97 0.17–5.60
Overall† 0.78 0.36–1.70

*P � 0.05; †“overall” refers to the OR of being in action/maintenance at follow-up, regardless of baseline
SOC.
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have the greatest impact on individuals in
pre-action stages of change who advanced
to action/maintenance, and these changes
in stage corresponded to healthier
changes in dietary fat intake and exercise
energy expenditure in the OS group com-
pared with the SI group. These results
also suggest that the OS intervention was
not particularly effective in maintaining
individuals at the action/maintenance
stage or at improving the corresponding
lifestyle behaviors. Similar findings were
also reported in another diabetes inter-
vention, in which participants with the
worst self-care behaviors benefited the
most from a 5-day education program
compared with the other groups (33).
This study also confirms the positive role
of social support in changing behaviors in
minority populations, such as NHs, and
suggests that tailoring a lifestyle interven-
tion to a person’s stage of change may en-
hance its effectiveness in changing diet
and exercise behaviors.

Although promising, these results
should be interpreted with some consid-
eration of their limitations, such as the
nonrandomized study design, relatively
small sample sizes, and lack of a true con-
trol group. However, notwithstanding the
limitations, we believe these results are of
particular interest because encouraging
individuals to change their lifestyle be-
haviors is often difficult and, therefore,
understanding the process of improving
lifestyle behaviors via mediators of behav-
ior change may aid in the development of

more effective and efficient interventions.
Thus, we propose that future studies to
evaluate the construct of SOC and other
potential mediators of behavior are war-
ranted and that such studies could be
strengthened by enrolling a larger study

population (including ethnic minority
groups), limited to a single category of
glucose intolerance (diabetes or at risk),
with a randomized study design and a
minimal intervention or “true” control
group.
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Table 3—Mean differences between OS (n � 69) and SI (n � 62) groups in fat intake (g/day),
fiber intake (g/day), and total physical activity (MET h/week) for participants in action/
maintenance stage at follow-up

Domain and baseline
stage of change

Adjusted mean difference at follow-up
for participants in action/maintenance* 95% CI

Fat
Pre-action �2.3 �40.9 to 36.2
Action/maintenance 5.6 �8.9 to 20.2
Overall† �0.92 �15.2 to 13.4

Fiber
Pre-action 2.5 �7.6 to 12.7
Action/maintenance 4.0 �0.50 to 8.5
Overall† 3.5 �0.37 to 7.4

Exercise
Pre-action 63.3 �0.65 to 127.2
Action/maintenance �19.9 �110.4 to 70.6
Overall† 20.1 �26.8 to 67.1

Data are n. *Adjusted mean difference indicates adjusted for baseline values for each domain behavior;
†“Overall” refers to the differences in mean changes in participants in action/maintenance at follow-up,
regardless of baseline SOC.

APPENDIX

Comparison of lifestyle intervention protocol in West Kauai and North Kohala Commu-
nities: Native Hawaiian Diabetes Intervention Program, 1995–1998

West Kauai Community:
OS lifestyle intervention

North Kohala Community:
Standard lifestyle intervention

Family/social support
Enrolled with OS Person —

Program leaders
Trained community peer educators Trained community peer educators

Number of group sessions
Group teaching sessions Group teaching sessions

1. “Exercise can be Fun” 1. “Exercise can be Fun”
2. “Grinding the Akamai Way” 2. “Grinding the Akamai Way”
3. “Eating Hawaiian Style” 3. “Putting It All Together”
4. “Change is No Big Deal” 4. —
5. “Putting it all Together” 5. —

Follow-up contacts
Face-to-face personal follow-up Telephone follow-up

“Cutting Back on Sugar” handout “Cutting Back on Sugar” mailed out
“Continuing the Journey” handout

Exercise classes
Offered to participant and OS person

(6 months)
Offered to participant (6 months)

1. “Power Walking” 1. “Power Walking”
2. “Water Aerobics” 2. “Water Aerobics”
3. “Low-Impact Aerobics” 3. “Low-Impact Aerobics”
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