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Abstract
Objective  The aim of this study was to calculate the costs and assess whether a culturally grounded physical activity inter-
vention offered through community-based organizations is cost effective in reducing blood pressure among Native Hawaiian 
adults with hypertension.
Methods  Six community-based organizations in Hawai‘i completed a randomized controlled trial between 2015 and 2019. 
Overall, 263 Native Hawaiian adults with uncontrolled hypertension (≥ 140 mmHg systolic, ≥ 90 mmHg diastolic) were 
randomized to either a 12-month intervention group of hula (traditional Hawaiian dance) lessons and self-regulation classes, 
or to an education-only waitlist control group. The primary outcome was change in systolic blood pressure collected at 
baseline and 3, 6, and 12 months for the intervention compared with the control group. Incremental cost-effectiveness ratios 
(ICERs) were calculated for primary and secondary outcomes. Non-parametric bootstrapping and sensitivity analyses evalu-
ated uncertainty in parameters and outcomes.
Results  The mean intervention cost was US$361/person, and the 6-month ICER was US$103/mmHg reduction in systolic 
blood pressure and US$95/mmHg in diastolic blood pressure. At 12 months, the intervention group maintained reductions 
in blood pressure, which exceeded reductions for usual care based on blood pressure outcomes. The change in blood pres-
sure at 12 months resulted in ICERs of US$100/mmHg reduction in systolic blood pressure and US$93/mmHg in diastolic 
blood pressure. Sensitivity analyses suggested that at the estimated intervention cost, the probability that the program would 
lower systolic blood pressure by 5 mmHg was 67 and 2.5% at 6 and 12 months, respectively.
Conclusion  The 6-month Ola Hou program may be cost effective for low-resource community-based organizations. Mainte-
nance of blood pressure reductions at 6 and 12 months in the intervention group contributed to potential cost effectiveness. 
Future studies should further evaluate the cost effectiveness of indigenous physical activity programs in similar settings and 
by modeling lifetime costs and quality-adjusted life-years.
Trial Registration Number  NCT02620709.
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1  Introduction

High blood pressure is a primary risk factor for cardiovas-
cular disease and cerebrovascular diseases, such as coronary 
heart disease and stroke. The prevalence of hypertension 
in Native Hawaiians is nearly 48%, compared with 23% in 
White Americans, 38% in Japanese Americans, and 30% in 
Filipino Americans [1, 2]. Native Hawaiians are also 30% 
less likely to have controlled hypertension [3]. Native Hawai-
ian people experience cardiovascular disease and stroke an 
average of 10 years earlier [4], with mortality rates that are 
68 and 20% higher than in White people, respectively [5]. 
Despite the increased risk, Native Hawaiian people are less 
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Key Points for Decision Makers 

This study used outcomes from a randomized controlled 
trial that showed the efficacy of cultural physical activ-
ity in reducing blood pressure among Native Hawaiian 
adults with hypertension to define the cost implications 
for resource-limited community-based organizations in 
Hawai‘i.

Assessing the costs and cost effectiveness helps estab-
lish the role of cultural physical activity interventions in 
addressing community-specific hypertension burden.

Results are limited by the 12-month timeline and narrow 
cost perspective, but show evidence that indigenous 
forms of physical activity may be cost effective in reduc-
ing blood pressure in Native Hawaiian adults.

Further research is needed to explore the long-term eco-
nomic impact of the intervention, including patient costs 
and potential medication changes.

healthcare administrators with a common metric for com-
paring across types of interventions and programs [12]. 
Treating hypertension is generally found to be cost effective 
or cost saving [13–15]. This includes health education and 
physical activity interventions that rely on community health 
workers to shift tasks away from physicians and pharmacists 
[16–18]. While the Ola Hou intervention employed similar 
cost reduction measures, the intervention would likely be 
implemented at federally funded community health centers, 
which are the safety nets of the US health care system and 
operate under limited budgets [19]. To continue serving their 
populations who rely on these centers for the majority of 
their health needs, every community health center program 
requires justification of their programs by weighing the ben-
efits against the costs.

The objective of this study was to calculate the costs and 
estimate the cost effectiveness associated with the reduc-
tion in blood pressure from participation in the culturally 
grounded Ola Hou intervention. We evaluated the costs from 
the provider perspective of the community health centers 
and other health-focused organizations in Hawai‘i that would 
provide the program. Taking this perspective influenced the 
timeline and intention-to-treat approach of the analysis. The 
timeline included the 6-month intervention analysis to posit 
the health benefits of Ola Hou i ka Hula in comparative 
measures with other interventions that reduce blood pres-
sure. We then extended the analysis to predict the persis-
tence of Ola Hou i ka Hula on controlling blood pressure 
at 12 months.

2 � Methods

2.1 � Ola Hou i ka Hula (Restoring Health Through 
Hula) Intervention

Hula is the traditional dance of Hawai‘i and its indigenous 
people that employs choreographed, synchronized, rhythmic 
body movements to illustrate the stories and meanings of the 
accompanying songs and chants [20, 21]. The 6-month Ola 
Hou i ka Hula (Ola Hou henceforth) intervention was a ran-
domized controlled trial (RCT) that assessed hula training 
and self-regulation education on blood pressure reduction 
in Native Hawaiian adults with uncontrolled blood pressure 
(≥ 140 mmHg systolic, ≥ 90 mmHg diastolic) but no car-
diovascular disease. Six community-based organizations in 
Hawai‘i implemented the trial, of which one was a feder-
ally qualified health center, three were nonprofit community 
centers, and two were part of the Native Hawaiian Health 
Care System [22]. The community-based organizations were 
involved in refining the outcome and cost parameters, as well 
as interpretation within the context of the communities. The 

likely to receive adequate treatment for cardiovascular con-
ditions than Whites people [1–6].

The American Heart Association recommends combin-
ing pharmacological therapy with lifestyle changes, includ-
ing physical activity, to reduce high blood pressure [7]. 
Native Hawaiians in Hawai‘i have reported that they prefer 
to engage in culturally grounded physical activities that are 
group-based and incorporate traditional practices instead of 
Western activities, such as biking or running [8]. To improve 
blood pressure control in Native Hawaiian adults with pre-
viously uncontrolled hypertension, the KāHOLO Project 
recently conducted a trial to determine the efficacy of a 
6-month intervention (called Ola Hou i ka Hula or Ola Hou) 
that included hula practice and self-regulation training. Hula 
is a traditional dance and hallmark of Native Hawaiian cul-
ture that can also meet the recommendations for moderate- 
and high-intensity physical activity [9, 10]. The KāHOLO 
Project was funded by the National Heart, Lung and Blood 
Institute from 2015 to 2020 [11]. During the 6-month inter-
vention, retention rates approached 80% and intervention 
participants experienced significant improvements in blood 
pressure and reduced their cardiovascular disease risk [9]. 
These results have stimulated interest in continuing the inter-
vention in Native Hawaiian communities.

Translating an intervention into a community program as 
standard care often requires defining the intervention costs, 
along with outcomes. Cost-effectiveness analyses evaluate 
the effectiveness of the program or intervention relative to 
the cost of implementation, to provide policymakers and 
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trial design, participants, intervention design, outcomes, and 
ethics approvals have been described in detail elsewhere (in 
print) [11, 23].

Briefly, 263 participants received the intervention 
between 2015 and 2019 (131 Ola Hou participants and 132 
control participants). All participants received a brief heart 
health education that included three 1 h lessons over 1 week. 
Following this education, participants were placed in their 
randomly assigned groups. The first 3-months (12 weeks) 
of the intervention group consisted of hula training, with 
two 60-min classes per week led by a Kumu Hula (trained 
instructor). In months 3–6, weekly sessions with a commu-
nity peer educator provided culturally relevant hypertension 
management education, guidance on individual goal set-
ting, and taught self-regulation strategies. These sessions in 
months 3–6 were accompanied by self-directed hula practice 
sessions and three hula training classes led by a Kumu Hula. 
The education-only control group (controls) were offered 
hula training at months 6 through 12. Class sizes ranged 
from 10 to 15 participants across sites and intervention arms.

Participants completed clinical measures and question-
naires at baseline and 3, 6, and 12 months that included 
blood pressure, medication records, cardiovascular disease 
risk factors, and psychological and behavioral risk factors. 
No participants in the control group completed the clini-
cal measures and questionnaires at the 12-month timeline 
because they were offered the hula training at months 6 
through 12.

2.2 � Effectiveness

The primary outcome of the intervention was a reduction 
in systolic blood pressure among Native Hawaiian adults 
with uncontrolled hypertension (≥ 140 mmHg systolic, 
≥ 90 mmHg diastolic). Reductions in diastolic blood pres-
sure were secondary. Blood pressure was taken following 
standard protocols before completing the questionnaires 
[24]. Three separate blood pressure measures were taken at 
each data collection period and the last two were averaged to 
calculate the mean for each participant. The last observation 
carried forward approach addressed missing values in blood 
pressure readings (n = 5 in each group) for the 6-month 
within-trial observations.

To evaluate the persistence of effects beyond the hula and 
educational components of the intervention, we predicted 
the 12-month blood pressure readings for the control group. 
We used the difference in blood pressure from the control 
group at baseline to 6 months to predict the difference in 
blood pressure from 6 to 12 months. As predicted values, the 
difference between 6 and 12 months for the control group 
equated to a proxy for a control group with 6 months of no 
participation in the Ola Hou program.

2.3 � Costs

The cost analysis was conducted from the standpoint of the 
community organization to approximate the cost of offering 
this program, and aligned with the Consolidated Health Eco-
nomic Evaluation Reporting Standards (CHEERS) reporting 
guidelines [12, 25]. Only costs essential to implementing 
the program, instead of costs involved in research protocols, 
such as intensive recruiting and participant compensation, 
were included. Implementation costs came from detailed 
program records of resources used, salary rates, and prices 
of materials. All costs were reported in 2015 dollars. Dis-
counting was not applied given the 12-month duration of 
the analysis.

The Ola Hou costs covered program recruitment, educa-
tional materials, salaries, and facilities to manage and use 
the space. Upon implementation, recruitment would rely on 
physician referrals and word of mouth, along with limited 
flyers around the communities. Educational materials and 
personnel were divided by activity (hula or self-regulation). 
Kumu Hula rates reflected the expected costs per hour for 
a trained hula instructor in Hawai‘i. Hourly rates for the 
self-regulation classes included fringe benefits for the com-
munity peer educator and covered additional time for class 
preparation and administrative activities. Facility costs rep-
resented the cost per square foot to use the space, at mar-
ket value. For community-based organizations that own the 
space, this captures the opportunity cost of forgoing similar 
programs, and contributes to overhead costs [26]. Partici-
pant medical costs for specialized care, physician visits, and 
other health-related expenditures were not collected during 
the intervention timeline. Both the Ola Hou and the control 
group received three 1 h lessons of culturally tailored heart 
health education before the intervention. Additional details 
are provided in the primary RCT manuscript [23]. However, 
in practice, those not enrolled in Ola Hou would incur no 
programmatic costs as no other program is offered in usual 
care.

2.4 � Analysis Procedure

The primary aims of our analysis were to define the costs 
of the Ola Hou intervention and the cost effectiveness of 
the intervention in reducing systolic blood pressure among 
Native Hawaiians with hypertension. Incremental cost-
effectiveness analyses were also calculated for diastolic 
blood pressure. We evaluated the higher-bound costs and 
cost effectiveness of the program by basing the estimations 
on a class size of 10. The incremental cost-effectiveness 
ratio (ICER) was calculated as the incremental cost of the 
Ola Hou intervention relative to the education-only control 
group, divided by each measure of the incremental effec-
tiveness of the intervention relative to the control group. 



88	 A. F. Railey et al.

The ICER represented the change in cost per reduction 
in outcome over the given time period and corresponding 
with the RCT activities. Baseline to 6 months was the pri-
mary time period, but we additionally calculated ICERs for 
baseline to 3 months (predominantly the hula component), 
3–6 months (self-regulation component), and baseline to 
12 months (predicted maintenance of reduced blood pres-
sure). We adopted an intention-to-treat approach for a total 
of 263 participants (131 Ola Hou, 132 controls). Retention 
at 6 months was assessed for those with complete baseline 
and follow-up data.

A range of analyses examined the differential impacts 
of key parameters on the costs and effectiveness of the 
program. We captured uncertainty in the ICERs with 95% 
confidence intervals through non-parametric bootstrap 
resampling of the data [27]. We then varied the program 
costs by 20% in either direction to capture variable costs 
attributed to training/orientation for the instructors, poten-
tial recruitment strategies, and facilities. Without a stand-
ard willingness to pay per reduction in blood pressure, we 
evaluated the probability that the intervention would be 
effective in reducing blood pressure at clinically meaning-
ful levels. We relied on clinical standards for a meaningful 
reduction in systolic (diastolic) blood pressure at 5 mmHg 
[28, 29]. Finally, we used the estimated costs to examine 
the per-person costs based on expected class sizes (5, 10, 
15, and 20).

3 � Results

The baseline characteristics of the participants, by study 
arm, are shown in Table 1. The average age was 56 years, 
with a baseline blood pressure reading of 144/85 mmHg in 
the Ola Hou group and 145/85 mmHg in the control group. 
In both groups, females made up the majority of partici-
pants (85% Ola Hou, 83% controls) and over 70% previously 
danced hula (75% Ola Hou, 71% controls). Medical condi-
tions associated with high blood pressure included type 2 
diabetes (40% Ola Hou, 50% controls) and high cholesterol 
(49% Ola Hou, 52% controls). Almost 90% of participants 
had been prescribed antihypertensive medications before the 
intervention (87% Ola Hou, 86% controls) and continued 
medications throughout the 6-month follow-up. At the end 
of 6 months, complete cases accounted for 105/131 (80%) 
initial participants in the Ola Hou group and 112/132 (85%) 
education-only control group participants.

The various costs of the program appear in Table 2. The 
total cost of the Ola Hou intervention for 6 months totaled 
US$3691, which included US$2958 for the first 3 months 
and US$733 for the 3- to 6-month period.

Table 3 presents the estimated incremental program-
matic costs, changes in blood pressure, and the correspond-
ing ICERs for each time period of the intervention for a 
class size of 10 participants. The average programmatic 
cost of the Ola Hou group compared with the control group 
was US$361/person for the 6-month intervention. On aver-
age, the Ola Hou group reduced systolic blood pressure 
by 3.5 mmHg (3.8 mmHg diastolic) more than the control 
group throughout the 6-month intervention. This translates 

Table 1   Characteristics of 
participants, by study arm at 
baseline

Data are expressed as n (%) unless otherwise specified. Numbers for specific variables may not equate to 
the total sample size because of missing data. Group difference p values were based on two-sample inde-
pendent t tests and Chi-square or Fisher's exact tests, as appropriate
SD standard deviation

Variable Ola Hou [n = 131] Controls [n = 132]

Age, years [mean (SD)] 58.1 (13.7) 57.9 (12.6)
Female 111 (84.7) 109 (82.6)
Danced hula 98 (74.8) 93 (70.5)
Other medical conditions
 High cholesterol 64 (48.9) 69 (52.3)
 Diabetes 52 (39.7) 66 (50.0)
 Other medical conditions 18 (13.7) 25 (18.9)
 No other medical condition 36 (27.5) 28 (21.2)

Prescribed hypertension medications 114 (87.0) 113 (85.6)
No. of hypertension medications [mean (SD)] 1.31 (0.88) 1.40 (0.87)
Systolic blood pressure, mmHg [mean (SD)] 144.1 (16.9) 145.1 (13.9)
Diastolic blood pressure, mmHg [mean (SD)] 85.2 (12.6) 84.5 (10.4)
Retention at 6 months 105 (0.80) 112 (0.85)
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into an ICER of US$103/mmHg reduction in systolic 
(US$95/mmHg diastolic) blood pressure. At 12 months, 
the costs remain the same but we estimated a difference 
in systolic blood pressure of 3.6 mmHg (3.9 mmHg dias-
tolic) for an ICER of US$100/mmHg reduction in systolic 
(US$93/mmHg diastolic) blood pressure. Broken down by 
intervention component, after 3 months, the average cost 
was US$288/person, the average difference in groups was 
3.3 mmHg systolic (3.4 mmHg diastolic), and the ICER was 
US$87 per reduction in systolic blood pressure (US$88/
mmHg diastolic blood pressure). From 3 to 6 months, the 
average cost was US$77/person, the average difference 
in groups was 0.2 mmHg systolic (0.4 mmHg diastolic), 
and the ICER was US$385/mmHg systolic blood pressure 
(US$193/mmHg diastolic blood pressure).

Varying the training and implementation costs by 20% in 
each direction resulted in the intervention costs ranging from 
US$3449 to US$3538 for the 6-month program. Figure 1 
displays the bootstrap estimates using these ranges across 
time periods. From this plot, the probability of the program 
being effective for a 5 mmHg reduction in systolic blood 

pressure was 67 and 2.5% for 6 and 12 months, respectively. 
The diastolic results are shown in the electronic supplemen-
tary material. Figure 2 presents the results by time period 
and class sizes for the cost per difference in reduction of 
systolic blood pressure between the Ola Hou and control 
groups. The results for the cost per reduction in diastolic 
blood pressure appear in the electronic supplementary mate-
rial and match the trends of those for systolic blood pressure. 
Decreasing per person costs resulted in a decreased cost per 
reduction in blood pressure. In all four time points, a statis-
tically significant difference exists between the per person 
costs for a class size of 5 compared with 20 participants. 
For 10–20 participants, the magnitude of the per person cost 
shrinks with the 3- to 6-month time period, reflecting the 
smallest cost per person. The smallest average difference 
in blood pressure between the Ola Hou and control groups 
also occurs during this time (0.2 mmHg). The period that 
corresponds to the intervention (baseline to 6 months) was 
estimated to have the largest difference in blood pressure 
reduction, at 3.5 mmHg. 

Table 2   Description of costs for the 6-month Ola Hou

Programmatic costs Unit Total cost (US$) Notes and source

Recruitment
Print/flyers/mailers 100 flyers 50 Reported by intervention
Heart health education 3 h 81 Reported by intervention; at US$27/h with fringe benefits
Self-regulation sessions
Materials US$30/program 450 Reported by intervention; includes handouts and health manuals
Educational teaching 12 h 324 Reported by intervention; at US$27/h with fringe benefits
Hula training
Kumu Hula teaching 27 h 2430 Reported by intervention; at US$90/h
Materials 1 miscellaneous 50 Reported by intervention; includes any stereo or material fixed costs
Training/orientation 6 h 540 Reported by intervention; one-time training
Facilities 39 h 78 Estimated; cost per square foot, at market value [60]
Administration 4 h 108 Reported by intervention; preparation of materials at US$27/h

US$3691

Table 3   Average costs and cost 
effectiveness of the 6-month 
intervention

Blood pressure measures from an intention-to-treat analysis. Cost and mmHg are the difference in the 
Ola Hou intervention group minus the control group. Blood pressure measures for the control group at 
12 months are predicted values
ICER incremental cost-effectiveness ratio, mmHg millimeter of mercury, US$ United States dollars

Time period Programmatic cost 
US$/person

Systolic Diastolic

Difference, 
mmHg

ICER, US$/
mmHg

Difference, 
mmHg

ICER, 
US$/
mmHg

Baseline to 3 months 288 3.3 87 3.4 85
3–6 months 77 0.2 385 0.4 193
Baseline to 6 months 361 3.5 103 3.8 95
Baseline to 12 months 361 3.6 100 3.9 93
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4 � Discussion

Our analysis evaluated the costs and cost effectiveness of 
a 6-month culturally grounded physical activity interven-
tion in Native Hawaiian adults with hypertension. To our 
knowledge, this is the first evaluation of the costs and cost 

effectiveness for a traditional cultural practice intended to 
improve blood pressure control among adults with hyper-
tension. Our results extend existing evidence on the cost 
effectiveness of physical activity and educational interven-
tions to control blood pressure by showing that cultural 
practices can be cost effective through within-trial retention 

Fig. 1   Uncertainty and sensitiv-
ity analyses for costs and incre-
mental cost effectiveness by 
time period (systolic blood pres-
sure). Reported average class 
size of 10 people. Bootstrap 
estimates using ± 20% range 
for costs. Cost per difference in 
the reduction of systolic blood 
pressure between the Ola Hou 
and control groups. Costs and 
effectiveness are incremental. 
mmHg millimeter of mercury, 
US$ United States dollars, ICER 
incremental cost-effectiveness 
ratio
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and maintaining participation beyond the trial. Retaining 
> 80% of the participants contributed to the overall gains in 
clinical effectiveness by allowing participants to receive the 
full benefits of the intervention. The sustained participation 
beyond the 6-month intervention then helped keep blood 
pressure under control, on average, without additional costs. 
For a community-based organization in Hawai‘i with lim-
ited resources, offering Native Hawaiian cultural practices 
as a form of health promotion meets the needs of both their 
patients and their organizations when it is both clinically and 
cost effective, as well as culturally meaningful.

The reductions in systolic and diastolic blood pressure 
of > 3 mmHg at 6 months aligns with other physical activ-
ity interventions that find between 0 and 10 mmHg reduc-
tions over 6 months [30]. Similar to these interventions, hula 
reduced blood pressure for less than US$500/person dur-
ing the intervention timeframe [31], but is not cost saving. 
Medications and outpatient visits account for a significant 
portion of the costs related to controlling hypertension [32], 
but participants in the Ola Hou group continued medica-
tions throughout the 12-month follow-up [23]. Cost savings 
beyond 12 months would likely accrue with sustained blood 
pressure reduction that results in less medication use [13] 
or avoidance of secondary health outcomes, such as cardio-
vascular or cerebrovascular disease events [33]. A 5 mmHg 
reduction in systolic blood pressure can lower a person’s 
risk for ischemic heart disease by 21%, stroke by 34%, and 
all-cause mortality by 7% [28, 29]. Ola Hou has further been 
shown to improve health-related quality-of-life indices, such 
as bodily pain and social functioning [9], which may present 
additional opportunities for cost saving [34, 35]. Measuring 
these outcomes through long-term data collection would 
likely contribute to the cost effectiveness of the program.

No established cost per outcome exists for hypertension 
treatment programs or physical activity interventions [14, 
36]. For our 6-month intervention, a US$103/mmHg reduc-
tion in systolic blood pressure per hypertensive participant 
falls within existing estimates from educational and physical 
activity interventions of US$40–US$114/mmHg (systolic) 
[18, 33, 37, 38]. The cost corresponds to a 67% probability 
that the intervention would be effective in reducing systolic 
blood pressure by 5 mmHg at 6 months. Additional sensitiv-
ity analyses suggested that the intervention was insensitive 
to variation in the cost input parameters. Varying the costs 
from 20% below and above the expected intervention cost 
and increasing the number of participants helped to reduce 
the per-person costs only up to a point. Beyond 10 partici-
pants, the cost savings are marginal at 6 and 12 months and 
potentially not significantly different over time. The addi-
tional burden to recruit a larger class size through expanded 
outreach may offset the gains if recruitment costs exceed the 
per-person cost differences [39]. Increasing the class size 
also carries the risk of minimizing personalized support 

from instructors, which can compromise the achievement 
of health goals [40]. Personnel presented the largest cost; 
however, instructors provide essential, personalized feed-
back to reinforce lifestyle changes [41, 42]. Particularly for 
hula instruction, which requires an intimate knowledge of 
Hawaiian culture, tradition, and physical activity require-
ments, the cost of the Kumu Hula may misrepresent the 
effect of guided instruction on health outcomes.

Despite the established benefits of physical activity for 
hypertension-related health outcomes, at-risk adults tend not 
to maintain changes post-intervention [43, 44]. In part, time 
constraints [45, 46] and difficulty in achieving activity goals 
[45, 47] contribute to attenuation. A culturally grounded pro-
gram may combat these barriers by combining social and 
cultural engagement with physical activity while providing 
opportunities to reinforce self-efficacy in achieving one’s 
goals through shared experience [48, 49]. Engagement in 
familiar and routine practices require less social and cogni-
tive strain than undertaking new activities [50]. Including 
self-regulation knowledge may further function to protect 
participants from reverting to pre-intervention habits that 
appear more likely in our control group. This is in addition 
to attending classes, which alone was not associated with a 
decrease in blood pressure [23]. While not cost effective, 
participants in the Ola Hou group maintained reduced blood 
pressure during the self-regulation component between 
months 3–6. At 12 months, we estimated that the Ola Hou 
group would maintain larger reductions in blood pressure 
compared with the control group, despite the reduced prob-
ability of being cost effective. Our findings indicate a need 
to further explore the relative influence of sociocultural 
engagement on blood pressure, including evaluating the 
change in quality of life over time [51].

The analyses benefited from using an intention-to-treat 
approach with individual-level data from an RCT. The 
intention-to-treat approach can reduce the potential to over-
estimate the effectiveness of an intervention compared with 
a complete-case analysis [52], while the individual data 
improved the precision of our effectiveness estimates by 
capturing group average reductions while minimizing the 
impact of potential influential observations. Our analy-
sis was further strengthened by the use of objective blood 
pressure measurements taken through standard protocols to 
reduce issues associated with participant self-monitoring 
and response bias [53, 54].

Our analysis has several limitations. First, the relatively 
low enrollment of male participants limits the generaliz-
ability of our findings to men, but is not unique for lifestyle 
interventions with Native Hawaiians [55–57] or for group 
dance classes [58]. Next, we likely underestimated the cost 
of participation as participant costs were not included. Addi-
tionally, there was no evidence to support cost savings from 
medications or health service utilization throughout the 
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intervention; however, these should be extrapolated from 
extant literature in future modeling studies to fully consider 
the provider’s economic burden of hypertension [59]. Simi-
larly, we were unable to directly examine the impact of the 
intervention on quality-of-life measures and refrained from 
estimating these given the time horizon of 12 months. Future 
studies should evaluate how including Native Hawaiian-
specific quality-of-life estimates would affect the outcomes, 
including examining the lifetime cost effectiveness of sec-
ondary health outcomes related to hypertension, performing 
a cost-utility analysis with quality-adjusted life-years, and 
conducting a long-term implementation study of lifestyle 
programs. These analyses would better facilitate the com-
parison of the intervention across a wider range of interven-
tions, such as those targeting medication adherence or diet.

5 � Conclusion

Despite the additional cost compared with usual care, the 
Ola Hou intervention, which consists of an indigenous form 
of physical activity and self-regulation classes tailored to 
Native Hawaiian lifestyle practices, may be a cost-effective 
strategy for reducing blood pressure in adults with hyper-
tension. Maintaining blood pressure reductions beyond the 
cessation of the intervention contributes to the potential cost 
effectiveness of the intervention. Community-based organi-
zations and policy makers in Hawai‘i should consider further 
evaluating the potential for indigenous forms of physical 
activity to reduce blood pressure, especially given the per-
sistence of hypertension in Native Hawaiian people.
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