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Abstract 
Spearfishing, a culturally relevant practice in many locations globally, may foster physical activity 

and enhance well-being by promoting social cohesion, food security, and nature connected-

ness, but is understudied in public health promotion and surveillance. This study measured 

the population-level prevalence of lifetime spearfishing engagement in Hawaiʻi and identified 

associated factors for public health promotion. The Hawaiian Islands present an ideal setting 

for such activities due to its central Pacific location and a diverse population with cultural ties 

to spearfishing. In 2019 and 2020, lifetime spearfishing engagement was added to the Hawai’i 

Behavioral Risk Factor Surveillance System (N = 12,737). Prevalence ratios (PR) and 95% 

confidence intervals (95%CI) were estimated for spearfishing “sometimes,” “often,” or “very 

often” during one’s lifetime, considering sociodemographic, health behavior, and health status 

variables. A quarter of respondents statewide reported engagement, with higher rates amongst 

men (41%), Native Hawaiians (43%), other Pacific Islanders (36%), American Indian or Alaskan 

Native (32%), and rural island residents of Lānaʻi (51%) and Molokaʻi (43%). All age groups 

reported similar lifetime engagement. After statistical adjustment, those with a high school 

diploma or less were significantly more likely to have engaged in spearfishing than those with 

higher education. Spearfishing engagement was also associated with a higher likelihood of 

meeting physical activity guidelines (PR 1.45 95%CI 1.29-1.63). There is widespread lifelong 

engagement in spearfishing in Hawaiʻi, especially among Indigenous and rural populations. 

Supporting culturally relevant activities, such as spearfishing, is a strength-based approach to 

health promotion with global relevance, including encouraging physical activity.

Introduction
Physical activity plays a crucial role in promoting overall health and well-being. However, research 
suggests that only 28% of adults worldwide and 24.8% of adults in Hawaiʻi meet the current 
physical activity guidelines [1,2]. Physical inactivity is defined as not meeting the recommended 
150 minutes of moderate-intensity exercise or 75 minutes of vigorous-intensity exercise per week. 
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Population-level surveillance shows that this lack of activity is associated with an increased risk 
of noncommunicable diseases and premature mortality [3,4]. Native Hawaiians and other Pacific 
Islanders have been reported to have higher rates of physical inactivity than other racial/ethnic 
groups in the United States [5]. Historically, structural barriers, colonization, and discrimination 
have profoundly influenced the socioeconomic standing of these populations, resulting in poor 
health outcomes across their lifetime [6,7]. As is the case with many Indigenous populations glob-
ally, there is limited research on physical activity interventions relevant to these populations from 
a strengths-based, culturally responsive perspective [8]. There is also a need for community-based 
health promotion strategies that foster collaboration across different sectors [9]; culturally relevant 
physical activity may help to address multiple barriers through a single activity.

Physical activities are embedded within the fabric of social gatherings and traditional 
practices in Pacific Island communities. Leveraging these community-based strategies for 
Native Hawaiians and other Pacific Islanders, as well as other minority coastal communi-
ties, may effectively promote positive health behaviors and foster intergenerational health 
promotion and engagement. Prior to colonialization, ancestral Hawaiians held a profound 
connection between the mind, body, and the natural environment, which is reflected in their 
cultural practices that continue to this day. Culturally relevant physical activity, based on a 
population’s norms, preferences, and customs, is thus one strategy with the potential to reduce 
the disease burden and health inequities associated with physical inactivity, promoting the 
collective well-being of the community [10]. For example, past studies have investigated the 
effects of practicing hula on chronic disease and observed a decreased risk of hypertension 
[11]. Despite the value of these culturally relevant activities, they are not typically measured 
in global, national, or population-level health surveys; therefore, the degrees of engagement in 
these activities often remain unreported [10].

Fishing as a culturally based physical activity in the pacific
Living on islands, fishing is engrained in traditional Indigenous knowledge systems, with cer-
tain techniques offering unique physical activity opportunities [12]. It is believed that during 
the peak of the Hawaiian Kingdom, nearly every Hawaiian resident participated in some form 
of fishing [13]. Even after the annexation of the Hawaiian Kingdom and the subsequent tran-
sition from a cultural subsistence-based management system to a commercial economy, many 
traditional fishing practices, including spearfishing, are still in use today [13].

Spearfishing is a more active form of recreational fishing, embodying a diverse range of 
techniques and tools across various cultures worldwide, and involves the use of a specialized 
spear or harpoon to catch fish underwater [14]. There are different approaches to spearfish-
ing. One method is free diving, which relies on breath-holding and diving without an addi-
tional breathing apparatus, demanding considerable skill in breath control and swimming. 
The use of snorkeling gear, or even SCUBA, can enable deeper dives and extended periods 
underwater without losing access to air. Reef walking, or the practice of traversing reef flats 
and shallow waters on foot while hunting for fish, is another method that requires keen obser-
vation and ecosystem knowledge.

Spearfishing serves as a culturally relevant practice that encourages a sense of community 
and positive social identity [13,14]. It also contributes to food security due to its high effi-
ciency in catching desirable reef fish [15]. In the state of Hawaiʻi, research on fishing generally 
highlights its importance for food security and social cohesion. One study on the island of 
Hawaiʻi documented that 92% of fish caught remained within a 75-km radius of where they 
were caught, with half being kept and another third being given away. Additionally, a full 
fifth of all fish caught was used for cultural events such as birthdays, weddings, and funer-
als [16]. Despite its numerous health-promoting factors, such as social engagement, food 
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security, nature connectedness, and physical activity, it is insufficiently explored in public 
health research. There are sustainability concerns with spearfishing. It has gained popularity 
in recent decades, prompting concerns about the decline of marine species. As a result, the 
conservation community has called for restrictions on certain forms of spearfishing, such as 
SCUBA and night-time spearfishing. However, alternative fishery management approaches, 
such as implementing bag and size limits, have been suggested to help lessen the impact of 
spearfishing on marine ecosystems [17].

Spearfishing and health outcomes
Most literature on spearfishing focuses on food security, marine conservation, and ecosystem 
impacts [14,15,18,19]. More health promotion research exists on components of the activity, 
including open-water swimming and diving (freediving and SCUBA). Depending on the 
individual in question, the CDC categorizes recreational swimming and diving as moderate 
to vigorous physical activity [20]. Open-water swimming may reduce stress, tension, symp-
toms of depression, fatigue, and memory problems while providing a sense of community and 
personal achievement to participants [21–23].

Free diving is often associated with spearfishing, and many of the benefits associated with 
open water swimming can be presumed to apply to free diving. While SCUBA spearfishing 
is a notable technique in spearfishing, it is banned in several countries, and in select marine 
areas around the Hawaiian Islands [24]. However, SCUBA diving has been shown to encour-
age social interaction, promote a meditative mindset, induce feelings of relaxation, and reduce 
symptoms of post-traumatic stress disorder, depression, and anxiety, especially among those 
with disabilities [25–27]. This is partially due to the accessibility of marine environments to 
individuals of all conditions, but also the relaxing effect the aquatic environment contributes 
to the body, improving movement and coordination [26–28].

The natural surroundings where spearfishing takes place also contribute to health benefits. In 
health promotion, there is growing interest in examining the physical and mental health benefits 
of spending time in outdoor settings [29,30]. Some studies have associated positive health out-
comes with recreational activities in these areas, such as improvements to cardiovascular fitness 
[31]. Other studies have attributed time spent in outdoor blue spaces to improved cognitive and 
immune function, reduced mental distress, and improved overall life satisfaction [32–36].

Study objective
This study estimates the prevalence of lifetime engagement with spearfishing in Hawaiʻi and 
associated sociodemographic and health factors from a health promotion perspective. The 
Hawaiian Islands provide an ideal setting for this work, given their central Pacific location and 
the diverse population with important cultural ties to spearfishing. Building on findings of 
higher lifetime engagement in culturally relevant activities such as hula and paddling among 
Native Hawaiians and Other Pacific Islanders [10], and considering the extensive history of 
fishing in the Hawaiian Islands [13], we hypothesize a high prevalence of spearfishing engage-
ment, particularly among Native Hawaiian and Pacific Islander communities. Furthermore, 
we hypothesize that participation would vary based on sociodemographic and health factors, 
with younger individuals and those in better health being more likely to participate.

Methods

Study design and population
The study employed a cross-sectional design using data from the 2019 and 2020 waves of the 
Behavioral Risk Factor Surveillance System (BRFSS) survey. The BRFSS is an annual, national 
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telephone survey program sponsored by the U.S. Centers for Disease Control and Preven-
tion (CDC) that collects data about demographic characteristics, current health behaviors, 
and health status across the U.S. [37]. It is the largest continuously conducted health survey 
performed in the country and annually conducts interviews with adults aged 18 and older, 
covering all 50 states, the District of Columbia, Puerto Rico, and Guam. The primary survey 
consists of a core questionnaire addressing essential public health issues, optional additional 
models, and any state-specific questions [37]. States have the option to include some questions 
of their own design to allow for flexibility in surveillance based on state-level health priori-
ties. These are administered at the end of the survey. In 2019 and 2020, one question about 
spearfishing was added to the Hawaiʻi BRFSS (H-BRFSS). Our sample was obtained from the 
2019-2020 H-BRFSS surveys.

Variables
Outcome.  Our outcome measure was self-reported lifetime engagement in spearfishing, 

ascertained by the following question: “Over your lifetime, how much have you engaged with 
spearfishing?” with the response choices being: never, almost never, sometimes, often, and 
very often. Lifetime engagement in spearfishing was dichotomized to compare those who 
reported spearfishing “sometimes,” “often” or “very often” during their lifetimes with those 
who reported participating ‘never’ or ‘almost never’.

Correlates.  In this study, we considered various demographic, socioeconomic, behavioral, 
and health variables: sex assigned at birth (female or male), age group (18–24, 25–34, 35–44, 
45–54, 55–64, or ≥ 65 y), race/ethnicity, level of education (high school diploma or less; some 
college; college graduate), federal poverty level (0-130%, 131-185%, 185% and greater), island of 
residence (Oʻahu, Hawaiʻi Island, Kauaʻi, Maui, Molokaʻi, or Lānaʻi, and marital status (married 
or partnered, or single). The classification of “race and ethnicity” adhered to the standards set 
by the Hawai’i State Department of Health, encompassing diverse groups relevant to the state’s 
demographics: White, Native Hawaiian, Other Pacific Islander, Japanese, Chinese, Filipino, 
Other Asian, American Indian or Alaskan Native, Black, or other group [38].

Health behavior variables were also considered. These included whether or not the par-
ticipant had smoked 100 cigarettes or more in their lifetime, met US physical activity guide-
lines of 150 minutes per week or 75 minutes of vigorous equivalents per week (yes/no) (only 
assessed in 2019), and visited a doctor in the last 12 months [39]. A number of self-reported 
health status variables were also examined. These included body mass index (BMI; normal, 
underweight, overweight, obese) calculated according to a participant’s reported height and 
weight, self-rated health (excellent/very good, good, or fair/poor), and self-reported dichoto-
mous chronic diseases: depressive disorder, diabetes, hypertension/high blood pressure (only 
asked in year 2019), heart disease, arthritis, and asthma. Finally, two measures of functional 
limitation were included: difficulty walking or climbing stairs, and difficulty dressing or bath-
ing. For those questions only asked in 2019 (physical activity guidelines and hypertension), we 
coded the missing responses for 2020 as unknown. This allows for assessment of differences 
between those with and without responses for those variables. S1 provides more details on the 
variable coding and variable labels.

Sample
A total of N = 15,437 respondents completed the 2019 and 2020 (7,683 in 2019 and 7,754 in 
2020) H-BRFSS. There were 1948 (12.7%) missing responses for the outcome measure of 
spearfishing. There were 1973 missing responses for poverty level and 713 for BMI. After 
listwise deletion of participants with missing observations (5.6% of 13489) for other variables, 
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the sample size was 12,373. Because about 10% of participants had missing values for pov-
erty level, they were retained, and results are presented across poverty level categories and by 
“Don’t know/refused.”.

Statistical analyses
S2 provides the dataset used for the analyses. Weighted analyses were employed to account for the 
complex sampling design, with equal weighting for 2019 and 2020. Descriptive statistics, includ-
ing both the unweighted and weighted percentages, were used to describe the participant char-
acteristics. For each correlate examined, we calculated the crude and adjusted prevalence ratios 
(PRs), and their corresponding 95% confidence intervals (95%CI), for engagement with spearfish-
ing. A prevalence ratio (PR) is commonly used to assess the strength of the association between 
an independent variable and outcome of interest [40]. It compares the prevalence of an outcome 
in those who have a certain characteristic to those who do not. This analysis was conducted using 
a weighted Poisson regression with a quasi-likelihood estimating method. The choice of Poisson 
regression over logistic regression was made due to the potential for odds ratios to overestimate 
the prevalence ratio, particularly when prevalence is close to or greater than 10% [40].

Three multivariate Poisson regression models were constructed to examine the adjusted PR 
for each correlate while simultaneously considering other variables. The first model adjusted 
for demographic characteristics: sex, age group, race/ethnicity, level of education, federal 
poverty level, island of residence, and marital status. The second model adjusted for all health 
behaviors: smoking at least 100 cigarettes in a lifetime, meeting physical activity guidelines, 
and doctor’s visit in the past 12 months. The third model additionally adjusted for health 
status variables, including BMI, self-rated health, and chronic disease and functional limita-
tion variables. This modeling approach provides insights into how other correlates relate to 
each other when assessing changes in the association between correlates and the spearfishing 
outcome. Crude models present unadjusted associations, showing the relationship between a 
single characteristic and outcome variable without accounting for other variables that could 
influence the results. Adjusted models incorporate additional variables, typically to control 
for confounding effects, providing a clearer understanding of the independent association 
between a characteristic and outcome. Results were deemed statistically significant if the 
p-value was 0.05 or less. These analyses were repeated using an outcome measure of lifetime 
spearfishing often/very often, rather than sometimes/often/very often assess associations with 
individuals who consider themselves frequent spearfishers. The results of this analysis are 
presented in the supplementary files.

We conducted the analysis of demographic characteristics using SAS 9.4 (SAS Institute., 
Cary, NC), and R version 4.05 was used for weighted Poisson regression models.

Ethical approval
This study utilizes publicly available BRFSS data. The analyses were conducted on de-identified, 
publicly available datasets that do not constitute human subjects research as defined by 45 CFR 
46.102 of the United States of America.

Results

Population characteristics
An estimated 25.5% of the adult population of Hawaiʻi engaged in spearfishing sometimes, often, 
or very often during their lifetimes. The weighted population size of those engaging with spear-
fishing during their lifetimes was 226,814 people, with 89,750 estimated to have done so often or 
very often (Table 1). Detailed population characteristics of the sample are provided in Table 1.
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Table 1.  Demographic and Health Characteristics of Participants in the 2019 and 2020 H-BRFSS.

Sample 
size

Sample Pro-
portion (%)

Weighted Pop-
ulation size

Weighted Pro-
portion (%)

Total Sample 12,737 100 890,850 100
Sex
 � Female 6,702 52.6 441,740 49.6
 � Male 6,035 47.4 449,110 50.4
Age group (years)
 � 18-24 800 6.3 89,713 10.1
 � 25-34 1,423 11.2 145,191 16.3
 � 35-44 1,714 13.5 146,427 16.4
 � 45-54 1,791 14.1 131,181 14.7
 � 55-64 2,440 19.2 149,984 16.8
 � 65+ 4,569 35.9 228,355 25.6
Race/Ethnicity
 � White 4,643 36.5 227,459 25.5
 � Native Hawaiian 2,358 18.5 160,387 18.0
 � Other Pacific Islander 517 4.1 43,407 4.9
 � Japanese 1,935 15.2 161,454 18.1
 � Chinese 580 4.6 56,572 6.4
 � Filipino 1,414 11.1 132,118 14.8
 � Other Asian 554 4.3 51,693 5.8
 � American Indian or Alaskan
  Native

243 1.9 13,401 1.5

 � Black 196 1.5 22,029 2.5
 � Other 297 2.3 22,329 2.5
Education Level
 � College Graduate 5,531 43.4 277,166 31.1
 � Some College 3,633 28.5 292,788 32.9
 � High School Diploma or Less 3,573 28.1 320,897 36.0
Federal Poverty Level
 � 0-130% 2,839 22.3 205,918 23.1
 � 131-185% 1,318 10.3 101,163 11.4
 � 186+% 7,374 57.9 493,395 55.4
 � Don’t know/refused 1,206 9.5 90,375 10.1
Island of Residence
 � Oʻahu 6,302 49.5 607,917 68.2
 � Hawaiʻi Island 2,650 20.8 131,138 14.7
 � Kauai 1,510 11.9 46,920 5.3
 � Maui 1,973 15.5 97,151 10.9
 � Molokaʻi 205 1.6 5,832 0.7
 � Lānaʻi 97 0.8 1,892 0.2
Marital Status
 � Married or partnered 6,968 54.7 508,579 57.1
 � Single 5,769 45.3 382,271 42.9
Ever smoked 100 cigarettes
 � No 7,628 59.9 555,717 62.4
 � Yes 5,109 40.1 335,134 37.6
Met Physical Activity Guidelines

(Continued)
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Sample 
size

Sample Pro-
portion (%)

Weighted Pop-
ulation size

Weighted Pro-
portion (%)

 � Did not meet 2,414 19.0 185,566 20.8
 � Met 3,657 28.7 240,074 26.9
 � 2020/Don’t know/Refused 6,666 52.3 465,210 52.2
Visited a doctor in the last 12 months
 � No 2,363 18.6 171,968 19.3
 � Yes 10,374 81.4 718,883 80.7
BMI Categories
 � Normal 5,043 39.6 344,053 38.6
 � Overweight 4,223 33.2 297,180 33.4
 � Obese 3,111 24.4 222,778 25.0
 � Underweight 360 2.8 26,841 3.0
Self-Rated Health
 � Excellent/very good 6,845 53.7 477,321 53.6
 � Good 4,079 32.0 294,884 33.1
 � Fair/poor 1,813 14.2 118,646 13.3
Depressive Disorder
 � No 10,905 85.6 776,056 87.1
 � Yes 1,832 14.4 114,794 12.9
Diabetes
 � No 11,251 88.3 790,056 88.7
 � Yes 1,486 11.7 100,794 11.3
High Blood Pressure
 � No 4,043 31.7 300,526 33.7
 � Yes 2,219 17.4 140,740 15.8
 � 2020/Don’t know/refused 6,475 50.8 449,584 50.5
Heart Disease
 � No 12,260 96.3 864,336 97.0
 � Yes 477 3.7 26,515 3.0
Arthritis
 � No 9,372 73.6 698,703 78.4
 � Yes 3,365 26.4 192,148 21.6
Asthma
 � No 10,862 85.3 751,937 84.4
 � Yes 1,875 14.7 138,913 15.6
Difficulty Walking or Climbing up stairs
 � No 11,221 88.1 800,545 89.9
 � Yes 1,516 11.9 90,306 10.1
Difficulty Dressing or bathing
 � No 12,395 97.3 870,279 97.7
Yes 342 2.7 20,572 2.3
Spearfishing
 � 1. Never 8,627 67.7 590,878 66.3
 � 2. Almost never 1,031 8.1 73,158 8.2
 � 3. Sometimes 1,878 14.7 137,064 15.4
 � 4. Often 691 5.4 51,484 5.8
 � 5. Very often 510 4.0 38,266 4.3

https://doi.org/10.1371/journal.pone.0319169.t001

Table 1.  (Continued)

https://doi.org/10.1371/journal.pone.0319169.t001
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The crude and adjusted PRs for the association of each correlate with lifetime spearfishing 
engagement were calculated across all models (Table 2). Men reported much higher lifetime 
engagement in spearfishing (40.5%) compared to women (10.2%; PR: 3.98, 95%CI: 3.57-4.43). 
The association was robust across all models. Lifetime spearfishing engagement was relatively 
consistent across age groups, varying from 29.3% (95%CI: 26.5-32.2%) among those 35 to 44 
years to 21.6% (95%CI: 19.9-23.4%) among those 65 and older. When accounting for other 
covariates in models 1-3, there were no statistically significant differences between the differ-
ent age categories when compared to the youngest group (18-24).

The prevalence of lifetime spearfishing engagement was highest among Native Hawaiians 
(42.6%, 95%CI: 40.0-45.2), other Pacific Islanders (36.4%, 95%CI: 31.3-41.8), American Indian 
or Alaskan Native (32.3%, 95%CI: 24.8-41.0) and Japanese (26.2%, 95%CI: 23.8-28.7). With 
the exception of Chinese and Black race/ethnicity categories, all other groups were signifi-
cantly more likely to spearfish in their lifetimes compared to Whites.

The prevalence of spearfishing varied by education level; 30.0% (95%CI: 28.0-32.0%) of 
those with a high school diploma or less reported spearfishing engagement, compared to 
19.8% of college graduates (95%CI: 18.5-21.2%). In Model 1, which included education and 
poverty level together, the PR for those with a high school diploma or less, compared to 
college graduates, attenuated (1.51, 95%CI: 1.38-1.67 unadjusted to 1.19, 95%CI: 1.07-1.31 in 
Model 1), as did the PR for some college (1.31, 95%CI: 1.19-1.45 unadjusted to 1.17, 95%CI: 
1.07-1.29). The PRs remained relatively similar in subsequent models, which included health 
behaviors and conditions.

In the unadjusted analyses, those at 130% of the poverty line or below were significantly 
more likely to have engaged in spearfishing sometimes/often/very often in their lifetimes com-
pared to those with higher incomes. Once other covariates were included in the Model 1, the 
association was no longer statistically significant and remained relatively similar in the sub-
sequent 2 models. There was also a strong variation in lifetime engagement according to the 
island of residence. On the most populous island of Oʻahu, the prevalence of spearfishing was 
22.8%, compared to the rural islands of Molokaʻi (43.1%) and Lānaʻi (50.8%). The associations 
between island and spearfishing varied little across models, and the prevalence of spearfishing 
engagement was significantly higher on all other islands compared to Oʻahu.

Those who were married or partnered were more likely to report spearfishing engagement 
compared to those who were single. Adjustment for demographic factors accentuated the 
association when compared to the unadjusted PR. Further statistical adjustment had little to 
no effect on the estimates with a PR of 0.89 (95%CI: 0.82-0.96) across all other model

Prevalence and associations of spearfishing engagement by health 
behaviors and status
There were associations between lifetime spearfishing engagement, smoking, and meeting 
physical activity guidelines. There was a borderline association with having visited the doctor 
in the past year. The prevalence of lifetime spearfishing engagement was significantly higher 
among those reporting smoking 100 cigarettes or more during their lifetimes compared to 
those who did not (PR: 1.43, 95%CI: 1.38-1.62). The PR became smaller after statistical adjust-
ment (PR: 1.25 in both Model 2 and 3), but remained statistically significant (95%CI: 1.16-
1.35). Those reporting spearfishing sometimes/often/very often during their lifetimes were 
significantly more likely to meet physical activity guidelines (PR: 1.44 95%CI: 1.27-1.64) with 
the PRs largely unchanged across models. The direction of association switched for having 
seen the doctor in the past year after other health behaviors and health status indicators were 
included in the models (PR: 0.92, p-value 0.10 unadjusted to 1.10, p-value 0.05 in Model 3).
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Table 2.  Prevalence of Spearfishing (Sometimes, Often, and Very Often), by Demographic and Health Characteristics, Among Participants in the 2019 and 2020 
H-BRFSS.

Prevalence (%) and 
95% CI

cPR (95% CI) p-value Model 1 Model 2 Model 3
aPR (95% CI) p-value aPR (95% CI) p-value aPR (95% CI) p-value

Total Sample 25.5 (24.4, 26.5)
Sex
 � Female 10.2 (9.2, 11.2) Ref
 � Male 40.5 (38.8, 42.2) 3.98 (3.57, 4.43) <0.0001 4.04 (3.63, 4.49) <0.0001 3.97 (3.57, 4.41) <0.0001 3.93 (3.53, 4.37) <0.0001
Age group (years)
 � 18-24 26.4 (22.8, 30.4) Ref
 � 25-34 26.9 (24.2, 29.8) 1.02 (0.85, 1.22) 0.8331 1.03 (0.88, 1.21) 0.7205 1.00 (0.85, 1.17) 0.9792 0.98 (0.84, 1.16) 0.8421
 � 25-44 29.3 (26.5, 32.2) 1.11 (0.93, 1.32) 0.2522 1.17 (1.00, 1.38) 0.0499 1.11 (0.94, 1.30) 0.2182 1.08 (0.92, 1.27) 0.3488
 � 45-54 25.1 (22.7, 27.7) 0.95 (0.80, 1.13) 0.5711 1.00 (0.85, 1.18) 0.9981 0.95 (0.81, 1.11) 0.5154 0.91 (0.77, 1.07) 0.2630
 � 55-64 25.9 (23.6, 28.3) 0.98 (0.83, 1.16) 0.8075 1.10 (0.94, 1.28) 0.2457 1.03 (0.88, 1.20) 0.7531 0.98 (0.84, 1.16) 0.8511
 � 65+ 21.6 (19.9, 23.4) 0.82 (0.69, 0.96) 0.0169 1.01 (0.87, 1.18) 0.8614 0.91 (0.78, 1.06) 0.2148 0.86 (0.73, 1.02) 0.0750
Race/Ethnicity
 � White 17.5 (15.9, 19.1) Ref
 � Native Hawaiian 42.6 (40.0, 45.2) 2.44 (2.18, 2.73) <0.0001 2.59 (2.32, 2.90) <0.0001 2.62 (2.34, 2.92) <0.0001 2.55 (2.27, 2.86) <0.0001
 � Other Pacific
Islander

36.4 (31.3, 41.8) 2.08 (1.75, 2.47) <0.0001 2.26 (1.91, 2.66) <0.0001 2.28 (1.93, 2.69) <0.0001 2.21 (1.87, 2.61) <0.0001

 � Japanese 26.2 (23.8, 28.7) 1.50 (1.31, 1.71) <0.0001 1.77 (1.56, 2.00) <0.0001 1.81 (1.61, 2.05) <0.0001 1.80 (1.59, 2.04) <0.0001
 � Chinese 15.7 (12.4, 19.5) 0.90 (0.70, 1.14) 0.3796 1.08 (0.85, 1.37) 0.5447 1.14 (0.90, 1.44) 0.2901 1.14 (0.90, 1.44) 0.2837
 � Filipino 21.2 (18.7, 23.9) 1.21 (1.04, 1.41) 0.0143 1.44 (1.24, 1.67) <0.0001 1.52 (1.31, 1.76) <0.0001 1.50 (1.29, 1.74) <0.0001
 � Other Asian 21.7 (17.4, 26.8) 1.24 (0.98, 1.57) 0.0672 1.49 (1.18, 1.88) 0.0007 1.52 (1.21, 1.92) 0.0004 1.53 (1.21, 1.92) 0.0003
 � American Indian
or Alaskan
Native

32.3 (24.8, 41.0) 1.85 (1.42, 2.42) <0.0001 1.73 (1.35, 2.20) <0.0001 1.73 (1.35, 2.21) <0.0001 1.70 (1.33, 2.18) <0.0001

 � Black 13.6 (8.1, 21.9) 0.78 (0.47, 1.29) 0.3289 0.82 (0.51, 1.33) 0.4175 0.83 (0.51, 1.34) 0.4475 0.81 (0.51, 1.28) 0.3640
 � Other 24.2 (17.2, 32.8) 1.38 (0.99, 1.93) 0.0573 1.32 (0.97, 1.80) 0.0791 1.35 (0.99, 1.83) 0.0578 1.34 (0.99, 1.82) 0.0579
Education Level
 � College
Graduate

19.8 (18.5, 21.2) Ref

Some College 25.9 (24.1, 27.8) 1.31 (1.19, 1.45) <0.0001 1.17 (1.07, 1.29) 0.0009 1.15 (1.05, 1.26) 0.0040 1.15 (1.05, 1.26) 0.0037
 � High School
Diploma or Less

30.0 (28.0, 32.0) 1.51 (1.38, 1.67) <0.0001 1.19 (1.07, 1.31) 0.0007 1.15 (1.04, 1.27) 0.0059 1.14 (1.03, 1.26) 0.0094

Federal Poverty Level
 � 0-130% 28.5 (26.3, 30.7) Ref
 � 131-185% 24.5 (21.4, 28.0) 0.86 (0.74, 1.01) 0.0586 0.90 (0.78, 1.04) 0.1718 0.92 (0.80, 1.06) 0.2391 0.91 (0.79, 1.05) 0.2169
 � 186+% 25.2 (23.9, 26.6) 0.89 (0.81, 0.97) 0.0111 0.98 (0.89, 1.07) 0.6329 0.97 (0.89, 1.07) 0.5621 0.97 (0.88, 1.07) 0.5395
 � Don’t
Know/Refused

21.1 (17.9, 24.5) 0.74 (0.62, 0.88) 0.0007 0.82 (0.70, 0.96) 0.0154 0.83 (0.71, 0.97) 0.0211 0.83 (0.71, 0.97) 0.0192

Island of Residence
 � Oʻahu 22.8 (21.5, 24.2) Ref
 � Hawaiʻi Island 32.1 (29.7, 34.6) 1.41 (1.28, 1.55) <0.0001 1.37 (1.25, 1.50) <0.0001 1.37 (1.25, 1.50) <0.0001 1.37 (1.26, 1.50) <0.0001
 � Kauai 31.5 (28.2, 35.0) 1.38 (1.22, 1.56) <0.0001 1.48 (1.32, 1.65) <0.0001 1.47 (1.32, 1.64) <0.0001 1.48 (1.33, 1.66) <0.0001
 � Maui 28.4 (25.9, 31.0) 1.24 (1.12, 1.38) <0.0001 1.29 (1.17, 1.42) <0.0001 1.28 (1.16, 1.40) <0.0001 1.28 (1.16, 1.40) <0.0001
 � Molokaʻi 43.1 (32.0, 54.9) 1.89 (1.43, 2.48) <0.0001 1.68 (1.34, 2.10) <0.0001 1.61 (1.30, 2.00) <0.0001 1.63 (1.31, 2.02) <0.0001
 � Lānaʻi 50.8 (35.6, 65.8) 2.22 (1.63, 3.02) <0.0001 2.06 (1.50, 2.84) <0.0001 1.97 (1.42, 2.72) <0.0001 1.97 (1.44, 2.70) <0.0001
Marital Status
 � Married or
Partnered

26.3 (25.0, 27.8) Ref

(Continued)
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Prevalence (%) and 
95% CI

cPR (95% CI) p-value Model 1 Model 2 Model 3
aPR (95% CI) p-value aPR (95% CI) p-value aPR (95% CI) p-value

 � Single 24.3 (22.8, 25.9) 0.92 (0.85, 1.00) 0.0555 0.89 (0.83, 0.97) 0.0060 0.89 (0.82, 0.96) 0.0035 0.89 (0.82, 0.96) 0.0042
Ever smoked 100 
cigarettes
 � No 21.5 (20.2, 22.8) Ref
 � Yes 32.1 (30.3, 33.9) 1.49 (1.38, 1.62) <0.0001 1.25 (1.16, 1.35) <0.0001 1.25 (1.16, 1.35) <0.0001
Met Physical Activity 
Guidelines
 � Did not meet 19.6 (17.6, 21.7) Ref
 � Met 28.2 (26.2, 30.3) 1.44 (1.27, 1.64) <0.0001 1.43 (1.28, 1.61) <0.0001 1.45 (1.29, 1.63) <0.0001
 � 2020/Don’t
know/refused

26.4 (25.0, 27.9) 1.35 (1.20, 1.52) <0.0001 1.33 (1.20, 1.48) <0.0001 1.23 (0.95, 1.61) 0.1174

Visited a Doctor in the 
Last 12 Months
 � No 27.2 (24.9, 29.6) Ref
 � Yes 25.0 (23.9, 26.2) 0.92 (0.84, 1.02) 0.0979 1.11 (1.01, 1.23) 0.0262 1.10 (1.00, 1.21) 0.0479
BMI Categories
 � Normal 19.9 (18.4, 21.5) Ref
 � Overweight 27.9 (26.1, 29.8) 1.41 (1.27, 1.56) <0.0001 1.05 (0.95, 1.15) 0.3574
 � Obese 32.2 (30.0, 34.5) 1.62 (1.46, 1.80) <0.0001 1.10 (0.99, 1.22) 0.0806
 � Underweight 14.0 (9.7, 19.8) 0.71 (0.49, 1.02) 0.0607 0.88 (0.62, 1.26) 0.4838
Self-Rated Health
 � Excellent/Very
Good

24.1 (22.8, 25.5) Ref

 � Good 25.9 (24.1, 27.8) 1.07 (0.98, 1.18) 0.1321 0.92 (0.84, 1.00) 0.0475
 � Fair/Poor 29.7 (27.0, 32.6) 1.23 (1.10, 1.38) 0.0002 0.99 (0.88, 1.11) 0.8570
Depressive Disorder
 � No 25.9 (24.8, 27.0) Ref
 � Yes 22.4 (19.9, 25.1) 0.86 (0.76, 0.98) 0.0211 0.93 (0.83, 1.05) 0.2311
Diabetes
 � No 24.6 (23.5, 25.7) Ref
 � Yes 32.1 (28.9, 35.5) 1.30 (1.17, 1.46) <0.0001 1.10 (0.98, 1.23) 0.1010
High Blood Pressure
 � No 23.4 (21.7, 25.2) Ref
 � Yes 27.0 (24.5, 29.6) 1.15 (1.02, 1.30) 0.0223 0.96 (0.86, 1.08) 0.4786
 � 2020/Don’t
Know/Refused

26.4 (24.9, 27.9) 1.13 (1.02, 1.24) 0.0132 1.07 (0.83, 1.38) 0.6150

Heart Disease
 � No 25.2 (24.2, 26.3) Ref
 � Yes 34.1 (28.0, 40.7) 1.35 (1.12, 1.64) 0.0021 1.09 (0.92, 1.28) 0.3175
Arthritis
 � No 25.5 (24.4, 26.7) Ref
 � Yes 25.2 (23.2, 27.4) 0.99 (0.90, 1.09) 0.8114 1.02 (0.93, 1.11) 0.6733
Asthma
 � No 25.1 (24.0, 26.2) Ref
 � Yes 27.5 (24.7, 30.4) 1.09 (0.98, 1.23) 0.1154 1.08 (0.98, 1.20) 0.1239

Table 2.  (Continued)

(Continued)
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There was a higher prevalence of spearfishing engagement among those who were over-
weight or obese in the unadjusted model. However, the association became non-significant 
for overweight (PR: 1.05, 95%CI: 0.95-1.15) and marginally significant for obese individuals 
(PR:1.10, 95%CI: 0.99-1.22) in Model 3, which statistically adjusted for demographic char-
acteristics, health behaviors, and other health status indicators. Unadjusted, those reporting 
fair and poor health were more likely to report lifetime spearfishing engagement compared 
to those in excellent or very good health. This association disappeared once demographic and 
health behavior variables were included in the model.

There were also associations between spearfishing and diabetes and heart disease in the 
unadjusted models. These associations were lost after adjusting for sociodemographic charac-
teristics and health behaviors. Other than BMI, the only other health status variable that was 
statistically significantly associated with spearfishing was difficulty dressing or bathing; those 
with this functional limitation were less likely to have engaged in spearfishing during their 
lifetimes than those without it. There was a marginal association between difficulty walking or 
climbing stairs and spearfishing engagement, with an increase in PR from 1.05 (95%CI: 0.92-
1.19) in the Unadjusted Model to 1.13 (95%CI: 0.99-1.30) in Model 3.

We also conducted an additional analysis focusing on individuals who reported frequent 
spearfishing (see S1 Table), which represented 10.1% of Hawaiʻi’s adult population. Results 
were mostly similar. The strength of association intensified between Native Hawaiian and 
Other Pacific Islander ethnicities and lifetime spearfishing when compared to Whites, as did 
the associations with living on rural islands, and lower educational attainment. In addition to 
the association already observed between obesity and lifetime spearfishing engagment, those 
in the overweight category were also significantly more likely to report spearfishing often 
or very often. Individuals who reported difficulty walking or climbing stairs in the previous 
analyses were slightly more likely to engage in spearfishing (PR 1.13, 95%CI 0.99-1.30). This 
association became statistically significant when considering only those who reported doing it 
often or very often.

Discussion
Based on the results of a prior study that documented elevated lifetime engagement in other 
culturally relevant activities in Hawaiʻi—hula and outrigger paddling—using the H-BRFSS 
[10], we anticipated a similar high engagement in spearfishing. The results of this study 
support this hypothesis, with 1 in 4 Hawaiʻi residents reporting engaging in spearfishing 
sometimes, often, or very often during their lifetime. The decision to include “sometimes” in 
the definition of spearfishing engagement reflects the potential health benefits of moderate 

Prevalence (%) and 
95% CI

cPR (95% CI) p-value Model 1 Model 2 Model 3
aPR (95% CI) p-value aPR (95% CI) p-value aPR (95% CI) p-value

Difficulty Walking or 
Climbing up stairs
 � No 25.3 (24.3, 26.4) Ref
 � Yes 26.6 (23.5, 29.9) 1.05 (0.92, 1.19) 0.4709 1.13 (0.99, 1.30) 0.0722
Difficulty Dressing or 
bathing
 � No 25.5 (24.4, 26.5) Ref
 � Yes 25.4 (19.9, 31.8) 1.00 (0.78, 1.27) 0.9790 0.79 (0.63, 0.99) 0.0437

https://doi.org/10.1371/journal.pone.0319169.t002

Table 2.  (Continued)

https://doi.org/10.1371/journal.pone.0319169.t002
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physical activity. According to the World Health Organization (WHO) global guidelines on 
physical activity and sedentary behavior, ‘any amount of physical activity is better than none’ 
[41]. Including “sometimes” in the engagement group thus acknowledges that moderate 
involvement in the activity may contribute to physical activity and cultural connection. Simi-
lar results to this paper were observed by Sentell et al. (2023) for hula and outrigger paddling, 
where it was estimated that 25% and 20% of the Hawaiʻi population engaged in these activi-
ties, respectively. Also similar to the Sentell et al. paper (2023), outrigger paddling was more 
common among men. In this work, 40% of men reported lifetime spearfishing engagement 
compared to 10% of women [10].

In accordance with our hypothesis, we also found that demographic and health-related cor-
relates were associated with lifetime spearfishing engagement. Besides sex, the most notable 
associations were for race/ethnicity and island of residence. Two of five Native Hawaiians, 
and about one in three other Pacific Islanders, as well as American Indian or Alaskan Native, 
reported engaging in spearfishing during their lifetime. For Native Hawaiians and other 
Pacific Islanders, statistical adjustment for sociodemographic and health factors increased 
the magnitude of the association with spearfishing engagement. Native Hawaiians and other 
Pacific Islanders are also among the fastest-growing racial/ethnic groups in the US, further 
highlighting the importance of targeted, culturally relevant health interventions for them [42]. 
Aside from those who identified as Chinese or Black, all other racial demographic groups were 
statistically more likely to report spearfishing engagement compared to Whites.

There was very high lifetime engagement in spearfishing on the rural islands of Molo-
kaʻi and Lānaʻi, which both have small populations (<10,000) [43,44]. Rural communities 
face a significant burden of chronic diseases, including elevated rates of hypertension 
and diabetes [45]. Identifying culturally relevant activities suitable to rural communities 
may assist in the development and application of health promotion activities directed at 
addressing chronic disease. The rural islands of Hawaiʻi also have significant populations 
of Native Hawaiians and other Pacific Islanders [46]. Thus, our findings are particularly 
relevant for initiatives aiming to promote physical activity among these groups, which 
experience some of the highest rates of chronic disease and associated adverse health out-
comes in the country [47]. Native Hawaiians and other Pacific Islanders are 2.5 times more 
likely to be diagnosed with diabetes, 10% more likely to be diagnosed with coronary heart 
disease, 80% more likely to be obese, and four times as likely to have a stroke compared to 
non-Hispanic whites [48].

The health disparities experienced by Native Hawaiians and other Pacific Islanders are 
rooted in structural inequalities, colonization, and socioeconomic factors [47]. The elevated 
rates of obesity observed among reported spearfishers in our unadjusted models thus high-
light broader population-level patterns and systemic challenges likely unrelated to the activity 
of spearfishing itself [47]. Furthermore, research quantifying the relationship between physical 
activity and adverse health outcomes among Native Hawaiians and Other Pacific Islanders 
found that only half of the surveyed participants reported meeting the US Department of 
Health and Human Services’ physical activity guidelines of 150 minutes or 75 minutes of vig-
orous equivalent minutes per week, and a third reported no activity at all [39].

The prevalence of lifetime spearfishing engagement showed minimal variation across age 
groups, with only a five percent difference between the highest reported engagement (26.9% 
among individuals aged 25-34 years) and the lowest (21.6% among those >  65 years). The 
findings suggest that spearfishing may serve as an accessible activity for people of various ages 
at some point in their lifetime. The idea of spearfishing as an accessible activity is further sup-
ported by its associations with difficulty walking or climbing stairs. Beyond equipment costs, 
participation in spearfishing is widely accessible to those who can swim and access shorelines. 
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Past studies have looked at open-water swimming and diving interventions as a way to foster 
physical activity for those with disabilities [22,26,28,49].

Select case reports have indicated that open-water swimming and exposure to salty sea 
air could improve lung capacity and function, particularly for those with chronic obstructive 
pulmonary disease (COPD), asthma, and related diseases/disabilities [21,49]. Thus, learning 
to breathe correctly due to diving regularly may positively affect respiratory health. Addi-
tionally, the breathing techniques used by free divers have been implemented as a method in 
pulmonary rehabilitation and aid in the reduction of breathing difficulty in COPD patients, 
improving their exercise capacity and enhancing overall quality of life [50]. This suggests 
that diving and its’ respective techniques could reduce the burden of certain chronic diseases 
among participants.

There were also significant associations between lifetime spearfishing engagement and edu-
cation and poverty level. A robust association existed between having a high school diploma 
or less and spearfishing during one’s life. For income, there was initially a moderate associ-
ation between being above the state poverty level and spearfishing, but once education and 
other socio-demographic variables were included in the models, this association disappeared. 
While spearfishing equipment can be expensive [51] the association with poverty level in 
the unadjusted model was due to a number of other factors; those living on the rural islands, 
Native Hawaiians and other Pacific Islanders, and those with low educations tend have lower 
household incomes [48,52,53].

Finally, those who reported being single were moderately less likely to report spearfish-
ing engagement than those who were married/partnered. Spearfishing may be important for 
maintaining household food security. A recent statewide analysis of fishing for household 
consumption and food insecurity found that food insecurity was higher in households that 
fished for food frequently than those that did not, suggesting that fishing may be an important 
coping strategy for food insecurity [54]. Fishing, generally, in Hawaiʻi is an important contrib-
utor to both household and community food security. Moreover, fishing plays an important 
role in social cohesion, and the provisioning of food at important cultural events helps to 
maintain social and kinship ties among community members and families [16].

Limitations
There are limitations in this study. Due to the geographic focus on Hawai‘i, our study primar-
ily examined marine spearfishing. However, we acknowledge the existence of other spearfish-
ing forms in freshwater ecosystems. Only one question was added to H-BRFSS about lifetime 
engagement; thus, we do not have information on the age at which respondents commenced 
(or stopped) spearfishing or the intensity of their engagement over time. These are import-
ant topics for future research. Moreover, the subjective nature of response categories for the 
outcome variable introduces interpretational variability, potentially impacting the precision 
and consistency of the data on this measure. Responses may also have been subject to recall 
bias, particularly among older respondents with longer lifetimes within which to judge the 
frequency of their engagement in spearfishing.

The study’s cross-sectional design restricts the establishment of causal relationships. 
Instead, it provides a snapshot of the respondents’ engagement in spearfishing at a specific 
point in time, preventing the examination of temporal sequences and causation. Because our 
study measured lifetime prevalence, our focus was not on causality, but on identifying if there 
are opportunities for interventions from a strengths-based perspective. While the study ben-
efits from large sample size and careful consideration of complex weighting designs, the lim-
itations described above should be considered when interpreting the findings in the broader 
context of public health research and discourse.
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Conclusion
While promoting physical activity is important, culturally relevant activities such as spear-
fishing serve purposes beyond just fitness. They act as healing practices for both physical and 
emotional well-being [55]. Engaging with blue spaces and reviving culturally specific practices 
not only encourages physical activity, but is also directly associated with improved psycho-
social well-being [11,30]. The findings of this study have valuable implications for guiding 
the implementation and design of interventions centered around culturally relevant physical 
activity. Native Hawaiian and Pacific Islander populations have been identified as at-risk 
and underserved [56], making them a key demographic for health promotion activities from 
a strengths-based and culturally rooted perspective. Similarly, other populations globally, 
including those who participate in spearfishing, require public health promotion congruent 
with their practice, values, and cultural strengths. Preventing chronic diseases is a key issue in 
health promotion for these groups, and integrating culture into health promotion strategies 
stands out as an effective means to address health inequities and poses a promising upstream 
approach to disease management [5]. Spearfishing, with the multifaceted aspects of health 
promotion in physical activity, nutrition, community-building, and engagement with nature, 
offers an important and understudied means to this goal.

Supporting information
S1 File.  Variable Categorization. 
(DOCX)

S2 File.  Limited Dataset. 
(CSV)

S1 Table.  Prevalence of spearfishing (Often/Very Often), by demographic and health char-
acteristics, among participants in the 2019 and 2020 H-BRFSS. 
(DOCX)

Acknowledgments
We would like to thank David Sakoda at the Hawaiʻi Department of Aquatic Resources for his 
review of this paper and comments and feedback about the appropriateness of the conclusions 
as a spearfisherman himself and fisheries manager. We would like to thank Lance Ching from 
the Hawaiʻi Department of health for his professional support of this project, specifically pro-
viding input on the proper reporting of data from the Hawaiʻi Behavioral Risk Factor Surveil-
lance System.

Author contributions
Conceptualization: Yan Yan Wu, Tetine Lynn Sentell, Tonya Lowery St. John, Simone Schmid, 

Catherine McLean Pirkle.
Data curation: Tetine Lynn Sentell, Tonya Lowery St. John, Simone Schmid, Catherine 

McLean Pirkle.
Formal analysis: Lauryn Hansen, Yan Yan Wu.
Funding acquisition: Tetine Lynn Sentell, Catherine McLean Pirkle.
Investigation: Lauryn Hansen, Yan Yan Wu.
Methodology: Lauryn Hansen, Yan Yan Wu, Mika Thompson, Catherine McLean Pirkle.
Project administration: Yan Yan Wu, Tetine Lynn Sentell, Catherine McLean Pirkle.

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0319169.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0319169.s002
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0319169.s003


PLOS ONE | https://doi.org/10.1371/journal.pone.0319169  March 21, 2025 15 / 17

PLOS ONE Spearfishing in Hawaiʻi

Resources: Lauryn Hansen.
Supervision: Yan Yan Wu, Tetine Lynn Sentell, Catherine McLean Pirkle.
Visualization: Lauryn Hansen.
Writing – original draft: Lauryn Hansen.
Writing – review & editing: Lauryn Hansen, Tetine Lynn Sentell, Mika Thompson, Tonya 

Lowery St. John, Simone Schmid, Catherine McLean Pirkle.

References
	 1.	 WHO. Global status report on physical activity 2022 [Internet]. Geneva: World Health Organization; 

2022 [cited 2024 May 31]. Report No.: Licence: CC BY-NC-SA 3.0 IGO. Available from: https://iris.who.
int/bitstream/handle/10665/363607/9789240059153-eng.pdf?sequence=1

	 2.	 HHDW. Hawaii Health Matters:: Indicators:: Adults Who Meet Aerobic and 
Strengthening Activity Guidelines:: State: Hawaii [Internet]. 2019 [cited 2023 
Nov 17]. Available from: https://www.hawaiihealthmatters.org/indicators/index/
view?indicatorId=1875&localeId=14&localeChartIdxs=1|2|3|4|5|6|7|8

	 3.	 Katzmarzyk PT, Friedenreich C, Shiroma EJ, Lee I-M. Physical inactivity and non-communicable  
disease burden in low-income, middle-income and high-income countries. Br J Sports Med. 
2022;56(2):101–6. https://doi.org/10.1136/bjsports-2020-103640 PMID: 33782046

	 4.	 WHO. World Health Organization. 2022 [cited 2023 Sep 19]. Physical inactivity a lead-
ing cause of disease and disability, warns WHO. Available from: https://www.who.int/news/
item/04-04-2002-physical-inactivity-a-leading-cause-of-disease-and-disability-warns-who

	 5.	 Lee Y, Braun K, Wu Y, Burrage R, Muneoka S, Browne C. Physical activity and health among Native 
Hawaiian and other Pacific Islander older adults. J Aging Health. 2022;34(1):120–9.

	 6.	 Braun K, Kim B, Ka’opua L, Mokuau N, Browne C. Native Hawaiian and Pacific Islander Elders: What 
Gerontologists Should Know. The Gerontologist. 2015;55(6):912–9.

	 7.	 Teruya S, Pang J, Pang K. Assimilation and acculturation in Native Hawaiian and other Pacific 
Islander (NHOPI) health and well-being. POJ Nurs Pract Res. 2020:1–5.

	 8.	 Look MA, Maskarinec GG, de Silva M, Werner K, Mabellos T, Palakiko D-M, et al. Developing culturally- 
responsive health promotion: insights from cultural experts. Health Promot Int. 2023;38(2):daad022. https://
doi.org/10.1093/heapro/daad022 PMID: 37067166

	 9.	 Heath G, Parra D, Sarmiento O, Andersen L, Owen N, Goenka S. Evidence-based intervention in 
physical activity: lessons from around the world. The Lancet. 2012;380(9838):272–81.

	10.	 Sentell T, Wu Y, Look M, Gellert K, Lowery St John T, Ching L, et al. Culturally relevant phys-
ical activity in the behavioral risk factor surveillance system in Hawai’i. Prev Chronic Dis. 
2023;20:E43.

	11.	 Kaholokula JK, Look M, Mabellos T, Zhang G, de Silva M, Yoshimura S, et al. Cultural Dance Program 
Improves Hypertension Management for Native Hawaiians and Pacific Islanders: a Pilot Randomized 
Trial. J Racial Ethn Health Disparities. 2017;4(1):35–46. https://doi.org/10.1007/s40615-015-0198-4 
PMID: 27294768

	12.	 Kitolelei S, Thaman R, Veitayaki J, Breckwoldt A, Piovano S. Na Vuku Makawa ni Qoli: Indigenous 
Fishing Knowledge (IFK) in Fiji and the Pacific. Frontiers in Marine Science. 2021;8(684303):1–12.

	13.	 Maly K, Maly O. Volume I: Ka Hana Lawaiʻa a me nā koʻa o na kai ʻewalu: A history of fishing practices 
and marine fisheries of the hawaiian islands. 2003.

	14.	 Sbragaglia V, Arlinghaus R, Blumstein DT, Diogo H, Giglio VJ, Gordoa A, et al. A global review 
of marine recreational spearfishing. Rev Fish Biol Fisheries. 2023;33(4):1199–222. https://doi.
org/10.1007/s11160-023-09790-7

	15.	 Young M, Foale S, Bellwood D. Why do fishers fish? A cross-cultural examination of the motivations 
for fishing. Marine Policy. 2016;66(1):114–23.

	16.	 Kittinger J, Teneva L, Koike H, Stamoulis K, Kittinger D, Oleson K. From Reef to Table: Social and 
Ecological Factors Affecting Coral Reef Fisheries, Artisanal Seafood Supply Chains, and Seafood 
Security. PLoS ONE. 2015;10(8):e0123856. https://doi.org/10.1371/journal.pone.0123856

	17.	 Walsh W. Background Paper on SCUBA Spearfishing [Internet]. Hawaiʻi Department of Aquatic 
Resources; 2013 [cited 2024 May 31] p. e31374. Available from: https://dx.plos.org/10.1371/journal.
pone.0031374

https://iris.who.int/bitstream/handle/10665/363607/9789240059153-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/363607/9789240059153-eng.pdf?sequence=1
https://www.hawaiihealthmatters.org/indicators/index/view?indicatorId=1875&localeId=14&localeChartIdxs=1|2|3|4|5|6|7|8
https://www.hawaiihealthmatters.org/indicators/index/view?indicatorId=1875&localeId=14&localeChartIdxs=1|2|3|4|5|6|7|8
https://doi.org/10.1136/bjsports-2020-103640
http://www.ncbi.nlm.nih.gov/pubmed/33782046
https://www.who.int/news/item/04-04-2002-physical-inactivity-a-leading-cause-of-disease-and-disability-warns-who
https://www.who.int/news/item/04-04-2002-physical-inactivity-a-leading-cause-of-disease-and-disability-warns-who
https://doi.org/10.1093/heapro/daad022
https://doi.org/10.1093/heapro/daad022
http://www.ncbi.nlm.nih.gov/pubmed/37067166
https://doi.org/10.1007/s40615-015-0198-4
http://www.ncbi.nlm.nih.gov/pubmed/27294768
https://doi.org/10.1007/s11160-023-09790-7
https://doi.org/10.1007/s11160-023-09790-7
https://doi.org/10.1371/journal.pone.0123856
https://dx.plos.org/10.1371/journal.pone.0031374
https://dx.plos.org/10.1371/journal.pone.0031374


PLOS ONE | https://doi.org/10.1371/journal.pone.0319169  March 21, 2025 16 / 17

PLOS ONE Spearfishing in Hawaiʻi

	18.	 Pavlowich T, Kapuscinski A. Understanding spearfishing in a coral reef fishery: Fishers’ opportunities, 
constraints, and decision-making. PLOS ONE. 2017;12(7):e0181617. https://doi.org/10.1371/journal.
pone.0181617

	19.	 Young MAL, Foale S, Bellwood DR. Dynamic catch trends in the history of recreational spear-
fishing in Australia. Conserv Biol. 2015;29(3):784–94. https://doi.org/10.1111/cobi.12456 PMID: 
25627009

	20.	 CDC. General Physical Activities Defined by Level of Intensity. 1999.

	21.	 Greenfield K, Verling W, Larcombe T, Connett GJ. Case report: Open water swimming as a pos-
sible treatment for asthma. Front Med (Lausanne). 2023;10:1169639. https://doi.org/10.3389/
fmed.2023.1169639 PMID: 37215731

	22.	 Overbury K, Conroy B, Marks E. Swimming in nature: A scoping review of the mental health 
and wellbeing benefits of open water swimming. Journal of Environmental Psychology. 
2023;90(1):102073.

	23.	 Tulleken C van, Tipton M, Massey H, Harper CM. Open water swimming as a treatment for major 
depressive disorder. Case Rep. 2018 Aug 1;2018:bcr.

	24.	 DAR. Hawaiʻi Fishing Regulations [Internet]. 2023 [cited 2023 Nov 4]. Available from: https://dlnr.
hawaii.gov/dar/files/2023/08/fishing_regs_Aug_2023.pdf

	25.	 Fuchs G, Reichel A, Shani A. Scuba divers: the thrill of risk or the search for tranquility. Tourism Rec-
reation Research. 2016;41(2):145–56.

	26.	 Henrykowska G, Soin J, Siermontowski P. Scuba Diving as a Form of Rehabilitation for People with 
Physical Disabilities. Int J Environ Res Public Health. 2021;18(11):5678. https://doi.org/10.3390/
ijerph18115678 PMID: 34073170

	27.	 Santiago Perez T, Crowe BM, Rosopa PJ, Townsend JN, Kaufman MR. Diving into Health: A Mixed 
Methods Study on the Impact of Scuba Diving in People with Physical Impairments. Healthcare 
(Basel). 2023;11(7):984. https://doi.org/10.3390/healthcare11070984 PMID: 37046910

	28.	 Freudenberg P, Arlinghaus R. Benefits and constraints of outdoor recreation for people with physical 
disabilities: Inferences from recreational fishing. Leisure Sciences. 2009;32(1):55–71.

	29.	 Gascon M, Zijlema W, Vert C, White MP, Nieuwenhuijsen MJ. Outdoor blue spaces, human health and 
well-being: A systematic review of quantitative studies. Int J Hyg Environ Health. 2017;220(8):1207–21. 
https://doi.org/10.1016/j.ijheh.2017.08.004 PMID: 28843736

	30.	 White MP, Elliott LR, Gascon M, Roberts B, Fleming LE. Blue space, health and well-being: A 
narrative overview and synthesis of potential benefits. Environ Res. 2020;191:110169. https://doi.
org/10.1016/j.envres.2020.110169 PMID: 32971082

	31.	 Papathanasopoulou E, White MP, Hattam C, Lannin A, Harvey A, Spencer A. Valuing the health ben-
efits of physical activities in the marine environment and their importance for marine spatial planning. 
Marine Policy. 2016;63(1):144–52. https://doi.org/10.1016/j.marpol.2015.10.002

	32.	 Brereton F, Clinch J, Ferreira S. Happiness, geography and the environment. Ecological Economics. 
2008;65(2):386–96.

	33.	 Cherrie MPC, Wheeler BW, White MP, Sarran CE, Osborne NJ. Coastal climate is associated with ele-
vated solar irradiance and higher 25(OH)D level. Environ Int. 2015;77:76–84. https://doi.org/10.1016/j.
envint.2015.01.005 PMID: 25660687

	34.	 Garrett J, White M, Huang J, Ng S, Hui Z, Leung C. Urban blue space and health and wellbeing in 
Hong Kong: Results from a survey of older adults. Health & Place. 2019;55(1):100–10.

	35.	 Maddock J, Berry D, Geoffroy M, Power C, Hyppönen E. Vitamin D and common mental disorders in 
mid-life: Cross-sectional and prospective findings. Clinical Nutrition. 2013;32(5):758–64.

	36.	 White M, Elliott L, Grellier J, Economou T, Bell S, Bratman G. Associations between green/blue 
spaces and mental health across 18 countries. Scientific Reports. 2021;11(1):8903.

	37.	 CDC. Behavioral Risk Factor Surveillance System Overview. 2020.

	38.	 Sorensen CA, Wood B, Prince EW. Race & Ethnicity Data: Californian J Health Promot. 2003 Dec 
31;1(SI):91–104.

	39.	 US DOH. Physical Activity Guidelines for Americans, 2nd edition. US Dep Health Hum Serv. 2018.

	40.	 Gnardellis C, Notara V, Papadakaki M, Gialamas V, Chliaoutakis J. Overestimation of Relative Risk 
and Prevalence Ratio: Misuse of Logistic Modeling. Diagnostics (Basel). 2022;12(11):2851. https://doi.
org/10.3390/diagnostics12112851 PMID: 36428910

	41.	 WHO Guidelines on Physical Activity and Sedentary Behaviour. 1st ed. Geneva: World Health Organi-
zation; 2020. 1 p.

https://doi.org/10.1371/journal.pone.0181617
https://doi.org/10.1371/journal.pone.0181617
https://doi.org/10.1111/cobi.12456
http://www.ncbi.nlm.nih.gov/pubmed/25627009
https://doi.org/10.3389/fmed.2023.1169639
https://doi.org/10.3389/fmed.2023.1169639
http://www.ncbi.nlm.nih.gov/pubmed/37215731
https://dlnr.hawaii.gov/dar/files/2023/08/fishing_regs_Aug_2023.pdf
https://dlnr.hawaii.gov/dar/files/2023/08/fishing_regs_Aug_2023.pdf
https://doi.org/10.3390/ijerph18115678
https://doi.org/10.3390/ijerph18115678
http://www.ncbi.nlm.nih.gov/pubmed/34073170
https://doi.org/10.3390/healthcare11070984
http://www.ncbi.nlm.nih.gov/pubmed/37046910
https://doi.org/10.1016/j.ijheh.2017.08.004
http://www.ncbi.nlm.nih.gov/pubmed/28843736
https://doi.org/10.1016/j.envres.2020.110169
https://doi.org/10.1016/j.envres.2020.110169
http://www.ncbi.nlm.nih.gov/pubmed/32971082
https://doi.org/10.1016/j.marpol.2015.10.002
https://doi.org/10.1016/j.envint.2015.01.005
https://doi.org/10.1016/j.envint.2015.01.005
http://www.ncbi.nlm.nih.gov/pubmed/25660687
https://doi.org/10.3390/diagnostics12112851
https://doi.org/10.3390/diagnostics12112851
http://www.ncbi.nlm.nih.gov/pubmed/36428910


PLOS ONE | https://doi.org/10.1371/journal.pone.0319169  March 21, 2025 17 / 17

PLOS ONE Spearfishing in Hawaiʻi

	42.	 Rico B, Hahn JK, Jacobs P. United States Census Bureau. 2023 [cited 2024 May 31]. Chuukese and 
Papua New Guinean Populations Fastest Growing Pacific Islander Groups in 2020. Available from: 
https://www.census.gov/library/stories/2023/09/2020-census-dhc-a-nhpi-population.html

	43.	 U.S. Census Bureau. data.census.gov. [cited 2025 Jan 2]. Lanai CCD, Maui County, 
Hawaii - Census Bureau Profile. Available from: https://data.census.gov/profile/
Lanai_CCD,_Maui_County,_Hawaii?g=060XX00US1500992070

	44.	 Office of Hawaiian Affairs. Island Community Report: Molokaʻi [Internet]. Honolulu, HI: Office 
of Hawaiian Affairs; 2024 [cited 2025 Jan 2]. Available from: https://www.oha.org/wp-content/
uploads/2024-Molokai-Island-Community-Report.pdf

	45.	 Harrington RA, Califf RM, Balamurugan A, Brown N, Benjamin RM, Braund WE, et al. Call to Action: 
Rural Health: A Presidential Advisory From the American Heart Association and American Stroke 
Association. Circulation. 2020;141(10):e615–44. https://doi.org/10.1161/CIR.0000000000000753 
PMID: 32078375

	46.	 DBEDT. Native Hawaiian Population by County, Island and Census Tract in the State of Hawaii: 2010 
[Internet]. Hawaii. Dept. of Business, Economic Development and Tourism. Research and Economic 
Analysis Division. Statistics and Data Support Branch. Hawaii State Data Center.; 2012 [cited 2024 
Mar 8]. Report No.: Hawaii State Data Center Report Number 2010-4. Available from: https://files.
hawaii.gov/dbedt/census/Census_2010/SF1/HSDC2010-4_Native_Hawaiian.pdf

	47.	 Đoàn L, Takata Y, Hooker K, Mendez-Luck C, Irvin V. Trends in cardiovascular disease by Asian Amer-
ican, Native Hawaiian, and Pacific Islander ethnicity, Medicare Health Outcomes Survey 2011–2015. J 
Gerontol Ser A. 2022;77(2):299–309.

	48.	 USDOHHS. Office of Minority Health | U.S. Department of Health and Human Services. 2020 [cited 
2023 Nov 25]. Native Hawaiian and Pacific Islander Health | Office of Minority Health. Available from: 
https://www.minorityhealth.hhs.gov/native-hawaiian-and-pacific-islander-health

	49.	 Beamon S, Falkenbach A, Fainburg G, Linde K. Speleotherapy for asthma. Cochrane Database Syst 
Rev. 2000;2001(2):CD001741. https://doi.org/10.1002/14651858.CD001741 PMID: 10796665

	50.	 Borg M, Thastrup T, Larsen K, Overgaard K, Hilberg O, Løkke A. Free diving-inspired breathing tech-
niques for COPD patients: A pilot study. Chron Respir Dis. 2021;18(1):14799731211038673. https://
doi.org/10.1177/14799731211038673

	51.	 Augliere M. SpearfishingRI. 2022 [cited 2024 Jan 11]. Spearfishing Beginner Gear Price guide. Avail-
able from: https://www.spearfishingri.com/post/the-ultimate-price-guide-for-spearfishing

	52.	 Ayers-Kawakami J, Pacquiao D. Addressing health disparities in rural populations: The case of Hawaii 
County. J Nurs Pract Appl Rev Res. 2009.

	53.	 USBLS. U.S. Bureau of Labor Statistics. 2023 [cited 2024 Jan 12]. Education pays, 2022: Career 
Outlook: U.S. Bureau of Labor Statistics. Available from: https://www.bls.gov/careeroutlook/2023/data-
on-display/education-pays.htm

	54.	 Hawaiʻi Food Bank. Hawaii Food Bank 2023 Annual Report.pdf [Internet]. Hawaiʻi Food Bank; 2023 
[cited 2024 Jun 3]. (Beyond the Shelf: 2023 Annual Report). Available from: https://d9x3r8n6.rock-
etcdn.me/wp-content/uploads/2024/05/HawaiiFoodbank_AnnualReport_2023.pdf

	55.	 Daniels S-AP, Kauahikaua L, Kaio C, Casson-Fisher JN, Ku T. Conceptualizing a New System of Care 
in Hawai’i for Native Hawaiians and Substance Use. Hawaii J Health Soc Welf. 2022;81(12 Suppl 
3):43–51. PMID: 36660283

	56.	 NIH. National Institutes of Health (NIH). 2019 [cited 2023 Nov 25]. National Institute on Minority 
Health and Health Disparities (NIMHD). Available from: https://www.nih.gov/about-nih/what-we-do/
nih-almanac/national-institute-minority-health-health-disparities-nimhd

https://www.census.gov/library/stories/2023/09/2020-census-dhc-a-nhpi-population.html
https://data.census.gov/profile/Lanai_CCD,_Maui_County,_Hawaii?g=060XX00US1500992070
https://data.census.gov/profile/Lanai_CCD,_Maui_County,_Hawaii?g=060XX00US1500992070
https://www.oha.org/wp-content/uploads/2024-Molokai-Island-Community-Report.pdf
https://www.oha.org/wp-content/uploads/2024-Molokai-Island-Community-Report.pdf
https://doi.org/10.1161/CIR.0000000000000753
http://www.ncbi.nlm.nih.gov/pubmed/32078375
https://files.hawaii.gov/dbedt/census/Census_2010/SF1/HSDC2010-4_Native_Hawaiian.pdf
https://files.hawaii.gov/dbedt/census/Census_2010/SF1/HSDC2010-4_Native_Hawaiian.pdf
https://www.minorityhealth.hhs.gov/native-hawaiian-and-pacific-islander-health
https://doi.org/10.1002/14651858.CD001741
http://www.ncbi.nlm.nih.gov/pubmed/10796665
https://doi.org/10.1177/14799731211038673
https://doi.org/10.1177/14799731211038673
https://www.spearfishingri.com/post/the-ultimate-price-guide-for-spearfishing
https://www.bls.gov/careeroutlook/2023/data-on-display/education-pays.htm
https://www.bls.gov/careeroutlook/2023/data-on-display/education-pays.htm
https://d9x3r8n6.rocketcdn.me/wp-content/uploads/2024/05/HawaiiFoodbank_AnnualReport_2023.pdf
https://d9x3r8n6.rocketcdn.me/wp-content/uploads/2024/05/HawaiiFoodbank_AnnualReport_2023.pdf
http://www.ncbi.nlm.nih.gov/pubmed/36660283
https://www.nih.gov/about-nih/what-we-do/nih-almanac/national-institute-minority-health-health-disparities-nimhd
https://www.nih.gov/about-nih/what-we-do/nih-almanac/national-institute-minority-health-health-disparities-nimhd
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

