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Abstract

Background: Chewing areca (betel) nut has been deemed carcinogenic. The practice has become
a public health concern in Micronesia. The Children’s Healthy Living (CHL) Program included an
areca (betel) nut questionnaire in a survey of household characteristics in the Freely Associated
States (FAS). This paper describes areca (betel) nut chewing practices of adults and the health
behaviors of their children.

Methods: A cross-section of 1200 children (2-8 year-olds) and their caregivers in Chuuk,
Kosrae, Pohnpei, Republic of Palau, Republic of the Marshall Islands (RMI), and Yap were
recruited. Socio-demographics, adult areca (betel) nut chewing practices, and other health
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behaviors of children and adults were assessed. Child anthropometric measurements were
collected to estimate weight status.

Results: The FAS areca (betel) nut chewing prevalence was 42%, ranging from 3% (RMI) to
94% (Yap). Among chewers, 84% added tobacco, 97% added slaked lime, 85% added betel leaf,
and 24% mixed the components with alcohol. Among FAS children, 95% practiced daily teeth-
brushing and 53% visited the dentist annually. Compared to non-chewing households, areca (betel)
nut chewing households were more likely to have very young children enrolled, more highly
educated adults, and members that used tobacco and alcohol.

Conclusion: The FAS areca (betel) nut chewing prevalence (42%) is above the world prevalence
of 10-20%, with wide variability across the islands. The oral health findings in this study may
inform future oral cancer prevention programs or policies. Regular monitoring of areca (betel) nut
use is needed to measure the impact of such programs or policies.
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1. Background

Chewing areca nut, the seed of the Areca catechu, has been deemed carcinogenic by the
International Agency for Research on Cancer (IARC) [1]. Positive health benefits of
chewing areca nut have been documented [2,3]. However, the IARC evaluation, plus
literature on areca nut chewing and associations with all-cause mortality and chronic
diseases [4], and other health risks (including the effects on the nervous, endocrine,
reproductive, and respiratory systems) [5], outweigh the health benefits. Approximately 600
million people chew areca nut [6]. The majority reside in the Indian Subcontinent, East-
Southeast Asia, and some Pacific Islands [1,6].

Areca nut use is highly variable across populations [7], including within Micronesia [8], a
group of small islands in the Western Pacific. The areca nut ranges from green when young
to brown when mature [9]. The common patterns of chewing among populations in
Micronesia are: 1) the mature areca nut alone, where the nut is ingested; 2) the betel quid
without tobacco (areca nut or areca fruit with components of Piper betle or betel leaf and any
other ingredients, such as slaked lime, except tobacco), where the quid may or may not be
discarded; and 3) the betel quid with tobacco (areca fruit with components of betel leaf and
any other ingredients including tobacco), where the quid is discarded [8]. Throughout
Micronesia, the areca nut is known as betel nut from its association with the betel leaf.

Areca (betel) nut chewing has become a public health concern in Micronesia [10].
Associations between areca (betel) nut chewing and oral potentially malignant disorders
have been seen in Guam [11] and the Commonwealth of the Northern Mariana Islands
(CNMI) [11,12], in addition to issues with dependence in Guam [13] and low birth weight of
children born to women in Palau [14]. In 2011, the Children’s Healthy Living (CHL)
Program was started in Micronesia as part of a larger initiative to prevent childhood obesity
in the Pacific Region [15]. Considering the effect that areca (betel) nut, tobacco, and alcohol
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use by adults in the households may have on the lives of young children, the Freely
Associated States (FAS), specifically Chuuk, Kosrae, Pohnpei, Republic of Palau, Republic
of the Marshall Islands, and Yap jurisdictions, opted to include areca (betel) nut use into
their prevalence survey. The objective of this paper is to describe areca (betel) nut chewing
practices of adults and health behaviors of their children in the FAS CHL Program. This
represents the first report of areca (betel) nut use for the entire Micronesia, apart from Guam
and CNMI.

2. Methods

The CHL program is a partnership of universities, local organizations and stakeholders
across the remote Pacific region (Alaska, Hawaii, Guam, CNMI, American Samoa, and
FAS) working to prevent childhood obesity in the Pacific. Detailed information on the
prevalence study and survey design can be found elsewhere [15,16]. This paper will focus
solely on information from the prevalence survey in the FAS, namely on the participants’
oral behaviors and related health risks. Communities were chosen to ensure representation
from the populous areas, more remote villages, and outer atolls in the FAS. The
communities had to be reasonably accessible by boat or scheduled air services and be
representative of the geographic region. Data collection took place in phases, beginning in
fall 2013 in Pohnpei and concluding in summer 2015 in Chuuk.

Children (2-8 year-olds) and their caregivers living in selected communities were recruited
to participate in the study. Recruitment efforts occurred primarily at the early childhood
education centers and elementary schools in the FAS. Recruitment details for CHL have
been published elsewhere [17]. In brief, each jurisdiction recruited and measured
approximately 200 children. This number was selected to provide reasonable precision for
prevalence estimates within each jurisdiction. All study forms and recruitment materials
were translated into the local language of the particular nation. A total of 1200 children were
recruited from the six FAS jurisdictions.

All study protocols and procedures were approved by the Institutional Review Boards (IRB)
of the University of Hawai‘i at Manoa and the Republic of Palau. All other jurisdictions in
the FAS prevalence survey ceded to the University of Hawai‘i. Parental consent and child
assent were obtained.

2.1. Anthropometry and questionnaires

Each child was measured for height, weight, and waist circumference by trained and
standardized staff [18]. Body mass index (BMI) percentiles and z-scores were calculated
according to the CDC reference data [19] and BMI categories were assigned accordingly:
underweight (<5th percentile), healthy weight (5th—84th percentile), overweight (85th—94th
percentile), and obese (=95th percentile).

Parents completed a series of health questionnaires. Relevant questions included
demographics, socioeconomic status, and oral health behaviors including child oral hygiene
and dental visits, and household areca (betel) nut chewing, tobacco, and alcohol use by the
caregiver and by adults in the household.
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Demographic information included age and sex of all children, marital status and education
of the caregiver, and household income. Child’s age was categorized into two groups: 2-5
year-olds and 6-8 year-olds. Marital status was categorized into two groups (married or
unmarried) and education level was categorized into two groups (<12th grade and high
school graduate or higher). Total household income categorized into two groups (<$35,000
annually and =$35,000 annually). Other indicators of income sufficiency were also
collected. These included questions on food insecurity and utilities insecurity.

The oral health behaviors of children included questions on teeth-brushing habits and dental
visits, and areca (betel) nut use (including years of chewing, frequency, addition of other
ingredients), alcohol and tobacco use of all adults in the household.

2.2. Data analysis

Survey sampling techniques were used, which accounted for the clustering of participants in
communities within jurisdictions. The sample was weighted based on 2010 census data on
population size of young children <10 years of age in each community; this weighting
allowed for representative prevalences for the FAS overall where larger jurisdictions have a
bigger contribution [16]. Prevalence was estimated for all of FAS and for each jurisdiction.
Comparisons were performed between households with and without a caregiver who used
areca (betel) nut by the chi-square test for categorical data and ANOVA for continuous data;
alpha was 0.05.

3. Results

3.1. General characteristics

The general characteristics of the children, caregivers, and households in the FAS CHL
Program are summarized in Table 1. Of the 1200 children enrolled in the CHL Program
from the FAS, the majority (64%) were 2-5 year-olds. The distribution of children was
similar between sexes and among the six jurisdictions. The majority of the children (80%)
were categorized as having healthy weight while 5% were underweight, and 15% were
overweight or obese. The majority of the children (74%) lived in households where the
caregiver was married. The majority of the caregivers completed high school or attended
college (59%). Income information was missing from 431 caregivers. Of the 769 households
that reported income, the majority (96%) fell below $35,000 in annual income.

3.2. Oral health among jurisdictions

Table 2 describes the oral health characteristics of the enrolled children and caregivers of
households in the FAS CHL Program. Among the children in the FAS, the overall
prevalence was 95% for daily teeth-brushing (94% among boys, 96% among girls) and 53%
for regular dental visits (48% among boys, 57% among girls). The caregivers and others in
the household were asked about their use of areca (betel) nut, tobacco and alcohol. Among
adults caregivers in the FAS, the overall prevalence was 42% for areca (betel) nut chewing,
14% for tobacco use other than with areca nut, and 17% for alcohol use. Among the areca
(betel) nut chewers, 89% were daily chewers, 84% added tobacco, 97% added slaked lime,
85% added betel leaf, and 24% mixed any of the components with alcohol. The mean
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chewing duration (16 years) included recent (1 year) and long-term (59 years) chewers. The
prevalence among other adults in the FAS households was 63% for areca (betel) nut
chewing, 53% for tobacco use not with the areca nut, and 45% for alcohol use. The use of
areca (betel) nut, tobacco and alcohol was similar between households where the enrolled
child was a boy or a girl.

3.3. Chuuk

The majority of children (93%) in Chuuk brushed their teeth daily, however, regular dental
visits (32%) were the lowest among the FAS jurisdictions (Table 2). The prevalence of areca
(betel) nut chewing among caregivers in Chuuk was 21% and 87% were daily chewers.
Individuals from Chuuk had the shortest duration of chewing with a mean of 5 years.
Among the areca (betel) nut chewers in Chuuk, 81% chewed with tobacco, 98% chewed
with slaked lime, 95% chewed with betel leaf, and 21% mixed any components with alcohol.
Approximately 11% of the adults used tobacco other than with areca nut and 12% used
alcohol. Among others in the household, 58% chewed areca (betel) nut. Chuuk had the
highest prevalence of other tobacco (68%) and alcohol (57%) use among others in the
household among the FAS jurisdictions.

3.3.1. Kosrae—The majority of children (96%) in Kosrae brushed their teeth daily, and
regular dental visits (61%) was above the FAS average of 53%. The prevalence of areca
(betel) nut chewing among caregivers in Kosrae was 11%, and 72% were daily chewers. The
mean chewing duration was 10 years. Among the areca (betel) nut chewers in Kosrae, 81%
chewed with tobacco, 95% chewed with slaked lime, 83% chewed with betel leaf, and 19%
mixed any components with alcohol. Approximately 8% of the adults used tobacco use other
than with areca nut and 8% used alcohol. Among others in the household, 45% chewed
areca (betel) nut, 46% used tobacco other than with the areca nut, and 40% used alcohol.

3.3.2. Republic of Palau—~Palau had the highest prevalence of children who brushed
their teeth daily (99%). Regular dental visits (59%) was above the FAS average of 53%. The
prevalences were 76% for areca (betel) nut chewing and 18% for tobacco use separate from
areca (betel) nut among caregivers, and 50% for tobacco and 40% for alcohol use among
others in the household. Adults in Palau chewed the longest (20 years). Additionally, Palau
experienced the highest prevalence of those who chewed daily (97%), added slaked lime
(99%), and consumed alcohol (34%); whereas Palau experienced the lowest prevalence of
chewers who added betel leaf (71%) and mixed any components with alcohol (6%) among
all the FAS jurisdictions.

3.3.3. Pohnpei—The majority of children (97%) in Pohnpei brushed their teeth daily, but
the percentage that had regular dental visits (40%) was below the FAS average of 53%. The
prevalence of areca (betel) nut chewing among caregivers in Pohnpei was 51%, and 73%
were daily chewers. The mean chewing duration was 8 years. Among the areca (betel) nut
chewers in Pohnpei, 79% chewed with tobacco, 93% chewed with slaked lime, 79% chewed
with betel leaf, and 24% mixed any components with alcohol. Approximately 22% of the
adults used tobacco other than with areca nut and 24% used alcohol. Among others in the
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household, 73% chewed areca (betel) nut, 52% used tobacco other than with the areca nut,
and 44% used alcohol.

3.3.4. Republic of the Marshall Islands (RMI)—The majority of children (97%) in
the RMI brushed their teeth daily, and 54% visited the dentist regularly. The RMI had the
lowest prevalence in the FAS of areca (betel) nut chewing (3%), daily chewers (50%), those
who chewed with slaked lime (85%), and those who used tobacco other than with areca nut
(3%). Among other users in the household, 33% chewed areca (betel) nut and 42% used
tobacco other than with the areca nut. All of the chewers in the RMI chewed with the betel
leaf, 85% chewed with tobacco, and 35% mixed any of the components with alcohol. The
mean chewing duration was 6 years. Approximately 11% of the RMI caregivers and 54% of
others in the household consumed alcohol.

3.3.5. Yap—Yap had the lowest prevalence of children who brushed their teeth daily
(87%), but the highest prevalence of regular dental visits (67%). The prevalence of areca
(betel) nut chewing was highest in Yap (94%) including among others in the household
(91%), as was the prevalence of those who mixed any components with alcohol (40%) and
those who used tobacco other than with the areca nut (26%) among the FAS jurisdictions.
The mean chewing duration was 19 years. Among the areca (betel) nut chewers, 85% added
tobacco, 98% added slaked lime, and 96% added betel leaf. Twenty-one percent of the
caregivers consumed alcohol. Among the households, 62% used tobacco other than with
areca nut and 40% used alcohol.

3.4. Areca (betel) nut chewing versus non-chewing households

The child, caregiver and household characteristics were compared between households
where areca (betel) nut chewing was and was not reported among caregivers in Table 3. For
child characteristics, the distribution of sex (50% boys, 50% girls), those who brushed their
teeth daily (95%), those who visited the dentist regularly (52%), and those who were
overweight or obese (13%) were similar between chewing and non-chewing households.
There was a significant difference in age distribution (74% of chewing households enrolled a
child 2-5 years old versus 57% in non-chewing households; p = 0.034). For caregivers,
marital status (74%), income level (96% earning below $35,000 annually), and the insecurity
of food (24% reported frequent insecurity) and utilities (25% reported frequent insecurity)
were similar between chewing and non-chewing households. There was a significant
difference in education of the caregiver, with 29% reporting less than a high school
education in chewing households versus 49% in non-chewing households (p = 0.032), use of
tobacco with 29% reporting tobacco use in chewing households versus 4% in non-chewing
households (p < 0.0001), and use of alcohol with 29% reporting alcohol use in chewing
households versus 10% in non-chewing households (p = 0.004).

4. Discussion

Avreca (betel) nut chewing in the FAS has been reported sporadically elsewhere [10,20-24],
however, this study is the first to report the FAS prevalence and compare usage among the
six jurisdictions. The chewing prevalence of 42% among the FAS adults is well above the
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estimated world prevalence of 10-20% reported by Gupta and Warnakulasuriya [6]. The
differences in prevalence across the islands, from as low as 3% in the RMI and as high as
94% in Yap, reflects different degrees of areca (betel) nut acculturation, or the adoption of
areca (betel) nut use into one’s culture, throughout Micronesia. Culturally, areca (betel) nut
chewers from the Mariana Islands (Guam, Rota, Saipan, and Tinian), Palau, and Yap were
traditional chewers, proud to claim their traditions and eager to pass them on [8]. Some of
the longest areca (betel) nut chewers in this study were from Palau (20 mean years, 50 years
maximum) and Yap (19 mean years, 59 years maximum). The habit was recently introduced
to other islands, including Chuuk, Kosrae, Pohnpei and RMI, where areca (betel) nut is not
traditionally grown, but rather imported. Perhaps, Yap is the most traditional (as they claim
to have the strongest betel nut)® and RMI the most recent areca (betel) nut chewing
jurisdiction in Micronesia (as they recently amended their Betel Nut Prohibition Act of
2016) [25].

Compared to non-chewing households, areca (betel) nut chewing households in the CHL
Program were more likely to have very young children (2-5 year-olds) enrolled, caregivers
who graduated from high school or pursued postsecondary education, and members that use
tobacco and alcohol. The association between areca (betel) nut chewing and higher
education in this study is inconsistent with the general literature showing higher usage
among those with lower education levels [1], although the practice has been documented
among well-educated males with more chewing occasionally (27.5%) than regularly (12.5%)
[26]. Furthermore, proportionally more chewers who prefer the areca nut alone or with only
the addition of betel leaf have been reported to have attained postsecondary education
compared to chewers who prefer to add tobacco and slaked lime to their betel quid (41%
versus 11%) [8].

The association between areca (betel) nut chewing, tobacco, and alcohol use among adults in
this study is consistent with past findings [1]. It has been found that areca (betel) nut
chewers are more likely to be smokers [27], or smokers and consumers of alcohol [28]. The
University of Guam/University of Hawai‘i Cancer Center Partnership Program is currently
conducting the Betel Nut Intervention Trial to study the effectiveness of a cessation
program. Pilot test findings suggest that areca (betel) nut chewing among Micronesian
populations can be costly and some participants try to quit to save money [29]. Although the
insecurities of food and utilities were not associated with household areca (betel) nut
chewing in this study, the economic impact may be further explored as a messaging strategy
in areca (betel) nut cessation, intervention, or prevention programs.

This study was limited to a non-random, cross-sectional sample of children and caregivers
from six jurisdictions in the FAS. Although these characteristics are limitations of
prevalence studies, the authors believe the findings are representative of the FAS based on
the near complete coverage of young children in selected communities, the use of population
weights, and the consistency of results with other reports from the region.

In conclusion, the prevalence of adult areca (betel) nut chewing as reported among
caregivers in the FAS is 42%, while 14% consumed tobacco, apart from inclusion in the
quid, and 17% consumed alcohol. The mean chewing duration was 16 years. The majority of
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the children (95%) practiced daily teeth-brushing, and half (53%) visited the dentist
regularly. Compared to non-chewing households, areca (betel) nut chewing households were
more likely to have very young children enrolled, caregivers who graduated from high
school and pursued postsecondary education, and members that use tobacco and alcohol.
These findings may inform future programs or policies targeting oral health as a preventative
measure for related diseases. Regular monitoring and surveillance of areca (betel) nut use
among the FAS jurisdictions is needed to measure the impact of any programs or policies on
oral health, including oral cancer prevention.

Acknowledgments

We would like to thank Fenfang Li for assistance with data cleaning and extraction, Jonathan Deenik for leading the
implementation of the CHL Program in the Freely Associated States, and Jen Lai for technical assistance with
manuscript preparation.

Financial support

Research funding was provided by the United States Department of Agriculture National Institute of Food and
Agriculture Grant Number 2011-68001-30335. Support for technical assistance with manuscript preparation and
submission was provided by the National Cancer Institute Grants U54CA143727, U54CA143728 and P30
CA71789).

References

[1]. IARC, Betel-quid and areca-nut chewing and some areca-nut derived nitrosamines, IARC Monogr.
Eval. Carcinog. Risks Hum 85 (2004) 1-334. [PubMed: 15635762]

[2]. Sullivan RJ, Allen JS, Otto C, Tiobech J, Nero K, Effects of chewing betel nut (Areca catechu) on
the symptoms of people with schizophrenia in Palau, Micronesia, Br. J. Psychiatry 177 (2000)
174-178. [PubMed: 11026959]

[3]. Sullivan S, Andres C, Otto W, Miles R, The effects of an indigenous muscarinic drug, Betel nut
(Areca catechu), on the symptoms of schizophrenia: a longitudinal study in Palau, Micronesia,
Am. J. Psychiatry 164 (4) (2007) 670-673. [PubMed: 17403982]

[4]. Yamada T, Hara K, Kadowaki T, Chewing betel quid and the risk of metabolic disease,
cardiovascular disease, and all-cause mortality: a meta-analysis, PLoS One 8 (8) (2013) e70679.
[PubMed: 23940623]

[5]. Garg A, Chaturvedi P, Gupta PC, A review of the systemic adverse effects of areca nut or betel nut,
Ind. J. Med. Paediatr. Oncol 35 (1) (2014) 3-9.

[6]. Gupta PC, Warnakulasuriya S, Global epidemiology of areca nut usage, Addict. Biol 7 (1) (2002)
77-83. [PubMed: 11900626]

[7]. Gupta PC, Ray CS, Epidemiology of betel quid usage, Ann. Acad. Med. Singapore 33 (Suppl. 4)
(2004) 31-36. [PubMed: 15389304]

[8]. Paulino YC, Novotny R, Miller MJ, Murphy SP, Areca (Betel) nut chewing practices in
micronesian populations, Hawaii J. Public Health 3 (1) (2011) 19-29. [PubMed: 25678943]

[9]. Staples G, Bevacqua R, Areca Catechu (Betel Nut Palm), Traditional Trees of Pacific Islands:
Their Culture, Environment, and Use, Permanent Agriculture Resources, Honolulu, Hawaii,
2006.

[10]. WHO, Review of Areca (betel) Nut and Tobacco Use in the Pacific: A Technical Report, WHO
Regional Office for the Western Pacific, Manila, Philippines, 2012.

[11]. Paulino YC, Hurwitz EL, Warnakulasuriya S, Gatewood RR, Pierson KD, Tenorio LF, Novotny
R, Palafox NA, Wilkens LR, Badowski G, Screening for oral potentially malignant disorders
among areca (betel) nut chewers in Guam and Saipan, BMC Oral Health 14 (2014) 151.
[PubMed: 25495475]

Cancer Epidemiol. Author manuscript; available in PMC 2020 December 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Paulino et al.

[12].

[13].

[14].

[15].

Page 9

Oakley E, Demaine L, Warnakulasuriya S, Areca (betel) nut chewing habit among high-school
children in the Commonwealth of the Northern Mariana Islands (Micronesia), Bull. World Health
Organ 83 (9) (2005) 656-660. [PubMed: 16211156]

Herzog TA, Murphy KL, Little MA, Suguitan GS, Pokhrel P, Kawamoto CT, The betel quid
dependence scale: replication and extension in a Guamanian sample, Drug Alcohol Depend. 138
(2014) 154-160. [PubMed: 24629627]

Berger KE, Masterson J, Mascardo J, Grapa J, Appanaitis I, Temengil E, Watson BM, Cash HL,
The effects of chewing betel nut with tobacco and pre-pregnancy obesity on adverse birth
outcomes among Palauan women, Matern. Child Health J 20 (8) (2016) 1696-1703. [PubMed:
26994610]

Novotny R, Fialkowski MK, Areta AA, Bersamin A, Braun K, DeBaryshe B, Deenik J, Dunn M,
Hollyer J, Kim J, Leon Guerrero RT, Nigg CR, Takahashi R, Wilkens LR, University of Hawai‘i
cancer center connection: the pacific way to child wellness: the children’s healthy living program
for remote underserved minority populations of the pacific region (CHL), Hawaii J. Med. Public
Health 72 (11) (2013) 406—408. [PubMed: 24251089]

[16]. Wilken LR, Novotny R, Fialkowski MK, Boushey CJ, Nigg C, Paulino Y, Leon Guerrero R,

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

Bersamin A, Vargo D, Kim J, Deenik J, Children’s Healthy Living (CHL) Program for remote
underserved minority populations in the Pacific region: rationale and design of a community
randomized trial to prevent early childhood obesity, BMC Public Health 13 (2013) 944.
[PubMed: 24107083]

Yamanaka A, Fialkowski MK, Wilkens L, Li F, Ettienne R, Fleming T, Power J, Deenik J,
Coleman P, Leon Guerrero R, Novotny R, Quality assurance of data collection in the multi-site
community randomized trial and prevalence survey of the children’s healthy living program,
BMC Res. Notes 9 (1) (2016) 432. [PubMed: 27590179]

Li F, Wilkens LR, Novotny R, Fialkowski MK, Paulino YC, Nelson R, Bersamin A, Martin U,
Deenik J, Boushey CJ, Anthropometric measurement standardization in the US-affiliated pacific:
report from the children’s healthy living program, Am. J. Hum. Biol 28 (3) (2016) 364-371.
[PubMed: 26457888]

Centers for Disease Control and Prevention A SAS program forthe 2000 CDC growth charts
(ages 0 to <20 years) Centers for Disease Control and Prevention, 2014 http://www.cdc.gov/
nccdphp/dnpao/growthcharts/resources/sas.htm. Accessed 1/19/2017.

WHO, Federated States of Micronesia (Pohnpei) NCD Risk Factors STEPS Report, WHO
Western Pacific Region, Suva, Fiji, 2008.

Milgrom P, Tut OK, Gilmatam J, Gallen M, Chi DL, Areca use among adolescents in Yap and
Pohnpei, the Federated States of Micronesia, Harm. Reduct. J 10 (2013) 26. [PubMed:
24134714]

Hancock WT, Durand AM, Yolwa A, Sagury J, Legthar C, Ratima M, Wachi K, Adhikary A,
Yarawamai M, Yarawamai A, Maskarinec GG, Ulithi Atoll health assessment: a peek at the
health of rural Micronesia, Pac. Health Dialog 14 (1) (2007) 156-164.

Chiang C, Singeo ST Jr., Yatsuya H, Honjo K, Mita T, Ikerdeu E, Cui R, Li Y, Watson BM,
Ngirmang G, Iso H, Aoyama A, Profile of non-communicable disease risk factors among young
people in Palau, J. Epidemiol 25 (5) (2015) 392-397. [PubMed: 25787240]

Watson BM, Chiang C, Ikerdeu E, Yatsuya H, Honjo K, Mita T, Cui R, Madraisau S, Ngirmang
G, Iso H, Aoyama A, Profile of non-communicable disease risk factors among adults in the
Republic of Palau: findings of a national STEPS survey, Nagoya J. Med. Sci 77 (4) (2015) 609—
619. [PubMed: 26663939]

34th Constitutional Regular Session Betel Nut Prohibition (Amendment) Act. P.L. 2013-16.,
2013 Nitijela of the Republic of the Marshall Islands.

Sinha DN, Gupta PC, Tobacco and areca nut use in male medical students of Patna, Natl. Med. J.
India 14 (3) (2001) 176-178. [PubMed: 11467150]

Wen CP, Tsai SP, Cheng TY, Chen CJ, Levy DT, Yang HJ, Eriksen MP, Uncovering the relation
between betel quid chewing and cigarette smoking in Taiwan, Tob. Control 14 (Suppl. 1) (2005)
i16-22. [PubMed: 15923442]

Cancer Epidemiol. Author manuscript; available in PMC 2020 December 29.


http://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.htm
http://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.htm

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Paulino et al. Page 10

[28]. Lin CF, Wang JD, Chen PH, Chang SJ, Yang YH, Ko YC, Predictors of betel quid chewing
behavior and cessation patterns in Taiwan aborigines, BMC Public Health 6 (2006) 271.
[PubMed: 17081309]

[29]. Moss J, Kawamoto C, Pokhrel P, Paulino Y, Herzog T, Developing a betel quid cessation program
on the island of Guam, Pac. Asia Inq 6 (1) (2015) 144-150. [PubMed: 27057560]

Cancer Epidemiol. Author manuscript; available in PMC 2020 December 29.



Page 11

Paulino et al.

TT¥GS6 Ajrenuue 000‘Ge$ UeYl SS9
69. aWoaul pjoyasnoH

T8+ ¥'69 Jaybiy o @39/epe.b UIZT

T8F90V apelb yigT uey) sso
86TT co_«mo:nm_h

'S+ 8'GC paLew J0N

A7 paLUeN
¢6TT snyels [eye|N
ployasnoH/anibase)

2TFY08 WBrem AyyjeaH

9CF0ST 95800 Jo 1yBramiano

ETF9V WbBramispun
1021 AKioBayed xapul ssew Zoom_,Q

T8F0LT dex

EIT+8'LT Spuels| |[eystell 8y} Jo o1jgnday

STTFT19T nejed Jo oljgnday

T8%L9T 1aduyod

8'LF09T 3eISOM

9LFE9T FililTe)
1021 mco_s_um_:%Q

LY FT9¢E plo sieak g 01 9

LY ¥6'€9 plosieakgol g
10¢T aby

¢'¢¥ 008 SHID

¢C¢F 008 shog
¢LTT Xas

TTHD ut pajjo4u3 piyd

10113 prepuels ¥ %1 N3OH3d

U3ZIS 31dINVS V101 SOILSIY3LOVHVHO

‘WeiBoid (THO) BUIAIT YaesH S, UBIP|IYD BU} Ul PBJ|0IUR BISBUOIDIIN ‘SaYeIS Pareloossy A|aai4 au wody sjuedioned Apmis aus Jo sonsisioeleyD

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Epidemiol. Author manuscript; available in PMC 2020 December 29.



Page 12

Paulino et al.

“Juswdojansg uoNeINp3 [eIausD _n_m_o\u

'85900 SI 9|nusaIad YIGe= pue ‘WYB1amIaAo si ajnusalad iG> 01 IS8 ‘WBieam Auifesy si anusatad YiGg 01 Yig ‘wyBramiapun si ajnusatad Yig> sajnuaalad [Ng Uo paseq saliofsred xapul ssew Apog Ing,

‘Buipunods 03 anp QT 01 [enba Jou op mwmﬂcmswan

“gjel]s UonoIpSLING YIIM SaIIUNWWOD Ul UaIP]IY J0 BuLIgIsn|o 8y} o) PaIUN0IdE SISAeUR ay) pue seiuNWWod Ui (sbe Jo sieak QT >) usIp(Iyd Jo azis uoneindod ay) 10y paIyBIam a1am sonsnels,

TTTCY Allenuue aiow 10 000'GES

10113 pJepuels ¥ 9%1N30d3d U 3ZIS ITdINVS TVIOL SOILSIY3LOVHVHO

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Cancer Epidemiol. Author manuscript; available in PMC 2020 December 29.



Page 13

Paulino et al.

“glens uonaipsunl yum s

'Spue|s| [[eysJell ay} Jo d1jgnday N,

‘ployasnoy Jayysty Buipnjour ‘Apnis ayi 03Ul paloalas PIIYd Ayl JO Xas Ui S10914al 214199ds-Xas

q

NWILLOD Ul UBIPJIYd J0 BuLIBIsN|d 8y} 10} PLIUNOIJR SISA[RUR BU) PUB SBIIIUNWILLOD Ul UBIPJIY 40 z1s uoneindod ay Jos paiyBram a1am son neis,

TCFL'6¢
L'LF6°0¢C

0C+919
§9¥8'S¢C

¥'¢+2'16

S6FVov
TC+F1'S6
9TFL'L6
8CFSY8
6'C+8¢6

[6501 1]
6'0F 58T

L'¢+G€6

6€FEL9
9TF2C/8

dea

TO9FTYS
6'0F.0T

oV Fviey
80FLC

9EFECE

S8 F9VE
0+ 00T
S8F9Y8
S§8F9Y8
0+0'09

[eT o
T16T%96G

€0+0¢

€9F9¢€s
L'0F596
INY,

9TFEW
0GFLee

Te€+0¢S
YTF971C

8¢+0¢.L

TSFGee
80+€6.
TCF0¢€6
TV¥26.L
6T+0¢€.L

[sz
aT1lL0F28

0'L+509

SZF00v
CT+216

1aduyod

TC+L'6¢
6'CFGSEe

6'T+20S
8EFLLT

0TFV¥9L

€0F29
€T+80L
20¥266
0C2F¢€'88
90F¥'L6

[og 01 €]
90 FG6T

TZ¥96.

8'€ ¥ G689
€0+886

nejed

6V +20r
TEFV8

8GF oV
r1¥€8

TVF9vw

§9F98T
G'8F /.28
6'CF 816
8',¥808
0s+¢ceL

[sT o
Av0%66

SCFL0T

€CTFCT19
ST+T96

98IS0Y|

SL¥CLS
0EF9TT

¢S+9/9
0EFVTT

LYT+9/S

Y'EFETC
€CF 916
9T¥€'86
8'G¥ 508
6'G+998

[yz o
TvyTFes

9V +TTC

§STFLTE
V'ZFV'E6

ANNyo

9EFEIW
2EF99T

8'¢+8'19
8CF9¢€T

§9+FG929

89F0LC
SGF 798
6'0¥ 2’86
6CF2'S8
6'€+€G8

[65 01 T]
Y TFGGT

86 F Vv

0V +2.S
ZT+866

SHI9

TEFCVY
8CF¢8T

9EF6'ES
YZFSYT

9G+97¢9

SFCTC
9'€+8¢8
9TF096
€CFLe8
v'¢+ 126

[og o1 1]
LTF¥9T

L'8F6CY

EEFEBY
CTFCY6

shog

e+ Gy
8CFVLT

L'¢+6'¢S
SCFOVT

86¥G29

8SFT Ve
SY¥978
0T+T'L6
TC¥6¢€8
6'¢c+.'88

[65
a1l TF6ST

06+Fcer

V'EF LTS
0T+0'S6

(67TT = ) slaqwaw pjoyasnoy Buowe pasn

(2STT = u) sAepog 1sed 8L Ul [oyod[e Yuelg
asn [0Yoo|y

(2STT = u) slaqwiaw pjoyasnoy Buowe pasn

(EGTT = U) InU BIBIL UYIIM WO SPISE pasn
asn 000eqOL

(2021 = u) slaqwaw pjoyasnoy Buowe pasn

(68
= U) |oyodJe yim syusuodwod Aue paxiin

(68 = u) Jed| 3189 YUM PaMaYD
(68 = U) awiI| padels yum pamayd
(681 = u) 039BQO} LM PaMBYD
(68 = u) Alrep pamayd

Buimay Jo sieak oy [abuel] uesn
(2021 = u) pinb |318 10 INU BIBIE PaMBYD
asn pinb 13189 J0 InU BIBIY
ployasnoH/JaniBased

syuow
2T 3sed 3y Uy (BTTT'T = U) ISHUSP PBNSIA

Aep 1ad 80u0 1se3] 1V (¥20T = U) Y19al paysnig

pIyd

10113 pJepuels ¥ 9%214103dS-3LIS

10113 paepuels
F %214103dS-X3S

q

10413 paepuels
F %1 1Vd3IN0

(u sjdwres [301)SO1LSIYILOVHVHO

"2ISAUOIOIIA

'S81e)S Pere1oossy A1aai- 8y} ul ayis pue xas Aq ‘welBoid BUIAIT UiesH S,UsIpIIYD Y3 Ul pajjoJus spuedioried Apnis auj Jo SonSHIBIoRIRYD Yiesy [eI0

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Epidemiol. Author manuscript; available in PMC 2020 December 29.



Page 14

Paulino et al.

€T+89 €T+8%¢ TT+SV alow 10 000'GE$
ET+CV6 ETFCL6 TT+9G6 Ajrenuue 000'Ge$ ey} ssa
¥8T°0 692 awoau|
S'L+609 YO+ TTL T8+ 169 Jaybiy o a39/epeld yizt
SLFT6Y 79+ 6'8¢ T8+90V apesb yigT uey) sso
€00 8611 uoneanp3,
08+99¢ SEFLVC 'S+ 8'GC patirew 10N
08+ V'EL GEFEGL ARxA7ZA patireN
L08°0 ¢6TT patreN
ployasnoH/4anibaie)
L'EF088 §C¥6G8 6C+T1/8 3s3(/0 10 JYBI3MISNO JON
L'EF07CT SCFIVI 6'CF6¢CT 85300 40 JyBIaMIBAQ
2.S°0 T0CT xapul ssew Apog
6'GFCLY T8F€E8Y AR VAVAS offe sypuow ZT uey} 310w 03 13NN
6'G¥8'¢S T8FL19 AR 4] sypuow T 1sed 8y Uy
6680 124% 1snusp paysIA
€TF0S 6CFVS L'TF2S JanaU Jo Aep Jad a2u0 uey) SS9
€T¥056 6'CF9V6 L'T+8V6 Aep Jad 80u0 1588 1Y
1680 89TT Yia9) paysnig
L'LFVEY 6VF09¢ LYV FT9e |0 sieak g—9
L'L+998 6V F0vL L'V F6'€9 plo sreak G—¢
v€0'0 02T abv
Tv +00S TCF667 ¢'¢+009 SHIO
TV +008 TZ¢*+T0S 2CF00s skog
1860 CLTT XoS

TTHD ul pajjoiuz piyo

Joa43 paepuels o epuRIS T u3zIs
F %09/NV ONIMIHO YIAIDIHVD 10113 PIEPUBIS ¥ o\oOm_\z<o_ ONIMIHO I1dINVS
d 1NOHLIM SATOHISNOH HIAIOFIVO HLIM SATOHISNOH 10413 pJepuels ¥ 941 1vd3INAO V1oL SOILSIY31OVIVHO

‘weibold (THD) BUIAIT YieaH S,UaIp|IyD 8y} Ul Pa]|0Ius BISBUOIDIIA ‘(SV4) SeIelS pajeldossy
A19314 8y ul spjoyasnoy Buimaya-uou pue spjoyasnoy Buimays (Og) pinb [818q 1o (N) InU BI3IR UBBMIB] ,SOnsLaloeIRYd pajybiam Jo uostiedwo)

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Cancer Epidemiol. Author manuscript; available in PMC 2020 December 29.



Page 15

Paulino et al.

"Jiuow ay} JO pua ay) 21043 IN0 UeJ S3NI1IN/PO0Y 40y Asuow ydiym ul Aouanbal) ayy Aq pauljap alam salijiin pue pooy Jo Z_Suwmc_\u

“Juawdofanaq uoieanp3 [eauss ‘a3,

'asn pINQ [9139/ANN B3IV _om_\z,qQ

"BJEAIS UONDIPSLING YIM SIIIUNWWOD Ul UJP|IYD J0 BULISISN|D 3Y) 104 PAIUN0IJE SISAJeUR SUI PUR SIIUNWWOD Ul UaIp|Iyd 4o azis uoneindod ayy oy paiybiam aiam sonsnels,

28979/, TLFVTL 2GF8VL SOWIIBWOS 0} JaNSN
(AR aA4 L7982 AR A skemje 0} Apuanbaiy

vze0 886 a1 10} Asuow Jo Ino :mw_h
0G+¢€8L CLFTEL 99¥ /.6 SOWIIBWOS 0} JaNSN
0S+.T¢ ¢LF89¢ SGFEVC sReme 0} Apuanbaig

£€€°0 1701 pooy Joy Asuow Jo 1o ey
T¢+206 TVy+60.L 6'€F¥07¢8 ON
TZ+86 Tr*T6C 6'€¥08T SSA

¥00°0 08TT asn |oyodle pjoyssnoH
L0+ 996 VEFL0L L'€F¥998 ON
LOFGE 7'EFE6C L'EFSVT SSA
T000°0> 18TT asn 029eq0) pPjoysasnoH

¥ S6OBINY SNIMIHD tIAIOTHYD 0413 PIEPUEIS F %608V ONIMIHO 14
d 1NOHLIM SATOH3ISNOH HIAIOFIVO HLIM SATOHISNOH 10413 pJepuels ¥ 941 1vd3IA0 Iv1i0oL SOILSIY31OVIVHO

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Cancer Epidemiol. Author manuscript; available in PMC 2020 December 29.



	Abstract
	Background
	Methods
	Anthropometry and questionnaires
	Data analysis

	Results
	General characteristics
	Oral health among jurisdictions
	Chuuk
	Kosrae
	Republic of Palau
	Pohnpei
	Republic of the Marshall Islands (RMI)
	Yap

	Areca (betel) nut chewing versus non-chewing households

	Discussion
	References
	Table 1
	Table 2
	Table 3

