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Abstract

Background: The Mariana Islands, including Guam and Saipan, are home to many ethnic subpopulations of
Micronesia. Oral cancer incidence rates vary among subpopulations, and areca (betel) nut chewing, a habit with
carcinogenic risks, is common. Our objectives were to conduct a screening program to detect oral potentially
malignant disorders (OPMD) in betel nut chewers, measure their betel nut chewing practices, and assess the
prevalence of the oral human papillomavirus (HPV) infection in a subset of betel nut chewers in these islands.

Methods: A cross-section of 300 betel nut chewers ≥18 years old [in Guam (n = 137) and in Saipan (n = 163)]
were recruited between January 2011-June 2012. We collected demographic, socioeconomic, and oral behavioural
characteristics. Latent class analysis was used to identify chewing patterns from selected chewing behaviours.
Following calibration of OPMD against an expert, a registered oral hygienist conducted oral examinations by house
to house visits and referred positive cases to the study dentist for a second oral examination. Buccal smears were
collected from a subset (n = 123) for HPV testing.

Results: Two classes of betel nut chewers were identified on 7 betel nut behaviours, smoking, and alcohol use; a
key difference between the two Classes was the addition of ingredients to the betel quid among those in Class 2.
When compared on other characteristics, Class 1 chewers were older, had been chewing for more years, and
chewed fewer nuts per day although chewing episodes lasted longer than Class 2 chewers. More Class 1 chewers
visited the dentist regularly than Class 2 chewers. Of the 300 participants, 46 (15.3%; 3.8% for Class 1 and 19.4% for
Class 2) had OPMD and one (0.3%) was confirmed to have squamous cell carcinoma. The prevalence of oral HPV
was 5.7% (7/123), although none were high-risk types.

Conclusions: We found two patterns of betel nut chewing behaviour; Class 2 had a higher frequency of OPMD.
Additional epidemiologic research is needed to examine the relationship between pattern of chewing behaviours
and oral cancer incidence. Based on risk stratification, oral screening in Guam and Saipan can be targeted to Class 2
chewers.
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Background
Areca nut is the fruit of the Areca catechu tree that con-
tains alkaloids (particularly arecoline) and tannins, which
are the nut’s most active ingredients. In most of the
world, the nut is habitually chewed with other ingredi-
ents (e.g. leaf from Piper betle, slaked lime, tobacco and
spices). When the nut is chewed with other ingredients,
generally betel leaf, lime, with or without tobacco, it is
called a betel quid. Approximately 10-20% of the world’s
population chews areca (betel) nut [1].
The alkaloids and nitrosamines in areca nut are con-

sidered carcinogens, and could produce precancerous le-
sions or conditions – now referred to as potentially
malignant disorders – that are likely to develop into oral
cancer [2]. In 1987, the International Agency for Research
on Cancer (IARC) concluded that chewing betel quid con-
taining tobacco was carcinogenic to humans [3]. In 2004,
the IARC revised their evaluation that betel quid with and
without tobacco and areca nut by itself were carcinogenic
to humans. The Working Group specifically noted the
following: 1) there was sufficient evidence in humans and
experimental animals for the carcinogenicity of betel quid
with and without tobacco; 2) there was sufficient evidence
in experimental animals for the carcinogenicity of
areca nut, and 3) there was evidence suggesting lack
of carcinogenicity in experimental animals for betel
leaf and slaked lime [2].
Fortunately, the oral cavity is one of few sites of the

human body in which early signs of cancer can be de-
tected by visual examination [4]. The changes that
precede the development of oral cancer are known as
precancers. In 1978, the World Health Organization
(WHO) classified precancers into lesions (leukoplakia,
eythroplakia, palatal lesions in reverse smokers) and
conditions (lichen planus, submucous fibrosis, discoid
lupus erythematosus, syphilis, sideropenic dysphagia,
actinic keratosis). Today, these are grouped together
as potentially malignant disorders [5].
Because areca nut is often chewed with betel leaf, it is

known in many places as betel nut. This is especially
true in Micronesia, and thus the term “betel nut” will be
used to refer to any form of areca nut use for the re-
mainder of this paper. The preparation and consumption
of betel nut in Micronesia differs among ethnic commu-
nities in the type of nut used, ingredients added, and
whether or not ingestion takes place [6,7]. Two statisti-
cally distinct groups of betel nut chewers have been
identified in Guam [7]. One group includes predomin-
antly native Chamorros of Guam. This group chews the
red, mature nut by itself and ingests the nut. Some
chewers in this group would occasionally add betel leaf.
The second group includes predominantly other Micro-
nesians who have migrated to Guam. This group prefers
to chew a custom-made betel quid, which includes the
unripe nut, betel leaf, slaked lime, and tobacco (often
from a cigarette stick). Unlike the first group, the
chewers in the latter group often spit out the betel
quid and juices.
The risk of oral cancer is higher in Micronesia relative

to the United States. The period prevalence (1985–1998)
of oral cancer, age-adjusted to the 1988 U.S. population,
in Micronesian islands was (in descending order per
100,000 population): 31.8 in Yap, 16.2 in the Marshall
Islands, 16.1 in Palau, 13.1 in Kosrae, 7.7 in Pohnpei,
and 4.2 in Chuuk [8]. In Guam, the incidence (1997–
2003) of mouth cancer, age-adjusted to the 2000 U.S.
population, was (in descending order per 100,000 popu-
lation per year): 17.9 for other Micronesians, 8.1 for
Chamorros, 5.5 for Whites, 3.6 for Asians, and 2.3 for
Filipinos [9].
Haddock and colleagues (1981) examined betel nut

chewing and other risk factors associated with oral
cancer in a cross-sectional sample of Guam residents
[10]. The authors concluded that both smoking and
betel nut use were significantly associated with oral
disease, and were equal in their degree of association.
The study provided useful data on descriptive patterns
of betel nut usage and precancerous lesions; however,
the scope was limited in that the intensity of the risk
factor behaviours (alcohol use, betel nut use and
smoking) were not quantified.
The practice of betel nut chewing extends to adoles-

cents and children. Results from a 1995 survey con-
ducted in Palau indicated that 55% of children 5–14
years of age chewed betel nut [11]. As a result of that
study, a bill was passed in the Republic of Palau Senate
in 2011 prohibiting the use and sale of betel nut to
minors [12]. In the Commonwealth of the Northern
Mariana Islands (CNMI), in Saipan, a high prevalence
(63.4%) of regular betel nut use was documented in a
cross-sectional survey of high school students [13] - the
highest prevalence ever recorded for betel nut use in a
school population survey. The study also revealed that
13% of the children who participated had oral leukopla-
kia and 8.8% had oral submucous fibrosis, both of which
are potentially malignant diseases or disorders.
The purpose of this study was to pilot test the methods

for studying oral potentially malignant disorders (OPMD)
in betel nut chewers in Guam and Saipan in Micronesia.
Specifically, we aimed to conduct a screening of OPMD in
betel nut chewers, measure the betel nut chewing practices
of those chewers, and assess the prevalence of oral human
papillomavirus (HPV) infection in a subset of betel nut
chewers in the study.

Methods
Approvals from the Institutional Review Boards at the
University of Hawaii-Mānoa (CHS #18174) and the
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University of Guam (CHRS #10-73) were obtained. All
the participants were informed of and consented to
the study.

Site selection
A cluster sampling approach was used to identify groups
of betel nut chewers in two of the islands in the
Marianas; Guam and Saipan. Guam is a U.S. territory in
the Western Pacific. Saipan is part of the CNMI, which
established a commonwealth in political union with the
U.S. Given that betel nut chewers in the Marianas region
tend to be of Chamorro or other Micronesian Island
ancestry [6], we focused recruitment on the villages
(clusters) in each island with the highest population of
natives according to the 2000 U.S. Census. Five villages
(Inarajan, Merizo, Sinajana, Talofofo, Umatac) in Guam,
and six villages (Kagman, Koblerville, Garapan, Oleai,
San Antonio, Tanapag) in Saipan were selected.

Recruitment
Recruitment to study was from January 2011 to June
2012, using several strategies where the sampling was
purposive conditioned on chewing habit. In Saipan,
households and participants were selected within village
clusters, using a method employed in previous studies
[14,15]. An object with a pointed end was spun at the
village cluster center to determine the direction to
proceed. Every house in that direction was approached
for recruitment. To be eligible, an individual had to be: 1)
at least 18 years of age, 2) a betel nut chewer, and 3)
willing to consent. Up to three eligible participants per
household were invited to participate. All eligible candi-
dates within a household were invited with an upper
limit of three participants/household; in cases where
there were more than three a die was used to randomly
select the three participants.
The recruitment on Guam was initially similar to

Saipan; however, possibly due to the lower betel nut
chewing prevalence in Guam than in Saipan (12% versus
as high as 90% [16]), recruitment was slower in Guam.
Furthermore, gates and dogs at many homes made
house-to-house recruitment in the first village in Guam
a particular challenge. Only 16 participants were re-
cruited through this method. Unlike the island of Saipan
where there is only one Mayor, each village has a Mayor
on the island of Guam who maintains a registry of
households. Although the registers did not include betel
nut chewing habits, the Village Mayors used their famil-
iarity with the residents to help the research team iden-
tify households from the registry list where they believed
betel nut was chewed. This method resulted in 67 add-
itional study participants. After the recruitment through
village mayors was exhausted, a request was submitted
to the Institutional Review Boards to modify recruitment
to a convenience sample. The remaining 54 participants
(39% of the total Guam sample) were recruited through
advertisements (n = 22) and community gatherings
(n = 32) from the rest of the island.

Survey
Two teams conducted the survey, one in each island.
The teams consisted of a lead dentist, a registered
dental hygienist, and two interviewers. The dental pro-
fessionals performed the oral screening for OPMD,
and they collected oral brush samples to screen for
HPV infection. The interviewers administered the sur-
vey questionnaires.

Questionnaires
The questionnaires used in this study include informa-
tion on demographics, socioeconomic status, and betel
nut chewing behaviours. A validated betel nut Question-
naire was available to the study group [17] and this was
modified for this study. All the betel nut questions with
substantial to almost perfect agreement, where κ = 0.61
to 1.0 [18], in the validation study were retained. The
questions on slaked lime and betel leaf usage frequency,
which scored low in the validation study, were simplified
to dichotomous responses.

Oral screening
Prior to conducting any surveys, the research teams
participated in a two-day training session led by a WHO
expert (SW) familiar in the detection of OPMD in betel
nut chewers. On the first day, the teams reviewed the
protocols for performing a 3-minute oral screening [19].
Thereafter, the dentists and hygienists were calibrated
against the expert on the detection of OPMD with
numerous clinical illustrations. A percent agreement was
calculated for each dentist and hygienist. The median
percent agreement was 95% for risk status assessment
and 80% for diagnosis.
During data collection, the oral screening was con-

ducted in two tiers. The initial oral screening was con-
ducted in the field (by house-to-house visiting) by the
dental hygienist. If there was a suspect lesion or con-
dition, as defined by the protocol, the dental hygienist
referred the participant to the lead dentist. The second
oral examination was conducted by the lead dentist
at the clinic. The lead dentist collected biopsies, as
needed, and sent the samples to a pathology labora-
tory for verification.

Sample collection for HPV analysis
A subset of the participants was screened for the HPV.
The 123 participants screened for HPV included every
third participant, as well as those referred for a second
oral screening. Those secreened for HPV were similar in
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demographics and chewing characteristics to those not
screened for HPV. An oral sample was collected using
similar protocols to those described by Hernandez
and colleagues [20]. The registered hygienist used a
Cytobrush plus Cell Collector ([product #1101] Medscand
Medical AB, Sweden) to brush the lining of the mouth.
All areas of the mouth were swabbed with the Cytobrush
in a systematic fashion, including any screen-detected
lesion. The brush was inserted into a transport tube of
1.0 mL buffered medium (Digene Corp., Gaithersburg,
MD) and stored at −20°C until it was ready to be shipped.
All of the samples were sent to the University of Hawaii
Cancer Center, where they were tested for the presence or
absence of HPV by consensus PGMY09/11 [21]. The
positive samples were further tested for HPV Deoxyribo-
nucleic acid (DNA) genotype by using linear array Roche
line-blot test for 37 HPV types [22].
Analyses
Previously, Paulino and colleagues [7] had statistically
identified two chewing patterns among a small number
(n = 49) of betel nut chewers in Guam. The analysis was
replicated in this study with a larger sample of betel nut
chewers (n = 300) to verify if any distinct patterns of
betel nut chewing exist in the Mariana Islands. Mplus®
software (Version 3, Los Angeles, California) was used
to perform latent class analysis, a statistical modeling
method to evaluate the relationship in categorical data
where latent (unobserved) variables are identified from
observed variables [23], in this case, patterns of betel nut
chewing. The latent class model uses independent vari-
ables (continuous and categorical) to assign membership
to a set number (k) of groups by maximum likelihood
while adjusting for covariates [24]. The variables used to
identify patterns of betel nut chewing were: betel nut
variety (coded red, white, or both); betel nut maturity
(coded unripe, ripe, or both); addition of betel leaf,
calcium hydroxide (slaked lime), tobacco, alcohol (each
coded yes or no); ingestion of betel quid (coded yes or
no); and smoking and alcohol use (not as part of quid,
each coded yes or no). Smoking was defined as the
current use of cigarettes at least once per day. Alcohol
use was defined as any consumption within 30 days
prior to the interview. The analysis was adjusted for age
and sex. Each individual in the study was assigned to
one of the k classes based on the maximum of the con-
ditional probabilities for each class estimated from the
latent class model using the selected variables.
The IBM SPSS® software (Version 20, Armonk, New

York) was used for statistical analyses. The F test was
used to compare means and the Chi-square test was
used to compare frequencies of characteristics between
the two classes of betel nut chewers.
Results
We recruited three hundred betel nut chewers - from
Guam (n = 137) and Saipan (n = 163), for this study.
Among the people approached through our house-to-
house recruitment almost 100% complied, only one
person refused to volunteer int eh study. Difficulties in
identifying chewers in Guam are presented in the
methods section, this mainly being inaccessibility to
their front doors. There were a few refusals among
community gatherings, but it was difficult to quantify
the number of refusals in that setting.

Classes of betel nut chewers
We found several varities of betel nut use. The two-class
model was found to fit better than the three-class model
in the latent class analysis, resulting in the identification
of two classes of betel nut chewers. The classes were
compared on the variables used to perform the latent
class analysis (Table 1).
The majority of Class 1 chewers preferred the mature

(93.6%) betel nut in red only (91.0%), white only (3.8%),
or both (5.1%) varieties. Very few Class 1 chewers pre-
ferred the young betel nut (3.8%), and none chewed both
young and mature betel nuts equally. The majority of
Class 2 chewers preferred the young betel nut (82.4%) in
red only (53.2%), white only (35.6%), or both (11.3%)
varieties. Few Class 2 chewers preferrd to chew both the
young and mature betel nuts (9.5%), and even fewer pre-
ferred the mature betel nuts only (8.1%). Compared to
Class 2, significantly fewer Class 1 chewers used betel
leaf, calcium hydroxide (slaked lime), and tobacco with
their betel nut. However, compared to Class 2, signifi-
cantly more Class 1 chewers swallowed the by-products
of the betel nut during chewing and smoked cigarettes.
The two classes of betel nut chewers were also com-

pared on other characteristics (Table 2). The mean (95%
CI) age was 37.7 (36.2 – 39.3) years, although Class 1
chewers were older than Class 2 chewers. The majority
(52.3%) of the participants were males. Only a few
(7.0%) had post-secondary education and about a third
(32.7%) were married.
Class 1 chewers reported chewing betel nut for more

years than Class 2 chewers (25.5 years versus 17.8 years;
p ≤ 0.01). Class 1 chewers also chewed fewer nuts per
day (7.25 nuts versus 14.6 nuts; p ≤ 0.01), but their chew-
ing episodes lasted longer than those of Class 2 chewers
(37.8 minutes versus 12.0 minutes; p = 0.01).
More Class 1 chewers visited the dentist regularly com-

pared to Class 2 chewers (44.9% versus 24.3%; p ≤ 0.01).

Oral screening
All 300 participants underwent an initial oral screening
during house to house visits. Forty-six (15.3%) were found
to have suspect lesions during the initial screening. Some



Table 1 Comparison of variables used in the latent class
analysis of betel nut chewers, by chewing class

Class 1
n = 78

Class 2
n = 222

P value*

n (%) n (%)

Betel nut maturity** <0.001*

% that chew young
betel nut

3 (3.8) 183 (82.4)

% that chew mature
betel nut

73 (93.6) 18 (8.1)

% that chew both equally 0 21 (9.5)

Betel nut variety <0.001*

% that chew red variety 71 (91.0) 118(53.2)

% that chew white variety 3 (3.8) 79 (35.6)

% that chew both equally 4 (5.1) 25 (11.3)

% that add betel leaf 44 (56.4) 172 (77.5) <0.001*

% that add calcium
hydroxide (lime)

3 (3.8) 222 (100) <0.001*

% that add tobacco 11 (14.3) 194 (87.4) <0.001*

% that spike ingredients
with alcohol

6 (7.7) 19 (8.6) 0.81

% that swallow betel quid 74 (96.1) 71 (32.0) <0.001*

% that smoke 46 (59.0) 93 (42.1) 0.01*

% that consume alcohol 45 (57.7) 132 (59.5) 0.79

n = number.
*Reflects statistical difference between Classes, where P<0.05.
**Includes two participants unsure of betel nut maturity consumed.

Table 2 Comparison of other characteristics of betel nut chew

Overall

n = 300

X [95% CI]* or n (%)

Demographic/Socioeconomic characteristics

Age, years 37.7 [36.2-39.3]

Gender, % male 157 (52.3)

Education, % with post-secondary 21 (7.0)

Marital status, % married 98 (32.7)

Behavioural characteristics

Length of betel nut use, years 19.8 [18.3-21.3]

Number of nuts chewed per day 12.8 [11.3-14.2]

Length of time betel nut chewed, minutes 18.7 [10.5-26.9]

% that visit the dentist 89 (29.7)

Oral Potentially Malignant Disorders

% screened positive*** 46 (15.3)

n = number.
*X [95% CI] = Mean [95% Confidence Interval].
**Reflects statistical difference between Classes, where P<0.05.
***Oral Potentially Malignant Disorders detected during the initial oral screening.
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participants displayed multiple oral lesions and conditions.
The majority of the subjects found during the initial
screening had mixed red and white lesions (n = 26),
followed by a white lesion (n = 16), submucous fibrosis
(n = 5), ulcerated lesion (n = 3), and an exophytic lesion
(n = 1). Of the 46 referred for a second oral exam, 27
(58.7%) attended the second oral examination; 22 of the
27 (81.5%) were confirmed to have OPMD. Assuming that
81.5% of all lesions found at initital screening would have
been verified, the dentist-verified prevalence of OPMD is
12.4% (81.5%*46/300). Seven participants screened by the
dentist underwent an oral biopsy; three were of mixed
red and white lesions, two of white lesions, and one
each of ulcerated lesion and an exophytic lesion. The
exophytic lesion was confirmed to be squamous cell
carcinoma. More Class 2 chewers had OPMD than Class
1 chewers (19.4% versus 3.8%; p ≤ 0.01) (Table 2). We have
no data to explain the reasons for non-compliance by 19
subjects who did not attend the specialist.
HPV
A total of 123 participants were tested for HPV, of which
7 (5.7%) were positive for HPV-DNA. One was found to
have a low-risk type (HPV 55), while the others had
HPV types other than the 37 types tested. The presence
of HPV DNA was detected in two participants with
white lesions and one participant with mixed red and
white lesions. No high-risk HPV types were found in our
samples.
ers, overall and by chewing class

Class 1 Class 2 P value**

n = 78 n = 222

X [95% CI] or n (%) X [95% CI] or n (%)

45.7 [42.8-48.7] 34.9 [33.3-36.6] <0.001**

38 (48.7) 119 (53.6) 0.46

3 (3.8) 18 (8.1) 0.20

29 (37.2) 69 (31.1) 0.32

25.5 [22.1-28.9] 17.8 [16.2-19.3] <0.001**

7.3 [5.32-9.18] 14.6 [12.9-16.4] <0.001**

37.8 [7.07-68.6] 12.0 [9.51-14.4] 0.01**

35 (44.9) 54 (24.3) <0.001**

3 (3.8) 43 (19.6) <0.001**
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Discussion
We identified two types of betel nut chewing patterns in
Guam and Saipan, which was consistent with previous
findings [7]. In this and previous findings, similar vari-
ables were loaded and resulted in the 2-class model as
the best fit. The variation in exposure to betel nut chew-
ing (e.g., areca nut variety, nut maturity, components
added) is considerable across populations. The exposure
may be as simple as chewing the betel nut by itself [7],
or as complex as chewing the nut with multiple ingre-
dients [2]. The variation in betel nut chewing may
influence exposure-disease associations, and thus it is
important to capture in epidemiologic studies. The
classification of chewers in this study was done to sim-
plify modeling the complexity of betel nut chewing
exposure, which may be modeled in other betel nut-
disease associated studies where betel nut chewing
exposure is variable.
The detection rate of OPMD was 15.3% in the first

oral examination (by the hygienist in the field survey)
and estimated as 12.4% after verification by the second
oral examination (by the dentist in the dental office).
Other studies have reported a prevalence of oral lesions
and conditions of 12.7% in adults in southern Taiwan
[25] and 22% (leukoplakia and oral submucous fibrosis)
of high school students in the CNMI [13]. The preva-
lence of OPMD recorded in this study is consistent with
the published prevalence data of OPMD (leukoplakia
and OSF ) from several countries in the region [26]. US
data from NHANES 111 Survey report [27] a much
lower prevalence figure of oral leukoplakia, 0.66 ± 0.14%
for males and 0.21 ± 0.05% in females and 0.42 ± 0.08%
in both genders. The higher prevalence of OPMD in
Micronesia is due to a range of OPMD including both
leukoplakia and oral submucous fibrosis commonly
found in this population attributable to their areca nut
use. Contrasting life-style habits in Micronesia compared
with the US population leads to a lower disease preva-
lence in the US.
Only one case, 0.3% of all chewers and 4.5% of those

screened by the dentist, was diagnosed with oral cancer.
This is close to 4.8% (514 oral cancers/10,657 screened)
reported in a recent large prospective cohort study in
Taiwan [28]. The oral cancer case and the majority of
the other OPMD were among Class 2 chewers, despite
Class 1 chewers chewing significantly longer (both in
terms of years of betel nut use and duration of mastica-
tion). The evidence suggests that other ingredients in-
cluded in Class 2 chewing behaviours, especially the
addition of tobacco, may contribute (by synergy) to a
higher disease incidence. The addition of slaked lime
was a statistically significant chewing behaviour among
Class 2 chewers; however, the IARC has previously con-
cluded there was lack of evidence for carcinogenicity in
experimental animals for slaked lime [2]. More epidemi-
ologic research is needed to examine the potential causal
effects of types of chewing behaviour on oral cancer
incidence.
The proportion of Class 1 chewers who reported regu-

lar dental visits was significantly higher than Class 2
chewers (44.9% versus 24.3%), though both were lower
than the overall Guam population of 54% [29]. Regular
oral screening would be useful, especially among Class 2
chewers. Oral screening has been found to be cost-
effective in high-risk populations in India [30] and by
the U.S. estimates [31]. Compliance with referral to the
secondary care was an issue for our study at 58.7 % and
has been reported elsewhere with 63% compliance in
Tower Hamlets, East London [32], 73% compliance in
Kerala, India [33], and 52% in a similar study to ours
using primary health care workers for screening in Sri
Lanka [34]. We did not contact our patients who did
not show up to find out reasons for non-compliance.
Previous studies have reported ill health, economic rea-
sons and work disdisturbance as main reasons for non-
compliance following a screen detection [35]. Work is
needed to encourage oral screening and compliance in
Guam and Saipan. The innovative use of a mobile dental
unit offered by Nunn and colleagues [32] as an outpost
for screening may be worth exploring to reduce non-
compliance in this community.
Seven of the 123 participants (5.7%) tested positively

for HPV, although none were of the high- risk types.
The low prevalence may be explained by our use of
smears; HPV resides in the deeper layers of the epithe-
lium and less could be harvested from exfoliating super-
ficial layers. To the best of our knowledge, this is the
first study to estimate oral HPV prevalence in betel nut
chewers in this region. A systematic review has con-
firmed presence of HPV in oral biopsies and smears of
OPMD [36]. The overall prevalence of high-risk HPV es-
timated from sentinel surveillance for cervical infection
in the U.S. was 23% in 2003–2005 [37], and that of oral
HPV in 2009–2010 was 6.9% [38]. HPV infection is the
most prevalent sexually transmitted infection in the U.S.,
and 20% of the people with HPV are infected with more
than one type [39]. The incidence of cervical cancer, a
cancer attributed to HPV, was 9.5 per 100,000 for 2003–
2007 in Guam [40]. The incidence of cervical cancer in
the CNMI, which includes Saipan, was 69.1 per 100,000
for Chamorro females [41]. Therefore, genital HPV in-
fection is common in the region, making the low rate
of oral infection unexpected. The CNMI has taken a
proactive approach to preventing HPV by offering
HPV vaccination to young females students in the
Public School System [42]. The bivalent HPV vaccina-
tions protect against some of the high-risk HPV
strains, including HPV 16 and 18 [43,44], which were
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also found to cause cancer in the oral cavity and oro-
pharynx [45].
As a pilot, this study is limited in design, thereby min-

imizing any inferences of association between betel nut
chewing pattern and oral precancer risk. Another limita-
tion is the noncompliance of participants with referral to
the secondary oral examination, which may have affected
the prevalence estimation of OPMD and oral cancer.
However, the majority of the participants (58.7%) were
compliant and there was good agreement between the
first and second screenings. Despite the limitations, this
study provides one of the first estimates of OPMD, oral
cancer, and HPV infection in betel nut chewers in this
region of the world - an oral health issue which carries a
significant public health relevance, but has been under-
studied. Screening by dental care workers could save
lives by detecting new cancers or precancer [46]. The
classification of chewers in this study offers an innova-
tive approach to simplifying the modeling of the com-
plexity of betel nut chewing exposure. This technique
may be useful in other betel nut-disease association
studies with considerable exposure variability. The iden-
tification of high-risk behaviour among Class 2 chewers
offers a way of targeting screening approaches (to that
group) who are more likely to have OPMD.
Conclusions
There were two types of betel nut chewing patterns
identified in Guam and Saipan: Class 1 (predominantly
areca nut users sometimes chewed with betel leaf – often
ingested) and Class 2 (areca nut often chewed with betel
leaf, lime, and tobacco – often discarded), with the major-
ity (74%) being Class 2 chewers. The estimated preva-
lences were: 12.4% to 15.3% for OPMD, 0.3% for oral
cancer, and 5.7% for HPV. The screening model used by
us in this pilot study to recruit participants in Saipan was
effective and appropriate but required modification for
Guam as the prevalence of betel quid chewers was much
lower and needed additional methods of recruitment.
Additional epidemiologic studies are needed to examine
the potential causal effects of specific types of chewing
behaviour on oral cancer incidence. In the meantime, oral
screening, especially among Class 2 chewers, and innova-
tive strategies to reduce noncompliance to attend second-
ary facilities are encouraged.
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