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ABSTRACT
Objectives: To explore the associations of health-
related behaviours, metabolic syndrome and risk
factors in adults with pre-oral cancerous (POC) lesions
in rural, disadvantaged communities with a high
prevalence of oral cancer.
Design: A cross-sectional observational study.
Setting: Community-based health survey in the
western coastal area of Yunlin County, Taiwan.
Participants: 5161 adult residents participated in this
study.
Outcome measures: Assessed parameters included
oral leukoplakia, oral submucous fibrosis, fasting blood
glucose, triglycerides, high-density lipoprotein
cholesterol, blood pressure and waist circumference.
Statistical analyses included descriptive statistics, χ2

tests and multivariate binary logistic regression.
Results: A high percentage of participants were found
to have metabolic syndrome (40%) and POC lesions
(7.3%). Participants with POC lesions tended to be
male (p<0.001), betel nut chewers (p<0.001) and
cigarette smokers (p<0.001); have a low level of
education (p<0.001); seldom undergo dental check-
ups (p<0.01); irregularly participate in physical activity
(p<0.01) and have metabolic syndrome (p<0.01).
Conclusions: Although male sex and disadvantaged
socioeconomic status are non-modifiable factors
associated with POC and metabolic syndrome in
adults, several factors, notably health behaviours, are
modifiable. Clinicians can reduce the incidence and
consequences of POC by developing programmes for
early detection, encouraging regular dental check-ups,
and initiating individualised, health-promoting
behaviour modification programmes for reducing risky
behaviours associated with oral cancer.

INTRODUCTION
Oral cancer is the second most common
cause of death from cancer in males in the
southwestern coastal region of Taiwan. The

standardised mortality rate of oral cancer in
this region (34/100 000) is higher than the
national rate (14.9/100 000) and that
throughout the rest of the world.1 2 Oral
cancer is the fourth highest cause of cancer
death of men aged 25–44 years in Taiwan;
oral cancer mortality in this age group has
increased 15% over the past 10 years.1 Each
year, more than 2300 people die in Taiwan
from oral cancer, and more than 5400 new
cases are identified.1 Various oral mucosal
changes can be transformed into pre-oral can-
cerous (POC) lesions, including leukoplakia,
oral submucous fibrosis, lichenoid dysplasia,
excipuliform and erythema. Undergoing oral
mucous examination for identification of
oral cancer can reduce oral cancer death
by 40%.1 3

POC lesions can be readily detected by
allowing non-medical personnel to visually
inspect the oral cavity, a relatively easy aspect
of routine examination.2 Important consid-
erations could aid POC regression: with

Strengths and limitations of this study

▪ Few studies have explored associations among
health-related behaviours, metabolic syndrome
and pre-oral cancerous lesions in disadvantaged
areas.

▪ Pre-oral cancerous lesions are significantly asso-
ciated with components of the metabolic
syndrome.

▪ The outcome supports the value of a nurse-led
community health-promotion programme for oral
cancer prevention.

▪ Non-random sampling and individuals with ery-
throplakia and oral lichen planus were not
included, which might limit the generalisability of
the findings.
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tobacco or betel nut use cessation, early detection and
microsurgery can increase the 5-year survival rate by
80%.1 2 Therefore, in epidemic areas of oral cancer,
such as Yunlin County in Taiwan, early detection is an
important and lifesaving strategy, as it may prevent pro-
gression to severe dysplasia and even carcinoma in situ
and/or squamous cell carcinoma.
In the literature, the incidence of malignant trans-

formation of oral submucous fibrosis ranges from 7% to
13%.3 4 Many studies indicate that oral leukoplakia, oral
submucous fibrosis and oral erythroplakia are the most
common oral mucosal diseases and have a very high
malignant transformation rate.5–7 Tilakaratne et al3 indi-
cated that the dense fibrosis and reduced vascularity of
the corium of oral submucous fibrosis creates an envir-
onment that promotes the accumulation of carcinogens
from betel nut chewing. The malignant transformation
rate of oral leukoplakia has been found to range widely,
from 13% to 19.8%.8 9

Alcohol, betel nut and cigarette (ABC) consumption
has been reported to increase the incidence of oral cancer
123-fold compared to non-ABC consumption.10 Among
the three components of ABC consumption, betel nut
chewing, a widespread habit in southern Asian popula-
tions, is the most significant contributor to oral cancer
development.11–13 Betel nut chewing is common in
Taiwanese adults and is particularly high in industrial
workers in India,13 especially those with low levels of edu-
cation, as well as in rural minority populations.12 13 Betel
nut chewing has been associated with the development of
oral leukoplakia, oral submucous fibrosis and oral
cancer.14 The constituents of the betel nut, especially are-
coline, are associated with the formation and progression
of oral submucous fibrosis through interference with the
deposition and/or degradation of extracellular matrix
molecules such as collagen. The resulting nutritional defi-
ciencies may induce a synergistic effect by contributing to
epithelial atrophy.7 When combined with betel nut
chewing, cigarette smoking significantly contributes
(86.5%) to the risk of oral leukoplakia and oral submu-
cous fibrosis.14 15

In a community-based integrated screening pro-
gramme conducted between 2003 and 2008, Yen et al16

examined 79 940 participants aged 20 years or older
undergoing oral mucous examinations as well as health
check-ups for metabolic syndrome in Keelung, Taiwan.
They found that metabolic syndrome in betel nut
chewers was significantly associated with oral prema-
lignancy after adjusting for the confounding factors of
age, sex, betel nut chewing, smoking and alcohol drink-
ing, and that this association persisted even in non-
chewers when other risk factors were controlled.
Recently, several studies reported that metabolic syn-
drome is associated with many types of cancers, such as
liver cancer, oesophageal cancer, colon cancer and oral
cancer.17 18 Investigations conducted in Germany19 and
India13 found that occupation and educational inequal-
ity are significantly associated with oral cancer.

Our research team (Guo et al20) had previously reported
that betel nut chewing and cigarette smoking are nega-
tively associated with health-promoting behaviours after
adjustment for socioeconomic factors. Further delinea-
tion of these relationships would be enhanced by explor-
ation of the relationship among health-related
behaviours, metabolic syndrome and POC lesions in
Taiwan.
Despite numerous studies reporting that ABC con-

sumption is associated with the development of oral and
laryngeal cancers, the associations among ABC con-
sumption, health-promoting behaviours, metabolic syn-
drome and POC lesions are rarely discussed in primary
healthcare. Nevertheless, ABC consumption is well
known as a mechanism underlying the development of
oral cancer,14 21–23 and several health programmes for
ABC cessation have been available in Taiwan for many
years.1 Despite this knowledge and the availability of
these programmes, few studies have explored the asso-
ciations among health-related behaviours, metabolic syn-
drome and risk factors in adults with POC in
communities with a high prevalence of oral cancer in
disadvantaged areas. Therefore, the study objective was
to determine the associations of metabolic syndrome,
health-related behaviours and POC lesions.

METHODS
Design, sample and setting
This study was a series report of a nurse-led longitudinal
study of health promotion for community health develop-
ment in the southwestern coastal area of Yunlin County,
Taiwan. Using a cross-sectional descriptive design, a
community-based health screening survey of adult resi-
dents was conducted between August 2011 and July 2012.
The inclusion criteria were (1) aged from 20 to 80 years,
(2) full independence in performing activities of daily
living, (3) ability to complete the questionnaires in
Mandarin or in a Taiwanese dialect either by self-
administration or during an interview and (4) ability to
understand and sign an informed consent form before
enrolment in the study. Exclusion criteria were (1) a
serious learning difficulty or (2) an inability to answer
questionnaires. The participants were selected using con-
venience samples from 27 villages of the southwestern
coastal area. A total of 6823 community adults partici-
pated in the health survey. In total, 5161 participants met
the criteria and enrolled for the full statistical analysis.

Procedure and ethical considerations
This study was conducted in collaboration with a local
hospital through a community health-screening pro-
gramme and was approved by the institutional review
board ethical committee. After research assistants had
explained the study objectives to the potential partici-
pants, those who agreed to participate signed an
informed consent form.
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In order to avoid measurement error, 12 research
assistants were separated into six pairs before the start of
the project and were asked to interview an elder in the
community activity centre, which allowed us to confirm
a 90% correct response rate of inter-rater reliability
among these six pairs. Face and content validity of the
instrument were judged to be good (CVI=0.90–0.92) by
a panel of five experts—a faculty member in public
health and health education, endocrine and metabolic
physicians, and nursing faculty members teaching health
promotion. Some items within the instruments were
revised according to experts’ suggestions. All research
assistants were senior nursing students and were trained
for 4 h by the investigators in two consequent training
programmes. In session 1, we focused on practicing
interview skills. In session 2, all research assistants were
grouped into six pairs to pretest and become familiar
with all items of the questionnaire. To reduce the poten-
tially negative influence of inter-rater reliability, consist-
ency among participating dentists was ensured in three
ways: (1) all were well trained with >5 years of clinical
experience, (2) they tested for and discussed POC using
clinical photos before the examination and (3) the con-
sensus for evaluating uncertain oral lesions was continu-
ally adjusted during the health screening programme.

Measurements
1. Participant characteristics. Data regarding participant

characteristics were collected by instructing the parti-
cipants to answer items regarding their age (year of
birth), sex, self-perceived economic status (How do
you feel about your economic situation? Good, fair/
not bad, poor/bad) and educational attainment
(highest educational year completed or school level
at which the participant graduated).

2. Identification and examination of POC lesion.
Examination of the oral mucosa was performed by
four experienced dentists, assisted by nurses, accord-
ing to the WHO criteria.24 All participants received a
conventional clinical check-up and an additional
examination for POC lesions by one experienced
dentist under an incandescent overhead light. In the
first step, the participant was seated in a regular
chair, and any intraoral prostheses (dentures or
partial dentures) were removed before starting the
examination. The extraoral and perioral tissues were
examined first, followed by the intraoral tissues.
Major POC lesions such as oral leukoplakia and oral
submucous fibrosis were identified via mucosal
screening. The second step was checking for uncer-
tain oral mucosa lesions by a second examiner, and a
final diagnosis was reached by agreement between
both dentists. For some special cases such as thick
leukoplakia, submucous fibrosis and verrucous hyper-
plasia, the examiner strongly recommended further
biopsy after the health screening.

3. Measurement of metabolic syndrome. Metabolic syndrome
was defined according to the Health Promotion

Administration1 nationwide standard as the presence
of three or more of the following abnormal biomar-
kers: (i) fasting blood glucose level >100 mg/dL, (ii)
triglyceride level >150 mg/dL, (iii) high-density lipo-
protein (HDL) cholesterol level <40 mg/dL for
males or 50 mg/dL for females, (iv) blood pressure
>130/85 mm Hg and (v) waist circumference (WC)
>90 cm for males and 80 cm for females. Venous
blood samples were drawn after an 8 h fast, by the
collaborating hospital. Blood pressure and WC were
measured at the time of the study using standard pro-
cedures. WC was measured between the last rib
margin and the iliac crest (ie, the mid-abdominal dis-
tance) and was used as an indication of central
obesity.1

4. Health-related behaviours. The following health-related
behaviours were assessed: (i) ABC consumption: par-
ticipants were classified as either (a) never having
engaged in ABC consumption or (b) currently, or
having ceased ABC consumption, if they were cur-
rently engaging in or had ceased ABC consumption,
respectively; (ii) physical activity level: participants
were classified as either (a) engaging in regular phys-
ical activity if they usually exercised for >30 min/day
three times/week or for 150 min/week or (b) irregu-
larly engaging in physical activity if they never or only
sometimes engaged in physical activity; (iii) dental
check-ups: participants were classified as either (a)
regularly participating in dental check-ups if they
visited a dental clinic for a check-up at least once per
year or (b) seldom participating in dental check-ups
if they had never participated in dental check-ups or
irregularly participated in dental check-ups (ie, less
than once per year).

Statistical analysis
The data regarding demographic characteristics, health-
related behaviours and metabolic syndrome components
were dichotomised for comparison using the χ2 test
between the group of participants with POC lesions, and
the participants without POC lesions. The relationships
among these factors and POC lesions were investigated
using multivariate binary logistic regression. The results
were presented as the adjusted OR with the correspond-
ing 95% CI. All data analyses were conducted using SPSS
software V.20 (SPSS Inc, IBM Corp, Armonk, New York).

RESULTS
Participants had a mean age of 49.1 years
(SD=16.0 years), 55.8% were female and 377 (7.3%)
were identified as having POC lesions. Regarding the
subtype of POC lesion, 279 (74%) had oral leukoplakia
and 98 (26%) had oral submucous fibrosis. Participants
with POC lesions were significantly (p<0.001) more
likely to be men, less educated, of poor socioeconomic
status, alcohol drinkers, betel nut chewers and cigarette
smokers; to seldom participate in dental check-ups; and
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to irregularly engage in physical activity, compared to
participants without POC lesions. In contrast, no signifi-
cant difference in age was found between the partici-
pants with and without POC lesions (table 1).
Regarding the components of metabolic syndrome, par-

ticipants with POC lesions were significantly (p<0.001)
more likely to have high blood pressure, high fasting
blood glucose levels, high triglyceride levels, low HDL
cholesterol levels and a high WC compared to partici-
pants without POC lesions. According to analysis of these
components, 2062 (40%) participants had metabolic syn-
drome, a significantly higher percentage of whom had
POC lesions compared to participants without metabolic
syndrome (10% vs 5%, p<0.001; table 2).
Variables found to be significantly associated with

POC lesions and the presence of metabolic syndrome
were introduced into the multivariate logistic regression
model. The results indicated that the covariates inde-
pendently associated with a higher risk of POC lesions
were male sex (OR=7.24, p<0.001), low level of educa-
tion (OR=2.05, p<0.001), betel nut chewing (OR=2.98,
p<0.001), cigarette smoking (OR=1.95, p<0.001), seldom
participating in dental check-ups (OR=1.42, p<0.01),
irregularly engaging in physical activity (OR=1.41,
p<0.01) and having metabolic syndrome (OR=1.39,
p<0.01; table 3).

DISCUSSION
Although random sampling was not performed, the ana-
lysis of a large, rural sample yielded findings that were
sufficiently reliable to assist in the development of
nursing intervention programmes for primary health-
care and promotion in oral cancer prevention. Among
the findings regarding the association between POC
lesions and risk factors, two were especially illuminating:
(1) except for male sex and poor socioeconomic status,
several factors were modifiable, including betel nut
chewing, cigarette smoking, seldom participating in
regular dental check-ups and irregularly engaging in
exercise and (2) the presence of a strong association
between metabolic syndrome and POC lesions.
The study findings agree with those of several previous

studies in Taiwan and India. Among them, Guo et al20

and Arora et al13 identified that betel nut chewing and
cigarette smoking were negatively associated with health
behaviours, such as poor oral hygiene and low levels of
exercise, and that demographic factors such as male sex,
low education level and low socioeconomic level were
associated with POC lesions. Therefore, early prevention
of betel nut chewing and cigarette smoking, through
participation in individualised and culturally appropriate
programmes, may lower the incidence and mortality rate
from oral cancer. Among potential strategies to consider

Table 1 Demographic characteristics and health-related behaviours among rural residents with POC lesions (n=5161)

Variable
Non-POC
(n=4784)

POC
(n=377) p Value

Age (years) 0.637

<65 3822 (93%) 305 (7%)

≥65 962 (93%) 72 (7%)

Gender <0.001

Female 2842 (99%) 38 (1%)

Male 1942 (85%) 339 (15%)

Education level <0.001

High school and above 2122 (95%) 108 (5%)

Elementary school and below 2662 (91%) 269 (9%)

Self-perceived economic status <0.001

Feel good or fair 3848 (93%) 275 (7%)

Feel poor or bad 936 (90%) 102 (10%)

Alcohol use <0.001

Never 3669 (95%) 180 (5%)

Current and cessation 1115 (85%) 197 (15%)

Betel chewing <0.001

Never 4411 (95%) 209 (5%)

Current and cessation 373 (69%) 168 (31%)

Cigarette smoking <0.001

Never 4069 (96%) 169 (4%)

Current and cessation 715 (77%) 208 (23%)

Dental check-ups <0.001

Regular (>1/year) 2182 (95%) 110 (5%)

Seldom/never 2602 (91%) 267 (9%)

Physical activity <0.001

Regular* 2411 (94%) 145 (6%)

Irregular 2373 (91%) 232 (9%)

*Regular: at least three times a week and 30 min per session.
POC, pre-oral cancer.
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are increasing health literacy, using adequate media and
providing health-promotion programmes for oral cancer
prevention targeted towards men. The study findings
can be used to stimulate further research exploring
methods of preventing initiation of risky health beha-
viours; promoting healthy behaviours; and assisting in
cessation of alcohol drinking, betel nut chewing and cig-
arette smoking.
As shown in table 1, the percentage of ABC consump-

tion and POC lesions were 15%, 31% and 23%, respect-
ively. Surprisingly, after adjusting for confounders,

alcohol consumption was not found to be associated
with POC lesions. This finding agrees with several
studies, such as that by Chung et al,25 which found that
79 participants whose risky behaviours were limited to
alcohol drinking did not develop oral submucous fibro-
sis. Lee et al6 also suggested that alcohol consumption is
not a risk factor for POC lesions. Interestingly, Guo
et al20 found that alcohol users tend to have higher edu-
cation levels, higher socioeconomic status, perform
more physical activity and undergo regular dental check-
ups, all of which were associated with a lower incidence
of POC lesions. However, this association should be
viewed with caution, as the study did not measure the
consumption level of alcohol. Further studies should
take the type and amount of alcohol into account.
Twenty years ago, the Taiwanese government launched

a national health insurance programme that currently
covers more than 99% of population. Unfortunately,
56% (n=2869) of the current participants reported that
they seldom or never undergo regular dental check-ups.
A possible reason for this is a lack of resources to devote
to healthcare, making it difficult to travel to a dental
clinic located outside of a rural area. It is thus urgent to
initiate a special dental programme that conducts
annual POC screening and teaches self-management of
oral hygiene for less-educated men who are ABC users.
Fortunately, the Taiwanese government has, over the last

Table 2 Association of metabolic syndrome and its components with POC lesions

Variable
Non-POC
(n=4784)

POC
(n=377) p Value

BMI (body mass index) kg/m2 <0.001

Normal/underweight 2273 (95%) 119 (5%)

Overweight/obesity 2511 (91%) 258 (9%)

Systolic blood pressure (mm Hg) <0.001

≤129 2155 (94%) 127 (6%)

≥130 2629 (91%) 250 (9%)

Diastolic blood pressure (mm Hg) <0.001

≤84 2830 (94%) 170 (6%)

≥85 1954 (90%) 207 (10%)

Fasting blood glucose (mg/dL) <0.001

≤100 3679 (94%) 250 (6%)

≥101 1105 (90%) 127 (10%)

Triglyceride (mg/dL) <0.001

≤149 3989 (94%) 240 (6%)

≥150 795 (85%) 137 (15%)

HDL (mg/dL) <0.001

Male ≥40/female ≥50 3814 (94%) 263 (6%)

Male <40/female <50 970 (89%) 114 (11%)

Waist circumference (cm) <0.001

Male ≤89/female ≤79 2608 (94%) 172 (6%)

Male ≥90/female ≥80 2176 (91%) 205 (9%)

Metabolic syndrome* <0.001

No 2933 (95%) 166 (5%)

Yes 1851 (90%) 211 (10%)

*Metabolic syndrome ≥three risk factors (eg, abnormal blood pressure, fasting blood glucose, triglyceride, HDL, waist circumference).
BMI, body mass index; HDL, high-density lipoprotein; POC, pre-oral cancer.

Table 3 Logistic regression of factors associated with

pre-oral cancer lesions

Predictor aOR (95% CI of OR) p Value

Male gender 7.24 (5.01 to 10.47) <0.001

Low education level 2.05 (1.57 to 2.67) <0.001

Betel chewing 2.98 (2.25 to 3.94) <0.001

Cigarette smoking 1.95 (1.47 to 2.59) <0.001

Seldom having dental

check-ups

1.42 (1.10 to 1.84) 0.007

Irregular physical

activity

1.41 (1.11 to 1.79) 0.005

Presence of metabolic

syndrome

1.39 (1.10 to 1.77) 0.006

aOR, adjusted OR.
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10 years, implemented several strategies to reduce the
prevalence of ABC consumption, including legislation to
increase the price of or tax on ABC.1

Despite these measures, a high incidence of ABC con-
sumption persists among adults residing along the
western coast who have been diagnosed with oral cancer.
One reason for this persistence may be a lack of compre-
hension regarding the association between ABC con-
sumption and the aetiology and mechanism underlying
POC lesion development. Another reason may be a lack
of appropriate understanding regarding the low adher-
ence to health and education policies in rural areas, par-
ticularly among socioeconomically disadvantaged
community residents. Thus, we suggest a low level of
health literacy, defined as a limited ability to obtain,
process and understand basic health information and the
services needed to make appropriate health decisions, as
a potential reason for continued ABC use and conse-
quent POC susceptibility in underserved rural areas.
Consistent with several previous studies,17 18 POC

lesions were found to be significantly associated with the
components of metabolic syndrome in the present study,
including central obesity, high blood pressure, hypergly-
caemia and dyslipidaemia. Tsai et al23 found that betel
nut chewing, cigarette smoking, hypertension and dysli-
pidaemia interact in a manner that increases coronary
artery disease risk. The 40% prevalence of metabolic
syndrome found in this study is much higher than the
nationwide prevalence of 20% of adults in Taiwan26 and
25% of adults in the USA,27 although the prevalence is
rapidly rising throughout the world.
Karmali et al27 recently reported the possible mechan-

isms underlying metabolic syndrome and its relationship
to cancer development may be the mitogenic effects of
obesity and insulin resistance, which alter lipid signalling,
and affect adipokine and inflammatory cytokine levels.
Although the exact pathway linking metabolic syndrome
and oral cancer is unknown, reducing the incidence of
metabolic syndrome and inflammatory-induced diseases
through health-promotion programmes appears to be an
important goal to reduce the incidence of oral cancer.
Therefore, we are initiating health-promotion pro-
grammes to promote health literacy28 among disadvan-
taged people living in areas with a high prevalence of
oral cancer. The health-promotion programmes will
provide culturally oriented educational materials for men,
as well as specific language-sensitive pamphlets adapted
to emphasise the role of ABC use, and the importance of
physical activity and dental check-ups for POC
prevention.

Study limitations and future directions
This study has several limitations. First, the use of cross-
sectional data precludes the inference of causal relation-
ships. Second, the use of self-reported data might lead
to underestimation of health-related behaviours such as
the frequency or amount of alcohol consumption, betel
nut chewing and cigarette smoking. Third, selection and

recall bias need to be considered because the partici-
pants might have been incapacitated by various health
conditions. Fourth, because of the use of non-random
sampling, and because individuals with erythroplakia
and oral lichen planus were not included, the generalis-
ability of the findings may be limited. Fifth, the κ statistic
was not used to test inter-rater reliability of dentists in
this study, although we did adopt multiple steps to
ensure reliability and consistency. Further research
should validate the POC portion of the dental examin-
ation. Future research should also explore methods of
preventing initiation of risky health behaviours; promot-
ing healthy behaviours; and assisting with cessation of
alcohol drinking, betel nut chewing and cigarette
smoking. Primary healthcare providers should conduct
health-promotion programmes related to the early
detection of oral health and physical activity through
community-based health development, specifically for
socioeconomic minorities and males in rural areas.

CONCLUSION
Despite some limitations, this study demonstrated asso-
ciations among health-related behaviours, metabolic syn-
drome and POC lesions, in disadvantaged areas. In
addition, POC lesions were significantly associated with
the components of metabolic syndrome. The outcome
supports the value of a nurse-led community health-
promotion programme for oral cancer prevention. In
rural communities in southwestern Taiwan where oral
cancer prevalence is high, participants with POC lesions
were likely to have poor health-related behaviours, such
as betel nut chewing, cigarette smoking, irregular
engagement in exercise and infrequent undergoing of
dental check-ups. POC lesions were significantly asso-
ciated with the components of metabolic syndrome,
including central obesity, high blood pressure, high
fasting blood glucose and triglyceride levels and low
HDL cholesterol levels.
To reduce the consequences of POC lesions in rural

areas, clinicians and primary healthcare providers need
to understand the health behaviours and risk factors spe-
cific to a particular population, and to lead community
health promotion efforts through development of effi-
cient strategies, including specific, individualised, cultur-
ally tailored health-promotion programmes that
promote health literacy.
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