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Risk factors for leukoplakia and malignant
transformation to oral carcinoma: a leukoplakia cohort
in Taiwan

MN Shiu 1, THH Chen1, SH Chang 1 and LJ Hahn 2

1Graduate Institute of Epidemiology, College of Public Health, and 2School of Dentistry, College of Medicine, National Taiwan University, Taipei, Taiwan

Summary The effects of betel nut chewing, smoking and alcohol on the occurrence of leukoplakia and its malignant transformation to oral
carcinoma were quantified in a leukoplakia cohort (n = 435) from one medical centre between 1988 and 1998 in Taiwan. Sixty oral carcinomas
were ascertained in this cohort. A case–control study within the leukoplakia cohort was used to study, risk factors. Using the Weibull survival
model, the incidence of malignant transformation of leukoplakia was shown to increase with follow-up years. After adjustment for other
relevant risk factors, betel nut chewing (adjusted odds ratio (OR) = 4.59; 95% confidence interval (CI) 1.25–16.86) remained a significant risk
factor for malignant transformation. Results from the case–control study showed that the adjusted odds ratios for betel nut chewing and
smoking on the occurrence of leukoplakia were 17.43 (95% Cl 1.94–156.27) and 3.22 (95% Cl 1.06–9.78), respectively. Similar findings were
observed when daily frequency and duration were taken into account. This implies that cessation of smoking may reduce by 36% leukoplakia
cases, while elimination of betel nuts may prevent 62% of leukoplakia and 26% of malignant transformation to oral carcinoma in the
underlying population. © 2000 Cancer Research Campaign
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In Taiwan, the mortality from oral cancer has increased from
per 1000 in 1971 to 6.4 per 100 000 in 1994. Prevention of 
cancer seems imperative. It is not feasible to detect oral ca
early (Silverman, 1988; Shanta and Krishnamurthi, 1980) 
mass screening for oral cancer has not been recomme
(Warnakulasuriya and Johnson, 1996). Primary prevention
programmes to eliminate risk factors may become impor
(Warnakulasuriya and Johnson, 1996). Previous studies 
demonstrated that smoking was highly associated with leukop
(Bouquot, 1987; Roed-Petersen, 1982; Brugere et al, 1
Evstifeeva and Zaridze, 1992) but whether betel nut – contai
arecoline, lime and piper (one kind of pepper) – was significa
related to leukoplakia has not been fully addressed. Since
consumption of betel nut in Taiwan has been increasing, eluc
tion of any association is becoming increasingly important. 
association between alcohol consumption and leukoplakia is
inconclusive (Blot et al, 1988; Brugere et al, 1986; Evstifeeva 
Zaridze, 1992).

Previous studies have shown a wide range of rates of malig
transformation of leukoplakia (0.13–36.4%) (Pindborg et al, 19
Roed-Petersen, 1971; Banoczy, 1977; Gupta et al, 1
Silverman et al, 1984; Bouquot et al, 1988). This suggests tha
impact of putative risk factors may vary between different pop
tions. The aims of this study were (1) to evaluate the effect
betel nut chewing, smoking and alcohol use on the risk of leu
as
n of
uch
bles

 and
100
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plakia, taking the daily frequency and the duration of three fac
into account; and (2) to assess the impact of relevant risk fac
on malignant transformation to oral carcinoma, using samp
from certain Chinese people in Taiwan.

MATERIALS AND METHODS

Study design and subject selection

According to the WHO definition, a clinical diagnosis of leuk
plakia is a keratotic white plaque that cannot be scraped off 
cannot be given another specific diagnosis. Oral cancer is cl
fied by the ICD into categories of lip, tongue, gum, mouth flo
buccal, palate, oropharynx, hypopharynx (International Code
Disease, ICD 140–149, excluding 142–147).

A total of 580 cases of leukoplakia diagnosed between June 1
and February 1998 at one medical centre in Taiwan were as
tained. Of these, 145 patients who were subsequently diagnos
having lichen planus, oral ulcer, infection, oral candidiasis or s
leukoplakia were excluded leaving 435 subjects in the leukopla
cohort on which two parts of this study were based (Figure 1). 
A was to follow up the leukoplakia cohort to estimate the incide
of malignant transformation and relevant risk factors. Of the 4
patients, 60 oral carcinomas were identified, among which only
had a different location from the leukoplakia. In order to stu
factors accounting for malignant transformation, information w
abstracted from the medical chart on date of diagnosis, locatio
leukoplakia and risk factors at time of leukoplakia diagnosis, s
as betel nut chewing, smoking and alcohol use. These varia
were routinely recorded in the medical chart.

Part B was to elucidate the association between risk factors
leukoplakia using a matched case–control study. A total of 
1871
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Leukoplakia cases
n = 435

Part A Oral cancer
n = 60

Cases
n = 100

Periodontal
disease

Controls
n = 100

Random
sample

Random
sample

Part B

Matching

Figure 1 The study design on factors affecting the risk leukoplakia and
malignant transformation
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Figure 2 Cumulative risk of malignant transformation, the observed and
predicted using the exponential model and the Weibull Model
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Figure 3 Cumulative risk of malignant transformation by betel nut chewing
leukoplakia cases were randomly selected from the above leu
plakia cohort. Each case was matched to one control for a
(± 3 years), sex and date of diagnosis (± 3 months) derived from a
total of 25 882 patients with a diagnosis of periodontal disease
the same period and hospital as the study group. All cases 
controls were free of oral cancer. Since information on risk facto
such as betel nut chewing, smoking and drinking for the cont
group could not be completely obtained from medical charts 
collected information via telephone interview. We also inte
viewed 68 out of 100 leukoplakia case–control pairs to che
whether information from the medical chart was consistent w
that from telephone interview. Reasons for non-participatio
included: not at home after three calls, wrong telephone num
and refusal. Each participant was asked to provide information
the three risk factors, categorized as: current, former and ne
Duration and daily frequency for each risk factor were als
collected. A product of duration and daily frequency was defin
as the intensity for the current and the former groups. The high
low intensity was categorized according to the median value 
each risk factor. It should be noted that since there was a variet
types and brands for the drinkers, it was very difficult to define t
dose per day. For alcohol use, only information on daily frequen
was asked in telephone interview.

Statistical methods

For Part A analysis, an accelerated failure time (AFT) mod
(Marubini and Valsecchi, 1995) was used to estimate the risk
malignant transformation and the association with the location
leukoplakia, betel nut chewing, smoking and drinking. Two par
metric models including exponential and Weibull models we
employed. All leukoplakia cases were followed until Februa
1998.

In the analysis of Part B, a conditional logistic regression w
performed to investigate the relationship between betel n
chewing, smoking, alcohol drinking, and the occurrence of leuk
plakia. The odds ratio (OR), together with exposure informati
derived from a previous population-based survey (Lee and Ch
1999), gave the population attributable proportion (PAR) for ea
risk factor (Breslow and Day 1980).
British Journal of Cancer (2000) 82(11), 1871–1874
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RESULTS

Malignant transformation from leukoplakia to oral
carcinoma

Figure 2 shows that the incidence of malignant transformation
patients with leukoplakia increases with duration of follow-up.

The univariate analysis based on the Weibull model examin
whether risk of malignant transformation depends on betel 
chewing, smoking, alcohol use and location of leukoplakia. T
cumulative risk stratified by these variables was calculat
Figure 3 reveals that those who chewed betel nut were ne
four times more likely to develop malignant transformation th
those who did not (OR = 3.79, 95% confidence interval (C
1.20–12.24). Other significant factors influencing malignant tran
formation include location around the tongue (OR = 3.65, 95%
1.09–12.25) and smoking (OR = 2.34, 95% CI 0.62–8.93).

Results from the multivariate analysis (Table 1), which incorp
rates significant factors in the above univariate analysis plus 
and sex, show that betel nut chewing still remains a significant r
for malignant transformation. The hazard ratio for chewing be
nut was 4.59 (95% CI 1.25–16.85) after adjustment for age 
sex. However, the effect of smoking and location on maligna
transformation is not significant after adjustment for oth
factors.

Risk factors for leukoplakia

Table 2 shows that the group of current betel nut chewers ha
26-fold higher (95% CI 3.27–204.00) risk for leukoplakia than th
of the ‘never’ group. The OR for the occurrence of leukoplakia
© 2000 Cancer Research Campaign
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Table 1 Multivariate analysis of the impact of risk factors on the risk of
malignant transformation in patients with leukoplakia, adjusted for age and
sex using the Weibull regression model

Risk factors Odds ratio 95% CI

Location
Tongue 1.54 0.24–9.73
Buccal 0.30 0.05–1.72
Alreola+lip 0.57 0.06–5.83
Others 1

Betel nut chewing
Yes 4.59 1.25–16.86
No 1

Cigarette smoking
Yes 2.38 0.62–9.05
No 1
the current smokers was 5.42 (95% CI 2.17–13.80). The freq
alcohol users had an ninefold (95% CI 1.11–68.7) risk 
leukoplakia compared to ‘never’ group.

With respect to intensity, significant dose–response relati
ships were observed for three factors. For betel nut chewing
risk for leukoplakia in the high intensity group (defined by
product of frequency and duration) was 32-fold (95% 
2.44–408.00) higher than that in the ‘never’ group. The cor
sponding figure in the low intensity group was 16 (95% 
1.37–137.00). As regards smoking, the high intensity group 
five times more likely to develop leukoplakia than never smok
(95% CI 1.73–17.20), whereas the OR for the low intensity gro
compared with the never group was 3.68 (95% CI 1.20–11.20)
© 2000 Cancer Research Campaign

Table 2 Univariate analysis of the effect of cigarette smoking, betel nut 

Risk factyor Status classif

Never Former
Cigarette smoking 1 2.03

(0.61–6.75)
Betel nut chewing 1 3.78

(0.61–23.30)
Never Occasional

Alcohol use 1 0.63
(0.11–3.65)

Table 3 Multivariate analysis of the effect of alcohol use, betel nut chewing and 
three factors on each other

Risk factor Status classification

Never Former
Cigarette smoking 1 1.04

(0.24–4.59)
Betel nuts chewing 1 2.38

(0.34–16.75)
Never Occasional

Alcohol use 1 0.28
(0.03–2.56)
ent
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Table 3 presents the results of multivariate analysis after ad
ment for the effect of the three variables on each other. 
adjusted OR for chewing betel nut and smoking in the curr
group were 17.43 (95% CI 1.94–156.27) and 3.22 (95% 
1.06–9.78) respectively. The adjusted OR for the use of bete
and tobacco in the high intensity group were 22.49 (95%
1.44–351.42) and 3.09 (95% CI 0.93–10.34) respectively. 
effect of alcohol on the occurrence of leukoplakia disappea
after adjustment for betel nut chewing and smoking.

Consistency of exposure information

Consistency of exposure information between the medical c
and telephone interview was checked. A good agreement 
demonstrated by Kappa statistics (all Kappa values greater 
0.6). To establish whether two different procedures for obtain
information may have affected the results, we estimated 
adjusted odds ratios based on the two sources and no signific
different results were found.

DISCUSSION

A leukoplakia cohort study and the derived matched case–co
were designed to elucidate the effect of betel nut chew
smoking and alcohol use on the three-state natural history of
cancer, form normal, through leukoplakia and to oral carcino
Results from this study had two major practical findings. Fir
chewing betel nut was demonstrated to influence not only 
occurrence of leukoplakia but also its malignant transformat
Although smoking might play a major role in the occurrence
British Journal of Cancer (2000) 82(11), 1871–1874

chewing and alcohol use on the incidence of leukoplakia

Odds ratio (95% CI)

ication Intensity classification

Current Low High
5.42 3.68 5.45

(2.17–13.80) (1.20–11.20) (1.73–17.20)
25.85 15.61 31.55
(3.27–204.00) (1.77–137.00) (2.44–408.00)
Frequent
8.66

(1.11–68.70)

cigarette smoking on the incidence of leukoplakia, adjusted for the effects of

Odds ratio (95% CI)

Intensity classification

Current Low High
3.22 1.67 3.09

(1.06–9.78) (0.45–6.26) (0.93–10.30)
17.43 9.06 22.49
(1.94–156.27) (1.00–81.64) (1.44–351.00)

Frequent
3.00

(0.27–33.50)
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leukoplakia, it may not be a main contributory cause for malign
transformation. If the prevalence of smoking and betel 
chewing among the general population are estimated as 26%
10% (Lee and Chen, 1999), respectively, this information p
ORs reveals that eliminating the habit of betel nut chewing m
reduce the occurrence of leukoplakia by 62% and reduce the
of malignant transformation by 26% in the underlying populatio
The corresponding figures for the elimination of smoking we
36% and 26% respectively. Thus, a primary prevention prog
designed to discourage people from betel nut chewing 
smoking seems crucial.

Second, as the likelihood ratio test between the exponen
model (constant hazard) and the Weibull model (increas
hazard) was statistically significant (χ2

(1) = 4.30, P = 0.038)
(Figure 2) this implies that the incidence of malignant transf
mation from leukoplakia increases with time. Increased r
associated with increasing duration after diagnosis was m
marked for leukoplakia in subjects with the habit of betel n
chewing. This might reflect the fact that the proportion of leuk
plakia among individuals who chew betel nut also increases y
by year.

Few studies have reported on the association between bete
chewing and leukoplakia or the effect of betel nut chewing 
malignant transformation. Only Silverman et al (1984) reporte
statistically significant relationship between Pan (a mixture
tobacco and betel nut) and malignant transformation. Howe
as chewing betel nut in our study did not involve a mixtu
of tobacco, it is difficult to compare our results with Silverm
et al.

A significant positive association between smoking and leu
plakia is consistent with previous reports (Evstifeeva and Zarid
1992; Kulasegaram et al, 1995). Our finding of a dose–respo
relationship is also in agreement with the study by Kulasega
et al (1995).

The increased risk of malignant transformation with time in t
study is at odds with the previous report that this decreased 
time (Silverman et al, 1984). Three possibilities may be relev
First, the histological distribution of leukoplakia in this study m
be different. A persistence of betel nut chewing in leukopla
cases in Taiwan may provide a second explanation. Th
different treatments might also affect the rate of transformation

With respect to malignant transformation, only 4% of o
leukoplakia cases did not have the same location as oral c
noma. Such cancers may originate from other sites of leu
plakia but their small number is unlikely to have affected t
results.
British Journal of Cancer (2000) 82(11), 1871–1874
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In conclusion, this study finds that betel nut chewing is a ma
risk factor not only for the occurrence of leukoplakia but also 
malignant transformation. We estimate that elimination of be
nut chewing would prevent 62% of leukoplakia and 26% 
malignant transformation.
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