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Abstract

Background Oral leukoplakia(OLK) is a common oral potentially malignant disorder. The global prevalence of solely
OLK was published in 2003, while the prevalence varied among different studies. In recent years, large-scale summary
and definition-related analyses obtain insufficient attention. This study aimed to perform a systematic review of preva-
lence studies of oral leukoplakia and assess predisposing factors of its occurrence.

Methods The search terms ("Oral leukoplakia" OR OLK OR leukoplakia) AND (prevalence OR incidence OR epidemiol-
ogy) were searched in databases (Pubmed, Embase, Scopus, and Web of Science) for OLK studies published from Jan-
uary 1996 until December 2022. The estimated prevalence calculation and risk of bias analysis used STATA 16.0.

Results We obtained 69 studies, including 1,263,028 participants, from 28 countries, and 6 continents. The preva-
lence was 1.39%, varying from 0.12 to 33.33%. The overall pooled estimated prevalence of OLK was 2.23% for pop-
ulation-based studies, 1.36% for clinic-based population studies, and 9.10% for specific populations. The pooled
prevalence in different continents ranged from 0.33 to 11.74% with a statistical difference in the population-based
calculation. The estimated prevalence of OLK was higher in males than in females. Those who smoked and consumed
alcohol had a higher prevalence than those who did not.

Conclusion Combining data from 69 published studies, the prevalence of OLK was determined as 1.39%

and the pooling estimated global prevalence was 3.41%. The prevalence was relatively consistent and stable

across different continents and different definitions. A higher pooled estimated prevalence was found among males,
those aged over 60 years old, smokers, and alcohol consumers. The results from the included studies in this systematic
review revealed that the prevalence was relatively consistent and stable across various definitions and continents,
which may help in developing global treatment and prevention strategies for oral leukoplakia.
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Introduction

Oral leukoplakia (OLK) as defined by the World Health
Organization (WHO) Collaborating Centre in 2020 as
“White plaques of questionable risk having excluded
(other) known diseases that carry no increased risk
for cancer” [1]. Oral leukoplakia is generally an asymp-
tomatic disorder of the mucosa and is a common oral
potentially malignant disorder (OPMD) [1, 2]. The
pooled proportion of malignant transformation (MT)
was 3.5-9.8%, with the rate varying between 0.13% and
40.8% [3-5]. The annual MT rate is reported as 1.56% [6].
Once oral squamous cell carcinoma (OSCC) occurs, the
patients’ 5-year survival rate drops sharply to 50-66% [7].
This not only endangers the patient’s life and physical and
mental health, but also affects their appearance, causing
disability, maxillofacial deformity, and a serious social
burden. The reported rates of malignant transforma-
tion to OSCC from oral potentially malignant disorders
(OPMD) range from 3 to 50%, in which OLK occupies
17-35% [8, 9]. Timely detection, early diagnosis, close
monitoring, and treatment management of patients with
OLK are imperative.

The definition of leukoplakia was proposed in 1978 by
WHO as "A white patch or plaque that cannot be char-
acterized clinically or pathologically as any other disease"
[10]. In 1984, the Malmo Conference added " not associ-
ated with any physical or chemical causative agent except
use of tobacco" [11]. By 1996, the definition was used
widely [12], and was formally published in 1997 [13].
Since 2005, the commonly used definition in published
studies has been “A predominantly white plaque of ques-
tionable risk having excluded (other) known diseases or
disorders that carry no increased risk for cancer’, which
was published officially in 2007 by the WHO Collaborat-
ing Centre. The “risk of cancer development” was empha-
sized, and was defined as OPMD [14]. The Working
Group reiterated the phrase "risk of cancer development”
after 2015, and the 2020 workshop on OPMD adhered to
this justification. [1]. The diagnosis of OLK depends on
irreversible and non-scrapable lesions with the clinical
and histological exclusion of other diseases [15]. A biopsy
is necessary for definitive diagnosis and risk analysis, and
it could detect simple hyperplasia or epithelial dyspla-
sia [9]. Generally, the higher the grade of dysplasia, the
higher the risk of cancer [16].

Given that the definition of OLK have evolved multiple
times and that the diagnosis is exclusionary, the accurate
diagnosis of OLK and predicting malignant transforma-
tion remains a challenge in the clinic. Although a number
of previous epidemiological studies on OLK have been
published, the accurate prevalence is still controversial
and lacks geographical and population stratification anal-
ysis. The study methods used mainly included house to
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house surveys, clinical studies, and general investigation
in a specific organization or place (such as a company
or a school). The description and statistics of the target
population, sample size calculation, sampling method,
recruitment, diagnosis measure, statistical analysis, con-
founding factors/subgroups/differences were insufficient.
The prevalence varied widely and most came from sin-
gle center analyses. Currently, the global prevalence of
OLK lacks support from epidemiological data. A small
number of published reports showed highly heteroge-
neous results. The overall prevalence of OPMD world-
wide was 4.47%, with OLK ranking second with 4.11%
[17]. In a study published in 2003, the pooled estimated
prevalence of OLK was 1.5% (inverse variance) and 2.6%
(random) with no gender predilection [18]. A systematic
review claimed that patients less than 40 years old repre-
sented 5-76.7% of cases [19]. In recent years, no large-
scale summary and definition-related analysis has been
published. The majority of meta-analyses and systematic
reviews have focused on the rate and risk factors related
to malignant transformation. There is also no literature
that further explores the prevalence of OLK in differ-
ent regions and populations. Therefore, the present arti-
cle aims to review the prevalence of OLK reported from
1996 to 2022, and to classify the research into different
groups by continent, definition, age, and living habits.

Materials and methods

Protocol registration

This systematic review and meta-analysis complied with
the Preferred Reporting Items for Systematic Reviews and
Meta-analysis Protocols (PRISMA-P) reporting guide-
lines [18]. It was registered on the PROSPERO website
(www.crd.york.ac.uk/PROSPERO).  CRD42021279108
code was assigned.

Search strategy

According to the PRISMA-P system standard, a litera-
ture search was carried out [20]. Two authors (ZC and
LB]J) searched for studies published from January 1996
to December 2022 in four databases: PubMed, Embase,
Scopus, and Web of science. The search was conducted in
February 12th, 2022 and updated in April 10, 2023.

The search keywords/strategy were ("oral leukoplakia"
OR OLK OR leukoplakia) AND (prevalence OR inci-
dence OR epidemiology). The search content includes
titles, keywords, and abstracts in Embase, Scopus, topic
in Web of science, and all field in Pubmed. Two authors
independently completed the retrieval of the studies from
the four databases. After the preliminary screening, the
full text of each article was consulted, downloaded, and
sorted together by Endnote. Strict screening was carried
out according to the inclusion and exclusion criteria, the
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study population, and information containing the survey
method, the definition of OLK, examination, biopsy, sex,
age, smoking, alcohol consumption, betel nut use, coun-
try, continent, and district (urban/rural) were evaluated.

Eligibility criteria

The inclusion criteria for the literature searched were as
follows: (1) Original survey with cross-section, case—con-
trol, or cohort design by title and abstract screening; (2)
Observational study by title and abstract screening; (3)
The literature must report the numbers of patients with
OLK and total population, to provide sufficient data to
calculate the prevalence and possible risk factors induc-
ing OLK. We recorded information about geography, sex,
age, living habits (including smoking and alcohol con-
sumption), the definition of OLK, tools of examination,
examination standard, and biopsy proposition. If several
published studies used the same population database, the
study with the largest data was selected.

The exclusion criteria were as follows: (1) Review arti-
cles, case reports, agreements, communications, per-
sonal opinions, letters, posters, conference abstracts, or
laboratory studies were excluded; (2) The data is insuffi-
cient, vague, or contains errors that cannot support the
statistical analysis; (3) The subjects of the study are non-
OLK patients, such as a population with HIV/EBV/HCV
infection, vocal cord leukoplakia /cervical leukoplakia /
nasal leukoplakia, congenital disease such as dyskerato-
sis congenita, or research about carcinoma, dysplasia, or
only the proportion of OLK in OPMD; (4)The population
came from oral medicine or surgery or radiology only in
dentistry, and (5) Non-English language literature.

Study selection

Three authors (ZC, LBJ, and ZXM) individually assessed
the eligibility of all the retrieved studies. The studies titles
and abstracts of all the studies derived from the search
were screened together. When the information in the title
or the abstract was insufficient for exclusion, the stud-
ies’ full text was reviewed for the final decision on selec-
tion of the study. Disagreements regarding the included
studies were resolved by collective discussion among the
three authors. If the three authors still could not reach an
agreement, they consulted another author (HXS or HH).

Data items and the data collection process

The recorded data of the studies that met the incluson
criteria included author, published year, country, con-
tinent, sex, age, diagnosis, sample size, estimated prev-
alence, and risk factors. The prevalence of OLK was
calculated by the number of OLK cases as the numera-
tor, and the survey population as the denominator. Data
were analyzed using STATA 16.0(Stata Corporation,
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Texas, USA) for the meta-analysis. We used the esti-
mated prevalence(ES) and 95% confidence interval
(CI) to determine statistics of prevalence, and used I?
to study the statistical heterogeneity with the random-
effect model.

Evaluation of quality and risk of bias

The risk of bias of the included studies was indepen-
dently assessed using the Joanna Briggs Institute critical
appraisal instrument for studies reporting prevalence
data by two authors (ZC and LBJ) [21]. Any ambigu-
ity was discussed and resolved. According to the above
appraisal instrument, we analyzed nine items in total
(Supplement 2): (1) Was the sample frame appropriate
to address the target population? (2) Were the study
participants sampled in an appropriate way? (3) Was the
sample size adequate? (4) Were the study subjects and
the setting described in detail? (5) Was the data analy-
sis conducted with sufficient coverage of the identified
sample? (6) Were the diagnostic criteria clearly elabo-
rated? (7) Was the condition measured in a standard,
reliable way for all participants? (8) Was there appro-
priate statistical analysis? (9) Was the response rate
adequate, and if not (<70%), was the low response
rate managed appropriately? Each of the nine items in
the literature quality evaluation received a score. If the
item was low risk, it received a value of 0, otherwise,
it received a score of 1. The overall risk of bias was
reflected by the total score. We categorized the risk of
bias as low, medium, or high (ST1).

Statistical analysis

The prevalence were analysed by STATA 16.0(Stata Cor-
poration, Texas, USA) using the mataprop command
and pooling prevalence with Freeman-Tukey double
arcsine transformation. The ES was calculated using a
random effect model. The level of significance was set at
P-value <0.05 and heterogeneity between the studies was
evaluated using I” tests. The preliminary meta-regression
analysis aimed to investigate how the population, defini-
tion, risk bias, and publication year affected heteroge-
neity. The ES in different population and definition was
calculated. Subgroup analyses were conducted accord-
ing to underlying factors including age, sex, continent,
district, smoking and drinking habits that could impact
prevalence. Additional subgroup analysis was performed
to determine the impact of bias risk on prevalence. Het-
erogeneity intra-group and between groups was analyzed.
><50% was considered as low heterogeneity. The sensi-
tivity analysis was conducted by leaving out one study at
a time to assess the stability of the overall prevalence.
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Results

Literature search and study selection

The flow chart describing the results of the literature search
and screening is shown in Fig. 1. We searched 4,269 arti-
cles at first. The duplicate studies were excluded by End-
note and artificial examination, then a final 2050 study
titles and abstracts were screened. The search was updated
in 2023 and 141 new studies added the analysis. Excluding
non-professional, non-English literature, non-retrospective
literature, and non-research literature on the prevalence of
leukoplakia, a total of 159 articles might be eligible, with
121 full-texts accessible. Strict screening and evaluation
were conducted according to the inclusion criteria, and 69
studies were finally included in the study. (Fig. 1).

Overall prevalence
These 69 studies published from 1996 to 2022 cov-
ered 1,263,028 participants, including 17,524 patients
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with OLK, giving a total prevalence of 1.39%. The
random-effects overall estimated prevalence of OLK
was 3.41% (95% CI, 2.65-4.26%) with high heteroge-
neity (I>=99.78%; P<0.001) (Fig. 2). These 69 studies
encompassed 28 countries and spanned the six con-
tinents of Asia, Africa, Europe, Oceania, South and
North America. According to the source of the popu-
lations, the studies were divided into three groups,
namely, population-based studies (house to house sur-
vey), clinic-based population studies (hospital survey),
and specific population studies targeting populations
such as soldiers, workers, fishermen, and students. The
heterogeneity among 3 population sources of the stud-
ies showed significant statistical differences (P<0.001),
while excluding the specific population studies the
heterogeneity between population-based studies and
clinic-based studies showed P=0.098.

Update the research
141 new studies

Y

Pubmed Scoupus Embase Web Of Science <:> 4269 Records identified
n=998 n=1168 n=722 n=1381 through databases
> 2219 Duplicated records

excluded

2191 Titles and abstracts screened

2069 Records excluded with reasons:
(1) Non-English (n=17)
(2) Studies did not about the incidence or

A 4

121 Full-text articles
assessed for eligibility

prevalence of OLK (n=1406)

(3) Non-retrospective research (n=504)
(4) non population(n=84)

(4) Full-text was not retrieved (n=59)

52 Articles excluded with reasons:
(1) Population/study design(n
=19)

A

(2) No sufficient/clear data or reduplicated
data (n=24)
(3) Only incidence (n=4)
(4) Others (n=5)

quantitative synthesis

69 Studies included in qualitative and

Fig. 1 The search flow chart
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Study

Population-based

1996 , Tara B Taiyeb Ali

1997 , Zain R B

2000 , Mia HASHIBE

2000 , Rengaswamy Sankaranarayanan
2000 , T. Nagao

2001 , Dombi C

2001 , G. Campisi

2001, H.C. Lin

2002 , Garci'a-Pola Vallejo MJ
2003 , Christian Scheifele
2003, I. Espinoza

2004 , Paulo JoseA Benevides dos Santos®

2005 , Ching-Hung Chung

2008 , Steven J. Thomas

2010 , Hemantha K. Amarasinghe
2010 , Ravi Mehrotra

2010, Yi-Hsin Yang

2011 , Amy Ming-Fang Yen
2011, VC Carrard

2013 , Fariborz Mansour Ghanaei
2013 , Sushi Kadanakuppe

2015 , Chang-Cheng Chang
2015 , Elizabeth L. Yanik

2015, Jingiu Feng

2015 , José Nicolau GHENO
2015 , Nilesh Arjun Torwane
2017 , Divya Mehrotra

2017 , He iang

2018 , Andrej Aleksander Kansky
2018 , Tepirou Chher

2019 , Meghashyam Bhat

2019 , Sendhil Kumar

2020 , Carla Cruvinel Pontes
2020 , Shuyun Ge

2020 , Ulla-Maija Oivio

2021 , Allan Vinicius Martins-de-Barros
2021 , Stefan Kindler

2022 , Libin Benance Jacob
Subtotal (1"2 =99.8686%, p = 0.0000)

Clinic-based

2002 , A Jainkittivong

2006 , TR Saraswathi

2009 , Ali-Riza-llker Cebeci
2011 , Raghavendra Byakodi
2013 , Jairo Robledo-Sierra
2014 , Mithra N. Hegde
2014 , Queiroz

2014 , Y Hassona

2015 , Sameer Rastogi

2018 , Al-Maweri SA

2018 , Christiana Madjova
2022 , Denny E. Ceena
Subtotal ("2 = 95.9352%, p = 0.0000)

Sgeciﬁc population

1997, MAJ Jeffrey A. Grasser
2001, Nicola Pearson

2003 , Toru Nagao

2005 , Eric Oakley

2007 , A. Ariyawardana

2008 , M Pentenero

2008 , Rushabh J Dagli

2010 , Reto Morger

2013 , Agbor MA

2014 , Santhosh Vediyera Chandroth
2015, Viviani-Silva Arautjo
2017 , Anzil KS Ali

2017 , Punith Shetty

2018 , Nisha Rani Yadav

2018 , Shrikanth Muralidharan1
2020 , Afolabi Ox(apero

2021, Yunus G.Y.

2022 , Choudhury AR

2022 , Sandeep Kumar
Subtotal (1"2 =99.2622%, p = 0.0000)

Heterogeneity between groups: p = 0.000
Overall ("2 =99.7838%, p = 0.0000);
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Population-based studies

Table 1 lists the basic information provided in the
included population-based studies. In these 38 studies,
there were 16,020 patients with OLK out of 1,187,189.
The sample size ranged from 118 to 470,266 in 38 studies.
The prevalence was 1.35%, ranging from 0.12% to 25.01%.
These 38 studies covered the 6 continents of Asia, Africa,
Europe, Oceania, South and North America. Twenty-
three studies were from Asia, six were from Europe, two
were from North America, five were from the South
America, one was from Oceania, and one was from
Africa. Among the Asian studies, 39% came from India,
and separate analysis showed no difference of prevalence
between the Indian and other Asian studies.

Prevalence estimates for OLK derived by meta-analysis
are shown in Fig. 2. The random-effects overall pooled
estimated prevalence of OLK was 2.23% (95%CI, 1.44—
3.18%) with high heterogeneity (I*=99.87%; P<0.0001)
(Fig. 2).

In population-based studies, the overall estimated
prevalence rates for Asia, Europe, South American, and
North American were 2.53%, 1.82%, 1.51%, and 0.33%.
The one study from Africa and Oceania showed preva-
lence of 2.43% and 11.74%. The inter-group heterogeneity
for the different continents showed P<0.001. Intra-group
heterogeneity was very high (I*>97.31%, P<0.001)
except for the heterogeneity among the studies in South
America (I*=70.35%, P=0.09). The heterogeneity of the
studies among Asia, Europe, and South America showed
no statistical differences(P=0.21).

Clinic-based studies

Table 2 lists the basic information provided in the
included the clinic-based studies. All the patients visited
the dentist or were from medical care/insurance. The
total prevalence was 0.64% (321/50493) from 12 origi-
nal studies. The random-effects pooled overall estimated
prevalence of OLK was 1.36% (95% CI, 0.82—2.02%) with
very high heterogeneity (I*=95.94%; P<0.001). In the
clinic-based studies, the overall estimated prevalence of
OLK in Asia, Europe, and South America was 1.76% (9),
0.38% (2), and 0.66% (1), respectively. The overall hetero-
geneity of the studies from the different continents was
95.94% (P<0.001).

Specific population studies

Table 3 lists the basic information provided in the
included specific population studies. The total preva-
lence was 4.67% (1183/25346) from 19 original studies.
The random-effects pooled overall estimated prevalence
of OLK for the clinic-based studies(most patients visited
the stomatology clinic) was 9.10% (95%CI, 4.85-14.47%)
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in 19 studies, with very high heterogeneity (I*=99.26%;
P<0.001). In specific population studies, the overall esti-
mated prevalence rates of OLK in Asia, Europe, South
America, North American, and Africa were 12.77% (11),
4.85% (3), 0.25% (1), 7.69% (2), and 6.26% (2), respec-
tively. The heterogeneity of the studies between Asia and
Europe showed no statistical differences (P=0.14).

Subgroup analysis
Table 4 lists the outcome in subgroup analysis.

(1) The definition subgroup

WHO issued four editions of the definition of
OLK separately in 1978, 1996, 2005, and 2015. The
definition in 1978 contains white lesions caused
by many physical and chemical factors. In 1996, it
was pointed that OLK was not associated with any
physical or chemical causative agent except the use
of tobacco. In 2005 and 2015, the working group
emphasized the risk of OLK transforming into can-
cer. Among all the studies,18 were published before
2005, 51 were published after 2005 within which 24
were published after 2015. In all the 69 studies, 19
studies used the definition of OLK in 1996 and 8 of
them used the definition in 2005 and after. We ana-
lyzed the prevalence rate by use of the different defi-
nitions of OLK. In population-based studies, studies
using the definition from WHO in 2005 and after,
1996 and after, other definition, and unclear defini-
tion showed an estimated prevalence of 1.61%, 3.06%,
2.56%, and 1.30%, respectively. The inter-group het-
erogeneity showed no statistical differences (P> 0.05)
while the intra-group heterogeneity was very high
(P<0.001). In the clinic-based studies and specific
population, studies used the definition from WHO in
1996, other definition, and unclear definition showed
an estimated prevalence without statistical differ-
ences in the inter-group heterogeneity (2>0.05),
while the intra-group heterogeneity was very high
(P<0.001). (Table 4).

(2) The sex subgroup

In population-based studies, the overall esti-
mated prevalence of OLK for males was 5.86% (95%
CI, 1.71-12.20%) in 18 studies, and for females was
1.50% (95% CI, 0.44—3.14%) in 17 studies, without
statistical differences in the inter-group heteroge-
neity (P>0.05). In clinic-based studies, the overall
estimated prevalence for males was 2.29% (95% CI,
0.88-4.31%), and for females was 1.27% (95% ClI,
0.55-2.26%) in five studies, with statistical differences
in the inter-group heterogeneity (P<0.05). The prev-
alence of OLK in males was 3.9 and 1.8 times higher



Zhang et al. BMC Oral Health (2023) 23:645 Page 7 of 15

Table 1 The basic information of population-based study

Publish year Authors Continent Country Total OLK Definition Examination Biopsy Age

Tara B Taiyeb Ali 1996 [22] Asia Malaysia 486 12 WHO yes no >60
1980

Zain RB 1997 [23] Asia Malaysia 11,697 112 WHO 1980 yes no 20-115

Mia HASHIBE 2000 [24] Asia India 48,700 927  Other yes un >35

Rengaswamy Sankaranarayanan 2000 [25] Asia India 49,179 1154 un yes yes un

T.Nagao 2000 [26] Asia Japan 19,056 37 WHO yes yes >40
1980

Dombi C 2001 [27] Europe Hungary 5034 167  Axe’llT yes no 18-89
1984

G. Campisi 2001 [28] Europe Italy 118 15 WHO yes no >40
1996

H.C. Lin 2001 [29] Asia China 3088 25 WHO 1980 yes no 35-44;

65-74

Garci'a-Pola Vallejo MJ 2002 [30] Europe Spain 308 5 WHO 1996 yes yes >30

Christian Scheifele 2003 [31] North America  America 16,128 65 WHO 1978 yes no >20

I. Espinoza 2003 [32] South America  Chile 889 15 WHO 1997 yes no =65

Paulo JoseA Benevides dos Santos 2004 [33] South America  Brazil 587 1 WHO 1980 yes no 0-45

Ching-Hung Chung 2005 [34] Asia China(Taiwan) 1075 80 WHO yes no >15
1980

Steven J. Thomas 2008 [35] Oceania Papua New Guinea 1678 197 WHO 1984 yes no >18

Hemantha K. Amarasinghe 2010 [36] Asia Sri Lanka 1029 71 WHO yes yes >30
1996

Ravi Mehrotra 2010 [37] Asia India 3030 88 WHO yes yes un
1980

Yi-Hsin Yang 2010 [38] Asia China(Taiwan) 2020 224 WHO 1980 yes yes >35

Amy Ming-Fang Yen 2011 [39] Asia China(Taiwan) 79940 368 un yes no >20

VC Carrard 2011 [40] South America  Brazil 1586 17 WHO 1997 yes yes >14

Fariborz Mansour Ghanaei 2013 [41] Asia Iran 1581 2 un yes yes >30

Sushi Kadanakuppe 2013 [42] Asia India 2605 3 WHO 1997 yes no 1-80

Chang-Cheng Chang 2015 [43] Asia China(Taiwan) 5161 279  WHO 1997 yes no 20-80

Elizabeth L. Yanik 2015 [44] North America  America 470,266 1526 un yes un >65

José Nicolau Gheno 2015 [45] South America  Brazil 801 11 un yes no 11-88

Jingqiu Feng 2015 [46] Aisa China 11,054 24 WHO yes no all
1980

Nilesh Arjun Torwane 2015 [47] Asia India 432 19 un yes no aver=37.7

Divya Mehrotra 2017 [48] Asia India 402,669 2980 un un un >15

He Liang 2017 [49] Asia China(Mainland) 29476 7371 WHO before  yes no 40-69
1984

Andrej Aleksander Kansky 2018 [50] Europe Slovenia 2395 12 WHO 1980 yes un 22-92

Tepirou Chher 2018 [51] Asia Cambodia 1298 25 un yes no >18

Meghashyam Bhat 2019 [52] Asia India 873 21 un yes un 35-54

2019, Sendhil Kumar [53] Asia India 1048 33 WHO yes no 18-87
1980

Carla Cruvinel Pontes 2020 [54] Africa South Africa 1976 48 WHO 2016 yes no >18

Shuyun Ge 2020 [55] Asia China 653 1 WHO yes yes 17-92
1980

Ulla-Maija Oivio 2020 [56] Europe Finland 1961 9 WHO yes no 44-47
1980

Allan Vinicius Martins-de-Barros 2021 [57] South America  Brazil 304 7 OPMD 2007  yes no >40

2021, Stefan Kindler [58] Europe Germany 6078 40 WHO yes no 20-79
2005

Libin Benance Jacob 2022 [59] Asia India 930 29 un yes no 18-60

Abbreviations: un unclear, aver average
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Table 2 The basic information of clinic-based study
Publish year Authors Continent Country Total OLK Definition Examination Biopsy Age
A Jainkittivong 2002 [60] Asia Thai 500 24 WHO yes no >60
1980
TR Saraswathi 2006 [61] Asia India 2017 12 un yes un 13-84
Ali-Riza-ilker Cebeci 2009 [62] Asia Turkey 5000 20 WHO yes yes 17-85
1980
Raghavendra Byakodi 2011 [63] Asia India 24,422 75 un yes yes un
Jairo Robledo-Sierra 2013 [64] Europe Sweden 6448 24 WHO yes no 21-93
1978
Mithra N. Hegde 2014 [65] Asia India 2000 42 WHO 1997 yes no all
Queiroz 2014 [66] South America Brazil 6560 43 un yes yes aver=57
Y Hassona 2014 [67] Asia Jordan 1041 5 WHO 2005 yes yes 16-86
Sameer Rastogi 2015 [68] Asia India 400 48 WHO, un yes no 60-100
Al-Maweri SA 2018 [69] Asia Yemen 1052 13 OPMD 2007 yes yes 15-87
Christiana Madjova 2018 [70] Europe Bulgaria 603 6 un yes no 18-82
Denny E. Ceena 2022 [71] Asia India 450 9 un yes un 60-90
Abbreviations: un unclear, aver average
Table 3 The basic information of specific population study
Publish year Authors Continent Country Total OLK Definition Examination Biopsy Age
MAJ Jeffrey A. Grasser 1997 [72] North America  America(Carolina) 214 5 un yes no 18-47
Nicola Pearson 2001 [73] Europe England 137 34 WHO yes no >40
1980
Toru Nagao 2003 [74] Europe England 484 16 WHO yes no all
1980
Eric Oakley 2005 [75] North America ~ America(sapan) 309 40 WHO yes no 14-18
1978
A. Ariyawardana 2007 [76] Asia Sri Lanka 12,716 41 WHO yes yes >15
1980
M Pentenero 2008 [77] Europe Italy 4098 47 WHO yes yes all
1997
Rushabh J Dagli 2008 [78] Asia India 513 171 WHO yes no >18
1980
Reto Morger 2010 [79] Europe Switzerland 615 8 WHO 1980  yes yes 18-24
Agbor MA 2013 [80] Africa Cameroon 226 19 un yes no 40-69
Santhosh Vediyera Chandroth 2014 [81]  Asia India 979 135 WHO2013  vyes no >18
Viviani-Silva Aradjo 2015 [82] South America  Brazil 395 1 WHO 1997 ves un un
Anzil KS Ali 2017 [83] Asia India 2163 319 un yes no 15-54
Punith Shetty 2017 [84] Asia India 450 20 un yes un >18
Nisha Rani Yadav 2018 [85] Asia India 464 70 un yes un 65-74
Shrikanth Muralidharanl 2018 [86] Asia India 350 110 WHO 1997 un no >18
Afolabi Oyapero 2020 [87] Afirca Nigeria 144 5 un yes no >18
Yunus G.Y. 2021 [88] Asia India 185 51 un yes no aver=45
Choudhury AR 2022 [89] Asia India 451 31 WHO 2013 yes un 24-60
Sandeep Kumar 2022 [90] Asia India 453 60 WHO 1997 ves no 18-54

Abbreviations: un unclear, aver average
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Table 4 The subgroup analysis in 3 population groups

ES in population-based P ES in clinic-based P ES in specific population P

study (95%Cl) % study (95%Cl) % study (95%Cl) %

Definition 0.35 0.77 0.95
>2005 61(0.41,3.52) // 1.20(043,2.34) // 8.50(1.98,18.88) <0.001
>1996 3. 06(0 91,6.35) <0.001
<1996 2.56(0.54,5.99) <0.001 14(0.30,2.50) // 7.50(3.56,12.70) <0.001
un 1.30(0.88,1.79) <0.001 1.63(0.71,2.90) <0.001 9.21(1.32,22.91) <0.001

Sex 0.056 0.018 0.98
Male 5.86(1.71,12.20) <0.001 2.29(0.88,4.31) <0.001 469 (1.718.97) <0.001
Female 1.50(0.44,3.14) <0.001 1.27(0.55 2.26) <0.05 4.58(1.24 9.69) <0.001

Continent Partial <0.001 0.21 <0.001 <0.0010.14
Asia 2.53(1.21,4.30) <0.001 1.76(0.87,2.93) <0.001 12.77(4.33,24.73) <0.001
Europe 1.82(0.63,3.55) <0.001 0.38(0.24,0.55) // 4.85(1.21,10.62) <0.001
South America 1.15(0.59,1.88) <0.05 1.36(0.82,2.02) // 0.25(0.01,1.40) //
North America 0.33(0.31,0.34) // @ @ 7.69(5.54,10.16) //
Africa 243(1.80,3.21) // é é 6.26(3.97,9.00) //
Oceania 11.74(10.24,13.38) // @ @ a @

Age 0.21
> 60y 2.21(0.09,5.96) <0.001 a a @ a
<60y 1.73(0.48,3.72) <0.001 a a @ a

Smoking 0.002 0.001
Yes 9.48(3.98,16.96) <0.001 @ a 9.59(4.44,16.37) <0.001
No 1.24(0.183.11) <0.001 2 @ 1.30(0.19,3.10) <0.05

Alcohol 034
Yes 10.79(1.69,26.16) <0.001 @ a @ a
No 4.18(0.07,13.01) <0.001 ? ? a é

District 0.14 @
Urban 1.20(0.40,2.39) // e @ : :

Rural 4.96(0.65,8.62) <0.001 @ a @ a

Bias Risk 0.65 0.0002 0.65
Low 1.87(1.42,2.38) <0.001 0.45(0.30,0.62) // 9.10(4.85,14.47) <0.001
Medium 2.81(0.13,8.62) <0.001 1.43(0.72,2.37) <0.001 10.09(4.68,17.22) <0.001
High @ @ 1.09(0.71,1.54) // a @

2 the data is absent //the size of studies is less than 4

than that of female patients in the population and
clinic-based groups, respectively. In the specific pop-
ulations, the overall estimated prevalence for males
was 4.69% (95% CI, 1.71-8.97%) in seven studies, and
for females was 4.58% (95% CI, 1.24-9.69%) in eight
studies. The heterogeneity in the specific populations
between the two sex groups was no statistical differ-
ence (P=0.98).
(3) The age subgroup

Ten studies provided age subgroup data, with
two using mantissa five as the dividing line and eight
using mantissa ten. Five studies divided the popu-
lation into those above and below 60 years old and
provide concrete data. Among the 165,496 people
surveyed, 37,346 people were aged over 60 years old

(22.57%). The patients over 60 years old accounted
for 28.53% of the 368 patients with OLK. The ES was
2.21(95% CI, 0.09%-5.96%) over 60 years old without
statistical differences in the inter-group heterogeneity
(P=0.21).(Table 4).
(4) The smoking/drinking habit subgroup

Among all the included literature, 15 studies
investigated the correlation between leukoplakia
and tobacco use. Among the 641,004 people sur-
veyed, 180,898 people reported a smoking habit.
The method of tobacco use comprised general (bidi,
cigarette pan, pipe, and cigar smoking), reverse, and
smokeless tobacco (chewing, inhalation). The popu-
lation covers non-smokers, ex-smokers, and smok-
ers who have smoked for less than five years and
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up to 16 years. Tobacco abuse was commonly seen
in the young population (age group 15 to 34 years)
[83] Regardless of the kind and frequency of tobacco
use, the overall ES in population based studies was
948 (95% CI, 3.98-16.96) with high heterogeneity
(P=0.002). The overall ES in specific population was
9.59 (95% CI, 4.44-16.37) with high heterogeneity
(P=0.001) (Table 4).

Eight studies examined the correlation between leuko-
plakia and alcohol consumption. The alcohol users occu-
pied 33.2-91.6% of the patients with OLK. Four studies
only reported whether or not the population drank alco-
hol [34, 49, 79, 81]. Among the 165,496 people surveyed,
37,346 people have or had a drinking habit. In population
studies, the ES of drinkers was 10.49 (95%CI, 1.69-26.16)
without statistical differences in the inter-group hetero-
geneity (P=0.34).

Meta-regression, bias, and sensitivity analysis

Preliminary meta-regression analysis showed that the
population could be a source of heterogeneity (P=0.002),
while the definition could not (P=0.60). In addition, the
meta-regression analysis suggested that the publication
year(P=0.25) and bias risk(P=0.61) might not be signifi-
cant contributors to the heterogeneity.

We further conducted the subgroup analysis of bias
risk in 3 population sources of the studies. The result was
showed in the Table 4 of the manuscript. The heteroge-
neity of the studies among different bias risk showed no
statistical difference in population based studies(P=0.65)
and specific population studies(P=0.65). In clinic-based
studies, the heterogeneity of bias risk showed a statisti-
cal difference(P<0.001). However, there are just two each
for low and high-risk for clinic-based studies. The result
need to be treated with caution.

We leave out 1 study at a time for sensitivity
analysis(ST2). The results showed that there was no
significant change in the overall heterogeneity neither
intra-subgroup nor among subgroups (I*>90%, P<0.05).
The overall estimated prevalence in all studies ranged
from 3.00%(95% CI, 2.59-3.45%) to 3.52%(95% CI, 2.59—
4.58%). The overall estimated prevalence, especially the
confidence interval, are relatively stable.

Discussion

According to a global analysis in 2020, the burden of
cancer incidence and mortality is growing rapidly world-
wide. The number of new cases and deaths from lip and
oral cancer globally were 377,713 and 177,757. Mortality
ranked sixth in Southeast and West Asia and the 2022
trends in mortality rates of oral cavity and pharynx have
tended to increase according to studies from the USA
[91, 92]. Squamous cell carcinoma represents over 95%
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of oral cancer, and it can be transformed from OLK [93].
Therefore, early diagnosis and early intervention in OLK
are of great importance. Epidemiological surveys based
on different populations or regions are vital for precise
policy on disease screening, management, prevention
and living habit interventions.

In our study, the random-effects overall pooled esti-
mated prevalence of OLK was 3.41% with high hetero-
geneity. The pooled estimated prevalence of the specific
population studies (9.10%) was the highest among the
population-based studies (2.23%) and clinic-based stud-
ies (1.36%). Research into prevalence of OPMD claimed
the prevalence of OLK was 4.11% in 2018, which cov-
ered 22 studies published from 1975 to 2016 [17]. The
population-base studies on the prevalence of OPMD are
targeted on actinic cheilitis, oral leukoplakia, oral eryth-
roplakia, and oral submucous fibrosis [17]. We analyzed
the 69 studies published from 1996 to 2022 only in pop-
ulations with OLK. The difference might have resulted
from the search strategy and eligibility criteria. Our
data was relatively consistent with the 2003 review who
claimed the worldwide prevalence of OLK was 2.60%
in studies published from 1986 to 2002 [18]. Our study
showed that the prevalence of OLK is not statistically
different across continents, and the global prevalence
is relatively consistent. The prevalence of OLK has not
changed much as the definition has been modified. The
population characteristics, such as sex/age/living habits
have more obvious impacts on the prevalence of OLK.
The prevalence of OLK in population-based studies was
2.53% in Asia, 1.82% in Europe, 1.15% in South America,
and 0.33% in North America. In clinic-based and spe-
cific population studies, the data was insufficient expect
for Asia. The global prevalence of OPMD by continent
was reported at 10.54% in Asia, 3.07% in Europe, 3.93%
in South America and Caribbean, and 0.11% in North
America [17, 94]. Difference in tobacco, betel nut, and
alcohol consumption might explain some of the regional
heterogeneity in the OLK global prevalence. A study pub-
lished in 2020 claimed that the estimated prevalence of
oral lichen planus (OLP) in population-based studies
was 0.57% in Asia, 1.68% in Europe, and 1.39% in South
America [95]. Asian populations had the highest preva-
lence in the study of OPMD and OLK, while the highest
prevalence of OLP was found in in Europe. A target study
for each disease included in OPMD is necessary. Consid-
ering the high heterogeneity, the outcome should be con-
sidered cautiously, and further and more widely based
population-based studies might help explain this char-
acteristic. The estimated prevalence in population based
studies according to the WHO 1996 definition (3.06%)
was the highest, greater than WHO 2005 definition(1.61),
the other definition (2.56%) and unclear definition
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(1.60%). While the difference was not statistically sig-
nificant (P=0.34). According to the change in continent
and definition, the prevalence of OLK did not show a
corresponding change. Overall, the global prevalence of
OLK is relatively stable across continents and definitions.
However, given the limited sample size and high hetero-
geneity, the conclusions should be treated with caution.

Based on the presented evidence, the factors that
contribute to the malignant potential of OLK include
advanced age, female sex, hyperglycemia, and clinical
examination characteristics [5, 96]. The factors related to
the occurrence of OLK are limited and not fully consist-
ent. A previous study on the incidence of OLK claimed
that the age-adjusted incidence rate for leukoplakia was
related to male sex and older age [15, 60, 97]. How the
use of tobacco and alcohol affects the prevalence of OLK
is controversial. The age-adjusted incidence rate for
tobacco-associated leukoplakia was different in males and
females [97]. Incidence of OLK was 3.22—-6 times more
common among smokers than among nonsmokers [97,
98]. Another study showed that the prevalence of leuko-
plakia among people with a smoking habit was higher,
but the difference did not reach statistical significance
[99]. An additional drink per day was associated with an
approximately 22% increase in the risk of OLK according
to a Harvard study [100]. While Nagao [99] pointed out
that regular drinking was not related to the occurrence of
oral leukoplakia. We found that the prevalence in males,
those > 60 years old, smokers, and alcohol consumers was
higher, which was consistent with most previous stud-
ies. Whether these factors are related to the occurrence
of OLK still requires cohort studies with a large sample
of natural populations in the future. Sex, age, smoking,
and alcohol consumption might be mutually confounding
factors; therefore, it is more accurate to uniformly record
the information in detail and analyze them separately or
together to clarify the relationship between these factors
and the occurrence of OLK. Besides, in human papillo-
mavirus (HPV) infection-related regions, the prevalence
of oral and pharyngeal cancer increased from 2010 to
2019 [92]. HPV infection has been suggested as a causa-
tive agent of OLK and HPV-16 has been reported to be
the most prevalent HPV in OLK [25, 26, 101, 102]. How-
ever, there are few reports on this aspect in current epi-
demiological studies.

Our review found that the prevalence was lower
in clinic-based populations than in general popula-
tions. Admission rate bias might explain the difference.
Besides, other white lesions may be misdiagnosed as
OLK. In 38 population-based studies, 9 studies con-
ducted biopsy(23.68%). In 12 clinic-based studies, 5 con-
ducted biopsy(41.67%). Both in population-based studies
and clinic-based studies, the pooling prevalence were
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lower in biopsy studies while the heterogeneity between
sub-groups showed no significant difference (P>0.05).
In addition, the specific population studies showed a
higher prevalence than the other two groups. The spe-
cific populations cannot be simply classified into different
categories by occupation, nationality, or race. The high
prevalence in this group might be due to the presence
of potential risk factors and selection bias, such as old
age or common smoking habits. The specific population
studies partly focus on the risk factors especially smok-
ing habits. The prevalence of tobacco use was found to
be 71%-90%. The proportion of OLK patient in tobacco
users was reported to 13.40%-16.34% in specific popula-
tion studies. Otherwise, the sample size in 11 studies is
smaller than the lower quartile, sample size and sampling
method probability contributed to the outcome. The out-
come from the specific populations should be analyzed
more rigorously because the prevalence rates varied as
the population sources changed.

Several limitations of our study must be pointed out:
Firstly, there was significant heterogeneity between the
studies. Even though we conducted subgroup analysis,
the heterogeneity within each subgroup also remained
high. Secondly, detailed descriptions, such as definition,
geographical location, age, sex, smoking and drinking
habits, were limited, and adjusted statistics are unavail-
able. In addition, because of the limited number of stud-
ies, latent bias, and data heterogeneity, the interpretation
of the results needs to be treated with caution.

OLK is the most common OPMD. Early diagnosis and
early intervention are very important to prevent malig-
nant transformation. Epidemiological surveys based
on different populations or regions are vital to formu-
late precise policies on disease screening, management,
prevention, and living habit interventions. Our analysis
showed that the total prevalence of OLK in 63 studies
published from 1996 to 2022 was 1.39%. The random-
effects overall pooled estimated global prevalence was
3.41%. The pooled prevalence in different continents
ranged from 0.33% to 11.74% without a statistical differ-
ence in the population-based studies.

Future studies are warranted to assess the prevalence
accurately, to assess the clinical and financial burden of
OLK worldwide, and test new strategies for OLK preven-
tion and control, especially in populations with a high
prevalence of OLK.

Conclusion

The total prevalence of OLK was 1.39%, and the random-
effects overall pooled estimated global prevalence was
3.41%. The overall pooled estimated prevalence of OLK
among different population source of studies shows a sta-
tistically significant difference. The pooled prevalence in
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different continents ranged from 0.33 to 11.74% in popu-
lation-based studies. The prevalence of OLK was relatively
consistent and stable across different continents and differ-
ent definitions. The pooled estimated prevalence of males
was higher than in females, with statistically significant dif-
ferences in clinic-based studies. A higher pooled estimated
prevalence was found among people aged over 60 years
old, the smoking population, and those consuming alco-
hol. Certain special populations suffer from higher rates
of OLK. More study is required to develop early treatment
and clinical surveillance strategies, as well as to effect habit
intervention in these populations.
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