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Abstract

Objective: This systematic review and meta-analysis aims to assess the knowledge and awareness of oral cancer risk factors
among medical and dental students.

Methods: This study followed the PRISMA guidelines and was registered in INPLASY (ID: 20241 10035). Four databases were
consulted (PubMed, Science Direct, Scopus, and Web of Science) from February 20th, 2005, to May 10th, 2024. The study
selection and data extraction process was performed independently by 2 investigators. The risk of bias was assessed using the Bl
tool, which can be found at: https://jbi.global/critical-appraisal-tools. A third investigator was consulted in case of disagreement.
Meta-analysis results were systematically illustrated in a forest plot and expressed as odds ratio with 95% confidence interval.
The |2 statistic assessed heterogeneity between studies. Funnel plot and Egger regression analysis were used for bias analysis. A
P value <.05 was considered significant. All statistical analyses were performed using the STATA V.I5 software.

Results: After the selection process, 41 studies met the eligibility criteria, comprising a total of 14,425 participants, 22% medical
students and 78% dental students, primarily female (53%). The meta-analysis showed that 98% of students demonstrated
relatively good knowledge about oral cancer risk factors. The most recognized risk factor was smoking (99%), followed by
advanced age (68%), UV-rays exposure (64%), and alcoholism (57%). Knowledge of several other factors was comparatively
lower, with less than 50% of students recognizing them. The studies indicated significant heterogeneity (I* = 99.8%) and
publication bias (P < .001).
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Conclusions: These findings suggest that while medical and dental students have a strong understanding of key risk factors for
oral cancer, there are gaps in knowledge regarding other important factors. Addressing these gaps through enhanced education
and training is essential to improving early detection and prevention efforts.
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Introduction

Oral cancer (OC) is the most common malignancy relative to
head and neck cancer,' accounting for 3% of all cancers.” Its
morbidity and mortality are high. The 5-year survival rate has
been shown to be 50% and decreases as disease severity
progresses, even after standard treatment, the recurrence rate is
as high as 18-76%,’ resulting in annual treatment costs of
more than $2 billion.* This makes it to date a major social,
economic and public health problem.”

OC generally affects adults in the fifth to sixth decade of
life.® However, its incidence in younger individuals has in-
creased in recent years.’ It is more common in men than in
women with a 2:1 ratio.® According to worldwide reports, the
highest proportion of OC is diagnosed in Asia and Europe and
less frequently in Africa and Oceania.’

Among the different risk factors that contribute to the
development of OC are smoking (tobacco-related products),
advanced age, UV-rays exposure, alcoholism, pre-existing
oral potentially malignant oral disorders (OPMD) such as
oral leukoplakia and erythroplakia, poor oral hygiene, human
papillomavirus (HPV) infection, genetic predisposition,
chronic mucosal trauma, nutritional deficiencies (malnutri-
tion), immunosuppression and/or systemic diseases, among
others.'°

Clinically, the lesions present as asymptomatic, non-
healing ulcers of variable size, irregular margins and hard
on palpation.'' Frequently, the lesions mainly affect the lateral
border of the tongue, followed by the floor of the mouth.'?
Facial disfigurement and functional deficits (swallowing,
speech and taste) are characteristic of advanced stages. In
addition, it can spread to the nearest lymph nodes. The lungs,
bone and liver are typical sites of metastasis. This has a
substantial impact on the oral health-related quality of life of
patients."?

Clinical examination of the oral cavity and surgical biopsy
confirm the diagnosis of OC. Prognosis is evaluated according
to different variables such as patient age, histologic grade of
the tumor, TNM stage, smoking and alcohol consumption.
However, despite this, prevention and early diagnosis are the
most cost-effective long-term approaches to OC prognosis.'*
Finally, treatment is based on surgical resection with or
without adjuvant treatment (chemotherapy and/or
radiotherapy).'”

Undergraduate students in the fields of medicine and
dentistry are the future health professionals, so before com-
pleting their studies they should be evaluated to determine
deficient areas of OC knowledge. In addition, they should be
encouraged to educate and raise awareness among patients
about the possible risk factors that promote the development
of OC with respect to its steadily increasing prevalence
worldwide. This could be done by improving school curricula
by raising awareness of OC, providing training on prevention
and early detection.'®!”

Numerous studies have investigated the level of knowledge
and awareness of OC among medical and dental students
through surveys in different parts of the world.'®>® However,
currently, no systematic review summarizing the knowledge
about OC etiology has been published. Therefore, the main
objective of this systematic review and meta-analysis was to
assess the knowledge of medical and dental students about the
risk factors associated with OC.

Methods

The present work was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) guidelines®” and was registered in INPLASY (ID:
2024110035).

POT Items and Research Question

¢ Population: Medical and dental students.

® Outcomes: Knowledge about associated risk factors in
OcC.

¢ Time: Cross-sectional studies published after the year
2005.

The research question was as follows: “What proportion of
medical and dental students know and are aware of the dif-
ferent risk factors that influence the development of OC?”

Study Selection Criteria
The review included:

* English-language cross-sectional studies published af-
ter 2005.
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e Studies that assessed OC knowledge and awareness
through surveys applied either directly or electronically
to medical and dental students.

The review excluded:

® Reviews, book chapters, short communications, letters
to the editor, posters, encyclopedias, and editorials.

e Studies assessing knowledge and awareness of OC
among patients, general practice dentists and/or spe-
cialists from a particular medical institution.

Bibliographic Search

An electronic search was carried out in 4 databases: PubMed,
ScienceDirect, Scopus and Web of Science, from February
20th, 2005, to May 10th, 2024. For PubMed, the following
search strategy was employed: (((((( “Squamous Cell Carci-
noma of Head and Neck/diagnosis” [Mesh] OR “Squamous
Cell Carcinoma of Head and Neck/diagnostic imaging”
[Mesh] OR “Squamous Cell Carcinoma of Head and Neck/
drug therapy” [Mesh] OR “Squamous Cell Carcinoma of
Head and Neck/prevention and control” [Mesh] OR “Squa-
mous Cell Carcinoma of Head and Neck/therapy” [Mesh] ))
OR “Mouth Neoplasms” [Mesh]) AND “Knowledge” [Mesh])
AND “Awareness” [Mesh]) AND “Students, Medical”
[Mesh]) OR “Students, Dental [Mesh]. For the rest, the
keywords “Oral Cancer,” “Education,” “Knowledge,”
“Awareness,” “Dental Students,” and “Medical Students”
were used along with the use of Boolean operators “OR” and
“AND.” A manual search was also carried out in the following
Journals: “Journal of Cancer Education,” “Cancer Radio-
therapie,” “Journal of Cancer Research and Therapeutics,”
“Bulletin Du Cancer,” “Bladder Cancer,” “Indian Journal of
Cancer” and “Translational Cancer Research.”

Two investigators conducted the study selection process
independently. First, duplicate articles and papers with irrel-
evant subject matter were discarded. Then, after reading the
full text and applying the inclusion and exclusion criteria, a
third reviewer was consulted to resolve any conflicts and, after
reaching consensus, a final decision was made on the studies
in disagreement.

Data Extraction and Study Bias Assessment

For this review, 2 investigators extracted the following in-
formation from the independently selected articles:

® Sociodemographic characteristics of the study: com-
prising first and second author, year of publication,
country, study design, ethics committee approval, and
participants (medical and dental students).

® Participant characteristics: Gender and age.

® Methodological characteristics: Data collection (ques-
tionnaire used), dissemination of the questionnaire

(direct application or by electronic means), duration of
the survey activity.
® Results: Assessment of OC knowledge and awareness.

Two investigators assessed study quality using the critical
appraisal checklist for cross-sectional studies developed by
the Joanna Briggs Institute (JBI), which is available at: https://
jbi.global/critical-appraisal-tools. Studies with a score >7 low
risk of bias.>® For any inconsistencies a third reviewer was
involved in the process.

Statistical Analysis

The results were systematically illustrated in a forest plot and
expressed as odds ratios (OR) with a 95% confidence interval
(CI). The I” statistic assessed the heterogeneity among the
studies. When heterogeneity exceeded 50%, which is statis-
tically significant, a random effects model was utilized. To
evaluate potential publication bias, a funnel plot and Egger’s
regression analysis were created. A P value of <.05 was es-
tablished as significant. All statistical analyses were conducted
using STATA V.15 software (StataCorp LP, College Station,
TX, USA).

Results

Search Strategy: Study Selection

Initially, 5166 articles were identified across 4 electronic
databases: PubMed (4231 articles), Scopus (2 articles),
ScienceDirect (929 articles), and Web of Science (4 arti-
cles). An additional 13 articles were located through manual
search, totaling 5179 articles. During the identification
phase, 69 duplicate articles were removed. Subsequently,
5110 studies were screened by title and abstract, leading to
the exclusion of 4483 records, resulting in 627 articles.
After applying eligibility criteria, 582 records were further
excluded for the following reasons: reviews (197), edito-
rials (73), book chapters (199), letters to the editor (85),
encyclopedias (26), and short communications (6), leaving
45 potentially relevant records. Upon full-text analysis, 4
articles were discarded as they measured OC knowledge
levels in children, patients, and general practice dentists.
Consequently, 41 articles were included for qualitative and
quantitative synthesis in this review. The study selection
process is depicted in Figure 1.

Publication Bias

Forty-eight point 7 percent of the studies had a moderate risk of
bias, 7-19:26:29.323435384041.4345-5355 upite 51 304 of the studies
had a low bias (Figure 2),16-1820-252728.30.31.33.36,37.39.42.44.53.54.56
The main methodological shortcomings in the studies analyzed
include the lack of clarity in the inclusion criteria and the absence
of a detailed description of the study subjects. In addition, the
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Identification of studies via databases and registers
Records identified through:
= PubMed: (n = 4,231)
g ScienceDirect: (n = 929) Records removed before
3 Scopus: (n=2) screening:
= Web of Science: (n=4) »| Duplicates records were
E Manual Research: (n = 13) excluded: (n = 69)
S Total: (n = 5,179)
A
i i Records excluded based on title
PECIas SCoanon. »| and/or abstracts: (n = 4,483)
(n=5,110)
h 4 Records excluded: (n = 582)
Reasons:
Reports sought for retrieval: N
g (n=1627) Reviews: (n = 197), Editorials: (n = 73), Book chapters: (n=199),
s Letters to editor: (n = 85), Encyclopedias: (n = 26) and Short
o communications: (n = 2)
Q A 4
(77}
Reports assessed for eligibility: &
(n=45) »| Records excluded based on full-text: (n = 4)
Reasons:
Level of knowledge in children patients and
general practice dentists: (n = 4)
A\ 4
'g Studies included in systematic
'g review: (n =41)
©
= Studies included in meta-analysis:
(n=41)

Figure 1. PRISMA flow diagram of the study selection process. PRISMA Preferred Reporting Items for Systematic and Meta-Analyses.

identification and management of confounding factors were the
least addressed aspects.

Baseline Features

A total of 41 articles with a cross-sectional design were re-
viewed in this study.'®>® All studies were approved by the
corresponding ethics committee of each institution.'®® The
total number of individuals studied in the included investi-
gations was 14,425 of whom 3148 (22%) were medical
students and 11,277 (78%) were dental students. Fifty-three
percent (7,609) were female, 41% (5902) were male, and the
remainder (6%/1724) gender was not
reported.' 7212329384143 Stydent ages ranged from 17 to

40 years, with a mean age of 23 years.'®>® Most of the surveys
were administered directly to the students
(46%).30-31:33:36:40-42.4556 ) average, the duration of survey
administration was
7 months, 16-18:21-25.27.28,30.31,35,37,39,42-45,49,50,54.55

Most of the articles were published after 2014 (35:
85%).'>" The oldest study was from 2005,°® and the most
recent from 2024.'® The 41 studies were published in 23
different countries.'®>® 6 (14.63%) studies were conducted in
Saudi Arabia,>>?7-2%34849 4 (9 76%) studies were conducted
in Turkey,'®2%?33¢ and Malaysia,*****3 3 (7.32%) studies
were conducted in Nepal**?7*' 2 (4.88%) studies were
conducted in India,'”’' Romania,”**’ United Kingdom
(UK),**> and USA.>*>° The rest (2.44%) were conducted in
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Questions 2>
Author’s 1y
Tung et al., 2024 [16]
Horvat et al, 2023 [17]
Petrauskiené et al, 2023 [18]

th 3 & =

Sharma er al., 2023 [19]
Alzabibi ef al,, 2022 [20]
on-Soriano et al, 2022 [21]
Murariu et al, 2022 [22]
Rai et al,, 2022 [23]
Shadid et al., 2022 [24]
Tarakji et aL, 2022 [25]
Ozdemir-Ozenen et al., 2021 [26]
Shubayr et al, 2021 [27]
Gunjal et al., 2020 [28]
Kazmi et al., 2020 [29]
Poudel et al., 2020 [30]
Srivastava er al., 2020 [31]
Prenit et al., 2020 [32]
Jafer et al., 2018 [33]
Keser and Pekine, 2018 [34]
Amer ef al., 2017 [35]
Keten er al., 2017 [36]
Pokharel et al, 2017 [37]
da Silva et aL, 2016 [38]
Frola and Barrios, 2016 [39]
Jayasinghe ef al., 2016 [40]
Shrestha et al., 2016 [41]

7
7
7
7
8
7
4
8
8
4
7
7
6
7
4
6
7
7
6
8
6
5

Al-Maweri ef al., 2015 [42]
Bakr et al., 2015 [43]

2

Questions 2>
Score
Author’

Bhagavathula er al., 2015 [44]
Hassona er al., 2015 [45]
Joseph er al., 2015 [46]
Dumitrescu et al., 2014 [47]
Habib ez al, 2014 [48]
Kujan ef al., 2014 [49]
Ramaswamy et al., 2014 [50]
Rahman et al., 2013 [51]
Al Dubai ef al., 2012 [52]
Ogden and Mahboobi, 2010 [53]
Boroumand er al., 2008 [54]
Carter and Ogden, 2007 [55]

e - T - - B R - N - - O L T - T - T - T - -]

Cannick et al., 2005 [56]

(Question (Q);. Not aplicable;

(1)Were the criteria for inclusion in the sample clearly defined?

(2)Were the study subjects and the setting described in detail?

(3)Was the exposure measured in a valid and reliable way?

(4)Were objective, standard criteria used for measurement of the condition?
(5)Was confounding factors identified?

(6)Were strategies to ideal with confounding factors stated?

(7)Were the outcomes measured in a valid and reliable w:

(8)Was appropriate statistical analysis used?

Figure 2. Evaluation
systematic review.

of the quality of the studies included in this systematic review. Evaluation of the bias of the studies included in this
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Croatia,'” Lithuania,'® Syria,20 Mexico,! Singapore,23 Pal-
estine,?* Egypt,35 Brazil,38 Spainf’9 Sri. Lanka,*® Yemen,*
Australia,*® Kuwait,*® Tran,’° and United Arab Emirates
(Table 1).!

Meta-Analysis: Knowledge About Risk Factors in OC

A meta-analysis of 41 studies was performed on the knowl-
edge of medical and dental students towards OC. The pro-
portion of knowledge was .98 (95% CI[0.98, 0.98], P <.001)
according to 41 studies. This means that 98% of all students
had relatively good knowledge about the different risk factors
contributing to the development of OC. The studies showed
high heterogeneity, with an I* of 99.8% and an H? of 24,423.
Funnel plot and Egger’s test indicated publication bias (t =
9.15, P < .001) (Figure 3, panel A and B).

Ninety-nine percent of medical and dental students con-
sidered on the basis of their knowledge and experience that
smoking is one of the main risk factors for OC (0.98 [0.98,
0.98] P < .001), followed by 68% for advanced age (0.68
[0.68, 0.65] P <.001), 64% by UV-rays exposure (0.64 [0.64,
0.64, 0.64] P < .001), 57% by alcoholism (0.57 [0.57, 0.58],
P < .001), 48% by the presence of potentially malignant
disorders (0.48 [0.47, 0.49] P < .001), 45% by poor oral
hygiene (0.45 [0.44, 0.46] P < .001), 42% by previous in-
fection caused by HPV (0.42 [0.41, 0.43] P <.001), 38% by
genetic predisposition (0.38 [0.37, 0.39] P < .001), 25% by
chronic trauma (0.25 [0.24, 0.26] P < .001), 23% by mal-
nutrition (0.23 [0.22, 0.24] P < .001), 20% by immunosup-
pression (0.20 [0.20, 0.21] P < .001) and 0.5% by systemic
diseases (0.05 [0.04, 0,06] P <.001) (Figure 4, Supplemental
Figures 1-12).

Discussion

The present study has several strengths, including a thorough
analysis of medical and dental students’ knowledge of oral
cancer risk factors across different countries and educational
settings, which increases the generalizability of the results. By
comparing the knowledge levels of both groups, the study
identifies areas that could benefit from educational im-
provements. However, it also has limitations. These include
the focus on studies published in English, variations in the size
of the samples, and differences in the demographic charac-
teristics of the participants, such as age, gender, and academic
degree. In addition, factors such as educational profile (public/
private institutions), socioeconomic conditions, health sys-
tems, instruments and timing of the assessment could have
influenced the results. In addition, some risk factors analyzed
are not well established as OC risk factors (trauma, oral
hygiene, HPV), so this may also introduce variability in
knowledge levels. For this reason, the results should be in-
terpreted with caution. Despite these limitations, the study
provides valuable insights for future educational interventions
aimed at improving oral cancer awareness among healthcare

students. An important point that emerges from this study is
the need for a more comprehensive and holistic approach to
educating healthcare students about OC risk factors. Some of
the risk factors analyzed, such as trauma, oral hygiene, and
malnutrition, are not yet firmly established as definitive risk
factors for OC.>°®' This uncertainty in the scientific com-
munity could contribute to the lack of awareness or misun-
derstanding among students. As these factors are still the
subject of ongoing research and debate, the level of emphasis
placed on them in educational curricula might vary, which
could explain the gaps in knowledge observed in this study. It
is crucial for future educational programs to reflect the
evolving nature of oral cancer research and ensure that stu-
dents are updated on the latest evidence regarding these risk
factors. This would help in minimizing misinformation and
enhancing the effectiveness of training for early detection and
prevention of oral cancer.

Across 41 studies with 14,425 participants, 98% of stu-
dents demonstrated good knowledge and awareness of the
different risk factors associated with OC. One of the most
significant findings from this study is the near-universal
recognition of tobacco as a risk factor for OC, with 99% of
participants identifying it correctly. This aligns with previous
studies emphasizing the central role of tobacco in the etiology
of OC. 233336 However, advanced age, which is also a well-
established risk factor,> was recognized by 68% of partici-
pants in our study. This percentage is relatively high compared
to studies conducted in Egypt, Turkey, and Spain, where only
28%, 13%, and 13%, respectively, identified age as a risk
factor.?®*>% These regional differences highlight the vari-
ability in knowledge and suggest that further emphasis on age
as a risk factor may be needed in certain educational contexts.
While a high percentage of students recognize well-
established risk factors, there are significant gaps in aware-
ness concerning other lesser-known crucial factors, which
could limit the effectiveness of preventive measures in clinical
practices. When examining the recognition of other important
risk factors such as UV-rays exposure, alcohol and OPMD, a
significantly lower percentage of students identified these
risks. For instance, only 57% of students in our study rec-
ognized alcohol consumption as a risk factor. In other studies,
a significantly higher percentage of dental students, ranging
from 84% to 95%,2>2%% identified alcohol as a risk factor,
while recognition among medical students varied, with rates
ranging from 32% to 61%.7*° The synergistic effect of al-
cohol, especially when combined with tobacco, in increasing
the risk of OC is well established.> However, many indi-
viduals, particularly medical students, remain unaware of this
crucial connection, suggesting a significant gap in education
regarding the combined risks of alcohol and tobacco use for
oral health. Regarding UV-rays exposure, 64% of participants
in our study identified it as a risk factor, which is in line with
previous research showing a range of recognition rates among
dental students ranging from 56% to 83%.2*33¢ This vari-
ability indicates that while UV exposure is generally
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Table I. Main Features of the Included Studies.

Age
Study (Me/ Data Diffusion
Author & Year Country  Design Ethical Participants Sex F* /M*  Ra) Collection Type Duration Outcomes
Tung et al,, Turkey CS Yes Ds:68 33 (49) 27.04 Questionnaire Email | month Assessment awareness and
2024'¢ 35 (51) knowledge regarding
OC in DS
Horvat et al., Croatia CS Yes DS:140 NR NR Questionnaire  Email NR Assessment awareness
2023"7 MS: 105 regarding OC MS and
DS
Petrauskiené Lithuania  CS Yes Ds:115 125 (49) NR Questionnaire  Email | year Assessment knowledge
etal, 2023'® MS:138 128 (51) regarding OC MS and
DS
Sharma et al., India Cs Yes Ds:177 230 (86) <20 Questionnaire  NR NR Assessment knowledge
2023'7 MS:191 138 (14  >20 and awareness regarding
OC in DS
Alzabibi et al., Syria (&) Yes MS: 301 117 (39)  20-25 Questionnaire Direct NR Assessment awareness and
2022%° 184 (61) knowledge regarding
OC in MS
Gijon-Soriano Mexico CS Yes DS:189 U U Questionnaire  NR 5 months Assessment knowledge
et al,, 2022%' regarding OC in DS
Murariu et al,, Romania CS Yes DS:197 126 (64) 25.1 Questionnaire  NR I month  Assessment knowledge
2022% 71 (36) and awareness regarding
OC in DS
Rai et al,, 20222 Singapore CS Yes DS:95 U 18-55  Questionnaire Qualitrics 2 months Assessment awareness,
MS:61 XM knowledge and attitude
regarding OC in MS and
DS
Shadid et al,, Palestine CsS Yes DS: 392 252 (64) <30 Questionnaire  Email I month  Assessment knowledge,
2022% 140 36)  >30 practices, and attitudes
regarding OC in MS and
DS
Tarakji et al., Saudi Cs Yes DS:189 67 (35) 17-30  Questionnaire Email, | year Assessment awareness and
2022% Arabia 122 (65) WhatsApp knowledge regarding
OC in DS
Ozdemir- Turkey (&) Yes DsS:305 178 (58)  20-30 Questionnaire NR NR Assessment awareness,
Ozenen et al., 127 (42) knowledge, and
2021%¢ attitudes regarding OC
in DS
Shubayr et al,, Saudi (&) Yes Ds:256 98 (38) <35 Questionnaire  NR 9 months Assessment knowledge,
2021% Arabia 158 (62)  >35 attitudes and practices
regarding OC in DS
Gunjal et al,, Malaysia CsS Yes DS: 206 353 (63) <21 Questionnaire  NR 2 years  Assessment awareness
2020% MS: 351 204 (37) 225 regarding OC in MS and
DS
Kazmi et al,, Saudi (&) Yes Ds:156 U 20-50 Questionnaire Message, NR Assessment knowledge
2020%° Arabia MS:53 email regarding OC in MS and
DS
Poudel et al., Malaysia Cs Yes DS: 492 394 (80) NR Questionnaire Direct 4 months Assessment awareness
2020%° 98 (20) regarding OC in DS
Srivastava et al.,  India (&) Yes Ds: 139 79 (57) 22.4 Questionnaire Direct 2 months Assessment awareness
2020°' 60 (43) regarding OC in DS
Prenit et al., Nepal Cs Yes Ds: 109 76 (70) 22.3 Questionnaire  NR NR Assessment knowledge
2020%? 33 (30) and attitude regarding
OC in DS
Jafer etal., 2018** Saudi (&) Yes Ds: 228 92 (45) 30 Questionnaire Direct NR Assessment knowledge
Arabia 113 (55) regarding OC in DS
Keser and Turkey (&) Yes DsS: 198 129 (65)  20-28 Questionnaire NR NR Assessment knowledge
Pekine., 20183 69 (35) and awareness regarding
OC in DS
Amer et al,, Egypt Cs Yes DS: 868 521 (60) NR Questionnaire Email 4 months Assessment awareness
2017% 347 (40) regarding OC in DS

(continued)
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Table I. (continued)

Age
Study (Me/ Data Diffusion
Author & Year Country  Design Ethical Participants Sex F¢ /M*  Ra) Collection Type Duration Outcomes
Keten et al., Turkey (&) Yes DS: 2759 1711 (62) 16.01  Questionnaire Direct 28 days  Assessment knowledge
20173¢ 1048 (38) regarding OC in DS
Pokharel et al.,  Nepal (& Yes MS: 286 129 45) 22 Questionnaire  NR | month  Assessmentawareness and
2017%7 157 (55) knowledge regarding
OC in DS
da Silva et al., Brazil CS Yes DS: 50 NR 20-40 Questionnaire NR NR Assessment knowledge
2016 regarding OC in DS
Frola and Spain CS Yes DS: 121 82 (68) 234 Questionnaire  NR | year Assessment knowledge
Barrios., 39 (32) and attitudes regarding
2016> OC in DS
Jayasinghe et al, Srilanka CS Yes DS: 254 614 (6l) NR Questionnaire Direct NR Assessment knowledge
2016* MS: 705 392 (39) regarding OC in MS and
DS
Shrestha et al., Nepal CS Yes DS: 160 NR 23.18 Questionnaire Direct NR Assessment knowledge
2016 MS: 400 and attitudes regarding
OC in MS and DS
Al-Maweri et al., Yemen (&) Yes Ds: 163 122 (75) 2320 Questionnaire Direct | year Assessment the knowledge
2015% 41 (25) regarding OC in DS
Bakr etal., 2015%  Australia CS Yes DS: 150 NR NR Questionnaire NR | month  Assessment knowledge
regarding OC in DS
Bhagavathula Malaysia (&) Yes Ds: 114 88 (77) 244 Questionnaire  NR | month  Assessment knowledge
etal, 2015% 28 (23) and awareness regarding
OC in DS
Hassona et al., UK CS Yes DS: 456 341 (75) 20.5 Questionnaire Direct | year Assessment knowledge
2015% 115 (25) regarding OC in DS
Joseph et al., Kuwait Ccs Yes Ds: 75 65 (89) 22 Questionnaire Direct NR Assessment awareness
2015% 8 (1) regarding OC in DS
Dumitrescu etal., Romania (&) Yes DS: 192 134 (70) 2220 Questionnaire Direct NR Assessment knowledge
2014% 51 (30) regarding OC in DS
Habib et al., Saudi CS Yes DS:180 184 (61) 21-25 Questionnaire Direct NR Assessment awareness
2014 Arabia MS: 302 118 (39) regarding OC in MS and
DS
Kujan et al., Saudi (&) Yes DS: 479 250 (52) NR Questionnaire Direct | year Assessment knowledge
2014% Arabia 229 (48) regarding OC in DS
Ramaswamy Iran (&) Yes Ds: 450 154 (34) 25-35 Questionnaire Direct 3 months Assessment knowledge
et al., 2014°° 296 (66) and awareness regarding
OC in DS
Rahman et al., United Cs Yes Ds: 270 130 (48) 17-26  Questionnaire Direct NR Assessment knowledge
2013°' Arab 140 (52) regarding OC in DS
Emirates
Al Dubai et al.,  Malaysia (&) Yes Ds: 200 154 (77) 21-25 Questionnaire Direct NR Assessment knowledge
2012%2 46 (23) regarding OC in DS
Al Dubai et al.,  Malaysia (&) Yes Ds: 200 154 (77) 21-25 Questionnaire Direct NR Assessment knowledge
20123 46 (23) regarding OC in DS
Boroumand etal., USA (&) Yes Ds: 248 164 (66) NR Questionnaire Direct | year Assessment knowledge
2008°* 82 (53) regarding OC in DS
Carter and UK (&) Yes Ds: 109 221 (61) 22 Questionnaire Direct | year Assessment awareness
Ogden, 2007°° MS: 255 143 (39) regarding OC in MS and
DS
Cannick et al,, USA CS Yes DS: 163 99 (61) NR Questionnaire Direct NR Assessment knowledge
2005°¢ 64 (39) regarding OC in DS

Abbreviations: NR: Not reported; U Unclear; CS: Cross-sectional study; DS: Dentistry student; MS: Medical student; F*: Female; M”: Male; Me: Mean; Ra: Range;

OC: Oral Cancer.
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Figure 3. Panel (A) Forest plot of the proportion of knowledge about risk factors in oral cancer. Panel (B) Funnel plot to check to publication

bias.
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recognized as a risk factor, awareness levels can vary signif-
icantly depending on the study or population. On the contrary,
less than 20% of medical students (ranging from 1% to 16%)
acknowledged UV-rays exposure as a risk factor.>***' Ad-
ditionally, the under recognition of OPMD (only 48% of
participants) suggests that these areas are not sufficiently
covered in current educational programs. OPMDs are critical to
recognize early, as they can progress into OC.°" The low level
of awareness around these factors may result in missed op-
portunities for early diagnosis and prevention. Healthcare
professionals must be trained to identify early signs of cancer
and potentially malignant conditions, as early detection is key to
improving survival rates. Although HPV infection is still being
studied as a definitive risk factor for OC, significant advances
have been made in recognizing it as an etiological factor,
particularly for oropharyngeal cancers.®’ Most HPV-related
head and neck cancers arise in the oropharynx, especially in
the palatine and lingual tonsils, with only a small proportion
affecting the oral cavity. Genotype 16 is responsible for 90%-
95% of oropharyngeal cancers, while oral cavity cancers show
greater variability in genotype distribution.®' In this study, only
42% of participants identified HPV infection as a risk factor.
This lack of awareness is particularly concerning given the
rising incidence of HPV-related oral cancers, especially among
younger patients.** It is also worrisome because the develop-
ment of these cancers often involves the oropharynx, an area
that is routinely examined by both medical and dental students.
This suggests a need for enhanced education on HPV as a risk
factor in both medical and dental curricula.

As students progress in their education, it is crucial that
they are equipped with not only theoretical knowledge but also
practical skills to assess and manage the risk of oral cancer in
their future practice.®> The curriculum for both dental and
medical students should place greater emphasis on the early
detection and diagnosis of lesions with malignant transfor-
mation potential, such as OPMDs. In addition, students should
be trained to recognize patient habits such as tobacco and
alcohol use that contribute to the development of these
conditions and oral cancer. Beyond identifying these lesions,
students should also be prepared to counsel patients on the
importance of addressing these risk factors. Early identifi-
cation and intervention can play a critical role in preventing
oral cancers and improving patient outcomes.®>**

Public health campaigns should further emphasize the
synergistic relationship between alcohol and tobacco use, as
well as the importance of a comprehensive risk assessment
that includes other well-established risk factors. The
findings from this study suggest that educational initiatives
may need to be adapted to target specific gaps in knowledge,
particularly regarding lifestyle-related risk factors. A more
integrated, holistic approach to prevention could signifi-
cantly improve awareness and early intervention. An im-
portant point that emerges from this study is the need for an
interdisciplinary approach between medical and dental
students. Although each group focuses on different aspects

of healthcare, both should be trained to recognize common
risk factors and collaborate on diagnosing and managing
OC. Interdisciplinary collaboration in the prevention and
early detection of OC could lead to improved outcomes, as
both medical and dental professionals can play crucial roles
in identifying risks and making appropriate referrals for
further evaluation or treatment. By addressing these
knowledge deficiencies, future healthcare professionals
will be better equipped to implement effective prevention
measures, promote early detection, and ultimately reduce
the incidence of oral cancer. Given the multifactorial nature
of oral cancer, it is crucial to recognize all risk factors that
may contribute to its development. This review emphasizes
the importance of strengthening education on less-
recognized risk factors to improve public health outcomes.

Methodological shortcomings according to the JBI tool for
cross-sectional studies were in relation to items 1, 2, 5 and 6. It
is recommended that future research ensure clearer and more
specific eligibility criteria, providing all critical information
about participants so that other researchers can assess whether
the sample is comparable to the target population. Furthermore,
studies with robust methodological designs should not overlook
the description of all potential confounding factors that could
influence the results. It is also recommended to perform
multivariate regression analyses to control for measured con-
founders, thereby improving the internal validity of the studies.

Conclusions

In conclusion, this systematic review and meta-analysis pro-
vides a comprehensive assessment of the knowledge of medical
and dental students regarding the risk factors associated with
OC. The findings indicate a generally high level of awareness
among students, particularly in recognizing tobacco use and age
as significant risk factors. However, knowledge gaps were
identified, suggesting a need for targeted improvements in
educational curricula. The study emphasizes the importance of
strengthening training programs for both medical and dental
students to ensure they are well-equipped to identify and
manage the diverse risk factors associated with OC. Addressing
these knowledge deficiencies will be crucial for improving early
detection, prevention, and overall patient outcomes in OC care.

Appendix

Abbreviations

oC Oral cancer

HPV Human Papilloma Virus

TNM Tumor, lymph node, metastasis staging system
OPMD  Oral potentially malignant oral disorders
TARC  International Agency for Research on Cancer
JBI Joanna Briggs Institute

OR Odds ratio

CI Confidence interval
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