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ABSTRACT: The cause and prevention of recurrent aphthous stomatitis (also called
aphthous ulcers or canker sores) are still unknown. This may be due in part to ignorance of
the risk factors present in susceptible people. In this systematic review (PROSPERO record
#CRD42019122214), we show that most of the risk factors for the disease are single
nucleotide genetic polymorphisms in genes related to the functioning of immune system
(TLR4, MMP9, E-selectin, IL-1 beta and TNF-alpha). Single nucleotide genetic
polymorphisms do not constitute a modifiable risk. This indicates that, at least in part,
susceptibility to recurrent aphthous stomatitis is hereditary, and that these factors cannot

be modified.
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INTRODUCTION

As many as 7 out of 10 people may experience recurrent aphthous stomatitis in their
lives. Recurrent aphthous stomatitis are the most common ulcerative lesions of the oral
mucosa (1). The exact etiology of recurrent aphthous stomatitis is unclear, but it is believed
that there are several possible factors involved in its development. These include local
factors, such as trauma, oral microbiota dysbiosis, hematinic deficiencies (iron, folic acid
or vitamin B12), immunological factors and psychosocial stress (2). In addition, a genetic
predisposition could lead to the presence of ulcers. Positive family history can be found in
up to 40% of patients (3). The chance for recurrent aphthous stomatitis is 90% when both
parents are affected, but only 20% when neither parent has recurrent aphthous stomatitis
(4). The recognition of certain family patterns of recurrent aphthous stomatitis has led to
the discovery of genetic factors that have a pathogenic role. Genetic factors, and more
specifically, genetic polymorphisms related to the functioning of the immune system, have
recently been studied to determine their role in the development of oral ulcers (5).

Despite the accumulated evidence, recurrent aphthous stomatitis ulcers are not
preventable. This may be due in part to ignorance of the risk factors present in susceptible
people. To predict and explain the risk of disease development, we must identify who is at
risk and/or what would be an effective intervention (6). Risk factors are determinants
associated with the increased risk of a disease. There are 3 types: variable, causal and fixed
(cannot be modified) risk factors (7). They can be genetic or an aspect of personal behavior,

lifestyle or environmental exposure (8). Risk factors play a central role in prediction and
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prevention (7). Accordingly, statistical flows can be used to evaluate various independent
variables and to determine their relevance in the presence or absence of a disease (9).
Given that a wide variety of risk factors for the appearance of recurrent aphthous
stomatitis has been reported in several studies over the years, the objective of this
systematic review was to group the available data and summarize the risk factors associated

with the development of ulcers.

MATERIAL AND METHODS

General design

In this research, we conducted a systematic review (PROSPERO protocol registry

#CRD42019122214). The independent variables were the risk factors reported by the
selected studies, and the dependent variable was the development of recurrent aphthous
stomatitis. We established that a risk factor is a clinical characteristic or a molecule
obtained from an article that performed a binary logistic regression analysis or a Cox
proportional hazards model. The power of a risk factor can be defined as the maximum
discrepancy that can be achieved using the factor to divide the population into high- and
low-risk groups (7). In each selected article, there was a statistically significant association
between the factor and the triggering of ulcers. The risk value should be reported as a
comparison between a reference group (subjects without the factor) and the group with the
risk factor (cases). A number greater than 1 indicates a high risk, and a number less than 1

indicates a low risk (protective factor).
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Search strategy

We conducted a systematic search of all English-language literature in
MEDLINE/PubMed until January 29, 2019. Our search strategy was the result of the
combination of the following groups of keywords: 1) stomatitis aphthous OR Sutton
disease and 2) risk factor OR epidemiologic studies OR odds ratio OR multivariate analysis

OR logistic models OR risk.

Data extraction

The identification of research trends is useful to understand the thematic structure
of a scientific domain. To understand the domains represented by all the identified articles
in this study, we imported titles, summaries and keywords to the VOSviewer program
(v.1.6.13, https://www.vosviewer.com/). This program uses text mining to build and
visualize networks of coincidence (joint appearance) of important terms extracted from a
body of scientific literature (10). Then, to filter the articles according to the research
objectives, we analyzed titles and abstracts in the Rayyan online application
(https://rayyan.qcri.org). This application was specifically developed to accelerate the
initial selection of abstracts and titles through a semi-automated process (11). We resolved

the discrepancies by consensus.

Inclusion and exclusion criteria

We selected English-language articles that discussed human studies and that
indicated a risk value for both the risk factor and the development of recurrent aphthous
stomatitis. We excluded articles in which recurrent aphthous stomatitis was not the result

of the study (outcome) and those that did not present an abstract, as well as studies whose

d0i:10.20944/preprints202105.0194.v1
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objectives were therapeutic and those conducted in subpopulations (for example, people
with HIV / AIDS). After the full-text evaluation, we excluded articles that did not perform
multivariate analysis to assess risk, that did not specify the variables in the model, that did
not have significant results (to report only relevant clinical results here), that did not specify

the number of groups and that reported lesions outside the oral cavity (e.g., genital ulcers)..

Articles included in the qualitative synthesis

We obtained the following information from the selected articles: reference,
country, name of the risk factor, study design, technique and sample, number of subjects
in the contrast groups, main conclusions, number of events within the groups, and risk

values (including p-values and confidence intervals).

Quiality evaluation

We performed the quality assessment using the Newcastle-Ottawa scale. This is a
tool for assessing the risk of bias for observational studies (12). Three broad perspectives
are evaluated: the selection of study groups; the comparability of the groups; and the
determination of the exposure or outcome of interest for case-control or cohort studies,
respectively. The evaluation scales are shown in supplementary file S1

(https://doi.org/10.5281/zen0do.3533857). In our research, we used an adapted scale,

wherein we assigned 1 point when the best criterion on the scale was met (13). Scores 7—
8, 5-6, 4 and 0-3 classified the studies as very good quality, good quality, satisfactory, or
unsatisfactory, respectively. Additionally, we evaluated the adherence of the reports to the
STROBE guidelines (The Strengthening the Reporting of Observational Studies in

Epidemiology). Here, we report the degrees of compliance as percentages (14).
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RESULTS

Filtered articles

The bibliometric map of all identified articles can be consulted in supplementary

figure S1 (https://doi.org/10.5281/zen0do.3533857). Of the identified articles, we excluded

201 that did not meet the eligibility criteria. We obtained 18 articles, of which we excluded
12 for different reasons, the main one being the absence of a multivariate model to assess
risk (Figure 1, PRISMA flow chart). The complete list of articles can be consulted in

supplementary file S2 (http://doi.org/10.5281/zenodo.3533857).

Risk factors are genetic polymorphisms in pro-inflammatory molecules

We examined the selected articles, drawing out the main characteristics and
conclusions. All studies were case-controlled and used adjusted OR to assess risk. Six
articles evaluated 9 risk factors (15-20). Most of the risk factors identified were genetic
polymorphisms evaluated by genotyping. These data are summarized in Table 1. Different
sample sizes were used, with a range from 128 to 11,360. We obtained the number of
subjects per group, as well as the risk values and confidence intervals of each one. The
main results of the studies are presented in Table 2. Eight clinicopathological variables
were incorporated in 6 multivariate analyzes (6 studies generated 6 significant models and
24 covariates). The variables most commonly included for the adjustment of the models
were age (6 models, 100%), sex of the individuals (5 models, 83.3%) and smoking habits

(4 models, 66.7%). Supplementary file S2 (https://doi.org/10.5281/zenodo.3533857) can

be consulted for more details. In Table 3, we present a narrative review of the identified

risk factors.
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Chosen items are of good quality

We present the summary of the global evaluation of the articles in Table 4. Based
on the Newcastle-Ottawa scale, 4 of the 6 studies are of very good quality and the
remaining 2 are of good quality. These last two were carried out before 2007. Most reports
analyzed according to the STROBE guidelines show good adherence to the key elements
to be communicated (out of 18 out of 23 possible items). See supplementary file S3

(https://doi.org/10.5281/zen0d0.3533857) for more details.

DISCUSSION

In our research, we identified that most of the risk factors that determine individual
susceptibility to thrush are genetic single nucleotide polymorphisms (SNPs). They are
followed, as a protective factor, by exposure to tobacco.

We identified that SNPs in the TLR4, MMP9, E-selectin, IL-1 beta and TNF-alpha
genes facilitate the migration of inflammatory cells in the context of recurrent aphthous
stomatitis. In addition, two behavioral variables, manual laterality— apparently determined
by a SNP (21)—and smoking are associated with the development of lesions. According
to our review of the literature (Table 3), the factors other than smoking are fixed markers.
To our knowledge, that gives little chance today for the prevention of recurrent aphthous
stomatitis. This is because in complex diseases, a considerable number of people who are
not carriers of an at-risk genotype can develop a disease due to environmental factors (22).
Here, reported SNPs show a probability of between 2 to 11 times for the development of
recurrent aphthous stomatitis. However, these numbers have limited usefulness if the

trigger of the lesions is not known. We know, based on a small number of articles, that the
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subjects carrying the SNPs would be in a state of “sensitization.” This is in line with the
current view that proposes that genetic susceptibility to oral ulcers can lead to a
disproportionate tissue response (5). That response is characterized by dysregulation of the
local cell-mediated response, leading to an inappropriate focal accumulation of cytotoxic
T lymphocyte populations within the oral mucosa after minor triggers. This, in turn, leads
to tissue damage and clinical manifestations such as oral ulceration (1, 2).

In addition to the fact that SNPs do not constitute a modifiable risk, the evidence
that showed that smokers or tobacco chewers had fewer recurrent aphthous stomatitis. This
evidence is reinforced with results stating that canker sores are a common result in people
who quit smoking (23). The habit of smoking or chewing tobacco produces an increase in
the keratinization of the oral mucosa (24). This keratinization protects the oral tissues
against the penetration of the possible etiological agent of recurrent aphthous stomatitis.
Additionally, nicotine or its metabolites decrease pro-inflammatory cytokines such as IL-
1 beta, TNF-alpha, and increase the anti-inflammatory cytokine IL-10 (25). These facts
suggest an immunosuppressive or reducing role for the inflammatory response in smoking.
However, from a clinical point of view, the recommendation to use this habit as a protective
factor is not viable. This is not compatible with the general advice given by health
professionals about the harmful effects of tobacco use and smoking, and is even less so
when smoking is the main risk factor for lung cancer (26) and for oral cancer (27).

Although more than 200 articles were initially recovered, only a small portion of
them were included in our analyses. A large number were excluded because, although they
reported significant relationships, these associations were the result of bivariate analyses.

Furthermore, most of the articles did not report risk values after a multivariate analysis.
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Variables that are significant in bivariate analyses may become insignificant in a
multivariate model. This critical point has been previously explained in the case of
recurrent aphthous stomatitis and cigarettes, where the association reported in most articles
may be due to the lack of adjustment to other clinical antecedents, such as age, the number
of cigarettes consumed, depression or stress when quitting the habit (24). Multivariate
techniques allow researchers to observe the relationships between factors in a general way
and to quantify the relationship between them. They specify the conditions under which an
association takes place. Compared with bivariate analyses, multivariate techniques provide
a more powerful test of significance (28). Therefore, despite the fact that our conclusions
come from a small number of articles, the evidence provided by the articles included in our
synthesis is reliable. In addition, all the articles are of good or very good quality, showing
good adherence to the formal characteristics that they must meet to report the results.

The etiology and pathogenesis of recurrent aphthous stomatitis remain unclear. The
prominence of SNPs in what we call a state of sensitization shows that this disease

corresponds in part to a genetic disorder.

CONCLUSION

Taken together, our results show that there is a group of hereditary fixed markers
associated with the development of lesions, which probably make subjects who possess

them susceptible to disproportionate focal immune responses in the oral mucosa.
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TABLES

Table I. Characteristics of included articles.

Study

Factor

Technique and
sample

Concluding remarks

Karasneh
et al.
Jordan,
2015 (15)

Toll-like
receptor 4
polymorphis
m (TLR4,
rs10759931,
genotype
AA)

Genotyping
Blood

It would allow a more superficial
presentation of TLR4 in the oral
epithelium of patients with RAS.

Karasneh
et al.
Jordan,
2014 (16)

Matrix
metalloprotei
nase-9
polymorphis
m (MMP9,
rs11697325,
genotype
AA)

Genotyping
Blood

May lead to increased MMP-9 activity.
This can contribute to an increase in
the recruitment of inflammatory cells
and degradation of the basement
membrane.

Alkhateeb
et al.
Jordan,
2013 (17)

E-selectin
polymorphis
m (rs5361,
genotype
AA)

E-selectina
polymorphis
m (rs5361,
genotype
AC)

Genotyping
Blood

It improves the recruitment of
leukocytes and recruited T cells in
response to a stimulus.

Guimaraes
et al.
Brazil,
2007 (18)

Interleukin-1
beta
polymorphis
m (IL-1 beta,
rs1143634,
genotype
CT)

Tumor
necrosis
factor-alfa
polymorphis
m (TNF-alfa,

Genotyping
Oral mucosa

A high production of IL-1 beta and
TNF-alpha facilitates the migration of
inflammatory cells.

d0i:10.20944/preprints202105.0194.v1
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rs1800629,

genotype

GA)

Ciceketal. | Manual Self-report People who write with the left hand
Turkey, laterality Does not apply have a higher number of immune
2004 (19) disorders.

Smoke In smokers, the keratinization of the
oral mucosa increases, which would
constitute a barrier to the possible
etiological cause of RAS.

Grady et Chewing Self-report It induces keratosis that can prevent
al. United | tobacco Does not apply RAS through a local protective effect.
States,

1992 (20)

Description of selected studies by author, country, year, risk factor, technique, sample and
main conclusions. Genetic polymorphisms correspond to different DNA sequences
between individuals (29). All reported polymorphisms are genetic single nucleotide
polymorphisms (SNPs).

Table Il. Extracted data from selected articles.

Study

Factor

Groups

Frequencies*

OR

value

Cl

Karasneh
etal. (15)

Toll-like
receptor 4
polymorp
hism
(TLR4,
rs107599
31,
genotype
AA)

RAS (93/241)
vs. healthy
(148/241)

RAS (17/93) vs.
healthy
(13/148)

3.89

0.0100

1.20-
6.70

Karasneh
etal. (16)

Matrix
metallopr
oteinase-9
polymorp
hism
(MMP9,
rs116973
25,
genotype
AA)

RAS (96/249)
vs. healthy
(153/249)

RAS (29/96) vs.
healthy
(24/153)

3.11

0.0080

1.30-
7.20
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Alkhatee | E-selectin | RAS (96/249) | RAS (75/96) vs. | 10.90 | 0.0230 | 1.40-
betal. polymorp | vs. healthy healthy 85.30
@an hism (153/249) (102/249)

(rs5361,

genotype

AA)

E- RAS (96/249) | RAS (19/96) vs. | 9.00 | 0.0420 | 1.10-

selectina | vs. healthy healthy 75.70

polymorp | (153/249) (36/153)

hism

(rs5361,

genotype

AC)

Guimarée | Interleuki | RAS (64/128) | RAS (36/64)vs. | 2.40 | 0.0300 | 1.11-
setal. n-1beta | vs.vs. healthy | healthy (23/64) 5.20
(18) polymorp | (64/128)

hism (IL-

1 beta,

rs114363

4,

genotype

CT)

Tumor RAS (64/128) | RAS (22/64) vs. | 3.07 | 0.0200 | 1.22-

necrosis | vs. vs. healthy | healthy (10/64) 7.74

factor-alfa | (64/128)

polymorp

hism

(TNF-

alfa,

rs180062

9,

genotype

GA)

Cicek et | Manual Left Left (49/761) 2.80 | 0.0001 | 2.05-
al. (19) laterality | (761/11.360) vs. Right 3.84
vs. Right (254/10.599)

(10.599/11.360
)

Smoke Non-smokers Non-smokers 3.99 | 0.0001 | 2.99-
(5.435/11.360) | (245/5.925) vs. 5.34
vs. smokers smokers
(245/5.925) (58/5.435)

Grady et | Chewing | Does not chew | Does not chew | 0.40* | 0.0400 | Not
al. (20) tobacco (643/1.188) vs. | (18/643) vs. * reported

chews (7/545)
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chews
(545/1.188)
*First 4 articles report polymorphism frequencies of in RAS patients and healthy controls.
Last 2 articles report the number of diagnoses in each factor. **Protective factor. OR, odds
ratio; Cl, 95% confidence interval. All values were reported as shown by each study.

Table 111. Summary of proposed risk factors.

Risk factor Literature mining

TLR4 It specifically recognizes bacterial lipopolysaccharide, along with
various other pathogen components and endogenous molecules
produced during abnormal situations, such as tissue damage (30).
Induce innate immune responses. The rs10759931 polymorphism is
located in the promoter region of the gene (31). It increases the gene
expression of TLR4 (32).

MMP9 Degrades extracellular matrix proteins and activates cytokines and
chemokines to regulate tissue remodeling (33). The rs11697325
polymorphism occurs in the 5 'non-transcribed region of the gene
(which could have an enhancer or enhancer element) which increases
transcription and the half-life of the protein (34).

E-selectin It is expressed in endothelial cells after activation by IL-1 beta and
TNF-alpha. It is important in the extravasation and accumulation of
leukocytes in inflammatory responses (35). The rs5361
polymorphism occurs in the exon of the gene. It alters the binding
specificity of the extracellular domain of E-selectin, facilitating the
binding of its ligands, which in turn improves the adhesion of
inflammatory cells to the vascular endothelium (36).

IL-1B It is a key mediator of the inflammatory response. It is essential for
host response, resistance to pathogens, and also exacerbates damage
during chronic disease and acute tissue injury (37). The rs1143634
polymorphism is associated with increased IL-1p secretion in vitro
(38).

TNF-alpha It is one of the most potent pro-inflammatory cytokines and plays a
role in tissue injury induced by the immune response system (39).
The rs1800629 polymorphism is found in the promoter region of the
gene. This leads to an increase in the level of expression of this
cytokine. (40).

Manual Refers to the difference in skill between the hands as a result of
laterality biological factors, experience and training (41). It has been suggested
that writing with the left hand could be a marker of exposure in the
womb to high levels of testosterone, also associated with an increased
risk of autoimmune and immune disorders (42). A link has recently
been demonstrated between the rs386770867 polymorphism of the
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SETDB2 gene (a strong candidate for mediating manual laterality)
with asthma and other atopic diseases (21).

Smoke/tobacco | It is a risk factor for oral cancer (27). Produces hyperkeratosis of the
oral epithelium and other potentially malignant lesions (43, 44).

The information on each factor is described according to the literature review. SNPs can
promote diseases, since they have the ability to influence the activity of the promoter region
of a gene (gene expression), the conformation of messenger RNA (stability) and the
subcellular localization of proteins (45). Ello puede ayudar a determinar la probabilidad de
que alguien desarrolle una enfermedad. Por ejemplo, en el Alzheimer la apolipoproteina E
contiene dos SNPs (rs4420638 y rs7412), que dan como resultado tres posibles alelos para
su gen: €2, €3y 4. This can help determine the likelihood that someone will develop a
disease. For example, in Alzheimer's, apolipoprotein E contains two SNPs (rs4420638 and
rs7412), which result in three possible alleles for its gene: €2, €3 and €4. Inheriting one
copy of €4 carries a 2-3 times risk for Alzheimer's disease, while two copies (e4 / €4)
increase the risk to 15 times (46).

Table V. Quality of selected articles.

Study Newcastle-Ottawa STROBE (porcentaje)**
(score)*

Karasneh et al. (15) Good quality (6,0) Poor adherence (39.1)
Karasneh et al. (16) Good quality (6,0) Good adherence (82.6)
Alkhateeb et al. (17) Very good quality (7,0) Excellent adherence (87,0)
Guimarées et al. (18) Very good quality (7,0) Good adherence (78,3)
Cicek et al. (19) Very good quality (7,0) Excellent adherence (95,7)
Grady et al. (20) Very good quality (7,0) Excellent adherence (91,3)

* Newcastle-Ottawa Scale adapted to assess quality of studies according to Takahashi et
al. (13). ** The STROBE items were evaluated according to the modified Limaye scale
et al. (14).
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|

Identification

|

Screening

Eligibility

Search strategy
executed in
PubMed. January
29,2019 (n=219)

Selected records
(n=219)

FIGURES

Excluded after
Title / Abstract

Full-text articles
evaluated for
eligibility (n=18)

review (n=201)

Full-text articles excluded, reasons (n=12):
2: Not specify variables in the model
6: Not perform multivariate analysis

Inclusion

Included studies in
qualitative synthesis
(n=6)

2: Not report significant differences
1: Not specify number of subjects in groups
1: Ulcers located outside the oral cavity

Figure 1. PRISMA Flow chart of the search for eligible studies for the detection of
risk factors for recurrent aphthous stomatitis.
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