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Abstract

Objective: Recurrent aphthous stomatitis (RAS), a common oral mucosal disorder character-

ized by chronic, inflammatory, and ovoid ulcers, has a complex etiology. The purpose of the study

was to investigate the specific dietary factors influencing the prevalence of RAS.

Methods: A total of 754 participants aged 18 to 59 years were enrolled in this descriptive cross-

sectional study. An anonymous questionnaire was adopted to investigate the distribution of RAS,

dietary factors, self-reported trigger factors, and therapeutic methods.

Results: Among all participants, the prevalence rate of RAS was 21.4%. Univariable analysis showed

that fruit, dairy products, vegetables, and water, but not fried foods, fermented foods, spicy foods,

and eggs, were preventive factors against RAS. After adjusting for age and sex, multivariable regres-

sion analysis suggested that fruit (adjusted odds ratio [aOR]¼ 0.430, 95% confidence interval [CI]¼
0.218–0.847) and water (aOR¼ 0.294, 95% CI¼ 0.119–0.726) were protective factors against RAS.

Conclusion: This study found that the consumption of fruit and water was negatively associated

with RAS. These results imply a potential adjunctive and complementary role of food in RAS

treatment and some feasible means of RAS prevention.
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Introduction

Recurrent aphthous stomatitis (RAS), or

recurrent oral ulceration, is one of the

most common oral mucosal disorders,

affecting 2% to 66% of the population,

according to worldwide epidemiological

data.1 Characterized by multiple small,

ovoid, and recurrent ulcers with circum-

scribed margins, yellowish white or gray

floors, and erythematous haloes, RAS

can greatly impact the functions of

eating, speaking, and swallowing in

severe cases.2,3

To elucidate the pathogenesis of RAS,

researchers have suggested many influenc-

ing factors, including genetic factors,

immune dysregulation, and stress,3–6 as

well as specific dietary factors.7–19 It has

been reported that cow’s milk protein can

induce RAS with an increase of anti-

fresh cow’s milk IgA, IgG, and IgE anti-

bodies in the serum.7,8 Other studies

have suggested that some foods, such

as tomatoes, oranges, lemons, and pineap-

ple, can induce a proinflammatory

cascade, leading to RAS.11–13

Additionally, deficiencies of vitamin B12,

vitamin D, folic acid, ferritin, and hemoglo-

bin may be involved in keratinocyte

proliferation and immune imbalance, there-

by inducing RAS.15–20 We designed this

study to explore the potential associations

between RAS and several dietary factors

that have been suggested to be potential

influence factors in the literature or in clin-

ical settings.7,14

In this cross-sectional survey, we aimed

to collect data regarding RAS incidence,

dietary factors, self-reported trigger

factors, and therapeutic methods to explore

the relationships between RAS and

dietary factors. This work can potentially

encourage further study of the etiology of

and prevention measures against RAS in

the clinic.

Methods

Sample size, study design, and
participants

A sample size of approximately 700 people
was determined using the following
formula:

N ¼ U2
a � P0 � ð1� P0Þ

D2

in which N represents the sample size, Ua

the Z-score for a given confidence interval
(a¼ 0.05, Ua ¼ 1.96), P0 the estimated prev-
alence (P0¼ 20%),7 and D the permissible
error (D¼ 0.15�P0).

This cross-sectional study was conducted
from June 2017 to September 2017. We
used a multistage random sampling
method to select five districts of Nanjing,
China. Four neighborhood communities
were randomly chosen from each district.
Forty civilians who had resided in the city
for at least 1 year were selected from each
community. The inclusion criteria were
being age 18 to 59 years and having no
mental disorders, cognitive impairments,
communication disabilities, or illiteracy. In
line with previous studies,7,21 RAS was
diagnosed via self-report using a set of diag-
nostic criteria for RAS (Tables 1 and 2).
Symptoms had to meet all major criteria
and at least one minor criterion to be con-
sidered a definite diagnosis of RAS.
Additionally, we excluded participants
with oral local trauma factors and systemic
disease (including hematinic deficiencies,
Crohn disease, Behçet’s disease, auto-
inflammatory disorders, hormonal
conditions, diabetes, hypertension, or car-
diovascular, renal, gastrointestinal, and
liver disease).

Participants were asked to complete an
anonymous questionnaire, which was devel-
oped on the basis of previous studies, with
minor modifications. We collected data
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including demographic information, dietary

factors, self-reported trigger factors, and

therapeutic methods.22–28 According to

Dietary Guidelines for Chinese Residents,29

daily consumption of fruit, dairy, water,

and vegetables was estimated and classified

into different levels. Consumption frequen-

cies of other dietary factors were classified

into three categories: often (at least 4 times

per week), sometimes (1–3 times per week),

never, or seldom. Consumption frequencies

of eggs were classified into sometimes or

often (at least 1 time per week), never, or

seldom. In line with Dietary Guidelines for

Chinese Residents,29 fruit included drupe,

berry, melon, pome, and citrus fruit; dairy

included skim/low-fat and whole milk, con-

densed milk, milk powder, milk tablets,

liquid yogurt, curd yogurt, ice cream,

cheese, and butter; water included plain

water (bottled water and tap water) and

beverages (soft drinks, energy drinks, alco-

holic drinks, milk, coffee, juice, tea, and

other beverages), but not moisture in

foods; vegetables included Cruciferae,

Umbelliferae, Leguminosae, Solanum,

Chenopodiaceae, and Cucurbitaceae. We

excluded those participants who did not

complete all questions on the questionnaire.

Statistical analysis

The original data from the pencil-and-

paper questionnaire were processed and

transcribed in Microsoft Excel (Microsoft

Corporation, Redmond, WA, USA) and

IBM SPSS 22.0 (IBM Corp., Armonk,

NY, USA) was used to set up a database

of the results. All categorical variables are

described using frequency and percentage.

We assessed the validity and reliability of

the questionnaire using Cronbach’s a, the
Kaiser–Meyer–Olkin (KMO) test, and

Bartlett’s test of sphericity. The difference

in sex or age among participants with and

without RAS was assessed using chi-square

Table 2. Minor criteria for RAS

Minor criteria Description

1. Family history of RAS Presence of RAS in at least one first-degree relative

2. Location of ulcers Non-keratinized oral mucosa

3. Duration Several days to 2 weeks

4. Precipitating factors Stress, local trauma, and infections

5. Smoking Non-smoker

RAS, recurrent aphthous stomatitis.

Table 1. Major criteria for RAS

Major criteria Description

1. Appearance Multiple, small, ovoid, recurrent ulcers with erythematous haloes,

circumscribed margins, and yellow or gray floors.

2. Recurrence Average of at least one RAS occurrence yearly and recurrence

does not affect the same site.

3. Mechanical

hyperalgesia

Symptoms of painful lesions and contact with lesions can exacerbate pain.

4. Self-limitation Ulcers can heal spontaneously without treatment.

RAS, recurrent aphthous stomatitis.

Xu et al. 3



analysis. Univariable analysis was per-
formed using the crosstab function in
SPSS to obtain preliminary results and
screen out variables with little evidence of
an association. Variables with a p val-
ue< 0.05 in the univariable analysis were
included in multivariable regression analy-
sis to evaluate the connection between die-
tary factors and RAS. Multivariable logistic
regression was adjusted for age and sex, and
statistical significance was defined as
p< 0.05.

Ethics approval

This study followed the STROBE statement
guidelines (Text S1) and was approved by
the Ethics Committee of Nanjing
Stomatological Hospital (2014NL-002
(KS)).

Results

Reliability and validity of the questionnaire

Cronbach’s a for the questionnaire was
0.797, indicating good reliability. The
KMO value was 0.883, and the v2 value in
Bartlett’s test of sphericity was 70.598
(p< 0.05), suggesting good validity.

Participant characteristics

A total of 754 participants (336 men and
418 women) aged 18 to 59 years were
enrolled in this study, with a RAS preva-
lence of 21.4% (n¼ 161). The demo-
graphics of the participants are
summarized in Table 3. There was no
significant difference in sex or age among
participants with and without RAS in
chi-square analysis.

Self-reported trigger factors and thera-
peutic methods in the RAS group are sum-
marized in Table 4. A total 53.4%, 56.5%,
69.6%, 69.6%, and 78.9% of the RAS
group self-reported stress, reduced
immune function, irregular life schedule,

and unhealthy diet as trigger factors,
respectively. The distribution of trigger fac-
tors in the various age groups is shown in
Figure 1. Nearly half (n¼ 89, 55.3%) of
participants were not undergoing treatment
for RAS; 29.2% and 15.5% of participants
in the RAS group were using conventional
medicine or alternative treatment (AT),
respectively.

Associations of dietary factors with RAS

The distribution of RAS prevalence in the
groups according to different dietary habits
is shown in Figure 2. Table 5 presents pre-
liminary results regarding the relationship
between RAS and putative dietary factors
in univariable analysis. The findings
revealed that RAS was negatively associat-
ed with the consumption of fruit
(OR¼ 0.402), dairy (OR¼ 0.470), water
(OR¼ 0.224), and vegetables (OR¼ 0.619)
(p< 0.05). RAS was not significantly asso-
ciated with other factors, including fried
foods, fermented foods, spicy foods, eggs,
sex, or age. The significant variables were
all included in the multivariable logistic
regression, which was adjusted for age and
sex (Table 6 and Figure 3). After adjust-
ment for confounders, multivariable logistic
regression revealed that RAS was negative-
ly associated with fruit (adjusted odds ratio
[aOR]¼ 0.430, 95% confidence interval
[CI]¼ 0.218–0.847, p¼ 0.015) and water
(aOR¼ 0.294, 95% CI¼ 0.119–0.726,
p¼ 0.008).

Discussion

In this cross-sectional study, we explored
the distribution of RAS, dietary factors,
self-reported trigger factors, and therapeu-
tic methods among our study population
and found a prevalence of 21.4%, in accor-
dance with the literature.14,30,31 Moreover,
fewer than half (72, 44.7%) of participants
with RAS had ever received treatment,
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Table 4. Self-reported trigger factors and the main therapeutic methods in different age groups

n (%)

%

18–29

(N¼117)

30–45

(N¼29)

46–59

(N¼15)

Self-reported trigger factors (multiple answers)

Stress 64 (55) 14 (48) 8 (53) 53.4

Reduced immune function 61 (52) 19 (66) 11 (73) 56.5

Irregular life schedule 84 (72) 19 (66) 9 (60) 69.6

Unhealthy diet 99 (85) 17 (59) 11 (73) 78.9

Other or none 22 (19) 6 (21) 3 (20) 19.3

Therapeutic methods

Conventional medicines 30 (26) 10 (35) 7 (47) 29.2

Alternative treatments 14 (12) 7 (24) 4 (27) 15.5

No treatment 73 (62) 12 (41) 4 (27) 55.3

Unhealthy diet: Experienced RAS several hours after consuming high-temperature food, spicy food, fried food, or

fermented food.

RAS, recurrent aphthous stomatitis.

Figure 1. Distribution of trigger factors in the different age groups

Table 3. Participant demographics

N

RAS

OR 95% CI pYes (%) No (%)

Sex

Male 336 72 (45) 264 (45) 1.000

Female 418 89 (55) 329 (55) 0.992 0.699–1.408 0.964

Age, years

18–29 576 117 (73) 459 (77) 1.000

30–44 114 29 (18) 85 (14) 1.338 0.838–2.137 0.222

45–59 64 15 (9) 49 (8) 1.201 0.651–2.217 0.558

RAS, recurrent aphthous stomatitis; OR, odds ratio; CI, confidence interval.

Xu et al. 5



which was lower than the percentage
reported in another study.28,32 Nearly one-
third of participants who ever received
treatment for RAS mainly used AT versus
conventional medicine, despite a lack of
randomized controlled trials to prove the
effectiveness and safety of AT. Many fac-
tors, including the frequency of RAS, can
greatly influence patients’ choice of thera-
peutic methods. Further investigation is
needed to explore which factors influence
therapeutic method choices and the clinical

effects achieved among patients with RAS
who use AT.

Univariable analysis revealed that RAS
was negatively associated with the con-
sumption of fruit, dairy, water, and vegeta-
bles (p< 0.05). RAS was not significantly
associated with other factors, including
fried foods, fermented foods, spicy foods,
and eggs. Zinc, vitamin B12, and probiotics
in dairy products may explain the preven-
tive mechanisms of dairy against
RAS.17,33–40 Several studies reported that

Figure 2. Distribution of rates of recurrent aphthous stomatitis (RAS) in groups with different dietary
habits, including consumption of fruit, dairy products, and vegetables (A), water (B), and spicy foods, high-
temperature foods, fried foods, and fermented foods (C)

6 Journal of International Medical Research



patients with RAS had lower levels of

serum zinc as compared with health con-

trols, suggesting a role of zinc in ulcer heal-

ing and free-radical scavenging in treating

RAS.36–38 Additionally, vitamin B12 has

important roles in DNA synthesis and cell

division, and vitamin B12 deficiency may

induce oral epithelial atrophy in RAS

Table 5. Univariable analysis of the relationship between dietary factors and RAS

Variables RAS (%) Control (%) OR 95% CI p

Fruit

�100 g 64 (40) 178 (30) 1.000

>100 g and � 200 g 78 (48) 299 (50) 0.726 0.497–1.060 0.097

>200 g and � 300 g 13 (8) 90 (15) 0.402 0.210–0.768 0.006

>300 g 6 (4) 26 (4) 0.642 0.253–1.631 0.351

Dairy

Hardly ever or never 28 (17) 71 (12) 1.000

�100 g 44 (27) 185 (31) 0.603 0.349–1.042 0.070

>100 g and � 200 g 74 (46) 256 (43) 0.733 0.441–1.218 0.231

>200 g 15 (9) 81 (14) 0.470 0.232–0.949 0.035

Water

Hardly ever or never 11 (7) 11 (2)

�1000mL 50 (31) 198 (33) 0.253 0.104–0.616 0.002

>1000mL and � 2000mL 85 (53) 317 (53) 0.268 0.122–0.640 0.003

>2000mL 15 (9) 67 (11) 0.224 0.082–0.612 0.004

Vegetables

�100 g 29 (29) 132 (12) 1.000

>100 g 71 (71) 522 (88) 0.619 0.386–0.993 0.047

High-temperature foods

Never or seldom 70 (43) 273 (46) 1.000

Sometimes 69 (43) 257 (43) 1.047 0.721–1.521 0.809

Often 22 (14) 63 (11) 1.362 0.784–2.365 0.273

Spicy foods

Never or seldom 22 (14) 94 (16) 1.000

Sometimes 87 (54) 354 (60) 1.050 0.624–1.766 0.854

Often 52 (32) 145 (24) 1.532 0.874–2.688 0.137

Fried foods

Never or seldom 33 (20) 114 (19) 1.000

Sometimes 102 (63) 397 (67) 0.888 0.569–1.384 0.599

Often 26 (16) 82 (14) 1.095 0.609–1.970 0.761

Fermented foods

Never or seldom 61 (38) 214 (36) 1.000

Sometimes 94 (58) 363 (61) 0.908 0.631–1.307 0.605

Often 6 (4) 16 (3) 1.316 0.494–3.507 0.583

Eggs

Sometimes or often 158 (98) 568 (96) 1.000

Never or seldom 3 (2) 25 (4) 2.318 0.691–7.777 0.173

Hardly ever or never: less than once a week and the consumption is hard to quantify. Never or seldom: less than once a

week. Sometimes: 1–3 times per week. Often: at least 4 times per week.

Boldface values are statistically significant with p< 0.05.

RAS, recurrent aphthous stomatitis; CI, confidence interval; OR, odds ratio.

Xu et al. 7
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development.20 Other studies have reported

a change in the microbiome in RAS and a

treatment effect of a Lactobacillus and

Bifidobacterium composition on RAS.39,40

Zinc and selenium in vegetables may

explain the preventive mechanisms of con-

suming vegetables in RAS.40–44 Zinc has

been suggested to be involved in the synthe-

sis of protein and collagen, which contrib-

ute to wound healing, and selenium

supplementation has been associated with

a decrement of lipid peroxidation and inci-

dence of infectious complications, as well as

better wound healing.10,41–44

In our study, multivariable logistic

regression showed that RAS was negative-

ly associated with fruit (aOR¼ 0.430) and

water (aOR¼ 0.294) (p< 0.05). It is note-

worthy that RAS was first found to be

associated with the total consumption of

fruit and water in this study. Considering

the significant decrease in folate levels

among patients with RAS compared with

health controls reported in several studies,

and the capacity of vitamin C to reduce

outbreaks and pain levels in cases of

minor-type RAS,1,5,18,19 fruit may prevent

RAS by supplementing folate and vitamin

C. Considering the capacity of calcium to

protect the oral mucosa and regulate

immune capacity by maintaining tissue

polarity,45,46 as well as the capacity of

magnesium to reduce both serum nitric

oxide and lipid peroxidation to treat

ulcers in a mouse model,47 water may pre-

vent RAS by supplementing calcium and

magnesium. Thus, the consumption of cer-

tain foods, especially fruit and water, may

indirectly influence the risk of RAS by

changing the composition of oral micro-

biota and the blood concentration of

nutrients, including vitamin B12, folate,

vitamin C, zinc, selenium, calcium, and

magnesium.36–47

We acknowledge a bias toward a youn-

ger population in our study, which might

result from a high percentage of students

residing in the chosen neighborhood com-

munities. However, considering that no sig-

nificant association was found between age

Figure 3. Multivariable logistic regression of the relationship between dietary factors and recurrent aph-
thous stomatitis
aAdjusted for age and sex.

Xu et al. 9



and RAS in this study, this bias should not

affect the generalizability of our results.

Nevertheless, despite our attempts to

choose districts representative of different

demographic characteristics, our inclusion

of participants from only one city leads to

some inevitable limitations in terms of gen-

eralizability and extrapolation of the results

to other urban and rural areas.

Additionally, our findings were generated

using self-reports, which also led to a lack

of the clinical type of RAS. Finally, the

variables in this study were general and

can be misleading. As nutrients vary greatly

among different foods, the effect of these

variables on RAS could result from the

consumption of certain species of plant

foods. Therefore, our results should be

interpreted with caution.

Conclusion

The present study findings indicated that

consuming fruit and drinking water might

be potentially protective against RAS and

might be valuable daily preventive measures

against RAS. These results could provide

new insights into the prevention and treat-

ment of RAS.
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