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Objectives: Inflammatory bowel disease (IBD) may be associated with oral diseases, but few relevant studies have been
reported in China. This study aimed to compare the prevalence, severity and extent of dental caries and periodontal
disease in Chinese IBD patients and healthy controls. Materials and methods: In this cross-sectional study, question-
naires and oral examinations were completed for 389 IBD patients [265 with Crohn’s disease (CD) and 124 with
ulcerative colitis (UC)] and 265 healthy controls based on the established criteria of the World Health Organization.
Tobit regression, multiple linear regression and logistic regression were performed to analyse the data. Results: After
adjusting for confounders, the decayed, missing and filled surfaces indices were significantly increased in the CD and
UC patients compared with those in the controls (P < 0.001). Patients with CD [odds ratio (OR) = 4.27, 95% confi-
dence interval (95% CI): 2.63–6.95, P < 0.001] and UC (OR = 2.21, 95% CI: 1.24–3.94, P = 0.007) had significantly
higher risks of dental caries than controls. Significantly higher percentages of sites with probing pocket depth ≥ 5 mm
and clinical attachment loss ≥ 4 mm were observed in CD and UC patients compared with controls (P < 0.001). A
fully adjusted model revealed that CD and UC were risk indicators for periodontitis (OR = 4.46, 95% CI: 2.50–7.95,
P < 0.001; OR = 4.66, 95% CI: 2.49–8.71, P < 0.001, respectively). No significant differences in dental caries and
periodontal disease were observed between the CD and UC patients. Conclusions: Chinese IBD patients have a higher
prevalence, severity and extent of dental caries and/or periodontal disease than controls, and require oral health educa-
tion and multidisciplinary treatment.
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INTRODUCTION

Dental caries and periodontal disease are the two
most prevalent forms of chronic oral diseases, and
not only affect oral physiological function and phys-
ical appearance but are also associated with sys-
temic diseases, including diabetes, cardiovascular
diseases, osteoporosis and respiratory diseases1,2. In
recent years, a number of reports have examined
the association between oral diseases and digestive
diseases, especially inflammatory bowel disease
(IBD)4,5.
Inflammatory bowel disease is a chronic intestinal

inflammatory illness comprising two main disease
entities—Crohn’s disease (CD) and ulcerative colitis

(UC)—the aetiology and pathogenesis of which are
not fully clear, although the immune system, genetics
and environmental factors have all been found to play
a role6. According to epidemiological studies, the
prevalence and incidence of IBD in North America
and northern Europe are the highest in the world7. As
the economic status and dietary structures of the gen-
eral public continue to improve in developing coun-
tries, the incidence of IBD in Asia has gradually
increased8. In China, the incidences of UC and CD
are approximately 1.18/100,000 and 0.40/100,0009.
IBD preferentially manifests in the second and fourth
decades of life, and can affect any part of the
gastrointestinal tract. Clinical manifestations of
IBD include abdominal pain, diarrhoea, fever,
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haematochezia and perianal abscesses10. In addition,
the course of IBD is usually lengthy and can be
accompanied by a variety of systemic diseases that
compromise the physical and mental health of patients
and impose tremendous economic burdens on patients
and the medical system11.
Approximately 16.7%–40% of IBD patients have at

least one extraintestinal manifestation, and the oral
cavity is one of the most frequently affected areas4. In
1969, Dudeney12 first reported granulomatous inflam-
mation of the buccal mucosa in a CD patient. Since
then, multiple studies have confirmed that IBD
patients have an increased prevalence of dental caries,
periodontitis, some oral mucosal diseases and oral
symptoms compared with non-IBD patients13–15.
However, some studies have reported different conclu-
sions16,17. Widely varying prevalence rates of oral
manifestations in CD and UC patients have been
reported, ranging from 0.5% to 37%, and these mani-
festations may precede, coincide with, or follow the
onset of intestinal symptoms18,19. Few large-scale clin-
ical studies of the association between IBD and oral
diseases among Chinese populations are available20,21.
Thus, in the present study, we aimed to compare the
prevalence, severity and extent of dental caries and
periodontal disease between Chinese IBD patients and
healthy controls, and to identify related risk factors.
The results will provide guidance on oral health edu-
cation and multidisciplinary treatment for IBD
patients, with the ultimate goal of relieving the bur-
den of IBD and improving patients’ quality of life.

MATERIALS AND METHODS

Study design and sample

This cross-sectional study was registered and
reviewed in the Chinese Clinical Trial Register
(ChiCTR1800018971), and was conducted in full
accordance with ethical principles, including the
World Medical Association Declaration of Helsinki.
The study was approved by the Ethics Committee of
the First Affiliated Hospital of Sun Yat-sen University
[no. (2018) 216]. The participants enrolled in this
study signed written informed consent forms before
beginning the investigations. The sample was deter-
mined using Power Analysis and Sample Size (PASS)
version 12 (NCSS, Kaysville, UT, USA) with a 0.05
significance level and an 80% power based on the
results of previous studies13–15. We collected data
from 389 outpatients or inpatients with IBD (265
with CD and 124 with UC) in the Center for Inflam-
matory Bowel Disease of the First Affiliated Hospital
and the Sixth Affiliated Hospital of Sun Yat-sen
University from March 2018 to April 2019. The diag-
nosis and evaluation of IBD activity were based on

the Third European Evidence-based Consensus on
Diagnosis and Management of Crohn’s Disease and
Ulcerative Colitis22,23. During the same period, 265
age- and sex-matched healthy individuals with no
symptoms or signs of IBD were selected as controls at
the two hospitals. All participants were older than
18 years. The exclusion criteria were as follows: those
who refused or whose families refused participation in
this study; those who had cognitive impairments;
those who were diagnosed with other systemic dis-
eases; those who were pregnant or lactating; those
who were edentulous or had fixed orthodontic appli-
ances; and those who had undergone periodontal
treatments or who had been taking antibiotics within
the preceding 3 months.

Questionnaires

According to ‘Oral Health Survey: Basic Methods’
published by the WHO (5th edition)24 and the Fourth
Oral Health Survey in China25, a questionnaire was
designed that included the following items: age, sex,
level of education, smoking status, dietary habits, oral
hygiene behaviours, the year of IBD diagnosis, types
of medications used, and other factors. The question-
naires were distributed on-site to the participants by
trained investigators (J.M. Zhou, S. Chen and Y.F.
Zhang) who provided instructions for filling out the
forms and collected the completed surveys.

Oral examinations

All permanent teeth (except for the third molars) of
each participant were examined by the same dentist
(L.M. Zhang) using a mouth mirror and a periodontal
probe (PCPUNC1561-15mm, Hu-Friedy, Chicago, IL,
USA) based on the ‘Oral Health Survey: Basic Meth-
ods’ published by WHO (5th edition)24. Various
parameters were recorded as follows: the numbers of
decayed, missing and filled teeth (DMFT); decayed
teeth (DT); missing teeth (MT); filled teeth (FT);
decayed, missing and filled surfaces (DMFS); decayed
surfaces (DS); missing surfaces (MS); filled surfaces
(FS); probing pocket depth (PD); clinical attachment
loss (CAL); bleeding on probing (BOP); gingival reces-
sion (GR); the gingival index (GI); the plaque index
(PLI); and the calculus index (CI). PD, CAL, GR and
BOP were measured at six sites on each tooth (mesial,
distal and middle sites of the buccal and lingual sides).
The GI and PLI were evaluated at four sites per tooth
(disto-buccal, mid-buccal, mesio-buccal and mid-lin-
gual), and the CI was examined at the buccal and lin-
gual surfaces of each tooth. For each individual, the
mean values for the individual measurements were
calculated and regarded as the representative value for
that participant. The diagnostic criterion for
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periodontitis is ≥ 2 interproximal sites with CAL ≥
3 mm, and ≥ 2 interproximal sites with PD ≥ 4 mm
(not on the same tooth), or ≥ 1 site with PD ≥
5 mm26. A standard consistency test was performed
by the dentist (L.M. Zhang) prior to the clinical
examination. The kappa values for the status of den-
tal caries and PD were 0.88 and 0.74, respectively.

Statistical analyses

Statistical analyses were performed using the software
packages SPSS version 25 (IBM, Armonk, NY, USA)
and R version 3.5.3 (The R Foundation for Statistical
Computing, Auckland, New Zealand). For continuous
variables, data are presented as the means and stan-
dard deviations or as medians and interquartile
ranges, and groups were compared using an analysis
of variance or the Kruskal–Wallis test depending on
the presence or absence of a normal distribution,
respectively. Count data are reported as percentages
or ratios, and intergroup comparisons were conducted
using the v2 test or the Kruskal–Wallis test. For uni-
variate analyses, Tobit regression models or multiple
linear regression models were used to compare differ-
ences in dental caries and periodontal parameters
among the CD and UC patients and controls after
adjusting for confounders including age, sex, educa-
tion level, smoking and the daily frequency of tooth-
brushing according to the type of data. Tobit regres-
sion models were used to compare differences in the
mean values of the DMFT, DMFS, DT, MT, FT, DS,
MS, FS, CAL and GR, as well as the percentages of
sites with a PD ≥ 4 mm and 5 mm, CAL ≥ 3 mm and
4 mm, and GR ≥ 1 mm and 2 mm among the three
groups after adjusting for the confounders mentioned
above. The mean values of PD, GI and PLI and the
percentages of sites with BOP and CI were converted
into dependent variables through a logarithmic trans-
formation. Then, multiple linear regression models
were used to compare differences in those dependent
variables among the three groups after adjusting for
the confounders mentioned above. Binary logistic
regression analyses were used to determine the associ-
ations of CD and UC (independent variable) with den-
tal caries or periodontitis (dependent variable) after
adjusting for the confounders mentioned above. The
enter method was used to select the important inde-
pendent variables, including CD, UC, age, sex, educa-
tion level, smoking and the daily frequency of tooth-
brushing. A P-value < 0.05 was considered statistically
significant. Adjusted odds ratios (ORs) and their 95%
confidence intervals (95% CIs) were reported. The
parameters associated with dental caries and peri-
odontal disease were compared among the three
groups using Bonferroni correction.

RESULTS

Study populations

Ultimately, 654 participants were included in this
study, 265 of whom had CD (170 males and 95
females, with an age range of 18–68 years), while 124
had UC (75 males and 49 females, with an age range
of 18–75 years) and 265 served as controls (150
males and 115 females, with an age range of 19–
67 years). The demographic data of these participants
are presented in Table 1. No differences were found
among the three groups regarding age (P = 0.298)
and sex (P = 0.206). No significant differences in dis-
ease activity or the time of diagnosis were observed
between CD and UC patients (P > 0.05). The dietary
habits of these participants are shown in Table 2. The
frequency of daily meals did not differ significantly
among the three groups (P = 0.443), and patients
with CD and UC consume fewer sugary foods than
controls (P ≤ 0.001).

Dental caries assessment

The prevalence of dental caries was higher in IBD
patients than in controls (85.6% vs. 68.0%,
P < 0.001), and the values were 87.5% and 81.5%
in CD and UC patients, respectively. The mean value
of DMFT was increased in IBD patients compared
with controls (mean difference: 2.71, 95% CI: 2.18–
3.25, P < 0.001). The dental caries status of these
participants are listed in Table 3. According to Tobit
regression analyses, the mean DMFT, DMFS, DT,
DS and MT were all significantly higher in CD and
UC patients than those in controls after adjusting for
confounding factors (P < 0.05). No significant differ-
ences in the above parameters for dental caries were
observed between the CD and UC patients (P
> 0.05).

Periodontal disease assessment

A higher prevalence of periodontitis was observed in
IBD patients than in controls (37.5% vs. 19.2%,
P < 0.001), and the values were 31.3% and 50.8% in
CD and UC patients, respectively. The periodontal
status of the participants are listed in Table 4. After
adjusting for confounding factors, the mean PD, CAL,
GI and PLI, and the percentages of sites with a PD ≥
5 mm, CAL ≥ 4 mm, GR ≥ 2 mm, BOP and a CI
were all increased in CD and UC patients compared
with those in controls (P < 0.001). Significant differ-
ences in the parameters of periodontal disease were
not observed between patients with CD and UC (P
> 0.05).
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Binary logistic regression analysis

The results of binary logistic regression analyses are
presented in Table 5. After adjustment for confound-
ing factors, including age, sex, education level, smok-
ing and the daily frequency of tooth-brushing, the
risk of dental caries was increased for IBD patients
compared with that for controls (OR = 3.45, 95%
CI: 2.25–5.31, P < 0.001). CD, UC, female sex and
tooth-brushing less than twice per day were risk indi-
cators for dental caries (P < 0.05). Moreover, com-
pared with controls, the risk of periodontitis was
increased in IBD patients (OR = 4.54, 95% CI:
2.66–7.76, P < 0.001), and the risk indicators for
periodontitis were CD, UC and age (P < 0.001). A
further analysis of patients with CD and UC revealed
that the activity, duration and drug treatment of IBD
were not risk indicators for dental caries and peri-
odontitis.

DISCUSSION

A meta-analysis of nine cross-sectional surveys
revealed that the DMFT index of IBD patients was
significantly greater than that of non-IBD patients
(mean difference: 3.85), which did not include Chi-
nese IBD patients13. To investigate the prevalence of
dental caries among Chinese IBD patients, we con-
ducted this study and found that the DMFT index in

IBD patients was 2.71-higher than that in controls.
Gr€ossner-Schreiber et al.16 reported a 2.37-times
higher risk of dental caries in German IBD patients
than that in controls. Our study found similar results,
as the risk of dental caries was 3.45 times higher in
IBD patients than in controls. We found that the
mean values for DMFT, DMFS, DT, DS and MT
were higher in patients with CD and UC than in con-
trols, consistent with the findings of most previous
studies27,28.
One of the major manifestations of IBD is food

intolerance, which may also be one of the causes of
the disease30. In our survey, the common poorly toler-
ated foods among IBD patients were dairy products,
fried food, spicy food and cold food, similar to the
results of a Korean study31. However, the positive
percentage of food intolerance in IBD patients
(52.4%) in our study was lower than in a report from
Spain, which found that 77% of patients avoided
some foods to prevent disease relapse32. In addition,
surveys in other countries have found that IBD
patients often adopt a diet of small, frequent meals
and tend to consume more refined carbohydrates and
sugary food, which was considered one of the causes
of caries susceptibility in IBD patients29,33,34. By con-
trast, in our study, the frequency of daily meals did
not differ significantly among the three groups, and
patients with CD and UC may consume fewer sugary
foods than controls. Currently, most investigators

Table 1 Demographics of the study population

Variables Controls (n = 265) CD (n = 265) UC (n = 124) P-value

Age (years), M (IQR) 26 (25–47) 29 (25–38) 39 (27–40) 0.298*
Gender, n (%) 0.206†

Male 150 (56.6) 170 (64.2) 75 (60.5)
Female 115 (43.4) 95 (35.8) 49 (39.5)
Education, n (%) < 0.001†

Less than junior college 78 (29.4) 119 (44.9) 80 (64.5)
Junior college or more 187 (70.6) 146 (55.1) 44 (35.5)
Smoking, n (%) 0.003†

Current smoker 22 (8.3) 21 (7.9) 14 (11.3)
Ex-smoker 17 (6.4) 36 (13.6) 23 (18.5)
Non-smoker 226 (85.3) 208 (78.5) 87 (70.2)
Frequency of tooth-brushing per day, n (%) < 0.001†

< 2 times 57 (21.5) 111 (41.9) 54 (43.5)
≥ 2 times 208 (78.5) 154 (58.1) 70 (56.5)
Active disease, n (%) � 96 (36.2) 49 (39.5) �
Time of diagnosis (years), n (%) �
< 3 years � 130 (49.1) 61 (49.2)
3–9 years � 105 (39.6) 48 (38.7)
> 9 years � 30 (11.3) 15 (12.1)
Pharmacotherapy, n (%) �
Untreated 265 (100.0) 17 (6.4) 4 (3.2)
Under salicylate therapy � 26 (9.8) 68 (54.8)
Under corticosteroids therapy � 10 (3.8) 18 (14.5)
Under immunosuppressant therapy � 106 (40.0) 27 (21.8)
Under biological therapy � 106 (40.0) 7 (5.7)

CD, Crohn’s disease; M (IQR), median (interquartile range); UC, ulcerative colitis.
P: the significance of differences among the controls and patients with CD and UC. Significant results (P < 0.05) are highlighted in bold.
*Kruskal–Wallis test.
†v2 test.
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Table 2 Dietary habits of the study population

Variables Controls CD UC
n (%) n (%) n (%) P P1 P2 P3

Meal frequency per day 0.443
≤ 2 times 33 (12.5) 34 (12.8) 13 (10.5)
3 times 214 (80.8) 204 (77.0) 97 (78.2)
4 times 14 (5.3) 21 (7.9) 13 (10.5)
5 times 4 (1.5) 6 (2.3) 1 (0.8)
Consumption of more meals per day but less food at each meal 0.072
Never 33 (12.5) 17 (6.4) 14 (11.3)
Occasionally 173 (65.3) 175 (66.0) 75 (60.5)
Often 47 (17.7) 53 (20.0) 28 (22.6)
Almost everyday 12 (4.5) 20 (7.5) 7 (5.6)
Frequency of eating dessert and candies ( biscuit, cake, bread) < 0.001 0.001 < 0.001 0.060
Seldom/never 53 (20.0) 84 (31.7) 50 (40.3)
1–3 times/month 63 (23.8) 71 (26.8) 34 (27.4)
1 time/week 53 (20.0) 42 (15.8) 21 (16.9)
2–6 times/week 63 (23.8) 46 (17.4) 16 (12.9)
1 time/day 24 (9.1) 12 (4.5) 2 (1.6)
≥ 2 times/day 9 (3.4) 10 (3.8) 1 (0.8)
Frequency of consuming sweetened drinks (syrup, sodas, fruit juice) < 0.001 < 0.001 < 0.001 0.158
Seldom/never 65 (24.5) 121 (45.7) 67 (54.0)
1–3 times/month 65 (24.5) 53 (20.0) 23 (18.5)
1 time/week 54 (20.4) 31 (11.7) 18 (24.5)
2–6 times/week 61 (23.0) 43 (16.2) 12 (9.7)
1 time/day 14 (5.3) 13 (4.9) 4 (3.2)
≥ 2 times/day 6 (2.3) 4 (1.5) 0 (0.0)
Frequency of consuming sweetened milk, yogurt and coffee < 0.001 < 0.001 < 0.001 0.756
Seldom/never 37 (14.0) 85 (32.1) 52 (41.9)
1–3 times/month 48 (18.1) 59 (22.3) 25 (20.2)
1 time/week 52 (19.6) 33 (12.5) 9 (7.3)
2–6 times/week 94 (35.5) 68 (25.7) 24 (19.4)
1 time/day 24 (9.1) 18 (6.8) 13 (10.5)
≥ 2 times/day 10 (3.8) 2 (0.8) 1 (0.8)
Frequency of eating fruits 0.325
Seldom/never 5 (1.9) 16 (6.0) 5 (4.0)
1–3 times/month 17 (6.4) 19 (7.2) 10 (8.1)
1 time/week 38 (14.3) 36 (13.6) 17 (13.7)
2–6 times/week 121 (45.7) 112 (42.3) 46 (37.1)
1 time/day 62 (23.4) 54 (20.4) 35 (28.2)
≥ 2 times/day 22 (8.3) 28 (10.6) 11 (8.9)
Frequency of eating cereals and tubers 0.892
1 time/day 3 (1.1) 2 (0.8) 1 (0.8)
≥ 2 times/day 262 (98.9) 263 (99.2) 123 (99.2)
Frequency of eating vegetables 0.021 1.000 0.040 0.028
Seldom/never 1 (0.4) 4 (1.5) 1 (0.8)
1–3 times/month 8 (3.0) 5 (1.9) 1 (0.8)
1 time/week 12 (4.5) 9 (3.4) 2 (1.6)
2–6 times/week 54 (20.4) 44 (16.6) 16 (12.9)
1 time/day 66 (24.9) 83 (31.3) 30 (24.2)
≥ 2 times/day 124 (46.8) 120 (45.3) 74 (59.7)
Frequency of eating beans 0.009 0.020 0.044 1.000
Seldom/never 22 (8.3) 49(18.5) 23 (18.5)
1–3 times/month 56 (21.1) 56 (21.1) 27 (21.8)
1 time/week 75 (28.3) 66 (24.9) 32 (25.8)
2–6 times/week 92 (34.7) 79 (29.8) 36 (29.0)
1 time/day 15 (5.7) 12 (4.5) 5 (4.0)
≥ 2 times/day 5 (1.9) 3 (1.1) 1 (0.8)
Frequency of eating eggs 0.236
Seldom/never 1 (0.4) 0 (0.0) 0 (0.0)
1–3 times/month 8 (3.0) 8 (3.0) 6 (4.8)
1 time/week 21 (7.9) 21 (7.9) 10 (8.1)
2–6 times/week 45 (17.0) 44 (16.6) 16 (12.9)
1 time/day 41 (15.5) 65 (24.5) 36 (29.0)
≥ 2 times/day 9 (3.4) 11 (4.2) 3 (2.4)
Frequency of eating fish 0.325
Seldom/never 15 (5.7) 21 (7.9) 12 (9.7)
1–3 times/month 43 (16.2) 33 (12.5) 17 (13.7)
1 time/week 58 (21.9) 58 (21.9) 29 (23.4)

(continued)
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believe the possible reasons for the generally higher
prevalence of dental caries in IBD patients are changes
in saliva and the microbial flora of the oral cavity,
dietary habits, and malnutrition caused by deficiencies
in iron, zinc, magnesium, folic acid, vitamin B12 and
vitamin D28,35,36. Therefore, the cause of the
increased susceptibility to dental caries among Chi-
nese IBD patients require further investigation.

Inflammatory bowel disease was associated with a
higher risk of periodontitis in 332 of 1,000 patients
compared with healthy patients (OR = 4.55, 95% CI:
3.00–6.91) in a meta-analysis13. After adjusting for
age and the number of missing teeth, Habashneh
et al.15 found 4.9-fold and 7.0-fold higher risks of
periodontitis in CD and UC patients than those in
controls, respectively, in a case-control study of 160

Table 2 continued

Variables Controls CD UC
n (%) n (%) n (%) P P1 P2 P3

2–6 times/week 123 (46.4) 113 (42.6) 56 (45.2)
1 time/day 16 (6.0) 25 (9.4) 8 (6.5)
≥ 2 times/day 10 (3.8) 15 (5.7) 2 (1.6)
Frequency of eating livestock and poultry meat
Seldom/never 5 (1.9) 16 (6.0) 4 (3.2) 0.280
1–3 times/month 23 (8.7) 22 (8.3) 16 (12.9)
1 time/week 47 (16.6) 42 (15.8) 23 (18.5)
2–6 times/week 146 (55.1) 132 (49.8) 57 (46.0)
1 time/day 35 (13.2) 35 (13.2) 17 (13.7)
≥ 2 times/day 12 (4.5) 18 (6.8) 7 (5.6)
Frequency of eating fried food
Seldom/never 72 (27.2) 152 (57.4) 83 (66.9) < 0.001 < 0.001 < 0.001 0.569
1–3 times/month 85 (32.1) 61 (23.0) 22 (17.7)
1 time/week 59 (22.3) 25 (9.4) 14 (11.3)
2–6 times/week 44 (16.6) 24 (9.1) 4 (3.2)
1 time/day 4 (1.5) 1 (0.4) 1 (0.8)
≥ 2 times/day 1 (0.4) 2 (0.8) 0 (0.0)
Avoiding some food 50 (18.9) 142 (53.6) 62 (50.0) < 0.001 < 0.001 < 0.001 1.000
Kinds of food avoided
High-fibre food 1 (0.4) 20 (7.5) 3 (2.4) < 0.001 < 0.001 0.291 0.138
Milk products 4 (1.5) 10 (3.8) 9 (7.3) 0.016 0.312 0.018 0.411
Greasy food 5 (1.9) 22 (8.3) 9 (7.3) 0.003 0.003 0.048 1.000
Seafood products 6 (2.3) 17 (6.4) 10 (8.1) 0.022 0.027 0.021 1.000
Spicy food 8 (3.0) 66 (24.9) 36 (29.0) < 0.001 < 0.001 < 0.001 1.000
Cold food 2 (0.8) 18 (6.8) 6 (4.8) 0.002 < 0.001 0.045 1.000

P: the significance of differences among the controls and patients with CD and UC was analysed by the Kruskal–Wallis test or the v2 test, while
pairwise comparisons were performed using Bonferroni correction.
P1: the significance of the differences between patients with CD and controls; P2: the significance of the differences between patients with UC
and controls; P3: the significance of the differences between patients with CD and UC.
Significant results (P < 0.05) are highlighted in bold.
CD, Crohn’s disease; UC, ulcerative colitis.

Table 3 Tobit regression analyses of the severity and extent of dental caries parameters in groups stratified by dis-
ease status

Variables CD (n = 265)
Median (IQR)

P1 Controls (n = 265)
Median (IQR)

P2 UC (n = 124)
Median (IQR)

P3

DMFT 5.00 (2.00–7.00) < 0.001 2.00 (0.00–3.00) < 0.001 4.00 (2.00–7.00) 0.711
DMFS 7.00 (3.00–16.00) < 0.001 2.00 (0.00–5.00) < 0.001 6.00 (2.00–15.00) 0.154
DT 3.00 (1.00–6.00) < 0.001 0.00 (0.00–1.00) < 0.001 2.00 (1.00–5.00) 0.330
MT 0.00 (0.00–1.00) < 0.002 0.00 (0.00–0.00) < 0.002 0.00 (0.00–1.00) 0.300
FT 0.00 (0.00–2.00) 0.724 0.00 (0.00–1.00) 1.000 0.00 (0.00–1.00) 0.716
DS 5.00 (2.00–9.00) < 0.001 0.00 (0.00–2.00) < 0.001 4.00 (1.00–8.00) 0.773
MS 0.00 (0.00–5.00) < 0.001 0.00 (0.00–0.00) 0.061 0.00 (0.00–5.00) 0.280
FS 0.00 (0.00–3.00) 0.126 0.00 (0.00–2.00) 1.000 0.00 (0.00–2.00) 0.126

After adjusting for age, sex, education level, smoking and the daily frequency of tooth-brushing, P-values were obtained from Tobit regression
analyses, while pairwise comparisons were performed using Bonferroni correction.
P1: significance of the differences between patients with CD and controls; P2: significance of the differences between patients with UC and con-
trols; P3: significance of the differences between patients with CD and UC.
Significant results (P < 0.05) are highlighted in bold.
CD, Crohn’s disease; DMFS, decayed, missing and filled surfaces; DMFT, decayed, missing and filled teeth; DS, decayed surfaces; DT, decayed
teeth; FS, filled surfaces; FT, filled teeth; IQR, interquartile range; MS, missing surfaces; MT, missing teeth; UC, ulcerative colitis.
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IBD patients and 100 healthy subjects in Jordan. In
our study, the prevalence of periodontitis in IBD
patients was 37.5%, and the risk of periodontitis in
IBD patients was 4.54-times higher than in controls,
similar to previous reports13–15. However, Gr€ossner-
Schreiber et al.16 failed to detect any distinct differ-
ences in the prevalence of periodontitis and the mean
value of PD between IBD patients and controls in
Germany. A potential explanation for these different
results is the partial-mouth periodontal examination
(PMPE) performed in the study by Gr€ossner-Schreiber,
which assessed only four sites of all teeth in two
quadrants. PMPE underestimates the prevalence of
periodontitis38, and misjudges (under- or overesti-
mates) the severity and extent of periodontitis39,40. In
the present study, we used the ‘gold-standard’ for sur-
vey examinations, full-mouth periodontal examina-
tions, to accurately determine the periodontal status
of the participants. In addition, the different results
between our study and Gr€ossner-Schreiber’s study
may also be due to differences in ethnicity, education
levels, and social and cultural environments.
By evaluating the severity and extent of periodontal

disease, we identified significantly higher mean values
for PD, CAL, the GI and BOP, as well as higher per-
centages of sites with a PD ≥ 5 mm, CAL ≥ 4 mm and
GR ≥ 2 mm in patients with CD and UC than those
in controls. These findings are inconsistent with a
report by Flemmig et al.17 in which the mean CAL
was lower in patients with IBD than in the general
population, although the difference was not

statistically significant. The study by Flemmig lacked
a control group, and their results were compared with
epidemiological data from the Oral Health of United
States Adults. In our survey, we established age- and
sex-matched controls, and set strict inclusion and
exclusion criteria for participants to minimise selec-
tion bias. Common confounders, namely, age, sex,
education level, smoking, and the daily frequency of
tooth-brushing, were controlled for in the multivariate
statistical analysis.
Habashneh et al.15 and Brito et al.28 reported a

higher prevalence and severity of periodontitis in UC
patients than in CD patients. The authors proposed
that the differences were related to the different
pathophysiological mechanisms of the two diseases, as
CD is possibly mediated by Th1 and Th17, whereas
UC may be mediated by Th241. In our study, after
adjusting for confounding factors, significant differ-
ences in the prevalence and severity of periodontal
disease were not observed between CD and UC
patients. In addition, we reassessed the prevalence of
periodontitis in CD and UC patients using the diag-
nostic criteria for periodontitis described by Habash-
neh et al. and Brito et al., respectively, to analyse
whether the use of different diagnostic criteria for
periodontitis generated different results. However, we
did not detect any difference in the prevalence of peri-
odontitis between CD and UC patients. A retrospec-
tive study of 3,100 Chinese UC patients suggested
that most UC patients in China had mild to moderate
disease. Additionally, extraintestinal manifestations,

Table 4 Multiple linear regression and Tobit regression analyses of the severity and extent of periodontal disease
parameters in groups stratified by disease status

Variables CD (n = 265)
Median (IQR)

P1 Controls (n = 265)
Median (IQR)

P2 UC (n = 124)
Median (IQR)

P3

Average
PD 1.89 (1.68–2.22) < 0.001 1.54 (1.37–1.73) < 0.001 2.10 (1.83–2.40) 0.902
CAL 0.01 (0.00–0.17) < 0.001 0.00 (0.00–0.02) < 0.001 0.14 (0.01–0.38) 1.000
GR 0.00 (0.00–0.01) 0.007 0.00 (0.00–0.00) 0.173 0.00 (0.00–0.09) 1.000
GI 0.39 (0.22–0.61) < 0.001 0.07 (0.02–0.13) < 0.001 0.47 (0.27–0.72) 0.183
PLI 0.68 (0.47–0.94) < 0.001 0.28 (0.19–0.43) < 0.001 0.70 (0.54–0.98) 0.885
Percentage of sites with
PD ≥4 mm 0.00 (0.00–4.86) < 0.001 0.00 (0.00–0.00) < 0.001 2.38 (0.00–9.49) 0.458
PD ≥5 mm 0.00 (0.00–0.60) < 0.001 0.00 (0.00–0.00) < 0.001 0.00 (0.00–2.38) 1.000
CAL ≥3 mm 0.00 (0.00–2.38) 0.001 0.00 (0.00–0.00) < 0.001 1.85 (0.00–6.21) 1.000
CAL ≥4 mm 0.00 (0.00–0.00) < 0.001 0.00 (0.00–0.00) < 0.001 0.00 (0.00–1.19) 1.000
GR ≥1 mm 0.00 (0.00–1.23) 0.007 0.00 (0.00–0.00) 0.173 0.30 (0.00–5.28) 1.000
GR ≥2 mm 0.00 (0.00–0.00) < 0.001 0.00 (0.00–0.00) < 0.001 0.00 (0.00–2.47) 1.000
BOP 14.81 (7.69–28.57) < 0.001 2.38 (0.00–7.14) < 0.001 22.77 (10.71–33.33) 0.279
CI 53.57 (39.29–63.16) < 0.001 35.71 (21.43–51.85) < 0.001 58.01 (44.22–67.86) 0.847

After adjusting for age, sex, education level, smoking, and the daily frequency of tooth-brushing, the mean values for PD, GI, PLI, and the per-
centages of sites with BOP and CI were logarithmically transformed, and then multiple linear regression analyses were performed to compare
differences among the three groups. The remaining parameters were analysed using the Tobit regression model to compare intergroup differ-
ences. Pairwise comparisons were performed using Bonferroni correction.
P1: significance of the differences between patients with CD and controls; P2: significance of the differences between patients with UC and con-
trols; P3: significance of the differences between patients with CD and UC.
Significant results (P < 0.05) are highlighted in bold.
BOP, bleeding on probing; CAL, clinical attachment loss; CD, Crohn’s disease; CI, calculus index; GI, gingival index; GR, gingival recession;
IQR, interquartile range; PD, probing pocket depth; PLI, plaque index; UC, ulcerative colitis.
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complications, operative rates, mortality and the rate
of cancer development were all lower in Chinese UC
patients than those reported in studies performed in
other countries42. Therefore, we speculate that the
lack of difference in the prevalence of periodontal dis-
ease between patients with CD and UC observed in
our study may be due to the fact that UC patients in
China typically have a milder form of disease than
patients in Western countries. However, the exact
cause is still unclear, and further studies are war-
ranted to confirm this hypothesis.
Periodontal disease and IBD have been shown to

share common pathogenic mechanisms and risk fac-
tors as both involve complex interactions between
microorganisms and the host immune system43. On
the one hand, IBD can alter the periodontal flora.
Brito et al.44 found that IBD patients harbour higher
levels of bacteria in inflamed subgingival sites com-
pared with non-IBD patients. On the other hand, the
periodontal flora can disrupt intestinal function. Oral
administration of Porphyromonas gingivalis (strain
W83) in C57BL/6 mice had significant effects on the
composition of gut microbes and on the barrier func-
tion of the intestines, and led to the spread of intesti-
nal bacteria to the liver45. Recently, two cohort
studies conducted in Taiwan revealed an increased
risk of periodontitis in CD patients compared with
that in non-CD subjects [hazard ratio (HR) = 1.36,
95% CI: 1.25–1.48], and the risk of UC was also
increased in patients with periodontitis compared with
that in controls (HR = 1.56, 95% CI: 1.13–2.15),

indicating a two-way interaction between IBD and
periodontitis20,46. However, the specific mechanisms
of pathogenesis and interactions between the condi-
tions remain unclear. To date, no cohort studies on
IBD and periodontal disease have been conducted in
mainland China.
According to the questionnaire survey, although the

subjects had oral self-care awareness, most did not
properly perform oral hygiene behaviours, and < 15%
of the subjects used dental floss, interdental brushes or
oral irrigators. Additionally, more than half of the par-
ticipants had never seen a dentist, and only approxi-
mately 10% of the subjects had their teeth cleaned in
the past year. IBD patients had higher mean values of
PLI and dental CI than controls. These results suggest
that oral health education and effective treatment are
required for IBD patients, including the use of fluoride
toothpaste, brushing the teeth more often, and regular
dental checkups and prophylaxes.

Strengths and limitations

To our knowledge, this is the first large-scale clinical
study to reveal an association between oral diseases
and IBD in mainland China. The First Affiliated
Hospital of Sun Yat-sen University initially established
the Center for Inflammatory Bowel Disease in China,
which manages a large number of IBD patients.
According to the established criteria of the World
Health Organization and the Fourth Oral Health Sur-
vey in China, we designed a questionnaire and

Table 5 Binary logistic regression analyses of the differences in the prevalence of dental caries and periodontitis
among the disease groups

Variables Dental caries Periodontitis

OR (95% CI) P1 OR (95% CI) P2

Group
CD 4.27 (2.63–6.95) < 0.001 4.46 (2.50–7.95) < 0.001
UC 2.21 (1.24–3.94) 0.007 4.66 (2.49–8.71) < 0.001
Controls 1 (reference) 1 (reference)
Age (years) 1.02 (0.99–1.04) 0.174 1.12 (1.10–1.15) < 0.001
Gender
Female 1.97 (1.26–3.08) 0.009 0.83 (0.51–1.35) 1.000
Male 1 (reference) 1 (reference)
Education
Less than junior college 1.12 (0.70–1.78) 0.642 0.80 (0.51–1.27) 0.344
Junior college or more 1 (reference) 1 (reference)
Smoking
Current smoker 1.89 (0.86–2.15) 0.113 1.65 (0.80–3.38) 0.174
Ex-smoker 1.07 (0.55–2.11) 0.836 1.11 (0.57–2.15) 0.764
Non-smoker 1 (reference) 1 (reference)
Frequency of tooth-brushing per day
< 2 times 1.64 (1.07–2.52) 0.024 1.03 (0.66–1.63) 0.890
≥ 2 times 1 (reference) 1 (reference)

Binary logistic regression analyses were used to determine the associations of CD and UC (independent variable) with dental caries or periodon-
tal disease (dependent variable) after adjusting for age, sex, education level, smoking, and the daily frequency of tooth-brushing.
Significant results (P < 0.05) are highlighted in bold.
CD, Crohn’s disease; CI, confidence interval; OR, odds ratio; UC, ulcerative colitis.
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conducted a comprehensive oral examination of each
participant. In addition, we used several methods to
control confounders, including setting strict inclusion
and exclusion criteria, using a matching design, and
performing multivariate statistical analysis. This study
also has some limitations. First, the findings cannot
explain any causal relationship between oral diseases
and IBD because the cross-sectional study only pro-
vides a “single assessment” of the investigated diseases
without determining the temporal relationship
between exposure and outcomes. Second, participants
were recruited from two hospitals within the same
area. Therefore, the results may not be representative
of the general population, and selection bias may
exist. Well-designed, prospective controlled longitudi-
nal studies of patients with/without IBD and oral dis-
eases are needed to further clarify the interrelations
between IBD and oral diseases, as well as their com-
mon mechanisms of pathogenesis.

CONCLUSIONS

In conclusion, Chinese patients with IBD had an
increased risk of dental caries and periodontal dis-
ease and worse oral health, suggesting that monitor-
ing the oral health of IBD patients is particularly
important. Dentists and gastroenterologists should
understand the potential relationship among dental
caries, periodontal disease and IBD, and strengthen
oral health education and multidisciplinary treatment
for IBD patients to prevent the occurrence and devel-
opment of oral diseases and improve patients’ quality
of life.
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