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Abstract

Objective: The present review aimed to systematically eval-
uate the occurrence of caries in patients with inflammatory
bowel disease (IBD), either Crohn’s disease (CD) or ulcerative
colitis (UC), compared to healthy controls. Materials and
Methods: MEDLINE (PubMed), Embase, Google Scholar, LI-
LACS, and Cochrane Library electronic databases were
screened. Caries experience was measured through the De-
cayed, Missing, Filled Teeth (DMFT) index. The weighted
mean difference (WMD) with 95% confidence interval was
calculated between IBD patients and healthy controls. Re-
sults: Six studies were selected for the inclusion in the sys-
tematic review, 5 of which were also included in the quanti-
tative synthesis of data. The WMD in the DMFT index be-
tween IBD and healthy subjects was 3.04 (1.52, 4.56) (p =
0.10). Subgroup analysis showed no difference (p =0.31) be-
tween CD (2.52 [0.54, 4.49]) and UC (4.01 [1.52, 4.56]) sub-
jects. Conclusions: There is a remarkably higher past and
present occurrence of dental caries in subjects with IBD than

healthy controls. This result should encourage clinicians to
include oral health preventive programs in the overall treat-
ment plan of IBD patients. © 2021 S. Karger AG, Basel

Introduction

Within the definition of inflammatory bowel diseases
(IBD), 2 chronic, relapsing inflammatory processes of the
gastrointestinal tract are encompassed: Crohn’s disease
(CD) and ulcerative colitis (UC). While inflammation in
UC is characteristically described to involve both the co-
lonic mucosal surface [Ordas et al., 2012] and the oral
mucosa (in the form of aphthous stomatitis) [Dotson et
al., 2010; Ordas et al., 2012] in CD, it retains a nonuni-
form transmural extension along any part of the gastro-
intestinal tract [Baumgart and Sandborn, 2012]. The cur-
rent paradigm of IBD pathogenesis comprises a combina-
tion of aberrant immune response, genetic susceptibility,
gut dysbiosis, and environmental factors such as smok-
ing, antibiotics, oral contraceptives, and diet [Abraham
and Cho, 2009; Chapman-Kiddell et al., 2010]. The West-
ernization of lifestyle and diet, with considerably higher
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intake of refined sugars, was appointed as a key factor in
the escalating incidence of IBD across Europe and the rest
of the world [Ooi et al., 2016].

The most frequent symptoms of IBD include abdominal
pain, diarrhea, and rectal bleeding [Shivashankar and Lich-
tenstein, 2018]. Between 6% and 47% of patients were also
reported to develop extra-intestinal manifestations of IBD,
25% of which occurred a median time of 5 months prior to
IBD diagnosis and 75% occurred afterward [Vavricka et al.,
2015]. Extra-intestinal manifestations most frequently in-
clude arthropathies, skin diseases, cholangitis, and oral le-
sions such as aphthous ulcers and periodontitis. Indeed, a
recent meta-analysis showed that the odds of periodontitis
in IBD patients are 3-fold greater than those in IBD-free
controls [She et al., 2020]. Some studies also reported an
increased prevalence of dental caries in patients with IBD
[Rooney, 1984; Brito et al., 2008; Slebioda et al., 2011;
Vavricka et al., 2013; Szymanska et al., 2014].

Many hypotheses were proposed to explain the biolog-
ical plausibility of the link between IBD and caries. First
of all, some studies reported an increased salivary compo-
sition of Streptococcus mutans and Lactobacilli spp.in IBD
patients compared to IBD-free controls [Szymanska et al.,
2014; Rodrigues et al., 2019]. This observation may be re-
lated to either the dietary changes during the active phas-
es of IBD disease (i.e., increased sugar consumption)
[Jarnerot et al., 1983] and the gut dysbiosis with reduced
microbial diversity typical of both CD and UC. Nonethe-
less, the association between caries and IBD has not been
clearly elucidated yet. Confirmation of such association
would pave the way for the promotion of activities tar-
geted at the early detection and prevention of dental caries
since the moment of IBD diagnosis. Moreover, the cre-
ation of behavioral interventions targeted to the common
risk factors control [Sheiham and Watt, 2000] of IBD and
dental caries could implement the long-term manage-
ment of both diseases. Therefore, the current review aimed
to systematically evaluate the occurrence of caries in pa-
tients with IBD compared to IBD-free controls.

Methods

Protocol and Registration

The following systematic review was performed according to
the PRISMA statement [Page etal., 2021] and received the registra-
tion number from the Prospective Register of Systematic Reviews
(CRD42020213441).

Eligibility Criteria
Studies investigating the presence of caries in patients with ei-
ther CD or UC were included in the present review. The Popula-
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tion, Exposure, Control, Outcome, and Studies method was used
to identify the eligibility criteria:

The exclusion criteria of studies were as follows: reviews or reg-
ister study designs, lack of control group (healthy subjects), out-
come measure (DMFT), or disease definition (either CD or UC).

Information Sources

The search strategy included the screening of electronic data-
bases and hand searching in relevant journals and other sources,
for example, references in reviews related to our research question.
The screening and inclusion steps were reported according to the
PRISMA flow diagram [Page et al., 2021].

Electronic Search

MEDLINE, Embase, Google Scholar, LILACS, and Cochrane
Central Register of Controlled Trials electronic databases were
screened. A search in grey literature (OpenGrey) was also carried
out. The search strategy was built with a combination of MeSH
terms and free-text words. Only articles in English were consid-
ered for the inclusion in the study, while no publication date re-
strictions were applied during the search. The full electronic strat-
egy applied is reported for MEDLINE (through PubMed):

The search strategy was then modified for the other databases.

Hand Search

Hand search was performed independently by 2 calibrated in-
vestigators (C.M. and C.G.) in relevant journals (International
Endodontic Journal, Journal of Endodontics, Journal of Clinical
Periodontology, Journal of Periodontology, and Inflammatory Bow-
el Diseases) evaluating issues published between January 1980 and
April 2021. Other sources encompass narrative reviews and refer-
ences of relevant articles.

Study Selection

Articles were first screened by title and abstract by 2 indepen-
dent and calibrated reviewers (C.M. and C.G.) (unweighted Co-
hen’s kappa score of 0.90). Whenever information was not clear at
this stage, articles were selected for full-text analysis and reviewed
by both investigators according to the inclusion and exclusion cri-
teria. Any disagreement at this stage was resolved through discus-
sion with a third author (S.G.).

Data Collection Process

Data collection was carried out through an extraction sheet by
2 independent reviewers (C.M. and C.G.) during full-text analysis.
Study characteristics included: country, study design, matched
variables, number of participants (proportions of males and fe-
males), age, disease definition, disease activity (IBD), and dietary
habits (meal frequency). Authors were contacted whenever infor-
mation was unclear at this stage.

Data Items

The primary outcomes of the present review protocol were the
presence of caries in patients with IBD versus healthy subjects. The
presence of caries was evaluated through the DMFT index [World
Health Organization, 2013]. Weighted mean differences (WMDs)
in DMFT values between IBD and control subjects were then com-
puted.
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Fig. 1. PRISMA flow diagram summarizing all inclusion stages.

Risk of Bias in Individual Studies

Overall quality of the included studies was assessed with the
Newcastle-Ottawa Scale (NOS) for case-control studies [Wells et
al., 2009].

It encompasses 3 categories:

1. selection of cases and controls (4 items);

2. comparability of cases and controls on the basis of the design
or analysis (1 item);

3. exposure (3 items).

Each study was given a maximum of one star per each item of
the Selection and Exposure categories and a maximum of 2 stars
in the Comparability section. The overall quality for each study
was therefore assessed on a scale of 0-9 points. Whenever a sum-
mary score =5 was reached, the study was rated as moderate or
high quality. Cross-sectional studies were evaluated through the
Critical Appraisal Checklist for Analytical Cross-sectional studies
(Joanna Briggs Institute, University of Adelaide; http://joan-
nabriggs.org/research/critical-appraisal-tools.html); it consists of
8 questions with 4 possible answers: yes (“low risk of bias”), no
(“high risk of bias”), unclear (“unclear risk of bias”), and not ap-
plicable. Any disagreement between investigators at this stage was
resolved through discussion; in case consensus was not reached, a

Caries and Inflammatory Bowel Disease

third investigator (S.G.) was involved. Inter-examiners agreement
was calculated using the kappa score.

Summary Measures

Data were pooled for both qualitative and quantitative analysis.
The DMFT index was considered as the primary outcome measure
and reported as mean and standard deviation. Whenever it was not
present, an attempt was made to contact authors and obtain raw
data. The estimate of the effect was calculated as the WMD for the
DMFT index.

Risk of Bias across Studies

The overall quality of evidence at the outcome level (DMFT
index) was evaluated using the Grades of Recommendation, As-
sessment, Development, and Evaluation approach [Guyatt et al.,
2011]. The quality of evidence was rated on a four-level scale (very
low, low, moderate, and high) according to study design, risk of
bias, inconsistency, indirectness, and imprecision; each of these
items was given a judgment (very serious, serious, and not serious)
[Guyatt et al., 2009a]. On these grounds, the strength of recom-
mendation was deemed critical, important, or not important
[Guyatt et al., 2009b].
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NOS
score
Low
risk of
bias"

(No. of meals/day)

CD (No. of subjects):
<2 meals/day: 34 (12.8)
3 meals/day: 204 (77.0)
4 meals/day: 21 (7.9)

5 meals/day: 6 (2.3)

UC (No. of subjects):
<2 meals/day: 13 (10.5)
3 meals/day: 97 (78.2)
4 meals/day: 13 (10.5)
5 meals/day: 1 (0.8)
Controls (No. of subjects):
<2 meals/day: 33 (12.5)
3 meals/day: 214 (80.8)
4 meals/day: 14 (5.3)

5 meals/day: 4 (1.5)

Dietary habits

active disease
CD: 96 (36.2%)
UC: 49 (39.5%)

Subjects with
(IBD)

caries

DMFT,
DT, FT,
MTS

management of CD

Disease definition
and UC criteria

Third European
evidence-based
consensus on
diagnosis and

IBD

control
26 (25-47)*

Age, years, mean (SD)
CD: 29 (25—

UC: 39 (27-

40)*

IBD
38)*

variables participants
(M/F)
IBD: 389
CD: 265 (170/95)
UC: 124 (75/49)
Controls: 265
(150/115)

Matched No. of

Age, sex

Study
design
Cross-
sectional

Country

China
No., number; M, males; F, females; SD, standard deviation; IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis; DMFT, decayed missing filled teeth (permanent teeth);

nr, not reported; CDAI, Crohn'’s disease activity index; DT, decayed teeth; MT, missing teeth; FT, filled teeth; ys, years; NOS, Newcastle-Ottawa Scale. * Outcome reported as the median (interquar-
tile range). S Number of decayed, missing (for caries reasons), and filled teeth. " Critical Appraisal Checklist for Analytical Cross-sectional Studies, Joanna Briggs Institute, University of Adelaide.

Table 1 (continued)
et al. [2020]

Author,

year
Zhang

Caries and Inflammatory Bowel Disease

Synthesis of Results and Additional Analyses

All analyses were performed using an ad hoc statistical software
(version 16.1, STATA IC, Stata Corp) setting the level of signifi-
cance at a = 0.05. The Q test based on XZ statistics as well as the I?
index were used in order to identify the percentage of variation in
the global estimate attributable to heterogeneity. It was defined as:
absent (I%: 0-25%), low (I% 25.1-50%), moderate (I?: 50.1-75%),
or high (1% 75.1-100%). Due to the high heterogeneity across stud-
ies, the DerSimonian and Laird random-effect model [DerSimo-
nian and Laird, 1986] was applied to conduct the meta-analysis
using the means and standard deviations for DMFT values.

The DMFT index for each study was expressed as the WMD
with 95% confidence interval (95% CI) between cases and controls,
and then, a subgroup analysis was performed according to disease
definition (CD or UC). Publication bias was assessed through the
Egger’s test and visualized as funnel plot. Additionally, the jack-
knife sensitivity analysis omitted one study at a time and investi-
gated whether one study had an exaggerated effect on the pooled
estimates.

Results

Study Selection

Initial electronic search retrieved 1,333 records in
MEDLINE, 554 in Embase, 5,600 in Google Scholar, 7 in
Cochrane Central Register of Controlled Trials, and 0 in
OpenGrey and LILACS. Hand-search from relevant jour-
nals led to 5 additional articles and none from other
sources. After duplicates removal, 18 records were select-
ed at the abstract level according to the inclusion and ex-
clusion criteria. Thirteen full-text articles were assessed
for eligibility, 6 of which were included in the qualitative
analysis. All studies except for one [Zhang et al., 2020]
were included in the quantitative (meta-analysis) synthe-
sis of data. Reasons and timing of exclusion for each study
are presented in online supplementary File 1 (see www.
karger.com/do0i/10.1159/000519170 for all online suppl.
material). Investigators agreement for articles inclusion
resulted in a k score of 0.90. A PRISMA flow diagram
summarizing all inclusion stages is presented in Figure 1.

Study Characteristics

Characteristics of the included studies [Brito et al., 2008;
Slebioda et al., 2011; Vavricka et al., 2013; Szymanska et al.,
2014; Szczeklik et al., 2017; Zhang et al., 2020] are shown in
Table 1. Two studies were conducted in Poland [Slebioda et
al., 2011; Szczeklik et al., 2017], and the other 4 studies were
conducted in Brazil, Sweden, Switzerland, and China, re-
spectively, [Brito et al., 2008; Vavricka et al., 2013; Szyman-
ska et al., 2014; Zhang et al., 2020]. One study [Zhang et al.,
2020] had a cross-sectional design, while the others were
case-control studies [Brito et al., 2008; Slebioda et al., 2011;
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IBD Control

WMD Weight,
Study N mean SD N mean SD with 95% Cl %
Brito, 2008 (CD) 99 151 72 74 125 68 —— 2.60 [0.48, 4.72] 12.65
Slebioda, 2011(CD) 70 161 74 70 93 59 —— 6.80 [4.58, 9.02] 12.36
Szczeklik, 2017 71 146 403 61 1305 25 s B 1.55 [0.38, 2.72] 15.27
Szymanska, 2014 150 1324 796 75 131 65 — 0.14 [-1.94, 2.22] 12.76
Vavricka, 2013 (CD) 69 874 802 113 697 6.99 —— 1.77 [-0.44, 3.98] 12.36
Brito, 2008 (UC) 80 164 66 74 125 68 —— 3.90 [1.78, 6.02] 12.65
Slebioda, 2011 (UC) 25 155 72 70 93 59 —B— 6.20 [3.34, 9.06] 10.52
Vavricka, 2013 (UC) 44 916 798 113 697 699 —l— 2.19[-0.34, 4.72] 11.43
Overall L 4 3.04 [1.52, 4.56]
Heterogeneity: 12 = 3.57, 2 = 77.01%, H2 = 4.35 . - - )
Test of 6; = 6j: Q(7) = 30.44, p = 0.00 -5 0 5 10

Test of © = 0: z = 3.92, p = 0.00

Fig.2. DMFT levels (WMD 95% CI) in IBD versus healthy controls (Random-effects DerSimonian-Laird model).
DMEFT, Decayed, Missing, Filled Teeth; WMD, weighted mean difference; CI, confidence interval; IBD, inflam-
matory bowel disease.

IBD Control

WMD Weight,

Study N mean SD N mean SD with 95% Cl %
cD 12.65
Brito, 2008 (CD) 99 151 72 74 125 68 —l— 2.60 [0.48, 4.72]

12.36
Slebioda, 2011(CD) 70 161 74 70 93 59 — 6.80 [4.58, 9.02]

15.27
Szczeklik, 2017 71 146 403 61 1305 25 B 1.55 [0.38, 2.72]

12.76
Szymanska, 2014 150 1324 796 75 131 65 —— 0.14 [-1.94, 2.22]

12.36
Vavricka, 2013 (CD) 69 874 802 113 697 6.99 —— 1.77 [-0.44, 3.98]
Heterogeneity: 12 = 4.06, 12 = 81.63%, H2 = 5.44 [P
Test of 6; = 6: Q(4) = 21.77, p = 0.00
uc
Brito, 2008 (UC) 80 164 66 74 125 68 —— 3.90 [1.78, 6.02] 12.65
Slebioda, 2011 (UC) 25 155 72 70 93 59 —— 6.20 [3.34, 9.06] 10.52
Vavricka, 2013 (UC) 44 916 798 113 697 699 —— 2.19 [-0.34, 4.72] 11.43
Heterogeneity: 12 = 1.80, 12 = 52.74%, H2 = 2.12 e 2.19 [-0.34, 4.72]
Test of 6; = 67 Q(2) = 4.23, p = 0.12 4.01[1.92, 6.09]
Overall o 3.04 [1.52, 4.56]
Heterogeneity: 12 = 3.57, 12 = 77.01%, H2 = 4.35 r T T !
Test of 6; = 6;: Q(7) = 30.44, p = 0.00 -5 0 5 10

Test of group differences: Qu(1) = 1.03, p = 0.31

Fig. 3. Subgroup analysis according to disease definition (CD vs. UC) (Random-effects DerSimonian-Laird mod-
el). CD, Crohn’s disease; UC, ulcerative colitis; WMD, weighted mean difference; CI, confidence interval; IBD,
inflammatory bowel disease.
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Importance
CRITICAL

Moderate*
SISISIS)

quality

effect size (WMD)
3.04 (1.52, 4.56)

healthy
393

Summary of findings

Patients, n
IBD
608

considerations

other
None

indirectness  imprecision
Not serious Not serious

inconsistency
Not serious

Not serious

risk of bias

study design
Case-control

Settings: University clinics/hospitals (Brazil, Poland, Sweden, and Switzerland)

Exposure: diagnosis of any IBD (either CD or UC)

Table 2. Quality assessment using the GRADE approach
Comparison: IBD-free subjects

Decayed, missing, filled teeth (DMFT)

Population: human subjects

Quality assessment
Study groups, n

Caries and Inflammatory Bowel Disease

All quality assessments started from a “low” level due to the inclusion of observational studies. IBD, inflammatory bowel disease; WMD, weighted mean difference; OR, odds ratio; CD, Crohn's

disease; UC, ulcerative colitis; GRADE, grading of recommendations assessment development and evaluation; Cl, confidence interval. *Rated up by one level due to the large effect included in

the Cl.

Vavricka et al., 2013; Szymanska et al., 2014; Szczeklik et al.,
2017]. For the primary outcome (DMFT index), partici-
pants were a total of 997 IBD (age range: 29-46.1, propor-
tion of males/females: 547/450) and 658 healthy subjects
(age range: 26-48.6, proportion of males/females: 322/336).

Risk of Bias in Individual Studies

Inter-examiners agreement resulted in an unweighted
Cohen’s kappa score of 0.90. Individual and summary
scores according to the NOS for each study are presented
in online supplementary File 2. All studies, except for one
[Slebioda et al., 2011], resulted in a moderate to high
methodological quality (summary score >5). In the Selec-
tion category, 4 out of 5 studies lacked the definition of
controls (healthy subjects). On the other hand in the
Comparability category, all studies except for one
[Slebioda et al., 2011] matched cases and controls for at
least the most important factor (age); 3 studies out of 5
did not match patients for any additional factor (e.g., sex
and socioeconomic status)|[Brito et al., 2008; Slebioda et
al,, 2011; Vavricka et al., 2013]. In the Exposure category,
3 studies out of 5 had different nonresponse rates for the
2 groups [Brito et al., 2008; Slebioda et al., 2011; Szczeklik
et al., 2017]. The risk of bias assessment of the cross-sec-
tional study [Zhang et al., 2020] resulted in “low risk of
bias” for all 8 items (online suppl. File 3).

Results of Individual Studies and Synthesis of Data

One study [Zhang et al., 2020] was excluded from the
quantitative synthesis of data as the outcome measure
could not be computed through raw data analysis with the
available information. When comparing IBD to healthy
controls, the WMD (95% CI) in the DMFT index was 3.04
(1.52, 4.56) (p = 0.00) (shown in Fig. 2). Subgroup meta-
analysis according to disease definition (CD vs. UC) re-
sulted in a WMD (95% CI) of 2.52 (0.54, 4.49) for CD and
of 4.01 (1.92, 6.09) for UC (shown in Fig. 3). No statisti-
cally significant differences were found between the 2
subgroups (p = 0.31). No publication bias was detected
(p = 0.19); visual inspection of the funnel plot confirmed
the presence of a symmetrical distribution of studies (on-
line suppl. File 4). Results of the jack-knife sensitivity
analysis (online suppl. File 5) did not significantly influ-
ence effect estimates, which ranged between 1.16 and 5.10
and remained statistically significant.

Risk of Bias across Studies

Results of the Grades of Recommendation, Assessment,
Development, and Evaluation are presented in Table 2. All
quality assessments started from a “low” level due to the
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inclusion of observational studies [Guyatt et al., 2009a]. The
quality rating was rated up by one level due to the large ef-
fect included in the CI [Guyatt et al., 2009b]. Strength of
recommendation was rated as “critical” for the DMFT in-
dex.

Discussion/Conclusion

Summary of Evidence

The current systematic review focuses on the popula-
tion-based index of caries experience (DMFT) in patients
with IBD compared to healthy controls. Overall, results
showed significantly higher values of DMFT index in IBD
patients versus healthy controls (p < 0.05); subgroup me-
ta-analysis demonstrated no differences in the oral health
status of CD and UC patients.

The increased caries experience in CD and UC pa-
tients compared to systemically healthy subjects could be
attributed to various reasons. First of all, increased meal
frequency as well as higher sugar and carbohydrates in-
takes were reported forboth CD and UC patients [Jarnerot
et al., 1983; Schiitz et al., 2003; Grossner-Schreiber et al.,
2006; Szymanska et al., 2014; Glabska et al., 2019]. In par-
ticular, patients during the active phases of CD tend to eat
sugary foods more frequently as they plausibly ease the
gastrointestinal symptoms associated with disease exac-
erbation [Jarnerot et al., 1983]. Significantly higher daily
sugar intakes were recently demonstrated also for pa-
tients with UC in remission versus non-IBD controls
(mean: 20 g/day and 10.6 g/day, respectively) [Glabska et
al.,, 2019]. Only 2 of the included studies reported dietary
habits registered through a questionnaire [Szymanska et
al., 2014; Zhang et al., 2020]. Both studies did not high-
light significant differences as to meal frequency; none-
theless, Szymanska and coworkers [Szymanska et al.,
2014] demonstrated an increased consumption of sweet-
ened drinks between meals in CD compared to non-IBD
patients. Sugar consumption and meal frequency are un-
doubtedly related to caries risk [Sheiham and James,
2015]; indeed, they retain a huge variability across differ-
ent countries and regions. The highest DMFT values in
the present systematic review were registered in studies
conducted in Eastern Europe [Slebioda et al., 2011; Szc-
zeklik et al., 2017]. It can be hypothesized that sugar in-
take played a pivotal role in this observation. In fact, the
findings of a recent population-based cohort study from
the European Crohn’s and Colitis Organization (ECCO)
Epidemiological Committee (EpiCom), demonstrated a
significantly higher sugar intake in IBD patients from
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Eastern Europe than in those from Western Europe
[Burisch et al., 2014]. Nonetheless, sugar consumption
was not registered in neither of the 2 studies conducted
in Eastern Europe [Slebioda et al., 2011; Szczeklik et al.,
2017]. Additionally, changes in the salivary composition
were also found to play a key role in the higher caries ex-
perience detected in IBD patients [Szymanska et al., 2014;
Rodrigues et al., 2019]. Only one of the included studies
analyzed the salivary microbiological composition in CD
versus healthy subjects [Szymanska et al.,, 2014], thus
demonstrating higher concentrations of Streptococcus
mutans and Lactobacilli spp. in the saliva of CD patients
versus controls. This is consistent with previous reports
stating that while on one hand no variations of salivary
flow rate and buffering capacity are present [Sundh and
Emilson, 1989], on the other hand modifications in the
concentration of acidogenic bacteria take place in both
CD [Sundh and Emilson, 1989] and UC [Rodrigues et al.,
2019] patients. However, evidence with this regard is still
conflicting [Halme et al., 1993; Meurman et al., 1994].
Szymanska and coworkers [Szymanska et al., 2014] also
highlighted a significant difference in caries experience,
sweetened drinks consumption, and salivary counts of
cariogenic bacteria between CD patients undergoing re-
sective surgery and those who did not; hence, a relation-
ship between the severity of the disease (leading to the
need for surgery), a higher sugar intake, and thus an in-
creased caries experience is suggested.

Part of the observed heterogeneity could also have
been related to disease activity; as previously stated, IBD
patients were reported to increase sugar consumption es-
pecially during the active phases of the disease [Jarnerot
et al., 1983]. Only 2 of the included studies recorded this
information; in particular, Brito and coworkers [Brito et
al., 2008] reported that almost half of the cases had active
disease; moreover, Szczeklik and coworkers [Szczeklik et
al., 2017] recorded a mean CD Activity Index score which
is consistent with mildly active IBD [Jorgensen et al.,
2005]. Indeed, DMFT values reported by both studies
were among the highest for both CD and UC; therefore,
a further relationship between disease activity and caries
occurrence together with the mediating role of sugar in-
take can be hypothesized.

The present systematic review highlighted a burden-
some past and present caries experience as well as an ur-
gent need for dental treatments in patients with IBD;
these findings should encourage health-care providers
and policy makers to create oral health-care programs
targeted at a high-risk stratum of society like subjects di-
agnosed with IBD. In particular, these programs should
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entail behavioral interventions for risk factors control
(oral hygiene habits, sugar consumption, and meal fre-
quency), as well as a prompt intervention to prevent the
onset of the disease (primary prevention) or to treat the
disease while at the early stages (secondary prevention) in
order to avoid its clinical sequelae (e.g., apical periodon-
titis and tooth loss).

Level of Evidence

The body of evidence in individual studies was of mod-
erate to high quality overall. One study only resulted in low
quality [Slebioda et al., 2011], while all the other studies
achieved a NOS summary score consistent with moderate
or high methodological quality. The most frequently vio-
lated item was the definition of controls; in fact, many of
the included studies lacked an accurate description of the
comparison group, thus leaving to question whether con-
trol subjects were exposed to the same risk factors and con-
founders as the cases and whether they were representative
of the population that constituted the cases. Nonetheless,
the efficiency of the adjustment for confounders was in-
creased by matching [Stang, 2010]; indeed, all studies ex-
cept for one [Slebioda et al., 2011] matched for at least the
most important factor (age). On the other hand, around
half of the included studies had different numbers of IBD
and non-IBD respondents; the different nonresponse rate
was addressed by none of the studies, except for one [Szy-
manska et al., 2014], hence posing the risk for an overesti-
mation of the effect of the exposure on the outcome.

Despite all ratings started from “low level” because of
the observational nature of the included studies [Guyatt
et al., 2009a], the overall assessment resulted in “moder-
ate quality” due to the large effect included in the CI
[Guyatt et al., 2009b]. All in all, the strength of recom-
mendation as to the association between dental caries and
IBD was judged as “critical.” Therefore, these results
should serve as a call to action for clinicians to guide IBD
patients into structured oral health prevention and inter-
vention programs from the moment of IBD diagnosis.

Strengths and Limitations

The strengths of the present review encompass the
strict methodology used during every step according to
the most recent guidelines [Page et al., 2021] as well as the
fairly high number of included subjects (total of 1,655
subjects). Moreover, these findings constitute the first
metadata so far regarding caries experience in CD and
UC patients separately. However, it presents some inher-
ent limitations. First of all, a limited number of studies
was included and therefore heterogeneity, whenever

Caries and Inflammatory Bowel Disease

present, could not be fully addressed. In fact, a high
amount of heterogeneity may be due to some inherent
characteristics of the outcome variable (DMFT). Indeed,
DMEFT is a continuous-discrete variable ranging between
0 and 28; its values tend to be skewed to the right (posi-
tively skewed) and with an excess of zeros (with a possible
thicker tail); as such, DMFT is seldom normally distrib-
uted. Moreover, part of the heterogeneity could be point-
ed out to the operator-dependency of the outcome mea-
surement (DMFT) [World Health Organization, 2013] as
well as other genetic and environmental factors influenc-
ing caries pathogenesis [Selwitz et al., 2007] that could not
be accounted for in the meta-analysis. Furthermore, de-
spite the pivotal role of diet [Sheiham and James 2015]
and salivary characteristics (i.e., salivary flow rate, buffer-
ing capacity, and count of cariogenic bacteria) [Gao et al.,
2016] on caries experience, only few of the included stud-
ies reported these data; therefore, their mediating role be-
tween dental caries and IBD could not be thoroughly an-
alyzed. Indeed, given the paucity of the included studies,
the presence of publication bias could not be completely
ruled out. Finally, another concern regards the impossi-
bility to infer neither causality nor temporality between
caries and IBD due to the lack of longitudinal studies.

Conclusion

Our study reveals a remarkably higher past and present
occurrence of dental caries in patients with IBD, either CD
or UC, when compared to healthy controls. Therefore, we
propose that oral health programs, which should include
the early detection of dental caries and behavioral inter-
ventions for risk factors modification (mainly sugar con-
sumption), be encompassed in the treatment plan of IBD
patients from the moment of diagnosis. Further studies
are needed to evaluate the presence of a cause-effect rela-
tionship between dental caries and IBD.
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