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Background and objective: Periodontitis affects up to one billion people worldwide, and has been proven to be associated with several systemic inflammatory conditions. This study investigates the specific relationship between two multifactorial diseases: Inflammatory bowel disease (IBD) and periodontitis. To thoroughly explore this issue, we investigated separately whether IBD patients have a higher chance of developing periodontitis, and equally, whether patients with periodontitis have a higher chance of developing IBD.

Methods: The systematic search was performed in three databases: MEDLINE, Cochrane Trials, and Embase, up to 26 October 2021. The protocol was registered in PROSPERO. All eligible studies investigating the association between IBD and periodontitis from either direction were included. The Newcastle-Ottawa Scale was used to assess the risk of bias. As a primary outcome, we investigated the prevalence of IBD and periodontitis, and calculated the odds ratio (OR). Our secondary outcomes involved comparing the clinical periodontal outcomes of IBD patients to those of IBD-free patients.

Results: The systematic search resulted in 1,715 records, 14 of which were eligible for qualitative synthesis and 8 for quantitative synthesis. On the basis of the results of the primary outcome, IBD diagnosis was associated with significantly higher odds of periodontitis: OR = 2.65 (CI: 2.09-3.36, I2 = 0 (CI: 0-0.75)). For subgroup analysis, we investigated separately the odds in Crohn’s disease (CD) patients: OR = 2.22 (CI: 1.49-3.31, I2 = 0.05 (CI: 0-0.76)) and in ulcerative colitis (UC) patients: OR = 3.52 (CI: 2.56 to 4.83, I2 = 0 (CI: 0-0.75)); the odds were significantly higher in all cases. Two studies investigated whether patients with periodontitis were more susceptible to IBD, and both found that periodontitis was significantly associated with the risk of subsequent UC, but not with subsequent CD. However, more studies are needed to prove an association.

Conclusion: Our analysis confirmed that IBD patients have a higher chance of developing periodontitis, and are a higher risk population in dentistry. Both dentists and gastroenterologists should be aware of this relationship and should emphasize the importance of prevention even more than in the healthy population.

Systematic review registration: [https://www.crd.york.ac.uk/prospero/], identifier [CRD42021286161].
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Key points

(1) IBD patients have a higher chance of developing periodontitis; they are therefore considered a risk population in dentistry.

(2) There are several pathological pathways and common risk factors shared between the two diseases, which can contribute to the link between dental and gastroenterological diseases.



Introduction

Periodontal disease is reported to be one of the most common oral conditions in the world. According to the Global Burden of Disease Study 2019, severe periodontal diseases are estimated to affect 14% of the adult population, reaching more than one billion cases worldwide (1). Periodontal diseases are chronic inflammatory, destructive processes involving the periodontium – the supportive apparatus surrounding a tooth (2). In an advanced stage, it causes alveolar bone resorption, and is the major cause of tooth loss (3).

Periodontitis is a multifactorial disease. It is known that poor oral hygiene and dental biofilm accumulation are the major causes of periodontitis, but genetic predisposition, other environmental and systemic conditions, and a pathologic immune-inflammatory response also play key roles in the clinical manifestation (4). There are several systemic diseases that are known to be associated with the development of periodontitis; diabetes mellitus (5) hematological disorders, and immunodeficiencies (6) are the best-known systemic diseases that render patients susceptible to periodontitis.

Periodontitis causes serious oral health complications; however, it is also known to affect systemic health. Periodontal pathogenic bacteria can enter the circulation through the infected pockets by dissemination and can cause various serious complications (7). It has been shown to be capable of contributing to adverse pregnancy outcomes (8), coronary heart disease (9, 10), stroke (10), rheumatoid arthritis (11), neurological complications (12), respiratory disorders (13), and cancers (14). According to recent studies, increasing attention has been paid to the observation that inflammatory bowel diseases also appear to be associated with periodontitis (15–17).

Inflammatory bowel diseases (IBD) are chronic inflammatory intestinal diseases with two forms: Crohn’s disease (CD) and ulcerative colitis (UC). The growing incidence of these diseases might be associated with modern lifestyles (18). The highest annual incidence of CD is in Europe, at 12.7 per 100,000 person-years; the figure for UC in Europe is 24.3 per 100,000 person-years (19). CD can cause symptoms through the entire gastrointestinal tract, and causes skip lesions and transmural inflammation (20), while UC affects only the rectum and the colon, and causes continuous mucosal inflammation (21). Family accumulation can be observed in both cases (18) and, similarly to periodontitis, abnormal immune-inflammatory responses also play a key role in the pathogenesis. Relapses and remissions follow each other throughout the life of the patient, but the actual causes of a relapse are partly unknown (22). However, systemic inflammation can contribute to a relapse (23). It is also known that IBD has extra-intestinal manifestations as well. These can cause skin lesions (erythema nodosum and pyoderma gangrenosum), joint disorders (peripheral and axial arthropathies), eye disorders (episcleritis and uveitis), and hepatobiliary disorders (primary sclerosing cholangitis) (24). It has also been observed that IBD can have several oral manifestations and cause oral symptoms, like cobblestoning, mucosal tags, aphthous ulcerations, and pyostomatitis vegetans (25, 26).

Our hypothesis is that both multifactorial, immune-inflammatory diseases, i.e., IBD and periodontitis, are associated with one another. As the pathogenesis of neither disease is fully understood, investigating the association and the common processes between them could help to understand the pathogenesis of both diseases and to improve treatment options. If there is a bidirectional association between them, the treatment of IBD patients should always be a multidisciplinary activity involving both dentists and gastroenterologists.

Several earlier original studies (15–17, 27–37) and also some previous meta-analyses (38–41) have focused on investigating the association between IBD and periodontitis, and they all found a positive association. However, these studies had several limitations. They only investigated whether IBD might be a risk factor for periodontitis, but they failed to investigate whether periodontitis might be a risk factor for IBD. Also, it should be noted that one study (40) compared studies targeting different exposed groups and control groups, introducing bias. We collected studies separately to investigate the association in both directions and followed a rigorous methodology throughout the process of checking previous results. Additionally, we were able to include recent studies that had been unavailable to the previous meta-analyses.

The aim of our study was to investigate the bidirectional association between periodontitis and inflammatory bowel diseases through a systematic review and meta-analysis. We set this goal to improve the precision of the meta-analysis, thus surpassing the relevance of previous results.



Materials and methods


Protocol and registration

We reported our systematic review and meta-analysis based on the PRISMA 2020 guideline (42), following the Cochrane Handbook (43). The protocol of the study was registered in advance in the International Prospective Register of Systematic Reviews (PROSPERO) (registration number: CRD42021286161).



Eligibility criteria

All studies investigating the association between IBD and periodontitis were considered eligible for our systematic review and meta-analysis. We defined two questions and formed two PECO (patient/population-exposure-control-outcome) frameworks, including studies using different exposed and control groups, in order to investigate the association from both directions (Supplementary Tables 1, 2).

Question 1 - PECO 1: Studies investigating clinical periodontal outcomes and the presence of periodontitis in patients with IBD and non-IBD controls: Population (P): human subjects, regardless of age or sex (exclusion: edentulous patients); Exposure (E): diagnosis of IBD (including CD or UC) regardless of type of IBD, treatment for IBD, or time of IBD diagnosis; Control (C): absence of IBD; main Outcome (O): prevalence of periodontitis; secondary outcome: any clinical periodontal parameters examined in the study (Probing Pocket Depth (PPD), Gingival Recession (GR), Clinical Attachment Loss (CAL), Bleeding On Probing (BOP), Plaque Index (PI), Gingival Index (GI), Community Periodontal Index of Treatment Needs (CPITN), etc.)

Question 2 - PECO 2: Studies providing data about the presence of IBD in patients with periodontitis and patients with healthy periodontium. P: human subjects, regardless of age or sex; E: diagnosis of periodontitis accompanied by the definition of the disease as given by the authors; C: absence of periodontitis; O: prevalence of IBD (either CD or UC).

Case reports, case series, animal studies, in vitro studies, review articles, abstracts, posters, letters, and editorials were excluded from the selection. English language articles were screened.



Information sources and search strategy

Our systematic search was conducted on 26 October 2021 in three electronic databases: MEDLINE (via PubMed), EMBASE, and the Central Cochrane Register of Controlled Trials (CENTRAL). No filters were applied. We manually searched for additional eligible studies in the reference lists of review articles.

During the systematic search the following search key was used:


(periodontitis OR chronic periodontitis OR periodontal OR periodontal disease) AND (inflammatory bowel disease OR Crohn* OR ulcerative colitis OR uc OR cd OR ibd) (Supplementary Table 3).





Selection process

After the systematic search, the references were imported into a reference management software (EndNote X9, Clarivate Analytics) and screened for duplicates, which were removed automatically and by manual checking. After duplicate removal, the selection was performed independently by two review authors (ZD and EU), first by title and abstract. Then the full text of articles meeting our exclusion criteria were screened. Cohen’s kappa coefficient was calculated to measure interrater reliability during the selection process (44). Disagreements were resolved by a third author (ON).



Data collection process and data items

Data were extracted independently in a pre-defined Excel (Microsoft Corporation, Redmond, Washington, United States) data sheet by two review authors (ZD and EU). In the case of missing data, we contacted the corresponding author. The following data were extracted: first author, the year of publication, study design, country, study size, type of IBD, demographic data, including the mean age of each group, as well as extra data, such as smoking habits, comorbidities, drugs used for IBD, and the applied definition of periodontitis.

The primary outcome, which was defined as the total number of patients and those with the event of interest was extracted from each study. For PECO 1 the event of interest was periodontitis and for PECO 2 the event of interest was IBD in each group separately for OR. If the number of patients with the event of interest could not be extracted but the OR was available, the counted OR values were used.

Secondary outcomes were defined as the value of different clinical periodontal outcomes (CAL, PPD, BOP, PI, GI, etc.) measured in the IBD and IBD-free groups. For continuous outcomes the difference between the mean of the IBD and the healthy population was used for the effect size measure.



Study risk of bias assessment

For case-control and cohort studies, the Newcastle-Ottawa Scale was used to assess the quality of the included studies (45). The quality assessment was performed independently by two authors (ZD, EU). Discrepancies were resolved by a third review author (ON).

A study is judged from three main perspectives: the selection of study groups, the comparability of groups, and the ascertainment of the exposure. The lowest quality study receives 0 stars, and the highest receives 9 stars. Studies under 5 stars are considered low; above 5 they are considered moderate or high quality studies (45).



Synthesis methods and effect measures

For continuous outcomes, the difference between the mean of the IBD and the healthy population was used for the effect size measure. To calculate the pooled difference, the sample size, mean, and corresponding standard deviation were extracted from each study. For categorical outcomes, the odds ratio (OR) with a 95% confidence interval (CI) was used for the effect size measure. To calculate the OR, the total number of patients and those with the event of interest (in each group separately for OR) was extracted from each study. If available, the OR values were used if the patient quantity with the event of interest could not be extricated.

For continuous outcomes, the difference between the mean of the IBD and the healthy population was used for the effect size measure. To calculate the pooled difference, the sample size, mean, and corresponding standard deviation were extracted from each study. As we anticipated considerable between-study heterogeneity, a random-effects model was used to pool effect sizes. Pooled OR was calculated using the Mantel-Haenszel method (46–48). The exact Mantel-Haenszel method (without continuity correction) was used to handle zero cell counts (49, 50), and the inverse variance weighting method was used to calculate the pooled mean difference. For the outcomes where the study number was over 5, a Hartung-Knapp adjustment was used (51, 52); we did not apply this adjustment below 5. To estimate the heterogeneity, the variance measure τ2 was used. For continuous outcomes the restricted maximum-likelihood estimator was applied, and for OR measures the Paule-Mandel method (53) recommended by Veroniki et al. (54) was applied to estimate the variance with the Q profile method for the confidence interval. Additionally, between-study heterogeneity was described by means of Cochrane’s Q test and Higgins and Thompson’s I2 statistics (55). Forest plots were used to graphically summarize the results. For mean difference, the effect size measuring the confidence interval of an individual study was calculated based on the t-distribution. Where applicable, we reported the prediction intervals (i.e., the expected range of effects of future studies) of results following the recommendations of IntHout et al. (52). Outlier and influence analyses were carried out following the recommendations of Harrer et al. (56) and Viechtbauer and Cheung (57). Publication bias was planned to be assessed with Egger’s test (at a significance level of 10% due to the small study number) using the Harbord method for binary outcome measures (58) and classical Egger’s method for continuous outcomes to calculate the test statistic (59). However, the number of studies included was below 10; therefore, Egger’s test would have lacked the statistical power to detect bias, or could give a false “positive” result, which is why these results should not be evaluated.

All statistical analyses were made with R [v4.1.1] using the meta [5.0.0] package.



Additional analysis

We assessed the certainty of evidence by using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) for the outcomes measured in the meta-analysis (60). On the basis of the assessed domains, the overall quality of evidence was classified for each outcome as high, moderate, low, or very low. Additionally, a subgroup analysis was conducted based on IBD type. Publication bias could not be analyzed with high certainty, as the number of available studies did not reach the minimum required sample size.




Results


Search and selection

In all, 1,715 records were identified by our search query; this was reduced to 1,411 records after duplicate removal. These 1,411 studies were screened by title and abstract (Cohen’s Kappa: 0.85), and the full texts of 23 articles were screened (Cohen’s Kappa: 0.91). We manually searched the reference lists of previous review articles. Five additional articles were screened, and two met our inclusion criteria. Through the selection process, fourteen articles were enrolled in the qualitative synthesis (15–17, 27–37), eight were included in the quantitative synthesis (15–17, 27, 29, 30, 36, 37), and six of them could be used to answer the main outcome (16, 17, 27, 30, 36, 37). The flowchart of the selection can be seen in Figure 1.
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FIGURE 1
Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flowchart of study selection.



Excluded studies

According to our PECO 1, we found seven eligible articles. However, we excluded one study from the final statistical evaluation because it investigated only Crohn’s disease patients instead of both IBD forms, thereby introducing bias (28) (Supplementary Figure 1).

There were several studies that contained information on the periodontal status of IBD patients and the control group. However, the prevalence of periodontitis could not be extracted from these studies, so they could not be utilized in the statistical evaluation of the primary outcome (15, 29, 32, 35).

According to our PECO 2 we found 2 eligible studies (31, 33).




Basic characteristics of included studies

Case-control and cohort studies were included in our systematic review and meta-analysis (Table 1) (15–17, 27–35, 37).


TABLE 1    Basic characteristics of included studies.
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Risk of bias assessment

The results of the risk of bias assessment are presented in Supplementary Tables 4, 5. As all studies included attained at least 6 stars, they are considered to have low or moderate bias risk levels. These findings suggest that the included studies have a moderate or high quality of methodology. The selection of controls caused bias in most cases. Due to the small number of studies, a formal assessment of reporting bias was not possible.



Results of individual studies and synthesis

The basic characteristics of studies included in this work are presented in Table 1, and the results are further evaluated in the discussion. Supplementary Tables 7–10 contain the detailed data used for the statistical evaluation.



Association between inflammatory bowel disease and periodontitis

From six articles, total 1,605 patients – out of which 898 were IBD and 707 were healthy – were used to evaluate the association between IBD and PD (16, 17, 27, 30, 36, 37) (Figure 2). On average, the OR (the pooled effect size) of having periodontitis (PD) was 2.65, (CI: 2.09-3.36) which represents a statistical difference between the investigated groups. These results suggest that the odds of having PD in the IBD population are higher than in the healthy population. The between-study heterogeneity expressed as an I2 value was 0 (95% CI: 0 - 0.75). The variance of true effects (τ2) was 0, and the standard deviation of true effects (τ2) was 0. The prediction interval was 1.87-3.75.
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FIGURE 2
Forest plot showing the odds of developing periodontitis in inflammatory bowel disease (IBD) and IBD-free group.


These results suggest that patients with IBD have a higher chance of developing periodontitis than the IBD-free population (Figure 2 and Supplementary Figure 2).

All studies reported both on CD patients and UC patients. By subgroup analysis, we statistically evaluated these diseases separately compared to the IBD-free population.



Association between Crohn’s disease and periodontitis

A total of six studies covering a total of 1,605 patients, 514 were classified as CD and 707 were healthy population. On average, the OR (the pooled effect size) of having PD was 2.22 (CI: 1.49-3.31). The between-study heterogeneity expressed as an I2 value was 0.05 (95% CI: 0-0.76). We can conclude that the odds of having PD in the CD population are higher than those of the healthy population (Figure 3 and Supplementary Figure 3).
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FIGURE 3
Forest plot showing the association between Crohn’s disease (CD) and periodontitis.




Association between ulcerative colitis and periodontitis

A total of six studies covering a total of 1,605 patients in all, 384 were classified as having UC and 707 were healthy population. On average, the OR (the pooled effect size) of having PD was 3.52 (CI: 2.56-4.83). The between-study heterogeneity expressed as an I2 value was 0 (95% CI: 0-0.75). We can conclude that the odds of having PD in the UC population are higher than those in the healthy population (Figure 4 and Supplementary Figure 4). The OR is the highest in the UC population compared to controls.


[image: image]

FIGURE 4
Forest plot showing the association between ulcerative colitis (UC) and periodontitis.


According to our results, it could be concluded that both CD and UC separately are significantly associated with developing periodontitis. Further evaluation is detailed in Supplementary Appendix 1.



Risk of developing inflammatory bowel disease in patients with periodontitis compared to patients with a healthy periodontium

We collected studies separately for PECO 2, which resulted in two studies only (31, 33). The examined population in the studies was huge (6,646 in total were classified with CD, 6,108 were classified as UC patients, and 10,085,738 were the healthy population, based on International Classification of Diseases (ICD)-codes from health insurance databases). However, due to the low number of studies, only tendencies could be examined, and the statistical results are not reliable.

However, both studies (31, 33) reached the conclusion that periodontitis was significantly associated with the risk of subsequent UC, but not with subsequent CD. Kang et al. and Lin et al. similarly found that the risk of UC in periodontitis patients was significantly higher than in patients with healthy periodontium (Kang: aHR: 1.091, 95% CI: 1.008-1.182; Lin: aHR: 1.56, 95% CI: 1.13-2.15), but not the risk of CD (Kang: aHR: 0.879, 95% CI: 0.731-1.057; Lin: aHR:0.99, 95% CI: 0.92-1.06). However, more studies are needed for a reliable statistical analysis; these results should be treated with some caution (Figures 5, 6).
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FIGURE 5
Risk for developing ulcerative colitis (UC) in patients with periodontitis.
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FIGURE 6
Risk for developing Crohn’s disease (CD) in patients with periodontitis.




Secondary outcomes

As secondary outcomes, we planned to examine the different clinical periodontal parameters used in the eligible studies. However, due to the varied methods used to measure the periodontal parameters by different investigators, only a very low number of studies [5 PPD (15, 17, 27, 29, 30), and 3 in CAL (15, 27, 30)] which showed a high level of heterogeneity could be used for the statistical evaluation. These studies matched our PECO 1. Although the difference between the PPD results in the IBD group and the IBD-free group showed statistically significant values, the observed difference was actually not clinically relevant. Therefore, these results should be considered cautiously. In the case of CAL, the difference did not reach a statistically significant level (Supplementary Figures 5–9). The statistical evaluation of the other clinical parameters (GI, BOP, GI etc.) was not applicable due to the low number of studies using the same measuring method.



Certainty of evidence: Grading of recommendations assessment, development, and evaluation

The overall quality of evidence in all three outcomes was found to be moderate, but the only reason for not classifying them as high was the study design, as the use of RCTs was not possible in our meta-analysis. We found no other reasons to downgrade the quality of evidence (Supplementary Table 6).




Discussion


Summary of main findings

In this systematic review and meta-analysis, we investigated the association between IBD (both CD and UC) and periodontitis. Our aim was to investigate the association from both directions in order to discover whether there was a two-way association between these diseases, and to overcome the limitations of previous meta-analyses.

Our results confirm that patients with IBD have a significantly higher chance of periodontitis (OR: 2.65). This is true for both CD (OR: 2.22) and UC (OR: 3.52), which were investigated separately. Therefore, it can be concluded that either type of IBD is associated with periodontitis.

The previously published meta-analyses on the topic concluded a higher risk of developing periodontitis in patients with IBD, and our finding show that the statements were correct (38–41). Our results show a weaker association between the diseases than the first meta-analysis on the topic (39), but new studies have been published since the latter was performed, and these are included in our results (16, 17). Notably, our results show a stronger association than the result of the latest meta-analysis on the topic (38).



Summary of the investigated secondary outcomes

The results of the investigation of secondary outcomes showed that IBD patients have deeper mean PPD and CAL values than the IBD-free population. These results of the difference in PPD values show a lower difference between the groups than the results of the only meta-analysis to investigate this data (39). However, none of the results are clinically relevant.



Summary of the investigated population in the studies

Various populations are covered by the studies, including European, Asian, and South American. According to the mean patient age, the population investigated was mostly middle-aged, except in one case where children were investigated (32). Most of the studies considered smoking, previously smoking, as well as and non-smoking patients although smoking may worsen periodontal outcomes. As the data on periodontal status with different subgroups based on smoking habit were missing, we could not perform an analysis that compared only IBD and IBD-free patients sharing the same smoking habit. Moreover, as for the medications used for IBD, the IBD population was very heterogeneous. Medication also is also known to affect the results, as does the coexistence of other systemic diseases. However, in almost all cases, having a serious systemic disease was an exclusion criterion, so no serious comorbidities could be noted. Additionally, the definition of periodontitis used by the investigators differed to some extent. We always used the definition employed by each group of investigators.



Summary of the results of individual studies

We could not include the study that investigated only CD patients into the statistical evaluation, but it should be noted that Chi et al. carried out a longitudinal study to determine whether there was a causative link between the two diseases. They identified an increased risk of subsequent periodontitis among patients with CD (28). There were several studies that did not provide information about the prevalence of periodontitis among the exposed and the control populations; however, they did compare different periodontal outcomes (15, 29, 32, 35). Grössner-Schreiber et al. found that the mean PPD was deeper in the IBD population and observed that IBD patients had more sites with CAL of at least 5 mm (29). The results were similar in the study by Schmidt et al. (15); they classified periodontitis into healthy/mild, moderate, and severe cases, and found that IBD patients had more severe periodontitis, as their CAL results were higher. They were the first team to measure the active matrixmetalloproteinase-8 (aMMP-8) level of the gingival crevicular fluid (GCF) in the IBD and the control populations. Salivary aMMP-8 is higher in patients with periodontitis than in patients with healthy periodontium, and it is associated with periodontal destruction (61). They found a general increase in the GCF levels of aMMP-8 in the IBD group. In CD populations, aMMP-8 was associated with an increase in periodontitis severity (15).

There were studies that compared the CPITN Index results of the groups; Slebioda et al. found that IBD population had significantly higher CPITN index results than the healthy population (34). A Dutch team (Tan et al.) used a similar index, namely the Dutch Periodontal Screening Index (DPSI). Interestingly, the DPSI results between the IBD and control groups did not differ significantly. However, IBD patients were more frequently edentulous in every sextant (35).



Risk of developing inflammatory bowel disease in periodontitis group compared to IBD-free patients (PECO 2)

Due to the low number of eligible studies, we can conclude that there are tendencies that should form the subject of future investigations. However, both eligible articles found that patients with UC – but not CD – tend to have periodontitis more frequently than the control population. The reason for this could be the slightly different pathogenesis of the two types of IBD (62).



Possible reasons for the positive association

Both periodontitis and IBD are multifactorial diseases, and their pathomechanisms have been the focus of recent investigations. (63) In their pathogenesis, a pathological immune-inflammatory response, genetic susceptibility, dysbiosis, and environmental factors play key roles, and they have an impact on each other.



Common behavioral and environmental factors

It is known that smoking is one of the most harmful environmental factors that increases the risk of periodontitis. It has also been shown in multiple studies that smoking is a significant effect modifier. Brito et al. evaluated the periodontal outcomes of former and current smokers separately from those of non-smokers. They found that the prevalence of periodontitis was higher among smokers with UC than among UC-free smokers. However, there was no difference in the prevalence among non-smoker controls and the non-smoker population with IBD (27). Also, Vavricka et al. found in their study that non-smoking decreased the risk of periodontitis in the case of IBD patients as well, while previous smoking also increased the risk of periodontitis (37). It should also be mentioned that smoking increases the risk of CD (and periodontitis) but this is not completely true for UC, underlying the slightly different pathogenesis of the two inflammatory bowel diseases (64). Another significant risk factor for developing periodontitis is poor oral hygiene. IBD patients are likely to have oral symptoms, like ulcers, aphthous stomatitis, cobblestoning, tag-like lesions, mucogingivis, etc., which may cause pain and make chewing and swallowing difficult and painful (65). A major limitation of most studies is that the researchers did not observe the oral health status of the participants; thus, the population is not standardized. Moreover, if participants’ oral hygiene status was included, it was recorded in very different ways (e.g., the frequency of tooth brushing or the use of dental floss or BOP, PI, etc.). Therefore, we could not compare those studies by subgroups in our meta-analysis.



Common immune-inflammatory pathways

Altered immune-inflammatory responses also play a key role in both IBD and periodontitis. In their pathogenesis, both the innate and the adaptive immunity are distorted. Several different alterations in the immune-inflammatory response and the mistake in pathogen recognition lead to an imbalance of the protective and inflammatory response, and therefore maintain chronic inflammation (64). However, there are several similar pathways suggesting that the diseases have similar backgrounds, although there are also clear differences between the diseases. It has been shown that in the pathogenesis of CD, Th1 cells play a key role, and an excessive production of IL-12 and IFN-γ can be observed. However, ulcerative colitis is mediated by Th2 cells, and excessive IL-13 production can be observed (66). It has been found that the concentration of IL-18 in the serum is higher in the case of periodontitis patients with CD or UC compared to controls (67). Chi et al. found in their study that steroids used to treat IBD have a protective effect against periodontitis, which supports the hypothesis that both diseases might share common altered immune-inflammatory mechanisms (28). However, they found that other medications taken by IBD groups – 5-ASA products, azathioprine and other immuno-suppressants – had no significant effect on periodontitis. Also, it is one of the most significant limitations of all the studies that the IBD population is very heterogenous regarding the IBD-related medication, but medication could be a very serious effect modifier, causing a bias. It is clear, that the altered immune-inflammatory response is a significant factor in the pathogenesis of the diseases. However, there is currently insufficient data to fully understand the pathogenesis of the disease and so we cannot determine whether it is responsible for the association between IBD and periodontitis or not.



Common bacterial changes

In the pathogenesis of both IBD and periodontitis, the inflammatory response to different bacteria plays a crucial role. Alterations of the microbiome, which is the dysbiosis is the key factor in the pathogenesis. The development of periodontitis is accompanied by a shift in the subgingival communities from mainly gram-positive aerobic species to gram-negative anaerobic species, triggering an uncontrolled immune-inflammatory response and leading to tissue destruction (68). One of the key pathogens in periodontitis is Porphyromonas gingivalis, which has several virulence factors and is responsible for causing dysbiosis and tissue destruction (69). It has been observed that swallowed P. gingivalis causes alterations to the gut microbiota, which increases the epithelial permeability of the gut and causes endotoxemia, leading to systemic inflammation (70).



Common genetic pathways

Genetic predisposition is also instrumental in facilitating the development of both IBD and periodontitis. Positive family history can increase the risk of developing these diseases. There is no exact genetic mutation known that is responsible for these diseases, but some mutations are known to be associated with the diseases. A specific mutation in the nucleotide binding oligomerization domain 2/caspase recruitment domain 15 (NOD2/CARD15) gene is strongly associated with CD (71). Other studies showed that IL-23 R mutation contributes to ATG16L mutation, causing an altered inflammatory response in the case of CD (72). Family accumulation can also be observed in periodontitis. However, further studies are needed to understand the genetic background of these diseases.



Strengths and limitations

To the best of our knowledge, this is the first meta-analysis to investigate the association between periodontitis and inflammatory bowel diseases separately in both directions, evaluating studies with different exposed and control groups in order to determine whether IBD and periodontitis have a bidirectional association. We could utilize 6 studies in the meta-analysis, and 14 in the systematic review.

Regarding the strengths of our analysis, we followed our protocol, which was registered in advance. A rigorous methodology was applied.

According to the risk of bias assessment, none of the studies included in our statistical evaluation was of low methodological quality. The certainty of evidence was moderate, but the only reason for not ranking high in quality was the design of studies, as using RCTs in this meta-analysis would have been impossible. No other reason was found to reduce the certainty by any domains.

As to the limitations, the definition of periodontitis differed among the studies or was missing altogether. Different screening techniques for PPD, CAL, gingival, and plaque indices were applied in the articles, which prevented making a high-quality statistical evaluation. For the gingival and plaque indices, the small number of articles using the same methods prohibited quantitative synthesis. For PPD and CAL the evaluation was viable, yet the heterogeneity was high; therefore, the results should be considered with caution, and further conclusions should not be made. Only two studies recruiting patients as defined in PECO 2 could be included, with the result that only tendencies could be examined; more studies are needed for reliable statistical results.

Even though the statistical evaluation showed significant link between IBD (both UC and CD) and periodontitis, including RCTs into this meta-analysis was not possible, so we could not prove a cause relationship between the diseases.



Implication for practice and research

The treatment of IBD remains primarily a gastroenterological issue. Even though IBD is a life-long diagnosis, affected patients are usually unaware of the associated diseases for which they are more susceptible. A systemic inflammation in the body can worsen the stage of the IBD and might induce a flare-up, or inhibit the effectiveness of medication.

Besides, the clinical manifestation of severe periodontitis with active inflammation can be prevented by regular dental check-ups and proper oral hygiene. A multidisciplinary approach should be applied in the treatment of IBD, and dentists should be part of the multidisciplinary team treating IBD patients.

Dentists should routinely ask, if their patient has IBD and therefore take precautionary periodontal measures and gastroenterologists should send their IBD patients to regular dental examinations.

Additional data collection and evaluation is needed to assess the links between IBD and periodontitis more rigorously. An international IBD registry concentrating on the oral manifestations and complications and/or further observational clinical trials with significantly longer follow-up periods might provide additional insight into this topic.

Furthermore, we recommend rigorously following the standardized protocol when measuring different periodontal parameters so that studies can be compared in future meta-analyses.




Conclusion

The results of our systematic review and meta-analysis confirm that IBD patients have a higher chance of developing periodontitis. However, further studies are needed to investigate the bidirectional association between the diseases. IBD patients are a risk population in dentistry and are more susceptible to periodontitis. Both dentists and gastroenterologists should be aware of this and should emphasize the importance of prevention even more than in the healthy population.

Both diseases are multifactorial, and neither pathogenesis is fully understood. Investigating the association and finding the reason for the positive association could help us understand the nature of these diseases. We might find common immunological or genetic pathways, or identify common behavioral or environmental risk factors.
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Zhang et al. (17) Case-control China IBD: 389 IBD: 35; 295; 59 ASA (n=94) No data >2 interproximal sites with
CD: 265 (29) CD: 21 (7.9%); 208 CS (n=28) CAL >3 mm, and >2
UC: 124 (39) (78.5%); 36 (13.6%) IS (n = 133) interproximal sites with PD
Control: 265 (26) UC: 14 (11.3%); 87 Biologicial therapy >4 mm (not on the same
(70.2%); 23 (18.5%) (n=113) tooth), or > 1 site with PD >
Control: 22 (8.3%); 226 Untreated (n = 21) 5 mm
(85.3%); 17 (6.4%)
Tan et al. (35) Case-control Netherlands IBD: 229 (51) IBD: 53 CS (n=36) IBD: DM, alcohol No data
CD: 148 CD: UC: Control: 72 Biologicials (n = 27) Control: DM, alcohol
UC: 80 IS (n =25)
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Control: 229 (51)

IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis; CS, corticosteroids; ASA, aminosalicilate; IS, immunosuppressants; IM, immunmodulators; IM, azathioprine; IM, methotrexate; 6-MP, 6-mercaptopurine; anti-TNE, anti-tumor
necrosis factor; AB, antibiotics; IFX, infliximab; ADA, adalimumab; CZP, certolizumab pegol; NSAID, non-steroidal anti-inflammatory drugs; HT, hypertension; DM, diabetes mellitus; EIM, extraintestinal manifestations of IBD; HL, hyperlipidaemia;
CHD, coronary heart disease; HE, heart failure; RD, renal disease; CAL, clinical attachment loss; LA-PPD, largest-periodontal probing depth; BOP, bleeding on probing; ICD-9-CM, international classification of diseases, ninth version, clinical modification;
PD, pocket depth.
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