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Background: The relationship between periodontal diseases and Sjogren’s syndrome were found inconsistent in current studies. Our objective is to clarify the relationship between periodontal diseases and Sjogren’s syndrome.

Methods: A systematic review was performed and reported according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). Electronic databases (EMBASE, PubMed, Web of Science, and Cochrane Library, from inceptions until 24 November 2021) were searched. The Newcastle-Ottawa Scale (NOS) and Agency for Healthcare Research and Quality (AHRQ) were applied to evaluate the quality of studies. Quality assessment of the certainty of evidence was performed based on the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) guidelines. When the output is the ratio, Odds ratio (OR) of periodontal diseases with Sjogren’s syndrome were calculated. When the output is the mean, weighted mean difference (WMD) of periodontal diseases with Sjogren’s syndrome was calculated. We conducted meta-analysis and estimated the pool sensitivity. Begg’s test was used to test the possibility of publication bias. We also carried out meta-regression to clarify the source of heterogeneity (I2 > 50%). Finally, we performed a trial sequential analysis (TSA) to identify the false positive or false negative outcomes that might occur during repeated updates.

Results: 21 studies were included in this systematic review, with a total of 11435 subjects. Meta-analysis of 5 studies showed that there is a positive correlation between periodontitis and Sjogren’s syndrome (OR = 2.12, 95% CI = 1.43–3.17; 5 studies, 6927 participants; low certainty of evidence). Meta-analysis of 16 studies showed that the periodontal condition of patients with Sjogren’s syndrome was worse compared with the control group, and the scores of clinical periodontal parameters were relatively high.

Conclusion: Sjogren’s syndrome patients seem to be more likely to be diagnosed with periodontal diseases. However, our results should be interpreted with caution considering the high heterogeneity.

Systematic review registration: [https://www.crd.york.ac.uk/prospero/], identifier [CRD42021261322].
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1. Introduction

Periodontal disease is an inflammatory and infectious disease. In the early stages of periodontal disease, the main symptoms are red, swollen and bleeding gums. As the disease progresses, the teeth become loose, mainly due to the development of periodontal pockets and absorption of alveolar bone (1). Gingivitis and periodontitis, the most common forms of periodontal diseases, are triggered by a pathogenic microbiota in the subgingival biofilm. They comprise a variety of inflammatory conditions and periodontitis that could lead to tooth loss and contribute to systemic inflammation (2). Periodontitis is very common in adults and it is more serious in the elderly. It is estimated that about 10−15% of the elderly will develop severe periodontitis (3). The microbial immune subversion, the disturbance of the immune microenvironment and the subsequent systemic inflammatory response in periodontal diseases have been examined for decades (4), which may serve as the causative factor of autoimmune diseases. Some studies have reported that adverse periodontal status may aggravate certain autoimmune diseases, such as rheumatoid arthritis (5, 6), systemic lupus erythematosus (7, 8), Sjogren’s syndrome (SS) (9), thrombocytopenia purpura (10). Thus, there is increasing interest in the potential link between periodontal diseases and certain autoimmune diseases.

Sjogren’s syndrome (SS) is an autoimmune disorder with secretory gland dysfunction charactered by dryness of the main mucosal surfaces including the mouth, eyes, nose, and vagina (11, 12). It can occur alone as primary SS (pSS) or be associated with other systemic diseases as secondary SS (sSS) (13). Incidence and prevalence rates of pSS vary widely around the world. The prevalence rate of pSS was 43.03 cases per 100,000 inhabitants across a series of population-based studies in which the overall age of patients was 56.16 years (14). It is worth mentioning that increasing incidences of oligoptyalism in patients with Sjogren’s syndrome have been reported, which affects the removal of dental plaque and ultimately may lead to periodontal diseases.

According to the published literature in the early years, no significant difference could be detected concerning the periodontal status of SS patients, compared with that of the patients with other immune diseases as well as with that of systemically healthy subjects (15–17). However, in recent years, putative links between periodontal diseases and SS have been reported in several studies. For example, Chuang et al. (18) found that the prevalence (74.6% vs. 63.0%, P = 0.001) and frequency (median 5.37 vs. 1.45 per year, P < 0.001) of dental visits were found higher in patients with pSS and the risk of gingivitis (aIRR 1.43, P < 0.001) and periodontitis (aIRR 1.44, P < 0.001) was also significantly higher them (18). Results of the above researches contradict previous systematic reviews (19). To systematically ascertain whether patients with SS are more likely to be diagnosed with periodontal disease, we included articles that explored the incidence of periodontal diseases in patients diagnosed with SS compared with subjects without SS and conducted this systematic review.



2. Methods


2.1. Protocol and registration

This systematic review was conducted according to the Meta-analysis of Observational Studies in Epidemiology guidelines (20), the Preferred Reporting Items for Systematic Reviews and Meta-Analyses standard (PRISMA) (21). It was registered in PROSPERO (CRD42021261322). The research question of this meta-analysis and systematic review was that: is there an association between periodontal disease and SS subjects meeting the following eligibility criteria?



2.2. Eligibility criteria

The strategy for search process was conducted using the PEOS model:


(1)P (patient/participants): subjects aged ≥ 14 years and without other related diseases (such as head and neck tumors);

(2)E (exposure): Sjogren’s syndrome [with the criteria such as the American-European Consensus Group Criteria (AECG), the European Community criteria, etc.];

(3)O (outcome): periodontal disease percentage or clinical periodontal parameters;

(4)S (study design): observational study (cohort, case–control, and cross-sectional studies).





2.3. Information sources and search strategy

We conducted a systematic literature search in the PubMed, EMBASE, Web of Science, and Cochrane Library (from their inceptions until 24 November 2021) to investigate the relationship between SS and periodontal diseases. To identify all related datasets and the relevant articles, we used search strategies shown in Supplementary Table 1.



2.4. Study selection and data collection

All retrieved studies were independently assessed by two researchers (XP and JG) based on inclusion/exclusion criteria. For studies whose titles and abstracts might meet the inclusion criteria, the full text was selected for further evaluation. A third author BY was involved when there was a disagreement between the two researchers (XP and JG).

After identifying the included studies that met the criteria, XP and JG extracted the following information: study characteristics (author/s, year of publication, study design, country, and characteristics of participants); periodontal diseases assessment [by clinical diagnosis, oral examination including bleeding on probing (BOP), plaque index (PI), probing pocket depth (PPD), gingival index (GI), and clinical attachment level (CAL) or self-report]; and SS assessment (by clinical diagnosis or clinical examination).



2.5. Risk of bias and applicability assessment

The Newcastle-Ottawa Scale (NOS) was applied for assessing case-control studies and cohort studies. The evaluation criteria were Selection, Comparability and Exposure. Stars were awarded each study (up to 9 stars) for quick visual assessment, Studies awarded with 6 or more stars were defined as high quality research (22, 23). For cross-sectional studies, the Agency for Healthcare Research and Quality (AHRQ) methodology checklist was applied. This is a methodological quality assessment tool using an 11-item checklist, and the AHRQ recommends it for assessment of cross-sectional studies. Article quality was assessed as follows: low quality = 0–3; moderate quality = 4–7; high quality = 8–11.

The results of NOS and AHRQ scores can be used for reference in the quality of evidence grading. Two reviewers (XP and JG) independently evaluated the quality of the articles, and a third author (BY) evaluated the articles in case of disagreement.



2.6. Data synthesis

Forest plots were generated to assess the ORs and corresponding 95% CIs or WMDs and 95% CIs across the studies for meta-analysis. The data reported in some studies were standard error of mean (SEM) and we converted them into SD (SEM = SD/√N) (24). Forest plots were generated to intuitively assess the ORs and corresponding 95% CIs in dichotomous variables or weighted mean difference (WMD) and 95% CIs in continuous variables across the articles. Considering the heterogeneity among the included studies, we used a random-effects model.

We assessed the heterogeneity with Cochran’s Q test. If the p-value was lower than 0.1, the I2 statistic was used to quantify the statistical heterogeneity. The threshold was determined as Cochrane recommended, that is 0% to 50%: may not be important; 50% to 100%: may represent substantial heterogeneity (25). In addition, we also carried out meta-regression to clarify the source of heterogeneity. Sensitivity analyses were performed by comparing the pooled sensitivity and specificity results when including and excluding studies with high risk of bias. The Begg’s test was used to test the possibility of publication bias. Finally, we performed a trial sequential analysis (TSA) to identify the false positive or false negative outcomes that might occur during repeated updates. The Stata statistical software version 14 and TSA 0.9 was used to analyze the data. P-values were two-sided, and the significance level was set at 0.05.

The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) guidelines were used for rating the quality of evidence (26). The degree of certainty of evidence is high, moderate, low or very low. Observational studies are initially rated low by default (26) and are downgraded according to the following pre-specified criteria: risk of bias, inconsistency, inaccuracy, inaccuracy, and publication bias (26).




3. Results


3.1. Literature search and study characteristics

We identified 2511 articles in PubMed, EMBASE, Web of Science, and Cochrane Library. After screening the titles and abstracts of all the articles, 72 articles were selected for further evaluation. Then we reviewed the full text of these articles and excluded 51 articles based on inclusion criteria. In the end, there are 21 articles with 11435 participants meeting the inclusion criteria for the meta-analysis (Figure 1).
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FIGURE 1
Flow diagram of study selection.


Among these 21 articles, 5 articles evaluated the percentage of periodontal diseases in SS subjects and non-SS subjects, and 16 reported the diagnostic criteria scores of clinical periodontal parameters (mean ± SD) in SS subjects and non-SS subjects. Among these latter 16 studies, 7 reported BOP scores, 12 reported PI scores, 12 reported PPD scores, 10 reported GI scores, and 6 reported CAL scores. All included studies were observational, including 3 cohort studies, 4 case-control studies, and 14 cross-sectional studies. The total number of participants was 11,435 (9597 SS patients and 1838 non-SS patients). With regard to the age of the participants, the average age of all studies was over 30 years old. 6 of the studies assessed women separately (16, 27–31), while the rest assessed men and women, and were predominantly female. In the control group, all studies included individuals with no other related diseases. In the diagnostic criteria of SS, International Classification of Diseases, 9th revision, Clinical Modification coding system (ICD-9-CM) (18, 32) was selected as the diagnostic standard in 2 studies, AECG was selected as the diagnostic standard in 8 studies (27, 29, 31, 33–37), and the European classification criteria for SS was selected in 8 studies (16, 17, 28, 38–42). The Copenhagen Criteria was used in 3 studies (31, 41, 43) and other criteria were used in 2 studies (30, 44). Among the diagnostic criteria for periodontal disease, ICD-9-CM was selected in two studies (18, 32), self-report was selected in one study (27), “clinical examination” was only reported in one study without explicit description of examination content (34), and clinical indicators were reported in the rest of the studies (Table 1).


TABLE 1    Characteristics of the included studies on the prevalence of periodontal diseases in patients with Sjogren’s syndrome.

[image: Table 1]


The NOS scores and the AHRQ methodology checklist for quality assessment of these studies are shown in Tables 2, 3. The GRADE assessment is shown in Table 4.


TABLE 2    Quality assessment of cohort studies and case–control studies with the Newcastle-Ottawa Scale (NOS).
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TABLE 3    Quality assessment of cross-sectional studies with the Agency for Healthcare Research and Quality (AHRQ) methodology checklist.
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TABLE 4    The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) assessment for the incidence of periodontal disease on Sjogren’s syndrome subjects.
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3.2. Study of periodontal diseases in SS subjects

Five studies recording the incidence of periodontitis in SS subjects (Table 1). In the meta-analysis of these 5 studies, a positive association between SS and periodontal diseases was found and SS patients were more likely to be diagnosed with periodontal diseases than healthy controls (OR = 2.12, 95% CI = 1.43–3.17; 5 studies, 6927 participants; low certainty of evidence, I2 = 77.5%) (Figure 2).


[image: image]

FIGURE 2
Forest plot for periodontal diseases in subjects with Sjogren’s syndrome (SS) and controls. OR, odds ratio; CI, confidence interval.


There are 16 studies reporting clinical periodontal parameters scores, which recorded in 455 subjects with SS and 397 healthy subjects (Table 1). Subjects with SS had significant difference in the clinical periodontal parameters scores BOP (WMD = 9.62, 95% CI = 3.43–15.80, I2 = 58.8%) and GI (WMD = 0.28, 95% CI = 0.04–0.51, I2 = 92.2%) was found. However, subjects with SS had no significant difference in the clinical periodontal parameters scores PPD (WMD = 0.22, 95% CI = −0.19–0.63, I2 = 97.2%). Finally, the relationship between the SS and the clinical parameters scores CAL (WMD = 0.40, 95% CI = −0.00–0.81, I2 = 66.7%) and PI (WMD = 0.15, 95% CI = −0.00–0.30, I2 = 71.9%) is not very clear (Figure 3).
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FIGURE 3
Forest plot for SS and clinical periodontal parameters scores (A). Clinical periodontal parameters scores bleeding on probing (BOP) (B). Clinical periodontal parameters scores plaque index (PI) (C). Clinical periodontal parameters scores gingival index (GI) (D). Clinical periodontal parameters scores probing pocket depth (PPD) (E). Clinical periodontal parameters scores clinical attachment level (CAL). WMD, weighted mean difference; CI, confidence interval.




3.3. Sensitivity analysis

Sensitivity analyses were performed by comparing the pooled sensitivity and specificity results when including and excluding studies with high risk of bias. There are no substantial changes in the meta-analysis results of the pooled ORs with corresponding 95% CIs (for the association between periodontal diseases and SS) and the pooled WMD s with corresponding 95% CIs (for the mean difference in the clinical periodontal parameter scores between subjects with SS and healthy controls), indicating that our meta-analysis is relatively stable (Figure 4).
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FIGURE 4
Sensitivity analysis. The pooled ORs (WMDs) and 95% CIs were stable after the deletion of each study in the analysis of the association between SS and controls (A). The association between periodontal diseases and SS (B). Clinical periodontal parameters scores BOP (C). Clinical periodontal parameters scores PI (D). Clinical periodontal parameters scores GI (E). Clinical periodontal parameters scores PPD (F). Clinical periodontal parameters scores CAL. CI, confidence interval.




3.4. Publication bias

Potential publication bias was analyzed using Begg’s test in at least 10 studies included in the analyses. No significant publication bias was found in the WMD for clinical periodontal parameters scores PI (p = 0.537), GI (p = 0.721), and PPD (p = 0.086) between subjects with SS and healthy controls (Figure 5).
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FIGURE 5
Begg’s funnel plot analysis to detect publication bias for the association between periodontal diseases and SS (A). Clinical periodontal parameters scores PI (B). Clinical periodontal parameters scores GI (C). Clinical periodontal parameters scores PPD. WMD, weighted mean difference.




3.5. Meta-regression

Meta-regression was used to investigate potential sources of heterogeneity between the studies. We found that when the outcome variable was the percentage of periodontitis (p = 0.031), PI (p = 0.050), and GI (p < 0.001) age was one source of heterogeneity. When the outcome variable was PPD, the diagnostic criteria for SS was at least a source of heterogeneity (p = 0.025).



3.6. Trial sequential analysis

In meta-analyses, it is important to minimize the risk of false positive or false negative results. We therefore performed a TSA to control the risks for type I and type II errors and help to clarify whether additional trials are needed.

The results showed that for dichotomous variables, the meta-analysis can be declared as conclusive with regard to the anticipated effect leading to the required information size. That is, we can conclude that SS patients were more likely to be diagnosed with periodontal disease than healthy controls. Similarly, the continuous variable BOP also drew significant conclusions with enough information size (45).

For GI, although the meta-analysis came to a positive conclusion, it may have been declared not significant by TSA at this information size, meaning a false positive result. As for PI, PPD and CAL, irrelevant conclusions from meta-analysis are also inconclusive due to insufficient information. In fact, more tests need to be included for confirmation (46) (Figure 6).
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FIGURE 6
Trial sequential analysis of trials in subjects with SS (A). The association between periodontal disease and SS (B). Clinical periodontal parameters scores BOP (C). Clinical periodontal parameters scores PI (D). Clinical periodontal parameters scores GI (E). Clinical periodontal parameters scores PPD (F). Clinical periodontal parameters scores CAL. RIS, required information size.





4. Discussion


4.1. General interpretation of main results

In this meta-analysis of the studies on periodontal diseases and SS, we included 21 articles with 11435 participants meeting the inclusion criteria. GRADE Quality of evidence Indicates that the quality of evidence included in the study is not high. A positive association between periodontal diseases and SS was found. Subjects with SS had significantly higher clinical periodontal parameter scores BOP (WMD = 9.62, 95% CI = 3.43–15.80) and GI (WMD = 0.28, 95% CI = 0.04–0.51). However, there is no significant difference in the clinical periodontal parameters scores PI (WMD = 0.15, 95% CI = −0.00–0.30) and PPD (WMD = 0.22, 95% CI = −0.19–0.63) in SS patients. TSA trail showed that for dichotomous variables, the meta-analysis can be declared as conclusive with regard to the anticipated effect leading to the required information size. Similarly, the continuous variable BOP also drew significant conclusions with enough information size. For GI, PI, PPD, and CAL, more tests need to be included for confirmation.



4.2. Strengths and limitations of the review

There are several strengths in Our meta-analysis. First, we searched all relevant databases as thoroughly as possible to include more studies that met the criteria. Second, we performed GRADE evidence quality grading to reflect the accuracy of the effect estimates. Third, we conducted TSA Trail to manage the risk of type I and II errors and to help determine whether additional trials are needed. Therefore, our analysis could well reflect the trial effect and illustrate the clinical guiding significance of the indicator.

There are also limitations in our study. First, the results had relatively high statistical heterogeneity (I2 = 77.5%, 58.8%, 71.9%, 92.2%, 97.2%, and 66.7%) across the studies. Although we tried meta-regression to explore the sources of heterogeneity and obtained some sources of heterogeneity, we did not find more sources of heterogeneity due to the lack of more detailed description of research characteristics in the included studies. Second, although some positive conclusions are reached in TSA Trail results, some conclusions are still unstable and lack sufficient information. Therefore, the current conclusions may change with the increase of studies. Third, because a small part of the included study data came from dental clinics, patients from dental clinics may have some dental diseases or have some symptoms, so these patients are more likely to suffer from periodontal disease. In contrast, patients from other places such as Sjogren’s Syndrome Service of the Hospital Clinics showed no such bias. All in all, the results we get may lean toward “correlation.” In addition, we tried to search the studies on the incidence of Sjogren’s syndrome in patients with periodontal disease. Unfortunately, due to the retrieval of only two articles (47, 48), meta-analysis could not be conducted, and further relationship could not be obtained. However, both papers concluded that patients with periodontal disease were more likely to have Sjogren’s syndrome. To some extent, we believe that such conclusions can help to prove the relationship between Sjogren’s syndrome and periodontal disease. Our results should be interpreted with caution considering the existence of multiple conditions.



4.3. Implications for practice and future research

According to previous studies, periodontal diseases and SS have been considered to be related (47), which has been shown by quite a few studies. SS patients had a higher incidence of tooth loss, a higher risk ratio of undergoing one or more tooth extractions, and significantly more SS patients were edentulous, which may be related to reduced salivary secretion (49). SS can lead to a decrease in saliva flow and a change in its composition, which affects the removal of bacteria in the oral cavity and thus facilitates the accumulation of plaque on the surface of teeth, which contributes to the deterioration of clinical periodontal parameters and, in severe cases, periodontal diseases (15). It has also been reported that the salivary glands of patients with SS are characterized by lymphocytes gathering around the salivary ducts, which plays an important role in driving the local immune response (50). The capillaries of gingival microcirculation in patients with SS have been changed, which may be related to the occurrence of periodontal diseases (51). Moreover, it has been found that the patients with Sjogren’s syndrome had higher serum concentrations of anti-periodontal pathogens such as Aggregatibacter actinomycetemcomitans and Porphyromonas gingivalis. Furthermore, alterations in cytokine networks may act as an intermediate factor between periodontal diseases and SS. More inflammatory cytokines were also found in the oral cavity of patients with SS, which can stimulate the differentiation of immune cells, thus affecting the occurrence and development of periodontal diseases (17, 52). However, the underlying pathophysiological mechanism between periodontal diseases and Sjogren’s syndrome are so complex that by now, it has not been fully understood (47). Unfortunately, we still have no conclusive evidence to judge the relationship between periodontal disease and Sjogren’s syndrome.

Despite the lack of clear evidence, our meta-analysis still has its value for the clinical prevention and treatment of periodontal diseases and SS. The first consultation department of many SS patients is the dental department because dry mouth and dental caries are the initial symptoms of them. This meta-analysis is the first to explore the correlation between periodontal diseases and SS from the perspective of dentists and patients. From the perspective of dentists, the periodontal condition of SS patients should also be paid attention to when they are diagnosed and treated. If timely measures are taken to improve the periodontal condition, SS patients are expected to reduce or even avoid the progressive loss of periodontal tissue. From the patient’s point of view, the symptoms of periodontal disease and SS may serve as reminders of each other, and patients should pay close attention to the other when one is diagnosed. We believe that the treatment of SS is helpful in alleviating periodontal diseases, and the awareness of patients and clinicians on SS may contribute to the successful treatment of periodontal diseases. Future scientific studies should further verify the correlation between these two diseases and explore the mechanism and molecular pathway of their association.




5. Conclusion

This systematic review indicated that SS patients were more likely to be diagnosed with periodontal diseases, and the periodontal index is more likely to be abnormal, suggesting that the treatment of SS has a positive effect on periodontitis.
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Incidence of 5 Observational study |Not serious Serious Not serious Not serious None OR =2.12,95% ®e LOW

periodontal disease CI=143-3.17

BOP 7 Observational study Not serious Serious Not serious Not serious None WMD =9.62, 95% @ VERY LOW
CI=343-15.80

PI 12 Observational study |Not serious Serious Not serious Serious None ‘WMD = 0.15, 95% @ VERY LOW
CI=—-0.00-0.30

GI 10 Observational study Not serious Serious Not serious Not serious None ‘WMD =0.28, 95% @ VERY LOW
CI=0.04-0.51

PPD 12 Observational study |Not serious Serious Not serious Serious None ‘WMD = 0.22, 95% @ VERY LOW
CI=—-0.19-0.63

CAL 6 Observational study |Not serious Serious Not serious Serious None ‘WMD = 0.40, 95% @ VERY LOW
CI=—0.00-0.81

OR, odds ratio; WMD, weighted mean difference.





