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Abstract

:

(1) Background: The aim of this study was to analyze labial minor salivary gland biopsy (MSGB) findings of a large sicca cohort and to examine their associations with Sjogren’s syndrome (SS)-associated laboratory markers, phenotypic characteristics and systemic manifestations. Moreover, we sought to explore the ability of MSGB to identify SS patients among subjects with pre-diagnosed fibromyalgia (FM). (2) Methods: Included were all patients of three rheumatology departments having undergone a diagnostic MSGB within 9 years. Next to the examination of histological and immunohistochemical findings, we focused on activity and chronicity parameters of the underlying disease, autoantibodies, presence of systemic and hematologic involvement, as well as chronic pain and SS comorbidities. (3) Results: Among the 678 included patients, 306 (45.1%) had a positive focus score (FS). The remaining patients (n = 372) served as control subjects. There were significant correlations between FS and hypergammaglobulinemia (p < 0.001), ANA and rheumatoid factor positivity (both; p < 0.001), a weak significant correlation with erythrocyte sedimentation rate (rho = 0.235; p < 0.001) and a negative correlation with nicotine use (p = 0.002). Within the primary SS subgroup, FS was associated significantly with glandular enlargement (p = 0.007) and systemic hematologic manifestations (p = 0.002). Next to FS, CD20 cell staining showed an excellent diagnostic performance in the diagnosis of SS by an area under the curve of 0.822 (95%CI 0.780–0.864; p < 0.001). Interestingly, 42.1% of all patients with fibromyalgia (FM) having received an MSGB could be diagnosed with SS. (4) Conclusion: By examining one of the largest cohorts in the literature, we could show that MSGB histological and immunohistochemical findings not only play a key role in the classification and diagnosis of SS but could also provide important information regarding SS phenotype and systemic manifestations. Furthermore, MSGB may help differentiate patients with FM from patients with subclinical SS who suffer primarily from chronic pain.
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1. Introduction


Sjogren’s syndrome (SS) is one of the most common autoimmune diseases, characterized primarily by inflammatory affection of the secretory glands [1,2]. In addition to glandular manifestations, patients often suffer from symptoms severely affecting quality of life, such as fatigue, chronic musculoskeletal pain, joint swelling and stiffness [3,4]. Moreover, in up to 70% of patients, systemic organ involvement can occur, affecting, among others, the lungs, central and peripheral nervous system, kidneys, skin and gastrointestinal tract [4,5]. Hematologic manifestations can also be observed in the context of SS, and approximately 5% of SS patients develop a malignant lymphoma during the course of the disease [6,7].



The classification and diagnosis of SS require a full clinical, laboratory and paraclinical evaluation, as well as the performance of specific ophthalmological and dental tests, such as the evaluation of the ocular surface staining score or the van Bijsterveld score, the unstimulated whole saliva flow rate and Schirmer’s test [8]. Moreover, two of the most crucial items of the current (2016) ACR/EULAR classification criteria of SS are SSA-Ro antibodies and histopathological results of labial minor salivary gland biopsy (MSGB). Particularly, SSA-Ro positivity and the finding of focal lymphocytic sialadenitis (focus score (FS) ≥ 1/4 mm2) each correspond to 3 scoring points out of 4 needed to reach a positive SS classification [8]. Interestingly, MSGB was one of the most important items in all previous classification criteria of SS [9,10].



The value of MSGB regarding classification and diagnosis of SS has been well established over the years. Moreover, several studies have found a high predictive performance regarding hematologic involvement, as well as associations of MSGB with various clinical disease characteristics. For instance, Chatzis et al. [11] and Risselada et al. [12] showed a high prognostic value of MSGB in the diagnosis of lymphoma, with high FS patients being at high risk for this hematologic manifestation. Furthermore, in the study of Kakugawa et al., higher labial gland biopsy focus scores (≥4) were risk factors for airway diseases during a retrospective examination of 101 SS patients [13]. On the other hand, La Rocca et al. reported that SS patients with intestinal lung disease had less pronounced sialadenitis structural changes [14].



However, data on the diagnostic value of additional immunohistochemical markers, such as CD3, CD20, CD21 and IgG4 staining, are scarce and/or based on small cohorts (for instance: n = 45 [15], n = 37 [16] and n = 50 [17]). Moreover, the vast majority of larger cohorts originate from registries rather than clinical trials. For instance, Daniels et al. analyzed registry data and showed that patients with high FS had higher rates of SSA-Ro antibodies, rheumatoid factor (RF), antinuclear antibodies (ANA) and hypergammaglobulinemia [18]. A positive relationship between hypergammaglobulinaemia and FS could also be shown by Brennan et al. during the investigation of risk factors for positive MSGB results in a “dry mouth” cohort [19]. Moreover, higher FS was associated with abnormal tear production in a retrospective study of 141 patients [20]. Interestingly, Fei et al. did not find an association between systemic involvement and FS in a cohort of 77 patients [21]. However, one should keep in mind that most of these studies were performed using older SS classification criteria, evaluated only FS (and not immunohistochemical markers), and included a low number of patients and/or cohorts with low rates of systemic organ involvement.



Another important point of discussion in patients with SS is a common overlap with chronic pain syndromes [22,23]. Registry data report the presence of fibromyalgia (FM) in 14% to 55% of patients with primary SS (pSS) [24,25,26]. Furthermore, various SS-associated antibodies have been found in FM patients, pointing to a possible link between these two syndromes [27]. Nevertheless, biopsy-based data regarding this association are scarce. Additionally, it is unknown which percentage of patients with FM and other chronic conditions suffer from SS with a subclinical or mildly symptomatic SS disease course.



Thus, the primary aim of this study was to examine the value of MSGB in the diagnosis of SS focusing not solely on the focus score but also on the value of additional immunochemistry examinations in one of the largest MSGB cohorts ever examined. Secondarily, we aimed to evaluate whether MSGB can be helpful in differentiating patients with FM and other chronic pain disorders from chronic pain sufferers with subclinical forms of SS.




2. Materials and Methods


Study population: Recruited in this study were all inpatients from three large rheumatological centers in Germany who had undergone a diagnostic MSGB between January 2010 and December 2019. The diagnostic MSGB was performed in the case of clinical suspicion for the presence of sicca symptoms (SS) and an accompanying abnormal Schirmer’s or Saxon’s test and/or a positive SS-associated autoantibody, such as SSA-Ro and/or SSB-La. Patients with sole SSB-La positivity who did not fulfill SS classification criteria [8] were included in the control group. Excluded from the study were patients with a history of head and neck radiation treatment, active hepatitis C infection, acquired immunodeficiency syndrome, sarcoidosis, amyloidosis, graft versus host disease, IgG4-related disease [8] and an age of ≤18 years. FM was established according to the American College of Rheumatology (ACR) diagnostic criteria by Wolfe et al. [28]. In the flow chart of Figure 1, we present the screening procedure and present all data regarding included and excluded cases and controls.



Study data were collected partly in a prospective and partly in a retrospective manner. The study was reviewed and approved by the local standing committee for ethical conduct in adherence to the Helsinki Declaration, and written informed consent was obtained from the study subjects.



Minor salivary gland biopsy (MSGB) was performed based on the procedure described by Daniels et al. [29]. The lower lip was everted by a medical assistant, and by putting it under tension, the inner surface was exposed, and the minor salivary glands were identified (also through visible saliva excretion) (Figure 2). A local anesthetic was applied topically to the chosen spot(s), followed by small incision(s) mostly parallel to the vermilion border [30]. In the majority of the cases, we obtained at least 2 salivary gland biopsy items, as suggested by Fisher et al. [31], and the median surface of selected biopsies was ≥6.4 cm2.



The analyses of the biopsies were performed by experienced pathologists of a cooperating pathology institute (Pathology Medical Care Center, Trier, Germany) according to the at the time valid guidelines. Previous to 2016 (2010–2016), MSGB was assessed in accordance with the histopathologic criteria suggested by the European Study Group on Classification Criteria for Sjogren’s Syndrome in 2002 [32]. In 2017, new criteria were introduced by the “EULAR Sjogren’s syndrome study group”, and for that reason, all MSGB performed from 2017 and onwards were assessed by the new guidelines [31]. These included additional immunohistochemical assessments of CD3, CD20, CD21 and IgG4-positive cells [15,33]. Subsequently, sections were processed using a Roche BenchMark Ultra tissue staining system with the Roche ultraView Universal DAB Detection Kit, based on a horseradish peroxidase/diaminobenzidine-chromogen antibody detection system. As primary antibodies, we used CD20 antibody (L26, Ventana), CD3 antibody (2GV6, Ventana), CD21 antibody (2G9, Cell Marque), and IgG4 antibody (MRQ-44, Cell Marque) in standard dilution (ready to use) from Ventana/Roche.



FS was calculated in all patients by dividing the amount of all foci (aggregates with more than 50 mononuclear cells) by the surface of the gland and multiplying it by 4 to obtain the number of foci per 4 mm2 [31].



Data collection: Next to the examination of histological results, we focused on activity and chronicity parameters of the underlying disease, autoantibodies, and presence of systemic organ involvement, as well as on current and previous comorbidities. ILD screening was performed via pulmonary function tests and X-ray examinations of the chest in two planes. When pathologic results were found and/or when the patient presented typical symptoms/signs of ILD (i.e., cough, dyspnea), we additionally performed a high-resolution CT scan. Presence of inflammatory arthritis (joint swelling/tenderness) was evaluated clinically, and Raynaud’s phenomenon was assessed via patient history and/or by a cold test.



Laboratory examinations included C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), differential blood counts, renal parameters, immunoglobulin G (IgG) and immunoserological markers, such as ANA (detected on the Hep-2 cells by indirect immunofluorescence), RF, double-stranded DNA (ds-DNA) and ENAs (SSA-Ro, SSB-La, Sm, Scl-70 and U1-RNP, assessed by ELISA).



As part of the classification criteria for SS, patients also underwent a Schirmer’s test, which was considered abnormal if <5 mm after 5 min. Moreover, we examined saliva excretion by Saxon’s test, which is not part of the actual classification criteria but is still part of clinical practice and is still performed in many rheumatology centers, including ours (abnormal if <2.5 g after 2 min) [34,35]. We also took into account and documented the subjective experience of sicca symptoms (oral, ocular and other mucous membranes). Data regarding systemic organ involvement were grouped into different categories (lymphatic and hematologic system, glandular, cutaneous, renal, pulmonary, peripheral and central nervous system). We defined lymphatic abnormalities as clinical and/or sonographic diagnosed lymph node enlargement. Hematologic abnormalities were defined as the presence of leucopenia, anemia, thrombocytopenia, monoclonal gammopathy and/or the confirmed diagnosis of a hematologic disease, such as Non-Hodgkin- or Hodgkin-lymphoma. Glandular enlargement was defined as the presence of a visible and/or palpable enlarged submandibular and/or parotid glands. Moreover, we documented the presence of further rheumatological and other autoimmune diseases, such as inflammatory bowel diseases, Hashimoto’s thyroiditis, Basedow’s, vitiligo, autoimmune hepatitis and gastritis, multiple sclerosis and myasthenia gravis. Additionally, we registered the current medication of the patients, especially conventional synthetic and biologic disease-modifying antirheumatic drugs (DMARDs) and glucocorticoids (Table 1).



Statistical analysis: The assumption of normality of distribution was examined by the Saphiro–Wilk numerical test and quantile–quantile plots. In this work, continuous variables are presented as mean (S.D.) in the case of normal distributions and as median (25th/75th percentiles) when skewed. Categorical variables are presented as absolute (n) and relative (%) frequencies. For the comparison of categorical variables, we used the chi-squared test. Diagnostic performances of autoantibodies, subjective sicca symptoms, Schirmer’s test and Saxon’s test compared to the FS (reference) were examined by receiver operating characteristics (ROC). We also used ROC to evaluate the added value of immunohistochemical markers, such as CD3, CD20, CD21 and IgG4, in the diagnosis of SS. In order to examine differences between the characteristics of SS patients and control subjects, the t-test was used in the case of normally distributed variables and the Mann–Whitney U in the case of skewed distributions test or ANOVA in the case of more than two characteristics. To examine correlations between MSGB markers and continuous characteristics, Spearman’s (rho) or Pearson’s (r) correlation coefficients were used. All statistical calculations were performed by using IBM SPSSVR 23.0 software (Armonk, NY, USA).




3. Results


In total, 678 patients were included. Of the patients, 615 were females, the average age was 54.76 years, and the vast majority came from the broader southwest Germany district. Moreover, 306 patients (45.1%) had a positive FS. The remaining 372 patients (54.9%) with a negative FS served as a control group (rheumatoid arthritis, 14.9%; undifferentiated connective tissue disease, 19.3%; SLE, 4.5%; systemic sclerosis, 3.6%; psoriatic arthritis, 2.8%; polymyalgia rheumatica, 1.7%; overlap syndromes, 2.8%; further diseases, 10.1%). Descriptive characteristics of patients with primary and secondary SS and their statistical differences are shown in Table 1. Respective descriptive characteristics of patients with positive and negative FS and their statistical differences are shown in Table 2 and Table 3 for the whole population and the pSS, respectively.



3.1. Receiver Operating Characteristics (ROC)


Diagnostic performances of FS, CD3, CD20 and CD21 (n = 420) regarding the presence of SS were evaluated via ROC (Figure 3). FS showed an excellent value in the diagnosis of SS by an AUC of 0.797 (95%CI, 0.759–0.835; p < 0.001). Interestingly, additional CD20-positive cell staining was associated with a further improved diagnostic performance by an AUC of 0.822 (95%CI, 0.780–0.864; p < 0.001). Moreover, CD3-positive staining was found to be of high diagnostic value, even though this was lower than the ones of CD20 and FS (AUC 0.761 (95%CI, 0.715, 0.808; p < 0.001)). On the contrary, CD21 and IgG4 cell staining did not show statistically significant results (AUC 0.552 (95%CI, 0.495, 0.610; p = 0.072) and AUC 0.534 (95%CI, 0.473, 0.595; p = 0.274), respectively).



ROC was also performed within the whole group (n = 678) in order to test the diagnostic performance of SSA-, SSB antibodies, subjective sicca symptoms, Schirmer’s test and Saxon’s test in comparison to FS, which was taken as a reference. In these analyses, SSA antibodies showed the best diagnostic performance compared to FS by an area under the curve (AUC) of 0.658 (95% CI: 0.613–0.703) (Table 4, Figure 4).




3.2. Whole Population


In the whole population, level of FS also correlated significantly with the presence of hypergammaglobulinemia [1.27 (0.71–3.36, IQR) vs. 0.73 (0.0–1.76, IQR); p < 0.001], RF [1.51 (0.47–3.09, IQR) vs. 0.63 (0.0–1.31, IQR), p < 0.001] and with ANA positivity (rho = 0.280, p < 0.001). Moreover, subgroup analyses of the ANA patterns showed a statistically significant difference in the FS among different patterns (p < 0.001), with the highest median FS being seen in patients with a homogeneous pattern [1.42 (0.64–3.0, IQR)], compared to [0.33 (0.0–1.58, IQR)] in patients with a nucleolar pattern. Moreover, FS levels correlated weakly significantly with erythrocyte sedimentation rate (rho = 0.235, p < 0.001) but not with CRP (rho = −0.023, p = 0.6) (Table 5).



Regarding the markers assessed by immunohistochemistry, significant strong correlations could be observed between the level of FS and the level of CD3-, and C20 cells detected in the biopsy specimens (rho = 0.659, p < 0.001 and rho = 0.692, p < 0.001, respectively) (Table 6). CD21-positive cells showed a moderate significant correlation with FS (rho = 0.292, p < 0.001), while the association of IgG4-positive cells with FS was poor (rho = 0.118, p = 0.014, respectively). Further associations of immunohistochemical markers (CD3, CD20, CD21, IgG4) with clinical and laboratory patient characteristics are presented in Table 6.



Regarding cardiovascular risk factors, the most significant correlation was found for nicotine use (negative association between the level of FS and nicotine; p = 0.002, Table 6). Depending on the underlying rheumatological disease, there were significant differences in FS levels (Figure 5). Diseases with the highest FS levels were pSS, mixed connective tissue disease and overlap syndromes. On the other hand, there was no significant difference between pSS and secondary SS (sSS) [1.8 (1.0–3.0, IQR) vs. 2.0 (1.06–3.19, IQR), p = 0.232]. Patients under DMARD had statistically significantly higher FS values compared to patients without [1 (0–2.34, IQR) vs. 0.87 (0–1.8, IQR); p = 0.004], but there were no significant differences regarding FS levels and glucocorticoid therapy.




3.3. Primary SS Subgroup


Within the group of patients with pSS, there were significant correlations between the level of FS and the presence of glandular enlargement and hematologic manifestations (Table 6, Figure 6). ANA fine granular and centromere patterns were found to be associated with higher FS values. There were no significant correlations between FS and involvement of the solid examined organ systems (cutaneous, renal, pulmonary, nervous system; all; p > 0.05). Systemic involvement in the context of the disease correlated however significantly with ESR (p = 0.043).




3.4. MSGB and Fibromyalgia


Examining the frequency of the diagnosis of fibromyalgia (FM) in patients included in this study, we found that among the 159 patients who were admitted to the centers due to the diagnosis of primary fibromyalgia and received an MSGB, 63 (39.6%) had a positive FS. Moreover, 67/159 patients in total (42.1%) could be diagnosed with SS on the basis of the ACR-EULAR classification criteria (50 (31.4%) with pSS, 17 (10.7%) with sSS; Table 7).





4. Discussion


In this study, we were able to show that MSGB findings not only play a key role in the classification and diagnosis of SS but could also provide important information regarding the presence of systemic/hematologic involvement in the context of the disease. Furthermore, our findings indicate that additional immunohistochemical staining with CD20- and CD3-positive cells can improve diagnostic MSGB value and that labial gland biopsies can help differentiate patients with FM from patients with subclinical SS who suffer primarily from chronic pain.



To our knowledge, this is one of the largest studies examining histological and immunohistochemical findings in a sicca cohort, including patients with both pSS and sSS. In particular, literature data on immunohistochemical staining are scarce, and the current findings may contribute to an increase in the diagnostic MSGB value. An additional advantage of this work is the fact that a further subgroup consisting of sicca patients with negative MSGB findings could be included and serve as an intrinsic control group. Furthermore, this study is one of the few to have examined relationships of histological findings with clinical, laboratory and also (not well-examined) SS patient-associated characteristics, such as chronic pain.



In our study, FS showed, as expected, excellent diagnostic performance in the diagnosis of SS. Interestingly, CD20-positive staining showed an even higher diagnostic value, pointing to an additional utility of this immunohistochemical marker. Moreover, CD3 and CD21 were also found to perform in a statistically significant manner and were associated with clinical and laboratory disease-associated parameters. These findings can be explained by the fact that CD20 and CD3 stainings can be helpful in identifying germinal centers (GCs) and in assessing the B/T cell ratio in foci [31]. Staining with CD21 can furthermore improve the identification of follicular dendritic cells, and even though isolated CD21 long isoforms cannot sufficiently confirm the presence of GCs, the combined presence of FDC and B/T cells can [31]. Similar to our study, Trivedi et al. were able to show that additional CD3, CD20 and CD45 staining had increased diagnostic certainty in a small cohort of 35 SS patients [15]. The higher diagnostic accuracy was explained through an improvement in the identification of lymphocytic infiltrates, particularly in cases of small lymphocytic clusters, which may be hard to appreciate on H&E within the salivary acini and ducts [15]. However, this study included a low count of patients, and the exact associations of these immunohistochemical markers with disease-associated characteristics were not examined.



In our exploration, MSGB was also taken as a reference to examine the diagnostic performance of other SS screening tools used in routine clinical practice. Regarding evaluated autoantibodies, the best diagnostic performance in comparison to FS could be shown for SSA-Ro, followed by SSB-La. This finding has been also supported by the working group having proposed the actual ACR/EULAR classification criteria, stating that the diagnostic role of SSA antibodies is higher than other SS-related antibodies [8]. For this exact reason, actual SS classification criteria have included solely SSA autoantibodies and not SSB-La, ANA or RF.



Interestingly, neither Schirmer’s nor Saxon’s tests were statistically significantly different between patient and control groups, pointing to low diagnostic performance in both detecting SS patients and differentiating non-specific sicca symptoms from SS-associated ones, as can be also seen by the results of the ROC analyses. The low specificity of tests such as Schirmer’s has also been pointed out by Chiu et al. in a single-center retrospective case–control study examining a large cohort (n = 505 patients) [36]. Moreover, van Nimwegen et al. showed poor diagnostic accuracy in a study that had as an objective the validation of the actual ACR/EULAR classification criteria [37]. On the other hand, such clinical tests have proven important in providing information regarding the severity of eye and mouth dryness. For these reasons, they are an important part of the actual ACR/EULAR classification criteria. Moreover, two further studies showed that Schirmer’s test results can correlate with FS [20,38].



In our study, FS showed a positive association with ANA and RF in the whole group, as well as in the pSS subgroup. Interestingly enough, a homogenous ANA pattern was associated with higher levels of FS in comparison to other patterns when examining our general cohort. However, when evaluating the pSS subgroup, fine-granular and centromere patterns were found to be associated with higher FS values. Similarly, Damoiseaux et al. found the fine-granular ANA pattern to be the most common in patients with SS [39]. Given the fact that SSA-Ro antibodies are the most prominent antibodies in pSS, these results are absolutely plausible.



Since in our pSS cohort ESR was correlated with the level of FS, as well as with the presence of systemic involvement, FS may be seen as a possible marker for SS disease activity with a predictive value regarding the presence of a more severe disease. This has been also pointed out by Gu et al., who showed that higher FS could indicate a higher prevalence of systemic involvement in the context of the disease [40].



Interestingly enough, in the current study, not only disease but also patient-associated characteristics were found to be associated with FS. One of these factors was nicotine consumption: in the general cohort, patients who were smoking at the time of the MSGB had statistically lower FS levels compared to non-smokers. This finding can at first glance seem surprising because of the known detrimental effects of nicotine and a documented association with higher disease activity. It has, however, also been described in further studies and has been explained by a lower concentration of lymphocytes in the examined glands of smokers [41,42].



There were no significant differences in the level of FS between pSS and sSS. The highest FS values could be observed in patients with rheumatologic overlap syndromes, indicating a more aggressive disease course in these patients. An overall different phenotypic appearance of these patients with more severe sialadenitis, and thus the need for a different treatment strategy, should be further discussed. The examination of overlap syndromes can be nevertheless complicated due to a missing uniform definition and highly variable clinical pictures [43,44]. The same applies to the case of sSS since there are no separate specific classification criteria for this entity [8,45]. Moutsopoulos et al. did not find a difference in histopathology, RF or immunoglobulins between SS patients with and without additional rheumatoid arthritis [46]. Furthermore, Manoussakis et al. did not find significant FS differences between patients with pSS and sSS in the context of systemic lupus erythematosus [47].



Current disease-modifying antirheumatic drugs (DMARDs) showed a significant association with the level of FS in our study. Patients receiving DMARDs had statistically higher levels of FS, pointing to a more prominent use of these immunosuppressive medications in severe/aggressive disease courses. Interestingly enough, biologic DMARDs have been shown to reduce FS in different studies. For instance, treatment with abatacept resulted in a reduction of foci [48], and a 120-week-long therapy with rituximab resulted in a reduction of glandular infiltration in pSS cohorts [49].



In our cohort, only a minority of patients had present germinal centers in the MSGB (0.005%). Non-Hodgkin lymphomas and other hematologic conditions, such as monoclonal gammopathies, were also documented in few patients. Interestingly, these few patients showed statistically significantly higher FS in comparison to their counterparts. Based on these data, FS can prove to be a good prognostic marker for the occurrence of such additional complications and should be taken into account when screening patients for hematologic diseases [6,7,50]. Similar results could be shown by Chatzis et al., who found that patients with FS ≥ 4 developed lymphomas significantly faster than patients with FS < 4 [11].



Another important finding of this study was the high prevalence of underdiagnosed SS in patients with suspected chronic pain disorders, such as FM. This indicates the importance of MSGB in assisting SS classification and avoiding misdiagnosis. Even if a relationship between SS and FM has been described, no accurate data regarding the prevalence of undiagnosed SS among chronic pain sufferers are known. However, a nationwide Taiwanese study found that patients with FM had a hazard ratio of 2.0 to develop SS compared to control subjects [51]. Moreover, Torrente-Segarra et al. showed that patients with FM and SS had more intense somatic symptoms and subjectively higher disease activity [26].



Our study has some limitations. Firstly, one arm of the study was analyzed retrospectively. In this arm, we also included patients who had received an MSGB between the years 2010 and 2016. Even though FS interpretation has not radically changed over the years, data on more specific markers of MSGB, such as immunochemistry markers (CD3+, CD20+ cells, germinal centers), have been documented by our cooperating pathologists only during the prospective arm of the study, meaning after 2016. Secondly, since study data have been collected over several years, three different pathologists were involved in the analysis of the MSGB findings, which could have led to interobserver variability. Thirdly, we could not examine all items of the actual ACR/EULAR classification criteria, such as unstimulated whole saliva rate and ocular staining scores, due to the fact that these examinations are usually not performed in routine rheumatology practice and also not in our center. However, we included Saxon’s test and Schirmer’s tests in our analyses in order to include markers of both mouth and eye dryness. Furthermore, since we did not perform examinations of cognitive function via a specific mental test in every included patient, we did not include data on cognitive impairment in our study.



To conclude, by examining one of the largest cohorts in the literature, we showed that specific immunohistochemistry examinations can increase the diagnostic performance of MSGB. Moreover, MSGB findings do not only play a key role in the classification and diagnosis of SS but could also provide important information regarding the presence of systemic hematologic and glandular involvement. At last, MSGB may help in differentiating patients with FM and other chronic pain disorders from patients with subclinical SS who suffer primarily from chronic pain. The results of these explorations should be controlled and validated in further studies.







Author Contributions


Conceptualization, K.T., M.B. and A.S.; methodology, K.T. and M.O.; formal analysis, M.B. and M.O.; data curation, M.B.; writing—original draft preparation, K.T. and M.B.; writing—review and editing, K.T., M.B. and A.S.; supervision, K.T. and A.S.; project administration, A.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki. The study has been reviewed and its performance was approved by the local standing committee for ethical conduct (Medical Board Rhineland-Palatinate, No. 2019-14418).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data are available upon reasonable request by any qualified researchers who engage in rigorous, independent scientific research, and will be provided following review and approval of a research proposal and Statistical Analysis Plan (SAP) and execution of a Data Sharing Agreement (DSA). All data relevant to the study are included in the article.




Acknowledgments


Special thanks to the medical assistants Nicole Dirvonskis, Suzanne Dietz and Melanie Opp of the diagnostic department of the Rheumatology Center Rhineland-Palatinate, Germany. Parts of the results are from the thesis from M. Bach.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Witte, T. Sjogren’s syndrome. Z. Rheumatol. 2019, 78, 511–517. [Google Scholar] [CrossRef] [PubMed]

	



Both, T.; Dalm, V.A.; van Hagen, P.M.; van Daele, P.L. Reviewing primary Sjogren’s syndrome: Beyond the dryness—From pathophysiology to diagnosis and treatment. Int. J. Med. Sci. 2017, 14, 191–200. [Google Scholar] [CrossRef] [PubMed]

	



Segal, B.; Thomas, W.; Rogers, T.; Leon, J.M.; Hughes, P.; Patel, D.; Patel, K.; Novitzke, J.; Rohrer, M.; Gopalakrishnan, R.; et al. Prevalence, severity, and predictors of fatigue in subjects with primary Sjogren’s syndrome. Arthritis Rheum. 2008, 59, 1780–1787. [Google Scholar] [CrossRef] [PubMed]

	



Leone, M.C.; Alunno, A.; Cafaro, G.; Valentini, V.; Marcucci, E.; Bartoloni, E.; Gerli, R. The clinical spectrum of primary Sjogren’s syndrome: Beyond exocrine glands. Reumatismo 2017, 69, 93–100. [Google Scholar] [CrossRef] [PubMed]

	



Ramos-Casals, M.; Solans, R.; Rosas, J.; Camps, M.T.; Gil, A.; Del Pino-Montes, J.; Calvo-Alen, J.; Jimenez-Alonso, J.; Mico, M.L.; Beltran, J.; et al. Primary Sjogren syndrome in Spain: Clinical and immunologic expression in 1010 patients. Medicine 2008, 87, 210–219. [Google Scholar] [CrossRef] [PubMed]

	



Reksten, T.R.; Jonsson, M.V. Sjogren’s syndrome: An update on epidemiology and current insights on pathophysiology. Oral Maxillofac. Surg. Clin. N. Am. 2014, 26, 1–12. [Google Scholar] [CrossRef] [PubMed]

	



Masaki, Y.; Sugai, S. Lymphoproliferative disorders in Sjogren’s syndrome. Autoimmun. Rev. 2004, 3, 175–182. [Google Scholar] [CrossRef] [PubMed]

	



Shiboski, C.H.; Shiboski, S.C.; Seror, R.; Criswell, L.A.; Labetoulle, M.; Lietman, T.M.; Rasmussen, A.; Scofield, H.; Vitali, C.; Bowman, S.J.; et al. 2016 American College of Rheumatology/European League Against Rheumatism Classification Criteria for Primary Sjogren’s Syndrome: A Consensus and Data-Driven Methodology Involving Three International Patient Cohorts. Ann. Rheum. Dis. 2017, 76, 9–16. [Google Scholar] [CrossRef]

	



Vitali, C.; Bombardieri, S.; Moutsopoulos, H.M.; Balestrieri, G.; Bencivelli, W.; Bernstein, R.M.; Bjerrum, K.B.; Braga, S.; Coll, J.; de Vita, S.; et al. Preliminary criteria for the classification of Sjogren’s syndrome. Results of a prospective concerted action supported by the European Community. Arthritis Rheum. 1993, 36, 340–347. [Google Scholar] [CrossRef]

	



Shiboski, S.C.; Shiboski, C.H.; Criswell, L.; Baer, A.; Challacombe, S.; Lanfranchi, H.; Schiodt, M.; Umehara, H.; Vivino, F.; Zhao, Y.; et al. American College of Rheumatology classification criteria for Sjogren’s syndrome: A data-driven, expert consensus approach in the Sjogren’s International Collaborative Clinical Alliance cohort. Arthritis Care Res. 2012, 64, 475–487. [Google Scholar] [CrossRef]

	



Chatzis, L.; Goules, A.V.; Pezoulas, V.; Baldini, C.; Gandolfo, S.; Skopouli, F.N.; Exarchos, T.P.; Kapsogeorgou, E.K.; Donati, V.; Voulgari, P.V.; et al. A biomarker for lymphoma development in Sjogren’s syndrome: Salivary gland focus score. J. Autoimmun. 2021, 121, 102648. [Google Scholar] [CrossRef] [PubMed]

	



Risselada, A.P.; Kruize, A.A.; Goldschmeding, R.; Lafeber, F.P.; Bijlsma, J.W.; van Roon, J.A. The prognostic value of routinely performed minor salivary gland assessments in primary Sjogren’s syndrome. Ann. Rheum. Dis. 2014, 73, 1537–1540. [Google Scholar] [CrossRef] [PubMed]

	



Kakugawa, T.; Sakamoto, N.; Ishimoto, H.; Shimizu, T.; Nakamura, H.; Nawata, A.; Ito, C.; Sato, S.; Hanaka, T.; Oda, K.; et al. Lymphocytic focus score is positively related to airway and interstitial lung diseases in primary Sjogren’s syndrome. Respir. Med. 2018, 137, 95–102. [Google Scholar] [CrossRef] [PubMed]

	



La Rocca, G.; Ferro, F.; Bulleri, A.; Fulvio, G.; Fonzetti, S.; Donati, V.; Romei, C.; Mosca, M.; Baldini, C. Glandular involvement in primary Sjogren’s syndrome patients with interstitial lung disease-onset and sicca-onset, a single centre cross-sectional study. Clin. Exp. Rheumatol. 2022, 40, 2344–2349. [Google Scholar] [CrossRef] [PubMed]

	



Trivedi, A.; Cornejo, K.M.; O’Donnell, P.; Dresser, K.; Deng, A. Employing immunohistochemical staining to labial minor salivary gland biopsies from patients with Sjogren’s syndrome increases diagnostic certainty. J. Oral Pathol. Med. 2021, 50, 98–102. [Google Scholar] [CrossRef] [PubMed]

	



Barone, F.; Bombardieri, M.; Manzo, A.; Blades, M.C.; Morgan, P.R.; Challacombe, S.J.; Valesini, G.; Pitzalis, C. Association of CXCL13 and CCL21 expression with the progressive organization of lymphoid-like structures in Sjogren’s syndrome. Arthritis Rheum. 2005, 52, 1773–1784. [Google Scholar] [CrossRef] [PubMed]

	



Carubbi, F.; Alunno, A.; Cipriani, P.; Coletti, G.; Bigerna, B.; Manetti, M.; Di Benedetto, P.; Bistoni, O.; Cipolloni, G.; Liakouli, V.; et al. Different operators and histologic techniques in the assessment of germinal center-like structures in primary Sjogren’s syndrome minor salivary glands. PLoS ONE 2019, 14, e0211142. [Google Scholar] [CrossRef] [PubMed]

	



Daniels, T.E.; Cox, D.; Shiboski, C.H.; Schiodt, M.; Wu, A.; Lanfranchi, H.; Umehara, H.; Zhao, Y.; Challacombe, S.; Lam, M.Y.; et al. Associations between salivary gland histopathologic diagnoses and phenotypic features of Sjogren’s syndrome among 1726 registry participants. Arthritis Rheum. 2011, 63, 2021–2030. [Google Scholar] [CrossRef]

	



Brennan, M.T.; Sankar, V.; Leakan, R.A.; Kleiner, D.; Atkinson, J.C.; Wilkinson, W.E.; Baum, B.J.; Pillemer, S.R. Risk factors for positive minor salivary gland biopsy findings in Sjogren’s syndrome and dry mouth patients. Arthritis Rheum. 2002, 47, 189–195. [Google Scholar] [CrossRef]

	



Haldorsen, K.; Moen, K.; Jacobsen, H.; Jonsson, R.; Brun, J.G. Exocrine function in primary Sjogren syndrome: Natural course and prognostic factors. Ann. Rheum. Dis. 2008, 67, 949–954. [Google Scholar] [CrossRef]

	



Fei, Y.Y.; Li, X.M.; Lin, D.F.; Li, M.T.; Zhang, W.; Zhang, X.; Zhao, Y.; Zeng, X.F.; Zhang, F.C. Importance of salivary gland focus score in the diagnosis of Sjogren’s syndrome. Zhonghua Yi Xue Za Zhi 2013, 93, 976–979. [Google Scholar] [PubMed]

	



Atzeni, F.; Cazzola, M.; Benucci, M.; Di Franco, M.; Salaffi, F.; Sarzi-Puttini, P. Chronic widespread pain in the spectrum of rheumatological diseases. Best Pract. Res. Clin. Rheumatol. 2011, 25, 165–171. [Google Scholar] [CrossRef] [PubMed]

	



Omdal, R.; Mellgren, S.I.; Norheim, K.B. Pain and fatigue in primary Sjogren’s syndrome. Rheumatology 2021, 60, 3099–3106. [Google Scholar] [CrossRef] [PubMed]

	



Iannuccelli, C.; Spinelli, F.R.; Guzzo, M.P.; Priori, R.; Conti, F.; Ceccarelli, F.; Pietropaolo, M.; Olivieri, M.; Minniti, A.; Alessandri, C.; et al. Fatigue and widespread pain in systemic lupus erythematosus and Sjogren’s syndrome: Symptoms of the inflammatory disease or associated fibromyalgia? Clin. Exp. Rheumatol. 2012, 30 (Suppl. 74), 117–121. [Google Scholar] [PubMed]

	



Priori, R.; Iannuccelli, C.; Alessandri, C.; Modesti, M.; Antonazzo, B.; Di Lollo, A.C.; Valesini, G.; Di Franco, M. Fatigue in Sjogren’s syndrome: Relationship with fibromyalgia, clinical and biologic features. Clin. Exp. Rheumatol. 2010, 28 (Suppl. 63), S82–S86. [Google Scholar] [PubMed]

	



Torrente-Segarra, V.; Corominas, H.; Sánchez-Piedra, C.; Castro, M.F.; Andreu, J.L.; Martínez-Taboada, V.M.; Olivé, A.; Rosas, J.; Sánchez-Alonso, F.; SJOGRENSER Study Group of the Spanish Society of Rheumatology. Fibromyalgia prevalence and associated factors in primary Sjogren’s syndrome patients in a large cohort from the Spanish Society of Rheumatology registry (SJOGRENSER). Clin. Exp. Rheumatol. 2017, 35 (Suppl. 105), 28–34. [Google Scholar] [PubMed]

	



Applbaum, E.; Lichtbroun, A. Novel Sjogren’s autoantibodies found in fibromyalgia patients with sicca and/or xerostomia. Autoimmun. Rev. 2019, 18, 199–202. [Google Scholar] [CrossRef]

	



Wolfe, F.; Clauw, D.J.; Fitzcharles, M.A.; Goldenberg, D.L.; Katz, R.S.; Mease, P.; Russell, A.S.; Russell, I.J.; Winfield, J.B.; Yunus, M.B. The American College of Rheumatology preliminary diagnostic criteria for fibromyalgia and measurement of symptom severity. Arthritis Care Res. 2010, 62, 600–610. [Google Scholar] [CrossRef]

	



Daniels, T.E. Labial salivary gland biopsy in Sjogren’s syndrome. Assessment as a diagnostic criterion in 362 suspected cases. Arthritis Rheum. 1984, 27, 147–156. [Google Scholar] [CrossRef]

	



Kim, J.; Sun, D.; Ozl, R.; Grader-Beck, T.; Birnbaum, J.; Akpek, E.K.; Baer, A.N. A validated method of labial minor salivary gland biopsy for the diagnosis of Sjogren’s syndrome. Laryngoscope 2016, 126, 2041–2046. [Google Scholar] [CrossRef]

	



Fisher, B.A.; Jonsson, R.; Daniels, T.; Bombardieri, M.; Brown, R.M.; Morgan, P.; Bombardieri, S.; Ng, W.F.; Tzioufas, A.G.; Vitali, C.; et al. Standardisation of labial salivary gland histopathology in clinical trials in primary Sjogren’s syndrome. Ann. Rheum. Dis. 2017, 76, 1161–1168. [Google Scholar] [CrossRef] [PubMed]

	



Vitali, C.; Bombardieri, S.; Jonsson, R.; Moutsopoulos, H.M.; Alexander, E.L.; Carsons, S.E.; Daniels, T.E.; Fox, P.C.; Fox, R.I.; Kassan, S.S.; et al. Classification criteria for Sjogren’s syndrome: A revised version of the European criteria proposed by the American-European Consensus Group. Ann. Rheum. Dis. 2002, 61, 554–558. [Google Scholar] [CrossRef] [PubMed]

	



Carubbi, F.; Alunno, A.; Cipriani, P.; Di Benedetto, P.; Ruscitti, P.; Berardicurti, O.; Bartoloni, E.; Bistoni, O.; Caterbi, S.; Ciccia, F.; et al. Is minor salivary gland biopsy more than a diagnostic tool in primary Sjogren’s syndrome? Association between clinical, histopathological, and molecular features: A retrospective study. Semin. Arthritis Rheum. 2014, 44, 314–324. [Google Scholar] [CrossRef] [PubMed]

	



Hernandez-Molina, G.; Sanchez-Hernandez, T. Clinimetric methods in Sjogren’s syndrome. Semin. Arthritis Rheum. 2013, 42, 627–639. [Google Scholar] [CrossRef] [PubMed]

	



Kohler, P.F.; Winter, M.E. A quantitative test for xerostomia. The Saxon test, an oral equivalent of the Schirmer test. Arthritis Rheum. 1985, 28, 1128–1132. [Google Scholar] [CrossRef] [PubMed]

	



Chiu, Y.H.; Szu-Hsien Lee, T.; Chao, E.; Chen, I.F.; Liu, F.C.; Chiu, C.H.; Chen, H.C.; Chang, D.M.; Chu, S.J.; Kuo, S.Y.; et al. Application of classification criteria of Sjogren syndrome in patients with sicca symptoms: Real-world experience at a medical center. J. Formos. Med. Assoc. 2020, 119 Pt 3, 480–487. [Google Scholar] [CrossRef]

	



van Nimwegen, J.F.; van Ginkel, M.S.; Arends, S.; Haacke, E.A.; van der Vegt, B.; Sillevis Smitt-Kamminga, N.; Spijkervet, F.K.L.; Kroese, F.G.M.; Stel, A.J.; Brouwer, E.; et al. Validation of the ACR-EULAR criteria for primary Sjogren’s syndrome in a Dutch prospective diagnostic cohort. Rheumatology 2018, 57, 818–825. [Google Scholar] [CrossRef] [PubMed]

	



Bunya, V.Y.; Bhosai, S.J.; Heidenreich, A.M.; Kitagawa, K.; Larkin, G.B.; Lietman, T.M.; Gaynor, B.D.; Akpek, E.K.; Massaro-Giordano, M.; Srinivasan, M.; et al. Association of Dry Eye Tests with Extraocular Signs among 3514 Participants in the Sjogren’s Syndrome International Registry. Am. J. Ophthalmol. 2016, 172, 87–93. [Google Scholar] [CrossRef] [PubMed]

	



Damoiseaux, J.; Andrade, L.E.C.; Carballo, O.G.; Conrad, K.; Francescantonio, P.L.C.; Fritzler, M.J.; Garcia de la Torre, I.; Herold, M.; Klotz, W.; Cruvinel, W.M.; et al. Clinical relevance of HEp-2 indirect immunofluorescent patterns: The International Consensus on ANA patterns (ICAP) perspective. Ann. Rheum. Dis. 2019, 78, 879–889. [Google Scholar] [CrossRef]

	



Gu, Y.Y.; Jiang, Y.H.; Bao, C.D. Labial salivary gland biopsy in the diagnosis of Sjogren’s syndrome. Zhonghua Nei Ke Za Zhi 1994, 33, 597–600. [Google Scholar]

	



Karabulut, G.; Kitapcioglu, G.; Inal, V.; Kalfa, M.; Yargucu, F.; Keser, G.; Emmungil, H.; Gokmen, N.M.; Kocanaogullari, H.; Aksu, K. Cigarette smoking in primary Sjogren’s syndrome: Positive association only with ANA positivity. Mod. Rheumatol. 2011, 21, 602–607. [Google Scholar] [CrossRef] [PubMed]

	



Manthorpe, R.; Benoni, C.; Jacobsson, L.; Kirtava, Z.; Larsson, A.; Liedholm, R.; Nyhagen, C.; Tabery, H.; Theander, E. Lower frequency of focal lip sialadenitis (focus score) in smoking patients. Can tobacco diminish the salivary gland involvement as judged by histological examination and anti-SSA/Ro and anti-SSB/La antibodies in Sjogren’s syndrome? Ann. Rheum. Dis. 2000, 59, 54–60. [Google Scholar] [CrossRef] [PubMed]

	



Theander, E.; Jacobsson, L.T. Relationship of Sjogren’s syndrome to other connective tissue and autoimmune disorders. Rheum. Dis. Clin. N. Am. 2008, 34, 935–947. [Google Scholar] [CrossRef] [PubMed]

	



Pepmueller, P.H. Undifferentiated Connective Tissue Disease, Mixed Connective Tissue Disease, and Overlap Syndromes in Rheumatology. Mo. Med. 2016, 113, 136–140. [Google Scholar] [PubMed]

	



Hernandez-Molina, G.; Avila-Casado, C.; Hernandez-Hernandez, C.; Recillas-Gispert, C.; Sanchez-Guerrero, J. Performance of the 2016 ACR/EULAR SS classification criteria in patients with secondary Sjogren’s syndrome. Clin. Exp. Rheumatol. 2020, 38 (Suppl. 126), 130–133. [Google Scholar] [PubMed]

	



Moutsopoulos, H.M.; Webber, B.L.; Vlagopoulos, T.P.; Chused, T.M.; Decker, J.L. Differences in the clinical manifestations of sicca syndrome in the presence and absence of rheumatoid arthritis. Am. J. Med. 1979, 66, 733–736. [Google Scholar] [CrossRef] [PubMed]

	



Manoussakis, M.N.; Georgopoulou, C.; Zintzaras, E.; Spyropoulou, M.; Stavropoulou, A.; Skopouli, F.N.; Moutsopoulos, H.M. Sjogren’s syndrome associated with systemic lupus erythematosus: Clinical and laboratory profiles and comparison with primary Sjogren’s syndrome. Arthritis Rheum. 2004, 50, 882–891. [Google Scholar] [CrossRef]

	



Adler, S.; Korner, M.; Forger, F.; Huscher, D.; Caversaccio, M.D.; Villiger, P.M. Evaluation of histologic, serologic, and clinical changes in response to abatacept treatment of primary Sjogren’s syndrome: A pilot study. Arthritis Care Res. 2013, 65, 1862–1868. [Google Scholar] [CrossRef]

	



Carubbi, F.; Cipriani, P.; Marrelli, A.; Benedetto, P.; Ruscitti, P.; Berardicurti, O.; Pantano, I.; Liakouli, V.; Alvaro, S.; Alunno, A.; et al. Efficacy and safety of rituximab treatment in early primary Sjogren’s syndrome: A prospective, multi-center, follow-up study. Arthritis Res. Ther. 2013, 15, R172. [Google Scholar] [CrossRef]

	



Johnsen, S.J.; Brun, J.G.; Goransson, L.G.; Smastuen, M.C.; Johannesen, T.B.; Haldorsen, K.; Harboe, E.; Jonsson, R.; Meyer, P.A.; Omdal, R. Risk of non-Hodgkin’s lymphoma in primary Sjogren’s syndrome: A population-based study. Arthritis Care Res. 2013, 65, 816–821. [Google Scholar] [CrossRef]

	



Gau, S.Y.; Leong, P.Y.; Lin, C.L.; Tsou, H.K.; Wei, J.C. Higher Risk for Sjogren’s Syndrome in Patients with Fibromyalgia: A Nationwide Population-Based Cohort Study. Front. Immunol. 2021, 12, 640618. [Google Scholar] [CrossRef]








[image: Diagnostics 13 03117 g001] 





Figure 1. Flowchart describing included and excluded cases and controls of the study population. MSGB: minor salivary gland biopsy; FS: focus score. * Sjogren’s: ACR/EULAR classification. 
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Figure 2. (a) Identification of a labial minor salivary gland. (b) Performance of minor salivary gland biopsy in a minimally invasive manner. (c) Hematoxylin and eosin (H&E) staining of salivary gland tissue with the finding of focal lymphocytic sialadenitis by a focus score of 6.0 in the context of primary Sjogren’s syndrome. 
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Figure 3. Receiver operating characteristics SS diagnosis vs. histology/immunohistochemistry data (a–d): (a) CD3 (AUC (95%-CI) = 0.761 (0.715, 0.808), p < 0.001), (b) CD20 (AUC (95%-CI) = 0.822 (0.780, 0.864), p < 0.001), (c) FS (AUC (95%-CI) = 0.797 (0.759, 0.835), p < 0.001), (d) CD21 (AUC (95%-CI) = 0.552 (0.495, 0.610), p = 0.072). SS: Sjögren’s syndrome; AUC: Area under the curve; 95%-CI: 95%-confidence interval; p: significance; FS: focus score; *** p < 0.001. 
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Figure 4. Receiver operating characteristics (focus score vs. further diagnostic items (a–d)): (a) SSA antibodies (AUC (95%-CI) = 0.658 (0.613, 0.703), p < 0.001), (b) ENA screening (AUC (95%-CI) = 0.656 (0.612, 0.700), p < 0.001), (c) subjective sicca symptoms (AUC (95%-CI) = 0.535 (0.489, 0.580), p = 0.031), (d) Schirmer’s test (AUC (95%-CI) = 0.507 (0.450, 0.565), p = 0.574). AUC: Area under the curve; 95%-CI: 95%-confidence interval; p: significance. (green line: no significant/predictive value). *, *** Significant differences between the two groups. 
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Figure 5. Comparison of the average value of focus score in patients with all included rheumatic diseases. pSS significantly higher compared to undifferentiated connective tissue disease, systemic lupus erythematosus, seropositive and seronegative rheumatoid arthritis, systemic sclerosis, fibromyalgia, psoriatic arthritis, polymyalgia rheumatica, CREST syndrome and other diseases (p < 0.001) but not significantly higher compared to mixed connective tissue disease and overlap syndromes (both; p > 0.05). pSS: primary Sjogren’s syndrome; p: significance, °: outlier, *: extreme value. 
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Figure 6. FocussScore comparisons in patients with pSS regarding (a) hematologic manifestations [4 (1–5, IQR) vs. 5.03 (1.72–9.3, IQR) vs. 1.69 (1–3, IQR); p = 0.002]; (b) glandular involvement [4 (2.98–6.2, IQR) vs. 1.6 (1–3, IQR); p = 0.007]. pSS: primary Sjogren’s syndrome; IQR: interquartile rate; p < 0.05, °: outlier; * p < 0.05. 
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Table 1. Descriptive patient characteristics (primary Sjogren’s syndrome subgroup (pSS) and secondary Sjogren’s syndrome subgroup (sSS)).
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	pSS (n = 194)
	sSS (n = 117)
	Significance (p)





	Age † (years)
	56.75 ± 13.07
	57.18 ± 12.86
	0.771



	Gender (female)
	189 (91.3%)
	110 (89.4%)
	0.626



	Arterial hypertension (yes)
	70 (33.8%)
	48 (39%)
	0.552



	Type 2 diabetes (yes)
	11 (5.3%)
	10 (8.1%)
	0.385



	Hyperlipidemia (yes)
	58 (28.1%)
	32 (26.0%)
	0.998



	Nicotine use (smokers)
	34 (16.4%)
	20 (16.3%)
	0.912



	HDL † (mg/dL)
	63.14 ± 18.33
	65.56 ± 17.83
	0.387



	LDL † (mg/dL)
	131.54 ± 44.52
	123.42 ± 35.12
	0.176



	Total cholesterol † (mg/dL)
	202.46 ± 47.47
	196.57 ± 40.71
	0.345



	Systolic blood pressure † (mmHg)
	121.13 ± 16.65
	120.93 ± 15.32
	0.954



	Diastolic blood pressure † (mmHg)
	74.77 ± 14.10
	74.19 ± 8.72
	0.808



	Undifferentiated connective tissue disease
	
	15 (12.2%)
	



	Mixed connective tissue disease
	
	11 (8.9%)
	



	Systemic lupus erythematosus
	
	21 (17.1%)
	



	Seropositive rheumatoid arthritis
	
	16 (13%)
	



	Seronegative rheumatoid arthritis
	
	15 (12.2%)
	



	Systemic sclerosis
	
	6 (4.9%)
	



	Overlap syndrome
	
	20 (16.3%)
	



	Psoriatic arthritis
	
	5 (4.1%)
	



	CREST syndrome
	
	5 (4.1%)
	



	others
	
	9 (7.3%)
	



	Focus Score ‡
	1.80 (1–3)
	2.00 (1.06–3.19)
	0.232



	Gland area ‡ (mm2)
	6.90 (3.80–10.02)
	6.29 (3.35–8.68)
	0.213



	Number of samples ‡
	2 (1–2)
	2 (1–2)
	0.504



	CD3 ‡
	74.50 (52.25–150)
	80.00 (53.75–200)
	0.636



	CD20 ‡
	50.00 (20–100)
	51.00 (16.25–50)
	0.810



	ENA screen (positive)
	90 (43.5%)
	68 (55.3%)
	0.111



	SSA antibodies (positive)
	79 (38.2%)
	62 (50.4%)
	0.103



	SSB antibodies (positive)
	25 (12.1%)
	17 (13.8%)
	0.818



	Sm antibodies (positive)
	2 (1%)
	4 (3.3%)
	0.075



	RNP antibodies (positive)
	2 (1%)
	6 (4.9%)
	0.015 *



	Scl-70 antibodies (positive)
	1 (0.5%)
	1 (0.8%)
	0.748



	Jo-1 antibodies (positive)
	
	3 (2.4%)
	



	Rheumatoid factor ‡
	positive: 35 (16.9%)
	positive: 22 (17.9%)
	<0.001 ***



	
	>triple: 27 (13%)
	>triple: 35 (28.5%)
	



	Hypergammaglobulinemia (yes)
	42 (20.3%)
	35 (28.5%)
	0.126



	ESR ‡ (mm/h)
	18 (10–30)
	30 (16.25–50)
	<0.001 ***



	Saxon’s test (positive)
	37 (17.9%)
	22 (17.9%)
	0.619



	Saxon’s test difference ‡ (g)
	2.65 (1.27–3.90)
	3.32 (1.12–3.73)
	0.565



	Schirmer’s test (positive)
	99 (47.8%)
	50 (40.7%)
	0.607



	Schirmer’s test ‡ (lowest value) (mm)
	3 (1–5)
	3 (1–6)
	0.771



	Sicca symptoms (yes)
	175 (84.5%)
	104 (84.6%)
	0.788



	Systemic involvement (yes)
	77 (37.2%)
	71 (57.7%)
	0.003 **



	Hematologic involvement ‡
	Lymph node swelling:

9 (4.3%)

Hem. disease: 5 (2.4%)
	Lymph node swelling:

6 (4.9%)

Hem. disease: 2 (1.6%)
	0.772



	Glandular enlargement (yes)
	10 (4.8%)
	5 (4.1%)
	0.600



	Cutane involvement (yes)
	49 (23.7%)
	49 (39.8%)
	0.012 *



	Renal involvement (yes)
	9 (4.3%)
	6 (4.9%)
	0.986



	Pulmonary involvement (yes)
	11 (5.3%)
	20 (16.2%)
	0.002 **



	CVD (yes)
	23 (11.9%)
	16 (13.7%)
	ns



	Antihypertensive therapy (yes)
	57 (27.5%)
	39 (31.7%)
	0.218



	Statin therapy (yes)
	17 (8.2%)
	11 (8.9%)
	0.723



	Cortisone therapy (yes)
	45 (21.7%)
	65 (52.8%)
	<0.001 ***



	DMARD (yes)
	53 (27.6%)
	61 (49.6%)
	<0.001 ***



	Methotrexate
	10 (5.2%)
	13 (10.7%)
	0.071



	Hydroxychloroquine
	31 (16.2%)
	22 (18.0%)
	0.664



	Azathioprine
	5 (2.6%)
	12 (9.8%)
	0.006 **



	Leflunomide
	1 (0.5%)
	6 (4.9%)
	0.010 *



	Rituximab
	2 (1.0%)
	1 (0.8%)
	0.844



	TNF inhibitor
	1 (0.5%)
	6 (4.9%)
	0.010 *



	Mycofenolat mofetil
	1 (0.5%)
	2 (1.6%)
	0.321



	Sulfasalazine
	1 (0.5%)
	4 (3.3%)
	0.057



	JAK inhibitors
	-
	2 (1.6%)
	0.321



	Further autoimmune diseases (yes)
	21 (10.1%)
	12 (9.8%)
	0.865







‡ Non-normal distribution: presentation as median (interquartile range). † Normal distribution: presentation as mean (S.D.). Others: absolute and relative frequencies. *, **, *** Significant difference between the two groups. Data on glandular area, number of samples, CD3 and CD20 present in 171 FS+/215 FS−, 176 FS+/234 FS−, 185 FS+/237 FS− and 185 FS+/234 FS− patients respectively. HDL: high-density lipoprotein; LDL: low-density lipoprotein; ENA: extractable nuclear antigens; ESR: erythrocyte sedimentation rate; CVD: cardiovascular diseases; DMARD: disease-modifying antirheumatic drugs.













 





Table 2. Descriptive patient characteristics (whole study population).






Table 2. Descriptive patient characteristics (whole study population).











	
	Focus Score

Positive (n = 306)
	Focus Score

Negative (n = 372)
	Significance

(p)





	Age † (years)
	56.63 ± 12.41
	52.93 ± 11.78
	<0.001 ***



	Gender (female)
	275 (91.1%)
	335 (90.3%)
	0.791



	Arterial hypertension (yes)
	101 (35.4%)
	124 (34.6%)
	0.449



	Type 2 diabetes (yes)
	18 (6.3%)
	22 (6.2%)
	1



	Hyperlipidemia (yes)
	77 (42.8%)
	134 (54.9%)
	0.014 *



	Nicotine use (smokers)
	47 (19.5%)
	103 (34.3%)
	<0.001 ***



	HDL † (mg/dL)
	63.55 ± 17.95
	65.79 ± 20.07
	0.254



	LDL † (mg/dL)
	129.96 ± 43.84
	133.96 ± 39.30
	0.343



	Total cholesterol † (mg/dL)
	200.78 ± 47.51
	207.83 ± 42.09
	0.107



	Systolic blood pressure † (mmHg)
	119.42 ± 16.17
	124.57 ± 15.37
	0.180



	Diastolic blood pressure † (mmHg)
	74.18 ± 12.24
	77.96 ± 13.47
	0.209



	Glandular area ‡ (mm2)
	6.50 (3.70–9.37)
	6.42 (3.93–9.93)
	0.853



	Number of samples ‡
	2 (1–2)
	2 (1–2)
	0.718



	CD3 ‡
	80 (58–200)
	30 (15–60)
	<0.001 ***



	CD20 ‡
	55 (20–150)
	8 (1–19.25)
	<0.001 ***



	ENA screen (positive)
	132 (48%)
	58 (16.8%)
	<0.001 ***



	SSA antibodies (positive)
	116 (43.4%)
	41 (11.8%)
	<0.001 ***



	SSB antibodies (positive)
	37 (13.9%)
	12 (3.5%)
	<0.001 ***



	Rheumatoid factor ‡
	positive: 56 (21.7%)

>triple: 53 (20.5%)
	positive: 31 (9.1%)

>triple: 25 (7.3%)
	<0.001 ***



	Hypergammaglobulinemia (positive)
	66 (31.1%)
	32 (11.3%)
	<0.001 ***



	ESR ‡ (mm/h)
	20 (12–40)
	16 (8–28)
	<0.001 ***



	CRP ‡ (mg/L)
	1.1 (0.3–4.08)
	0.84 (0.25–2.45)
	0.048 *



	ANA ‡ (titer)
	80 (0–1120)
	0 (0–160)
	<0.001 ***



	Saxon’s test (positive)
	53 (40.8%)
	83 (43.9%)
	0.645



	Saxon’s test difference ‡ (g)
	2.34 (0.95–3.68) (n = 218)
	2.38 (1.34–3.63) (n = 284)
	0.589



	Schirmer’s test (positive)
	127 (73.0%)
	155 (72.8%)
	1



	Schirmer’s test ‡ (lowest value (mm))
	3 (1–6) (n = 161)
	3 (2–6) (n = 199)
	0.358



	Sicca symptoms (yes)
	250 (91.9%)
	294 (85%)
	0.009 **



	Systemic involvement (yes)
	127 (45.5%)
	-
	-



	Hematologic involvement ‡
	Lymph node swelling:

12 (4.8%)

Hem. Disease: 6 (2.4%)
	-
	-



	Glandular enlargement (yes)
	12 (4.9%)
	-
	-



	Glucocorticoids (yes)
	97 (34.6%)
	122 (34.5%)
	1



	DMARD (yes)
	99 (35.4%)
	87 (24.6%)
	0.004 **



	Further autoimmune diseases (yes)
	28 (9.6%)
	61 (16.9%)
	0.008 **







‡ Non-normal distribution: presentation as median (interquartile range). † Normal distribution: presentation as mean (S.D.). Others: absolute and relative frequencies. *, **, *** Significant difference between the two groups. Data on glandular area, number of samples, CD3 and CD20 present in 171 FS+/215 FS−, 176 FS+/234 FS−, 185 FS+/237 FS− and 185 FS+/234 FS− patients, respectively. HDL: high-density lipoprotein; LDL: low-density lipoprotein; ENA: extractable nuclear antigens; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; ANA: antinuclear antibodies; DMARD: disease-modifying antirheumatic drugs.













 





Table 3. Descriptive patient characteristics (primary Sjogren’s subgroup (pSS)).
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	Focus Score

Positive (n = 306)
	Focus Score

Negative (n = 372)
	Significance

(p)





	Age † (years)
	56.45 ± 12.98
	54.62 ± 11.49
	0.621



	Gender (female)
	164 (91.1%)
	12 (92.3%)
	0.884



	Arterial hypertension (yes)
	58 (33.9%)
	7 (53.8%)
	0.149



	Type 2 diabetes (yes)
	9 (5%)
	2 (15.4%)
	0.142



	Hyperlipidemia (yes)
	49 (43.8%)
	4 (30.8%)
	0.374



	Nicotine use (smokers)
	30 (16.6%)
	3 (23.1%)
	0.609



	HDL † (mg/dL)
	62.61 ± 18.15
	60.91 ± 20.36
	0.770



	LDL † (mg/dL)
	132.83 ± 46.74
	133.73 ± 18.73
	0.480



	Total cholesterol † (mg/dL)
	203.59 ± 49.45
	191.15 ± 31.38
	0.378



	Systolic blood pressure † (mmHg)
	119.92 ± 16.66
	117.50 ± 12.58
	0.777



	Diastolic blood pressure † (mmHg)
	74.62 ± 13.58
	72.50 ± 28.72
	0.783



	Gland area ‡ (mm2)
	7.17 (3.80–10.66)
	6.11 (3.92–9.19)
	0.513



	Number of samples ‡
	2 (1.25–2)
	2 (1.25–2)
	0.587



	CD3 ‡
	80 (59.75–185)
	25.50 (15.75–39.25)
	<0.001 ***



	CD20 ‡
	57.50 (20.75–121.50)
	10.5 (1.75–24.75)
	<0.001 ***



	ENA screen (positive)
	75 (45.5%)
	5 (38.5%)
	0.628



	SSA antibodies (positive)
	65 (40.9%)
	5 (38.5%)
	0.865



	SSB antibodies (positive)
	22 (13.8%)
	0 (0%)
	0.153



	Rheumatoid factor ‡
	positive: 32 (20.5%)
	
	



	>triple: 22 (14.1%)
	positive: 1 (7.7%)
	
	



	>triple: 0 (0%)
	0.047 *
	
	



	Hypergammaglobulinemia (yes)
	35 (27.3%)
	2 (18.2%)
	0.513



	ESR ‡ (mm/h)
	18 (10–30)
	15 (14–22)
	0.827



	Saxon’s test (positive)
	32 (39.5%)
	2 (16.7%)
	0.128



	Saxon’s test difference ‡ (g)
	2.64 (1.19–3.85) (n = 132)
	3.2 (2.8–4.43) (n = 11)
	0.090



	Schirmer’s test (positive)
	85 (75.2%)
	8 (88.9%)
	0.606



	Schirmer’s test ‡ (lowest value) (mm)
	3 (1–5) (n = 106)
	3 (1–4) (n = 9)
	0.615



	Sicca symptoms (yes)
	152 (91.6%)
	11 (91.7%)
	0.988



	Systemic involvement (yes)
	67 (40.4%)
	4 (30.8%)
	0.499



	Hematologic involvement ‡
	Lymph node swelling: 6 (4.2%)

Hem. Disease: 4 (2.8%)
	Lymph node swelling: 1 (7.7%)

Hem. Disease: 0 (0%)
	0.847



	Glandular enlargement (yes)
	8 (5.6%)
	1 (7.7%)
	0.758



	Cortisone therapy (yes)
	38 (22.9%)
	3 (23.1%)
	0.988



	DMARD (yes)
	45 (26.9%)
	5 (38.5%)
	0.375



	Further autoimmune diseases (yes)
	17 (9.6%)
	2 (15.4%)
	0.505







‡ Non-normal distribution: presentation as median (interquartile range). † Normal distribution: presentation as mean (S.D.). Others: absolute and relative frequencies. *, *** Significant difference between the two groups. Data on glandular area, number of samples, CD3 and CD20 present in 100 FS+/12 FS−, 108 FS+/12 FS−, 110 FS+/12 FS− and 110 FS+/12 FS− patients, respectively. HDL: high-density lipoprotein; LDL: low-density lipoprotein; ENA: extractable nuclear antigens; ESR: erythrocyte sedimentation rate; DMARD: disease-modifying antirheumatic drugs.













 





Table 4. Diagnostic value of SSA and SSB antibodies, ENA screening, sicca, Schirmer’s test and Saxon’s test compared to MLSG biopsy findings (reference: focus score ≥ ¼ mm2).






Table 4. Diagnostic value of SSA and SSB antibodies, ENA screening, sicca, Schirmer’s test and Saxon’s test compared to MLSG biopsy findings (reference: focus score ≥ ¼ mm2).












	
	Specificity (%)
	Sensitivity (%)
	Area under the Curve (95%-CI)
	Significance (p)





	SSA-Ro
	88.2
	43.4
	0.658 (0.613, 0.703)
	<0.001 ***



	SSB-La
	96.5
	13.9
	0.552 (0.506, 0.599)
	0.027 *



	Any ENA
	66.8
	69.5
	0.656 (0.612, 0.700)
	<0.001 ***



	Sicca symptoms
	15
	91.9
	0.535 (0.489, 0.580)
	0.031 *



	Schirmer’s test
	27.3
	73
	0.507 (0.450, 0.565)
	0.574



	Saxon’s test
	57.9
	39
	0.516 (0.451, 0.580)
	0.633







*, *** Significant differences between the two groups.













 





Table 5. Associations of focus score with immunohistochemical markers, clinical and laboratory characteristics (whole population and primary Sjogren’s syndrome (pSS)).
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Focus Score (Whole Population)

	
Focus Score (pSS)




	

	
rho or

Median (IQR)

	
p

	
rho or

Mean (IQR)

	
p






	
Age † (years)

	
0.161

	
<0.001 ***

	
0.110

	
0.132




	
Gender

Female

Male

	


1 (0–2)

0.73 (0–1.6)

	
0.274

	


1.8 (1–3)

1.46 (1.14–3)

	
0.614




	
Arterial hypertension

Yes

No

	


0.79 (0–1.82)

1 (0–2.09)

	
0.162

	


1.8 (1–3.5)

1.44 (1–3)

	
0.492




	
Type 2 diabetes

Yes

No

	


1.03 (0–2.56)

1 (0–2)

	
0.493

	


2.1 (1.28–4.3)

1.6 (1–3)

	
0.234




	
Hyperlipidemia

Yes

No

	


0.37 (0–1.4)

0.82 (0–2)

	
0.044 *

	


1.87 (1.1–2.92)

1.74 (1.04–3.38)

	
0.881




	
Nicotine use

Yes

Ex

No

	


0.42 (0–1.05)

1 (0–2.38)

1 (0–2.1)

	
0.002 **

	


1.28 (1–2.78)

1.82 (1.17–4)

1.99 (1.06–3)

	
0.146




	
HDL † (mg/dL)

	
−0.046

	
0.363

	
−0.091

	
0.334




	
LDL † (mg/dL)

	
−0.076

	
0.132

	
0.000

	
0.998




	
Total cholesterol † (mg/dL)

	
−0.117

	
0.016 *

	
−0.057

	
0.526




	
Systolic blood pressure † (mmHg)

	
−0.073

	
0.477

	
0.048

	
0.728




	
Diastolic blood pressure † (mmHg)

	
−0.269

	
0.007 **

	
−0.164

	
0.226




	
Gland area ‡ (mm2)

	
0.025

	
0.620

	
−0.267

	
0.004 **




	
Number of samples ‡

	
0.073

	
0.142

	
−0.058

	
0.529




	
CD3 ‡

	
0.659

	
<0.001 ***

	
0.431

	
<0.001 ***




	
CD20 ‡

	
0.692

	
<0.001 ***

	
0.387

	
<0.001 ***




	
ENA Screen

Positive

Negative

	


1.55 (1–3.05)

0.47 (0–1.42)

	
<0.001 ***

	


2.1 (1–4)

1.43 (1–2.23)

	
0.028 *




	
SSA Antibodies

Positive

Negative

	


2 (1–3.36)

0.49 (0–1.39)

	
<0.001 ***

	


2.21 (1–4)

1.41 (1–2.21)

	
0.010 *




	
SSB Antibodies

Positive

Negative

	


1.81 (1–3.66)

0.95 (0–1.99)

	
<0.001 ***

	


2.65 (1–5.25)

1.48 (1–2.99)

	
0.099




	
Rheumatoid factor

Positive

Negative

	


1.51 (0.47–3.09)

0.63 (0–1.31)

	
<0.001 ***

	


2.99 (1.44–4.13)

1.29 (1–2.22)

	
<0.001 ***




	
Hypergammaglobulinemia

Positive

Negative

	


1.27 (0.71–3.36)

0.73 (0–1.76)

	
<0.001 ***

	


2.3 (1.09–4)

1.44 (1–2.61)

	
0.024 *




	
ESR ‡ (mm/h)

	
0.235

	
<0.001 ***

	
0.302

	
<0.001 ***




	
CRP ‡ (mg/L)

	
−0.023

	
0.600

	
0.178

	
0.019 *




	
ANA ‡ (titer)

	
0.280

	
<0.001 ***

	
0.312

	
<0.001 ***




	
Saxon’s test

Positive

Negative

	


0.55 (0–1.54)

0.54 (0–1.46)

	
0.785

	


1.83 (1.04–2.81)

1.4 (1–2.76)

	
0.235




	
Saxon’s difference ‡ (g)

	
−0.068

	
0.171

	
−0.135

	
0.109




	
Schirmer’s test

Positive

Negative

	


0.78 (0–1.93)

0.8 (0–1.72)

	
0.585

	


1.7 (1–3.44)

1.3 (1–2.08)

	
0.147




	
Schirmer’s test ‡

(lowest value (mm))

	


−0.065

	
0.234

	


−0.162

	
0.085




	
Sicca symptoms

Yes

No

	


1 (0–2.01)

0.21 (0–1.4)

	
0.006 *

	


1.82 (1–3)

1.66 (1–3)

	
0.924




	
Systemic involvement

Yes

No

	
-

	
-

	


2 (1.1–4)

1.44 (1–2.62)

	
0.006 *




	
Hematologic involvement ‡

Lymph node swelling

Hematologic disease

No manifestations

	
-

	
-

	


4 (1–5)

5.03 (1.72–9.3)

1.69 (1–3)

	
0.002 **




	
Glandular enlargement

Yes

No

	
-

	
-

	


4 (2.98–6.2)

1.6 (1–3)

	
0.007 *




	
Cortisone therapy

Yes

No

	


1 (0–2.47)

1 (0–1.86)

	
0.255

	


2.01 (1–3.75)

1.53 (1–2.99)

	
0.353




	
DMARD

Yes

No

	


1 (0–2.34)

0.87 (0–1.8)

	
0.004 **

	


2 (1–3.03)

1.46 (1–3)

	
0.806




	
Further autoimmune diseases

Yes

No

	


0 (0–1.64)

1 (0–2)

	
0.010 *

	


1.96 (1.28–2.75)

1.7 (1–3)

	
0.510








‡ Non-normal distribution. † Normal distribution. Quantitative characteristics: Spearman’s test (non-normal distribution; rho). Qualitative characteristics: Mann–Whitney U-test, ANOVA. *, **, *** Significant difference between the two groups. IQR: interquartile rate; HDL: high-density lipoprotein; LDL: low-density lipoprotein; ENA: extractable nuclear antigens; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; ANA: antinuclear antibodies.













 





Table 6. Associations of immunohistochemical markers with clinical and laboratory patient characteristics.
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CD3

	
CD20

	
CD21

	
IgG4




	

	
rho or

Median (IQR)

	
p

	
rho or

Mean (IQR)

	
p

	
rho or

Mean (IQR)

	
p

	
rho or

Mean (IQR)

	
p






	
Age † (years)

	
0.125

	
0.010 *

	
0.119

	
0.015 *

	
0.119

	
0.015 *

	
0.041

	
0.397




	
Gender

Female

Male

	


56 (25–100)

50 (22–75)

	
0.606

	


17 (4–55)

17 (3–53)

	
0.734

	


0 (0–0)

0 (0–0)

	
0.717

	


0 (0–0)

0 (0–0)

	
0.598




	
Arterial hypertension

Yes

No

	


54.5 (30–100)

56 (20–100)

	
0.327

	


17 (5–52)

17 (4–58.75)

	
0.722

	


0 (0–0)

0 (0–0)

	
0.584

	


0 (0–0)

0 (0–0)

	
0.836




	
Type 2 diabetes

Yes

No

	


59.5 (50–135)

54 (23–100)

	
0.095

	


30 (7.5–90)

15 (4–53)

	
0.082

	


0 (0–0)

0 (0–0)

	
0.003 **

	


0 (0–0)

0 (0–0)

	
0.348




	
Hyperlipidemia

Yes

No

	


50 (20–100)

58 (30–120)

	
0.062

	


12 (4–50)

20 (5–70)

	
0.016 *

	


0 (0–0)

0 (0–0)

	
0.229

	


0 (0–0)

0 (0–0)

	
0.215




	
Nicotine use

Yes

No/Ex

	


50 (20–74.5)

59 (27–105)

	
0.022 *

	


10 (1–23)

20 (5–64)

	
<0.001 ***

	


0 (0–0)

0 (0–0)

	
0.107

	


0 (0–0)

0 (0–0)

	
0.370




	
HDL † (mg/dL)

	
−0.058

	
0.271

	
−0.059

	
0.268

	
−0.045

	
0.396

	
−0.091

	
0.082




	
LDL † (mg/dL)

	
−0.136

	
0.010 *

	
−0.140

	
0.008 **

	
−0.045

	
0.403

	
−0.069

	
0.183




	
Total cholesterol † (mg/dL)

	
−0.174

	
0.001 **

	
−0.172

	
0.001 **

	
−0.080

	
0.120

	
−0.099

	
0.047 *




	
Systolic blood pressure † (mmHg)

	
−0.028

	
0.818

	
−0.076

	
0.524

	
0.125

	
0.303

	
−0.139

	
0.227




	
Diastolic blood pressure † (mmHg)

	
−0.180

	
0.130

	
−0.293

	
0.012 *

	
−0.049

	
0.684

	
−0.227

	
0.047 *




	
Gland area ‡ (mm2)

	
0.228

	
<0.001 ***

	
0.208

	
<0.001 ***

	
0.038

	
0.461

	
0.051

	
0.314




	
Number of samples ‡

	
0.144

	
0.005 **

	
0.115

	
0.025 *

	
0.048

	
0.357

	
0.057

	
0.261




	
Focus Score

	
0.659

	
<0.001 ***

	
0.692

	
<0.001 ***

	
0.292

	
<0.001 ***

	
0.118

	
0.014 *




	
ENA Screen

Positive

Negative

	


60 (31.5–120)

50 (20–100)

	
0.030 *

	


37 (11–91.5)

12 (3–50)

	
<0.001 ***

	


0 (0–0)

0 (0–0)

	
0.061

	


0 (0–0)

0 (0–0)

	
0.195




	
SSA Antibodies

Positive

Negative

	


69 (40–195)

50 (20–100)

	
0.002 **

	


50 (14–112)

12 (3–48)

	
<0.001 ***

	


0 (0–0)

0 (0–0)

	
0.009 **

	


0 (0–0)

0 (0–0)

	
0.187




	
SSB Antibodies

Positive

Negative

	


100 (44–375)

53 (23.25–100)

	
0.004 **

	


40 (11–192.5)

15 (4–51)

	
0.039 *

	


0 (0–0)

0 (0–0)

	
0.003 **

	


0 (0–0)

0 (0–0)

	
0.027 *




	
Rheumatoid factor

Positive

Negative

	


67.5 (50–150)

50 (20–80)

	
<0.001 ***

	


42 (10–131)

12 (2.5–40.5)

	
<0.001 ***

	


0 (0–0)

0 (0–0)

	
0.047 *

	


0 (0–0)

0 (0–0)

	
0.147




	
Hypergammaglobulinemia

Positive

Negative

	


70 (43–135)

60 (20–100)

	
0.009 **

	


50 (14.25–111.5)

12 (2–50)

	
<0.001 ***

	


0 (0–0)

0 (0–0)

	
0.586

	


0 (0–0)

0 (0–0)

	
0.030 *




	
ESR ‡ (mm/h)

	
0.195

	
<0.001 ***

	
0.233

	
<0.001 ***

	
0.122

	
0.019 *

	
0.128

	
0.011 *




	
CRP ‡ (mg/L)

	
0.052

	
0.307

	
0.108

	
0.035 *

	
0.049

	
0.345

	
0.141

	
0.005 **




	
ANA ‡ (titer)

	
0.109

	
0.038 *

	
0.229

	
<0.001 ***

	
0.018

	
0.741

	
0.065

	
0.212




	
Saxon’s test

Positive

Negative

	


50 (25.5–100)

50 (20–84.75)

	
0.548

	


18.5 (5–50)

12 (4.25–55)

	
0.757

	


0 (0–0)

0 (0–0)

	
0.990

	


0 (0–0)

0 (0–0)

	
0.558




	
Saxon’s difference ‡ (g)

	
−0.068

	
0.228

	
−0.021

	
0.715

	
−0.008

	
0.888

	
−0.044

	
0.433




	
Schirmer’s test

Positive

Negative

	


57 (27–100)

56 (20–100)

	
0.963

	


17 (5–70)

16.5 (5–50)

	
0.582

	


0 (0–0)

0 (0–0)

	
0.080

	


0 (0–0)

0 (0–0)

	
0.113




	
Schirmer’s test ‡

(lowest value (mm))

	
0.046

	
0.430

	
−0.008

	
0.896

	
−0.096

	
0.104

	
−0.060

	
0.295




	
Sicca symptoms

Yes

No

	


57 (26.5–100)

50 (20–63.5)

	
0.199

	


17 (4.25–55)

18 (2–50)

	
0.479

	


0 (0–0)

0 (0–0)

	
0.276

	


0 (0–0)

0 (0–0)

	
0.704




	
Systemic involvement

Yes

No

	


57.5 (20–100)

54 (27–100)

	
0.956

	


14 (2–73.75)

19 (5–50)

	
0.807

	


0 (0–0)

0 (0–0)

	
0.060

	


0 (0–0)

0 (0–0)

	
0.720




	
Hematologic involvement ‡

Lymph node swelling

Hematologic disease

No manifestations

	


53.5 (13.5–115)

95 (35–127.5)

55 (26–100)

	
0.947

	


10 (1–57.5)

40 (2.5–322.5)

17 (5–52)

	
0.033 *

	


0 (0–0)

0 (0–0)

0 (0–0)

	
0.978

	


0 (0–0)

0 (0–0)

0 (0–0)

	
0.980




	
Glandular enlargement

Yes

No

	


100 (60–287.5)

55 (23–100)

	
0.025 *

	


100 (10–300)

16.5 (4–52.75)

	
0.091

	


0 (0–0)

0 (0–0)

	
0.296

	


0 (0–0)

0 (0–0)

	
0.821




	
Cortisone therapy

Yes

No

	


56.5 (26.25–115)

55 (24–100)

	
0.542

	


20 (3–61.75)

15 (4.4–50)

	
0.396

	


0 (0–0)

0 (0–0)

	
0.352

	


0 (0–0)

0 (0–0)

	
0.111




	
DMARD

Yes

No

	


57 (30–87)

54 (23–100)

	
0.710

	


20 (3–55)

15.5 (4.8–51.3)

	
0.704

	


0 (0–0)

0 (0–0)

	
0.272

	


0 (0–0)

0 (0–0)

	
0.871




	
Further autoimmune diseases

Yes

No

	


50 (20–100)

57 (25–100)

	
0.368

	


10 (3–42)

19.5 (4.55)

	
0.199

	


0 (0–0)

0 (0–0)

	
0.168

	


0 (0–0)

0 (0–0)

	
0.192








‡ Non-normal distribution. † Normal distribution. Quantitative characteristics: Spearman’s test (non-normal distribution; rho). Qualitative characteristics: Mann–Whitney U-test, ANOVA. *, **, *** Significant difference between the two groups.













 





Table 7. Fibromyalgia at admission to and release from the hospital in patients with primary, secondary and without SS and in terms of positive and negative focus score.
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Primary SS

	
Secondary SS

	
No SS

	
Significance (p)






	
FM at admission to the hospital (yes)

	
50 (31.4%)

	
17 (10.7%)

	
92 (57.9%)

	
0.021 *




	
FM at release from the hospital (yes)

	
101 (29.4%)

	
38 (11.0%)

	
205 (59.6%)

	
<0.001 ***




	

	
Focus Score positive

	
Focus Score negative

	
Significance (p)




	
FM at admission to the hospital (yes)

	
63 (39.6%)

	
96 (60.4%)

	
0.124




	
FM at release from the hospital (yes)

	
127 (37.8%)

	
209 (62.2%)

	
0.001 ***








*, *** Significant differences between the two groups. FM: fibromyalgia; SS: Sjogren’s syndrome.
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