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Background

Relapsing polychondritis (RP) with cardiac involvement may present with acute cardiovascular events, and may be associated with a negative prognosis. Herein, we analyzed the clinical characteristics of RP patients with cardiac involvement.





Method

RP patients, hospitalized from December 2005 to December 2021 at Peking Union Medical College Hospital (PUMCH), were screened. Univariate and multivariate logistic regression analyses were used to statistically analyze the clinical characteristics of these patients.





Results

The incidence of cardiac involvement in inpatients with RP was 24.1%. Univariate logistic regression analysis revealed age, central nervous system (CNS) involvement, neutrophil-to-lymphocyte ratio (NLR) > 6.41, and disease duration > 4 years as risk factors for cardiac involvement in RP. Conversely, the incidence of tracheobronchial and chest wall involvement was significantly lower in the group with cardiac involvement. Multivariate logistic regression confirmed that age, CNS involvement, NLR > 6.41, and disease duration > 4 years were independent factors for cardiac involvement. Subsequently, we identified five well-defined clinical patterns of RP, based on the involvement of different organs in our patients, and found that the heart-brain model was significantly mutually exclusive with the airway model.





Conclusion

Occurrence of cardiac involvement in RP is associated with age, CNS involvement, NLR, and disease duration. It is mutually exclusive with airway-related involvement. Regular echocardiography and electrocardiography are necessary for patients with RP.
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1 Introduction

Relapsing polychondritis (RP) is a rare inflammatory disease involving multiple organs, including the eyes, ears, nose, larynx, tracheobronchial tree, joints, kidneys, cardiovascular system, and nervous system. The pathogenesis of RP is currently unclear, although previous studies have indicated that both humoral and cell-mediated immune systems may be involved in its progression and development, and that cartilage-specific autoimmunity may play a critical role in the overall pathogenesis of RP (1, 2). Although RP can be present at any age, it develops most frequently between the ages of 40 and 60 years, with a male-to-female ratio of almost 1:1 (3). RP has an insidious and variable clinical presentation. In a previous study, French researchers identified three separate clusters in terms of clinical manifestations and prognosis, namely, hematologic, respiratory, and mild phenotypes, and suggested that cardiac involvement is a significant sign of poor prognosis in RP patients (4).

In clinical practice, it is commonly observed that cardiac involvement is generally insidious; however, cases of acute cardiovascular events have also been reported (5). We believe that the importance of cardiac involvement in RP may be underestimated and, in turn, has not received sufficient attention. To our knowledge, only one study has yet compared the differences in clinical presentation between patients with and without cardiac involvement, while studies comparing laboratory indices and detailed prognostic features are lacking. As such, current knowledge regarding RP with cardiac involvement remains insufficient.

The objective of this study was, therefore, to comprehensively clarify the risk factors of cardiac involvement. This is the most detailed large-scale study of RP cardiac involvement performed to date.




2 Methods



2.1 Patients

We searched the medical records of the Peking Union Medical College Hospital (PUMCH) for ICD codes indicating RP from December 2005 to December 2021, identifying 249 RP inpatients who were selected for preliminary analysis. All patients fulfilled the diagnostic criteria of RP described by the McAdam et al. (6) or those introduced by Damiani and Levine (7). Combinations of malignant tumors and other autoimmune diseases were excluded. In addition, RP patients who have concomitant cardiovascular diseases, which unequivocally lead to structural alterations in the cardiac, were excluded from the scope of this study. Finally, a total of 187 patients were included in the initial prognostic analysis. The clinical features of all patients, including age, sex, disease duration, organ involvement, risk factors for common cardiovascular diseases, and laboratory tests [including white blood cell (WBC), hemoglobin (Hb), platelet count (PLT), albumin (Alb), alanine transaminase (ALT), lactate dehydrogenase (LDH), C-reactive protein (CRP) level, and erythrocyte sedimentation rate (ESR)] were determined. In addition, novel inflammatory markers, including the platelet-to-lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio (NLR), and C-reactive protein to albumin ratio (CAR), have been shown to be associated with a variety of immune and heart diseases; therefore, we also included patients with these in our study. This study complied with the tenets set out by the Declaration of Helsinki, and all procedures were approved by the Ethics Committee of Peking Union Medical College Hospital. Written informed consent was obtained from all patients, and all data were analyzed anonymously.




2.2 Outcome assessment

Cardiac involvement included valve incompetence or regurgitation, aortic aneurysm, aortic root dilatation, pericarditis, myocarditis, right bundle branch, or atrioventricular block, except for other causes of pericarditis, myocarditis, or arteritis (5). The presence of cardiac involvement was assessed via transthoracic echocardiography and electrocardiography. Echocardiogram and ECG were interpreted independently by both an echographer, and a cardiologist. Standard definitions were applied to define the features associated with the disease. All organ involvement was determined by clinical presentation and ancillary investigations combined with assessment by the relevant specialists. To determine the prognostic factors of cardiac involvement, we divided RP inpatients into two groups according to the presence or absence of cardiac involvement. Clinical variables were subsequently compared between the two groups.

All patients were followed up for 1–3 years. Remission was defined in patients who became asymptomatic following a treatment regimen comprising a daily dose of less than 10 mg of corticosteroids for more than three months. Relapse was defined as severe impairment requiring a change in treatment or an increase in the daily dose of glucocorticoids to >0.5 mg/kg (8). Patients who experienced relapse or death were classified as having a poor prognosis.




2.3 Statistical analysis

All statistical analyses were performed using R software (version 4.20) and SPSS (version 21.0). For continuous variables, the receiver operating characteristic (ROC) curve was applied to determine the best cut off value. Univariate logistic analysis was applied to identify factors that could differentiate between patients with cardiac involvement and those without cardiac involvement; factors with p < 0.05 were incorporated into multivariate binary logistic regression to further identify independent factors. To better identify risk factors of cardiac involvement, we treated all continuous variables except age as dichotomous variables for the supplementary analysis, as follows: For parameters with specified normal ranges, such as WBC, PLT, Hb, NEUT, LDH, ALT, Alb, Ferrin, Cr, CK, CRP and ESR, etc., we cut-off at the upper or lower limit of the normal range. As there is no accepted cut-off point for CAR, PLR, NLR, and disease duration, the ROC curve was used to determine the most optimal segmentation point.





3 Results



3.1 Patient demographics and clinical manifestations

Of the 187 hospitalized RP patients, 104 were men and 83 were women. The mean age of the enrolled patients was 47 years. The incidence of cardiac involvement in inpatients with RP was 24.1% (45/187). Among the 45 RP patients with cardiac involvement, the male: female ratio was nearly 3:2, and the mean age was 51 years (range 10 to 74 years). The mean disease duration of RP was 2.17 years (range 2 months to 20 years).

Comparing patients with and without cardiac involvement, ocular involvement was seen in 52.2% vs. 35.9% of patients, nasal involvement in 52.2% vs. 57.7%, saddle nose involvement in 34.8% vs. 43.7%, auricular involvement in 73.9% vs. 62.7%, external ear involvement in 60.9% vs. 45.8%, tracheobronchial involvement in 65.2% vs. 83.8%, laryngeal involvement in 41.3% vs. 50.0%, arthralgia involvement in 50.0% vs. 47.9%, chest wall involvement in 41.3% vs. 61.3%, renal involvement in 4.3% vs. 2.1%, central nervous system (CNS) involvement in 28.3% vs. 9.9%, and peripheral nervous system involvement in 4.3% vs. 2.1%. The clinical features and laboratory findings of the patients are presented in Table 1.


Table 1 | Baseline clinical features between patients with and without cardiac involvement.



The primary associated cardiac involvement was valvular insufficiency (n = 28, 62.2%), including aortic valve insufficiency (n = 17, 37.8%), mitral valve insufficiency (n = 9, 20.0%), and tricuspid valve insufficiency (n = 9, 20.0%). While three patients had aortic valve insufficiency with mitral valve insufficiency, two had mitral valve insufficiency combined with tricuspid valve insufficiency, and one had aortic valve insufficiency combined with mitral and tricuspid valve insufficiency.

Notably, one patient suffered from severe aortic insufficiency, combined with aneurysmal dilatation of the aortic sinus two months after the onset of the disease, and underwent Bentall’s surgery to achieve improvement. In addition to valvular involvement, some patients developed pericarditis (n = 11, 24.4%), ascending aortic aneurysm (n = 1, 2.2%), aortic root dilatation or thickening (n = 12, 26.7%), pulmonary hypertension (n = 3, 6.7%), and right bundle branch block (n = 1, 2.2%).




3.2 Univariate and multivariate analyses to define factors associated with cardiac involvement

Based on the clinical data of 187 patients, 36 clinical factors were included in the univariate logistic regression, of which 16 continuous variables were transformed into categorical variables as a supplementary analysis for inclusion in the univariate logistic regression.

The results showed that four factors, including age (OR: 1.063, 95%CI: 1.029–1.099, p < 0.001), CNS involvement (OR: 3.602, 95%CI: 1.545–8.396, p = 0.003), NLR > 6.41 (OR: 2.669, 95%CI: 1.216–5.858, p = 0.014), and disease duration > 4 years (OR: 2.758, 95%CI: 1.017–7.477, p = 0.046), were positively correlated with cardiac involvement. Conversely, tracheobronchial involvement (OR: 0.362, 95%CI: 0.171–0.77, p = 0.008) and chest wall involvement (OR: 0.445, 95%CI: 0.226–0.876, p = 0.019) were negatively correlated with cardiac involvement (Table 2). Subsequently, multivariate regression analysis confirmed that age (OR: 1.071, 95%CI: 10.35–1.109, p < 0.001), CNS involvement (OR: 3.412, 95%CI: 1.354–8.601, p = 0.009), NLR > 6.41 (OR: 2.539, 95%CI: 1.076–5.993, p = 0.033), and disease duration > 4 years (OR: 6.220, 95%CI: 1.876–20.629, p = 0.003) were independent adverse factors for cardiac involvement. In addition, we constructed a nomogram consisting of four factors that provided quantitative predictive classifiers to identify the occurrence of cardiac involvement (Figure 1).


Table 2 | Univariate analyses to identify factors associated with RP patients with cardiac involvement in categorical variables.





Table 2 | Univariate analyses to identify factors associated with RP patients with cardiac involvement in categorical variables.








Figure 1 | Nomogram for predicting cardiac involvement probability in patients with RP. Instructions on using nomogram: an individual patient’s value is located on each variable on the corresponding axis, and a line is drawn upward to determine the number of points received for each variable value. The sum of these numbers is located on the total points axis, and a line is drawn from the total points axis to the lower line of the nomogram for determining the cardiac involvement probabilities *p < 0.05, **p < 0.01,  ***p < 0.001.






3.3 Cardiac involvement may not be associated with RP prognosis

We compared the relationship between cardiac involvement and RP prognosis in several aspects. The results showed that cardiac involvement did not increase the rate of recurrence (OR: 0.584, 95% CI: 0.246–1.388 p = 0.224), mortality (OR: 2.720, 95% CI: 0.693–10.68 p = 0.152), or poor prognosis (OR: 0.837, 95% CI: 0.386–1.816 p = 0.653). We subsequently compared the differences in remission between the two groups, and found no significant differences in 1-year remission (OR: 1.596, 95%CI: 0.623–4.086, p = 0.33), 2-year remission (OR: 1.316, 95%CI: 0.467–3.710, p = 0.604), or 3-year remission (OR: 1.103, 95%CI:0.378–3.219, p = 0.167). Furthermore, cardiac involvement did not increase the rate of secondary hospitalization events (OR: 0.412, 95% CI: 0.117–1.450, p = 0.167).




3.4 Identification of clinical patterns of RP

RP is characterized by a remarkable heterogeneity, and our results revealed a close association between cardiac, CNS, tracheobronchial, and chest wall involvement. Accordingly, we analyzed the correlations between different organ involvement and constructed a correlation matrix, which was clustered based on the “hclust” algorithm (Figure 2), identifying five well-defined clinical patterns, including the heart-brain pattern (involving the heart, CNS, ear, and eye), airway pattern (involving all airway involvement), kidney pattern, joint pattern, and peripheral nerve pattern. Notably, the heart-brain and airway patterns were significantly mutually exclusive, with a negative correlation.




Figure 2 | Correlation analysis of different organ involvement. Spearman’s correlation coefficient is used to measure the correlation between two variables, where a value closer to 1 indicates a stronger positive correlation, a value closer to -1 indicates a stronger negative correlation, and a value closer to 0 indicates a weak correlation.







4 Discussion

In the present study, we divided patients with RP into two groups based on the presence or absence of cardiac involvement. Subsequent comparison of the clinical differences between the two groups revealed several results worth discussing.

In our study, cardiac involvement in patients with RP was mostly subclinical, and patients were assessed for cardiac involvement by performing transthoracic echocardiography and electrocardiography. In our study, the incidence of cardiac involvement was 24.1%, while that of valvular involvement was 16.0%. These rates are similar to those found in previous studies (9, 10). Cardiac involvement is not unusual for RP; although the majority of patients have subclinical changes, given that cardiac involvement can lead to fatal cardiovascular complications (e.g., complete heart block, aortic valve rupture, and acute aortic valve insufficiency), regular ECG and echocardiography should be performed to monitor cardiac involvement (9).

To determine the clinical differences between the two more accurately, we selected the common clinical features and risk factors of cardiovascular disease for inclusion in univariate and multifactorial logistic regression, finding that cardiac involvement was positively associated with age, disease duration, CNS involvement, and NLR, and negatively associated with tracheobronchial involvement and chest wall involvement. Based on the above outcomes, a line graph was created to digitally assess the risk of cardiac involvement.

A retrospective study in Japan showed that the mean age of patients with and without heart involvement was 72 and 65 years, respectively (11). In this study, the mean age of onset was 51 years in the group with cardiac involvement, compared to 43 years in the group without cardiac involvement; the difference was significant (p < 0.001). These findings suggest that the risk of cardiac involvement increases with age. Previous studies have shown a higher incidence of cardiovascular events in men than in women (12), while Shimizu et al. found that men with RP are at greater risk for heart involvement (11). However, in this study, no significant difference was found in the incidence of cardiac involvement in RP patients in terms of sex. We further analyzed other common risk factors for cardiovascular disease, such as hypertension, diabetes, hypercholesterolemia, and obesity but found that none of them were statistically different.

Our data indicate that a longer disease duration is associated with a greater risk of cardiac involvement. As a flare-up and interventional disease, the amount and extent of tissue damage increases over time (13). Similarly, a case report previously reported a patient with RP who developed an acute aortic lesion despite long-term remission (14). In addition, one study showed that diagnosis of an ear biopsy can be useful even in the absence of ear symptoms during the non-inflammatory interval (15). This suggests that despite the absence of both subjective symptoms and evidence of systemic inflammatory activity in patients, inflammatory activity may be observed at the organ level. Assessments of RP disease activity often focus on clinical symptoms, systemic markers of inflammation (e.g., CRP and ESR), and radiological investigations. We recommend that careful cardiac investigations, such as echocardiography and electrocardiography, should be performed regularly in patients with RP, both in flare conditions and long-term remission states.

The NLR describes the ratio of two opposing but supplementary immune pathways. This reflects the key role of non-specific immune responses, as with specific immune responses in inflammation (16). NLR, a novel inflammatory marker, has been proven to be associated with the activity of diverse immune diseases, such as SLE, primary Sjögren’s syndrome, Behçet’s disease, ankylosing spondylitis, polymyalgia rheumatic (17–21). A previous study by our team also revealed an association between NLR and disease activity in RP (22). Inflammation is often implicated in the pathogenesis of cardiac pathology, and various inflammatory markers have been found to be associated with cardiac conditions. NLR also plays a prognostic role in the stratification and prognosis of various cardiovascular diseases (23, 24). NLR is associated with severe valve stenosis and the severity of rheumatic mitral valve stenosis, as demonstrated in previous studies (25–27). Additionally, NLR is considered to be associated with poor prognosis in arrhythmias and heart failure, including relapses and mortality (28, 29). We suspect that the NLR is a reasonable predictor of cardiac involvement in RP because of its role in RP and cardiovascular disease.

In our study, we found that patients with cardiac involvement were more likely to have CNS involvement. Cardiac involvement was negatively associated with tracheobronchial and chest wall involvement in univariate logistic regression. Based on the multiplicity of clinical manifestations and the close correlation between different tissue involvements in RP patients, the exploration of diverse phenotypes of RP patients has been a hot research topic in recent years. Dion et al. first classified 142 RP patients into hematologic, respiratory, and mild forms using cluster analysis, finding that cardiovascular involvement occurred primarily in the hematologic form, with less cardiovascular involvement in the respiratory form (4). Subsequently, Shimizu et al. advocated dividing patients into a respiratory involvement group, an ear involvement group, and an overlapping group of both, and few patients with cardiac involvement were found in the subgroup of patients affected by respiratory involvement (30). Overall, the results of prior studies support the findings of the present study. We propose that cardiac and CNS involvement may indicate RP disease severity and that clinicians should therefore focus on the heterogeneity of RP patients, who should be examined in greater detail during clinical treatment.

We observed an inter-relationship between cardiac, central nervous system, tracheobronchial and chest wall involvement in RP patients. Specifically, the nasal, chest wall, laryngeal, and tracheobronchial systems had similar patterns of involvement, as did the cardiac, CNS, ocular, and auricular systems. This corresponds well with the studies by Ferrada and Shimizu et al. (30, 31). Further, these results suggest that identifying the heterogeneity of RP patients at an early stage could help to promote timely diagnosis, assessment, and treatment, thereby reducing target organ damage.

In our study, we found no indications to suggest an adverse prognostic effect of cardiac involvement, which may be related to differences in the definition of poor prognosis, and may also be related to sample differences. In conclusion, we believe that the prognostic role of cardiac involvement needs to be further discussed.

The prognosis of RP is of significant concern to clinicians and patients. Although Dion et al. suggested that cardiac involvement was a risk factor for mortality (4), studies in both China and Japan failed to find any significant association between cardiac involvement, death, and relapse (10, 32). In our cohort, we focused on the association of cardiac involvement with remission, flare-ups, and death, none of which showed significant associations, suggesting that cardiac involvement was not associated with prognosis. Further prospective cohort studies are required to examine the correlation between cardiac involvement and prognosis.

This study has limitations. First, the single-center, retrospective design may have led to potential bias, caused by incomplete information in some medical records and insufficient follow-up time. As such, large retrospective or prospective studies need to be carried out to validate these results. Secondly, our study only included Chinese patients and no other races. Therefore, whether the current results can be generalized to other populations requires further study.




5 Conclusions

Overall, we found that four clinical factors, namely, age, CNS involvement, NLR > 6.41, and disease duration > 4 years were risk factors, while tracheobronchial involvement and chest wall involvement were adverse factors for cardiac involvement. Regular echocardiography and electrocardiography are essential for patients with RP due to their significant cardiac impact.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by The Ethics Committee of Peking Union Medical College Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin. Written informed consent was obtained from the individual(s), and minor(s)’ legal guardian/next of kin, for the publication of any potentially identifiable images or data included in this article.





Author contributions

RY, YPH, and YH contributed to the conception and design of the study. MZ, DX, QW and ML collected clinical data. RY, WZ and FZ performed the statistical analysis. RY wrote the first draft of the manuscript. All authors contributed to the article and approved the submitted version.





Funding

The authors declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the National Natural Science Foundation of China (grant number: 81671614); Peking Union Medical College Undergraduate Education and teaching reform project (2015zlgc0110).




Acknowledgments

We would like to express our appreciation for the support received from the patients, and would also like to thank all the authors for their help.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Yang, CL, Brinckmann, J, Rui, HF, Vehring, KH, Lehmann, H, Kekow, J, et al. Autoantibodies to cartilage collagens in relapsing polychondritis. Arch Dermatol Res (1993) 285:245–9. doi: 10.1007/BF00371591

2. Foidart, JM, Abe, S, Martin, GR, Zizic, TM, Barnett, EV, Lawley, TJ, et al. Antibodies to type II collagen in relapsing polychondritis. New Engl J Med (1978) 299:1203–7. doi: 10.1056/NEJM197811302992202

3. Kent, PD, Michet, CJ Jr., and Luthra, HS. Relapsing polychondritis. Curr Opin Rheumatol (2004) 16:56–61. doi: 10.1097/00002281-200401000-00011

4. Dion, J, Costedoat-Chalumeau, N, Sène, D, Cohen-Bittan, J, Leroux, G, Dion, C, et al. Relapsing polychondritis can be characterized by three different clinical phenotypes: analysis of a recent series of 142 patients. Arthritis Rheumatol (2016) 68:2992–3001. doi: 10.1002/art.39790

5. Dib, C, Moustafa, SE, Mookadam, M, Zehr, KJ, Michet, CJ Jr., and Mookadam, F. Surgical treatment of the cardiac manifestations of relapsing polychondritis: overview of 33 patients identified through literature review and the Mayo Clinic records. Mayo Clinic Proc (2006) 81:772–6. doi: 10.4065/81.6.772

6. McAdam, LP, O'Hanlan, MA, Bluestone, R, and Pearson, CM. Relapsing polychondritis: prospective study of 23 patients and a review of the literature. Medicine (1976) 55:193–215. doi: 10.1097/00005792-197605000-00001

7. Damiani, JM, and Levine, HL. Relapsing polychondritis–report of ten cases. Laryngoscope (1979) 89:929–46. doi: 10.1288/00005537-197906000-00009

8. Khitri, MY, Guedon, AF, Georgin-Lavialle, S, Terrier, B, Saadoun, D, Seguier, J, et al. Comparison between idiopathic and VEXAS-relapsing polychondritis: analysis of a French case series of 95 patients. RMD Open (2022) 8(2):e002255. doi: 10.1136/rmdopen-2022-002255

9. Gergely, P Jr., and Poór, G. Relapsing polychondritis. Best Pract Res Clin Rheumatol (2004) 18:723–38. doi: 10.1016/j.berh.2004.05.012

10. Chen, N, and Zheng, Y. Characteristics and clinical outcomes of 295 patients with relapsing polychondritis. J Rheumatol (2021) 48:1876–82. doi: 10.3899/jrheum.210062

11. Shimizu, J, Oka, H, Yamano, Y, Yudoh, K, and Suzuki, N. Cardiac involvement in relapsing polychondritis in Japan. Rheumatology (2016) 55:583–4. doi: 10.1093/rheumatology/kev320

12. Luczak, ED, and Leinwand, LA. Sex-based cardiac physiology. Annu Rev Physiol (2009) 71:1–18. doi: 10.1146/annurev.physiol.010908.163156

13. Shimizu, J, Yamano, Y, Kawahata, K, and Suzuki, N. Elucidation of predictors of disease progression in patients with relapsing polychondritis at the onset: potential impact on patient monitoring. BMC Rheumatol (2020) 4:41. doi: 10.1186/s41927-020-00141-8

14. Hemry, DA, Moss, AJ, and Jacox, RF. Relapsing polychondritis, a "floppy" mitral valve, and migratory polytendonitis. Ann Internal Med (1972) 77:576–80. doi: 10.7326/0003-4819-77-4-576

15. Jung, C, Müller-Höcker, J, and Rauh, G. Relapsing poly(peri)chondritis diagnosed by biopsy during inflammatory free interval: destructive polychondritis versus fibrosing perichondritis. Eur J Med Res (1996) 1:554–8.

16. Song, M, Graubard, BI, Rabkin, CS, and Engels, EA. Neutrophil-to-lymphocyte ratio and mortality in the United States general population. Sci Rep (2021) 11:464. doi: 10.1038/s41598-020-79431-7

17. Hu, ZD, Sun, Y, Guo, J, Huang, YL, Qin, BD, Gao, Q, et al. Red blood cell distribution width and neutrophil/lymphocyte ratio are positively correlated with disease activity in primary Sjögren's syndrome. Clin Biochem (2014) 47:287–90. doi: 10.1016/j.clinbiochem.2014.08.022

18. Jung, JY, Lee, E, Suh, CH, and Kim, HA. Neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio are associated with disease activity in polymyalgia rheumatica. J Clin Lab Anal (2019) 33:e23000. doi: 10.1136/annrheumdis-2019-eular.5471

19. Buonacera, A, Stancanelli, B, Colaci, M, and Malatino, L. Neutrophil to lymphocyte ratio: an emerging marker of the relationships between the immune system and diseases. Int J Mol Sci (2022) 23(7):3636. doi: 10.3390/ijms23073636

20. Soliman, WM, Sherif, NM, Ghanima, IM, and El-Badawy, MA. Neutrophil to lymphocyte and platelet to lymphocyte ratios in systemic lupus erythematosus: Relation with disease activity and lupus nephritis. Reumatol clinica (2020) 16:255–61. doi: 10.1016/j.reuma.2018.07.008

21. Lee, YH, and Song, GG. Neutrophil-to-lymphocyte ratio, mean platelet volume and platelet-to-lymphocyte ratio in Behçet's disease and their correlation with disease activity: A meta-analysis. Int J rheum Dis (2018) 21:2180–7. doi: 10.1111/1756-185X.13404

22. Cao, X, Zhao, M, Li, H, Xu, D, Li, M, Zhang, X, et al. Three new inflammatory markers C reactive protein to albumin ratio, neutrophil to lymphocyte ratio, and platelet to lymphocyte ratio correlated with relapsing polychondritis disease activity index. Clin Rheumatol (2021) 40:4685–91. doi: 10.1007/s10067-021-05827-z

23. Seo, IH, and Lee, YJ. Usefulness of complete blood count (CBC) to assess cardiovascular and metabolic diseases in clinical settings: A comprehensive literature review. Biomedicines (2022) 10(11):2697. doi: 10.3390/biomedicines10112697

24. Trtica Majnarić, L, Guljaš, S, Bosnić, Z, Šerić, V, and Wittlinger, T. Neutrophil-to-lymphocyte ratio as a cardiovascular risk marker may be less efficient in women than in men. Biomolecules (2021) 11(4):528. doi: 10.3390/biom11040528

25. Varol, E, Aksoy, F, Ozaydin, M, Erdogan, D, and Dogan, A. Association between neutrophil-lymphocyte ratio and mitral annular calcification. Blood coagulation fibrinolysis: an Int J haemostasis Thromb (2014) 25:557–60. doi: 10.1097/MBC.0000000000000094

26. Avci, A, Elnur, A, Göksel, A, Serdar, F, Servet, I, Atilla, K, et al. The relationship between neutrophil/lymphocyte ratio and calcific aortic stenosis. Echocardiography (2014) 31:1031–5. doi: 10.1111/echo.12534

27. Baysal, E, Burak, C, Cay, S, Aksu, T, Altıntaş, B, Yaylak, B, et al. The neutrophil to lymphocyte ratio is associated with severity of rheumatic mitral valve stenosis. J Blood Med (2015) 6:151–6. doi: 10.2147/JBM.S82423

28. Shao, Q, Chen, K, Rha, SW, Lim, HE, Li, G, and Liu, T. Usefulness of neutrophil/lymphocyte ratio as a predictor of atrial fibrillation: A meta-analysis. Arch Med Res (2015) 46:199–206. doi: 10.1016/j.arcmed.2015.03.011

29. UthaMalingam, S, Patvardhan, EA, Subramanian, S, Ahmed, W, Martin, W, Daley, M, et al. Utility of the neutrophil to lymphocyte ratio in predicting long-term outcomes in acute decompensated heart failure. Am J Cardiol (2011) 107:433–8. doi: 10.1016/j.amjcard.2010.09.039

30. Shimizu, J, Yamano, Y, Kawahata, K, and Suzuki, N. Relapsing polychondritis patients were divided into three subgroups: patients with respiratory involvement (R subgroup), patients with auricular involvement (A subgroup), and overlapping patients with both involvements (O subgroup), and each group had distinctive clinical characteristics. Medicine (2018) 97:e12837. doi: 10.1097/MD.0000000000012837

31. Ferrada, M, Rimland, CA, Quinn, K, Sikora, K, Kim, J, Allen, C, et al. Defining clinical subgroups in relapsing polychondritis: A prospective observational cohort study. Arthritis Rheumatol (Hoboken N.J.) (2020) 72:1396–402. doi: 10.1002/art.41270

32. Yoshida, T, Yoshifuji, H, Shirakashi, M, Nakakura, A, Murakami, K, Kitagori, K, et al. Risk factors for the recurrence of relapsing polychondritis. Arthritis Res Ther (2022) 24:127. doi: 10.1186/s13075-022-02810-0




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Yin, Zhao, Xu, Wang, Li, Zhang, Zhang, Zeng, Huo and Hou. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/table2b_2.jpg
LDH 1,000 (0996-1.005) 0922 DH 1087 (0.397-2972) 0872
(270 v <e270)

o 1011 (0993-1.030) 02n o 1984 (0716:5277) 0192
81 <=b1)

ESR 1002 (0994-1011) o6 ESR 0713 @353-1440) o316
20w <20)

e 0999 (0994-1001) oe2 e 0714 0319-1.461) 0357
8 <)

Fer 1002 (1000-1.003) o087 Fer 0947 (02583480) 0935
200w <=200)

NIR 1077 (0996-1.161) o006 NR oo
e v

PR 1001 (0995:1.003) osn PLR 1540 (0785-3009) 0207
(17833 vs <-17833)

car 1014 (0884-1161) o car 0595 (0255.1227) 0159
01 vs <=01)

Discase durtion 1031 (0947-1.122) oas7 Discase duration 2758 (L017.7477) o0is
(s

WG, it bood el NEUT,nestrophi: b, haoglbin: PLT, lcke coun: AL, Albomin; ALT, slanine tamsaminss; LDH, cse dehydrogenss: Cr, Cretnne ESR, ehroyt
cdimentation s CRP, C.rective proin: Fer. Ferkin: LR, Netropi 0 ymphocye ratio; PLE, platlt t lymphosyterator CAR, € reacthe rotin 10 alamin o < 005 ws
ool o S s o ahral st Iairesiets






OEBPS/Images/fimmu.2023.1218475_cover.jpg
& frontiers | Frontiers in Immunology

Relapsing polychondritis: focus on cardiac
involvement





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Relapsing polychondritis: focus on cardiac involvement

      

        		

          Background

        



        		

          Method

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Patients

          



          		

            2.2 Outcome assessment

          



          		

            2.3 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Patient demographics and clinical manifestations

          



          		

            3.2 Univariate and multivariate analyses to define factors associated with cardiac involvement

          



          		

            3.3 Cardiac involvement may not be associated with RP prognosis

          



          		

            3.4 Identification of clinical patterns of RP

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2a.jpg
Univariate analysis

OR (95% CI)

™ 1063 1.029-1099) <0001
Gender 0762 03871500 o
Obesy 1285 0754368) osss
Disbecs 2407 0518.11179) 022
Hypercholescrlscmia 0521 02023300 as0r
Hyperension 2652 0928738) o0
Smoke 1251 069-2460) osit
Acohol 1694 0326:3.476) wist
Ocse 1907 09943813) oosz
Nasl 0798 (0.409:1550) osos

Saddle nose 0688 (0345.0379) o2
Auriclae 1687 03013539) o166

Extens ar 1803 09353630) o077
Trdheobroncia 0362 04710770 oms
Layngesd 0704 0359:1.579) 0305
Anbigia 1058 0560:2116) os0s

Peripheral arbiis 107 03142010 0962
Chotal 0445 02260570 oo
o 3602 1545539 oms
s 2106 03411301 [
Rensl 2106 (034113012 [

R S e B O D s e T K s St Gt & S G





OEBPS/Images/fimmu-14-1218475-g002.jpg
Cardiac

CNS

Ocular
Auricular 041
Nasal
Chest wall
Laryngeal
Tracheobronchial

Renal

0.06 -0.07 0.07
Arthralgia 0.02 -012 0.1

PNS o0.06 003 0.14

Auricular

S
=

0.14

0.05

Nasal

-0.05

-0.05

0.01

0.01

Chest wall

Laryngeal

Tracheobronchial

=0.17 -0.07 -0.2

-0.16

-0.14

0.01

0.12

0.08

-0.11

-0.13

0.05 0.09 0.13

0.04

-0.05

-0.03

-0.03

-0.08

Renal

0.06

-0.07

0.07

012

-0.05

0.01

0.04

Arthralgia

=
o
)

-0.12

0.1

0.14

0.12

-0.05

-0.03

PNS

0.06

rho
1

0.8
0.6
04

0.2





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/table2b_1.jpg
wic

NEUT

s

o

A

ar

Univariate analysis (continuous)

OR (95% CI)

0989 (0973.1.005)

0999 (0996-1.001)

0957 (0303-1014)

1000 (0956-1014)

0405

o

an

361

oy

0975

Univariate analysis (categorical)

wic
(€35 a0 593) v (35991

NEUT
(230457535 @731

b
(e <120;female <110 vs mle: =120 emale >+110)

b
(€100 and >350)vs (100-350)]

b
(5w

A
(10

OR (95% CI)

7

0957 (0500-1951)

1078 (0522:2226)

089 0447-

79%)

1261 (03%6:2727)

0818 0310:2161)

079

o9

o8t

o756

0ss1

osss






OEBPS/Images/fimmu-14-1218475-g001.jpg
Points

10 20 30 40 70 *80 90 100
NLR*
L]
>6.41
CNS**
with
Disease duration**

Age™**
16715 90 25 30 35 40 45 50 55 60 65 70 75
Total points
R e —
160 180 200 220 260 280 300 320
Odds

(Cardiac involvement ) 0.01





OEBPS/Images/table1.jpg
Patients with cardiac involvement (n=45) percent/mean

(range)

Patients without cardiac involve-
ment (n=142)
percent/mean (range)

Age

Male

Obesity

Diabetes
Hypercholesterolaemia
Hypertension

Smoke

Alcohol

Disease duration

51.52(10-74)
60.9

10.8

6.5

6.5

152

435

348

26.17(0.17-20)

43.33(12-72)
542

86

28

7.0

6.3

38

239

21.08(0.17-30)

Ocular 522 359
Nasal 522 577

Saddle Nose 348 437
Auricular 739 62.7

External ear 60.9 458
Tracheobronchial 652 83.8
Laryngeal 413 50.0
Renal 43 21
Arthralgia 50.0 479

Peripheral 39.1 38.7
arthropathies
Chest wall 413 61.3
PNS 43 21
CNS 283 9.9
Skin 283 183
WBC 9.89(2.93-26.2) 9.37(2.85-22.07)
NEUT 7.38(1.32-20.63) 6.83(2.15-17.36)
PLT 310.04(48-893) 330.94(101-680)
Hb 121.87(65-159) 126.54(65-163)
ALT 26.33(4-133) 26.45(5-221)
Alb 36.55(13.5-53) 37.98(24-48)
LDH 200.47(100-530) 199.22(91-530)
Cr 75.88(40-499) 64.51(37-99)
CK 82.75(8-833) 43.62(9-111)
Fer 486.03(14-1500) 277(8-1174)
CRP 50.08(0.09-235.11) 54.69(0.13-312.24)
ESR 52.44(2-140) 49.32(1-140)
CAR 2.76(0-16.74) 2.76(0.05-10.72)
PLR 219.35(71.64-834.58) 206.26(46.67-888.89)
NLR 5.64(1.11-24) 4.38(0.88-18.66)

CNS, central nervous system; PNS, peripheral nervous system; WBC, white blood cell; NEUT, neutrophil; Hb, haemoglobin; PLT, platelet count; ALB, Albumin; ALT, alanine transaminase; LDH,
lactate dehydrogenase; Cr, Creatinine; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; Fer, Ferritin; NLR, Neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; CAR,
C-reactive protein to albumin ratio.





