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Background: Arguments still exist on prognosis of late-onset SLE, especially their kidney function. The purpose of this study was to investigate long-term kidney outcomes in patients with late-onset lupus nephritis (LN).

Methods: A retrospective long-term cohort study was conducted in adult Chinese patients with LN. The patients were divided into late- (>50 years) and early-onset (<50 years) LN groups. The baseline characteristics, especially the kidney pathological characteristics, were compared. The cohort was followed-up for kidney outcome defined as doubling of serum creatinine or ESRD. Cox regression analysis was used to examine the association between late onset LN and its outcomes.

Results: A total of 1,264 patients were recruited, who were assigned to late-onset LN with 102 patients and early-onset LN with 1,162 patients. The late-onset LN group showed a worse baseline kidney function and more chronic pathological lesions than the early-onset LN group. During a follow-up time of 55 (3, 207) months, 114 (13.1%) deaths occurred, 107 (12.2%) had doubling of creatinine, and 80 (9.1%) developed end-stage kidney disease. The 5- and 10-year survival rates of the late-onset LN group were 67.6 and 50.5%, respectively, which were much worse than those of the early-onset LN group (89.8 and 84.6%, respectively). However, no significant difference was found on kidney survival (log-rank chi-square = 3.55, p = 0.06). Cox regression analysis showed that late-onset LN was an independent risk factor for patient survival (hazard ratio = 3.03, 95% CI (1.39, 6.58), p = 0.005). Increased baseline serum creatinine was an independent risk factor for kidney survival of patients with late-onset LN.

Conclusions: Patients with late-onset LN had milder active lesions but severer chronic lesions in kidney pathology. They have poorer overall outcome but relatively favorable kidney outcome.

Trial Registration: ClinicalTrials.gov Identifier: NCT03001973, 22 December 2016 retrospectively registered.
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INTRODUCTION

Systemic lupus erythematosus (SLE) is the most common cause (54.3%) of secondary glomerular nephropathy in China (1). SLE mainly occurs in young women of child-bearing age and is not commonly found in elderly population. Previous studies suggested that the onset age of lupus is an important risk factor associated with clinical manifestations and outcomes (2–6). Two nested case-control study from Brazil and US, respectively, Appenzeller et al. (7), Bertoli et al. (8) found that patients with late-onset SLE have milder symptoms, but present higher rate of organ damage and mortality than patients with early-onset SLE. While another found that late-onset SLE has a benign prognosis (9). In a Chinese study, kidney pathology analysis showed that activity lesions are milder and chronic lesions are more severe in patients with late-onset SLE compared with those in patients with early-onset SLE, but no difference in kidney outcomes was found between the two groups (3).

Although certain differences between late- and early-onset SLE have been reported, few distinct patterns of clinical manifestation, therapeutic response, or prognosis have been confirmed. In addition, to the best of our knowledge, only a few studies have investigated kidney pathological features and kidney outcome in population with late-onset lupus nephritis (LN). Therefore, we aimed to assess the kidney pathological characteristics and outcomes of patients with late-onset LN based on a large sample size and long-term follow-up data.



MATERIALS AND METHODS


Subjects

A single center, retrospective cohort study was designed. Clinical and kidney histopathological data were extracted from the LN database (ln.medidata.cn) of the Department of Nephrology, the First Affiliated Hospital of Sun Yat-sen University. Patients diagnosed with LN at the age of 16 years or older from January 1, 1996 to December 31, 2011 were enrolled. All patients were diagnosed using the 1997 revised SLE criteria of the American College of Rheumatology (10). Patients who had end-stage renal disease (ESRD), cancer, or drug-induced LN at the time of diagnosis were excluded. Each biopsy specimen with at least 10 glomeruli was included for histopathological analysis. The protocol was approved by the human ethics committee of the First Affiliated Hospital, Sun Yat-sen University. Written informed consent was obtained from each participant.

The cut-off age of 50 was employed referring to the previous studies to define the late-onset LN (11–15). Patients with LN aged 50 years or older at kidney biopsy were assigned to the late-onset LN group, whereas those with LN aged <50 years at kidney biopsy were assigned to the early-onset LN group (control).



Data Collection and Clinical Definitions

Age at onset was obtained in a retrospective manner as the first sign of kidney involvement was detected, including proteinuria ≥0.5 g/24 h, glomerular hematuria, and cellular cast. Cardiovascular complications included coronary heart disease, chronic heart failure, arrhythmia, and cardiomyopathy. Organ damage was assessed using the Systemic Lupus Erythematosus International Collaborating Clinics/American College of Rheumatology Damage Index (SDI) (16). To be scored, each manifestation in the SDI is required to be present for at least 6 months unless it is noted in the SDI instructions. Disease activity was evaluated using the SLE disease activity index (SLEDAI) (17). Acute kidney injury (AKI) was diagnosed based on 2012 KDIGO criteria (18). Estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology Collaboration equation (19).

Therapeutic variables included exposure to glucocorticoid at induction treatment, dose of prednisone at induction, high-dose glucocorticoid at first diagnosed (pulse therapy or oral prednisone ≥1 mg/kg day), immunosuppressive agents treatment (taken methotrexate, mycophenolate mofetil, cyclophosphamide, azathioprine, or combination), and use of angiotensin converting enzyme inhibitor (ACEI)/angiotensin receptor blocker (ARB).

Kidney histopathological data were reviewed by an experienced pathologist according to the 2003 International Society of Nephrology/Kidney Pathology Society classification of LN (20).



Study Outcomes

All the participants were followed up for at least 1 year until December 31, 2013. Patients were required to return to our hospital at least once a year for an overall medical evaluation and/or were interviewed annually through phone call by experienced doctors to assess the general conditions. The primary endpoint was a composite of kidney outcomes, including doubling of serum creatinine (serum creatinine doubled compared with the baseline) and ESRD (eGFR ≦15 mL/min; persistent dialysis; kidney transplant). The secondary endpoint was all cause mortality.



Statistical Analysis

Patient characteristics were presented as mean ± SD for normally distributed continuous variables, median (interquartile range) for skewed continuous variables, and frequencies and percentages for categorical variables. Comparisons between the late- and control groups were performed using the Student's t-test for normally distributed continuous variables, the Mann–Whitney U-test for non-normally distributed continuous variables, and the Chi-square test for categorical variables. Patients' cumulative survival and kidney survival rates (at a combined kidney endpoint of creatinine doubling and ESRD) were calculated using Kaplan–Meier curves. Unadjusted and adjusted Cox proportional hazards regression models were used to evaluate the risk factors for mortality in all participants and kidney mortality in patients with late-onset LN. Potential confounders were included in univariate Cox regression analysis. Significant variates with a p-value <0.10 in the univariate analysis were forced into the multivariate models. Other variates were selected into the multivariable models using the forward method (entry: 0.1, removal: 0.2). To adjust the impact of age on patient survival, we collected the data of life expectancy at LN onset for each participant based on the World Bank latest report (The World Bank. Data of life expectancy at birth, total (years), China (2019). https://data.worldbank.org/indicator/SP.DYN.LE00.IN?end=2016&locations=CN&start=1960&view=chart&year_low_desc=true). Since only data from 1960 to 2016 could be obtained, we estimated life expectancy with the recent 5-year life growth rate of 0.21% for those who were born between 1920 and 1959. In the multivariable Cox regression, life expectancy was considered as a confounder into model to adjust the impact of age to patient survival.

A two-sided p-value <0.05 was considered statistically significant. Statistical analysis was performed using SPSS software, version 20.0 (SPSS, Inc., Chicago, IL, USA).




RESULTS


Clinical Characteristics of Late-Onset LN

A total of 1,264 patients who met the inclusion criteria were enrolled from the 1,408 patients diagnosed with LN during the study period (Figure 1). Among the eligible patients, 102 (8.1%) were assigned to the late-onset LN group and 1,162 (91.9%) to the early-onset LN group.


[image: Figure 1]
FIGURE 1. Enrollment and follow-up of study population.


Tables 1, 2 showed the baseline of the two groups. The male-to-female ratio in the late-onset LN group was 2:5, which was twice of that in the early-onset LN group (p = 0.001). More patients with late-onset LN had hypertension and cardiovascular disease (CVD) complications compared with the patients in the early-onset LN group (p < 0.001). Diabetes percentage was similar in both groups. Higher percentage of patients with late-onset LN had no skin or mucous lesions. The serositis frequency was lower in the late-onset LN group. The SDI and SLEDAI scores indicated no difference between the two groups. The baseline kidney function of the late-onset LN group was significantly worse, presenting more urine protein (p = 0.03), smaller kidney size, and lower eGFR (p < 0.001). AKI occurred more frequently in the late-onset LN group (p = 0.005).


Table 1. Comparisons of baseline clinical manifestations between late- and early-onset LN groups.
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Table 2. Comparisons of baseline examination profiles between late- and early-onset LN groups.
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As for the treatment, patients with late-onset LN were administered lower dose of prednisone at the induction phase. Immunosuppressant drugs and angiotensin-converting enzyme inhibitor/angiotensin receptor blocker drugs were used in less proportion of patients with late-onset LN (Table 3).


Table 3. Comparisons of treatment regimen between late- and early-onset LN groups.
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Kidney Histopathological Evaluation

Kidney pathological analysis was conducted in 784 eligible patients. The proportion of biopsied patients showed no statistical difference between the late- and early-onset LN groups (p = 0.07). The distribution of LN pathological type (ISN/RPS, 2003) was similarly between the two groups. It generally showed that chronic lesions (glomerular sclerosis, interstitial fibrosis, tubular atrophy, and arterial wall thickening) were more severe in the late-onset LN group (all p-value <0.05). Active lesions (including crescents, karyorrhexis, capillary tuft necrosis, glomerular capsule adhesion, subendothelial hyaline deposits and tubular necrosis) were not statistically different between the two groups (all p-value > 0.05) (Table 4).


Table 4. Kidney pathological characteristics of late-onset LN.
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Patient Overall Survival and Kidney Survival

Flow chart of the enrollment, follow-up process, and study outcome is shown in Figure 1. At the end of the study period, 114 patients died; 27 belonged to the late-onset LN group and 87 in the early-onset LN group. The main causes of death were CVD (late vs. early: 22.2% vs. 19.8%, p = 0.12) and infection (late vs. early: 22.2% vs. 25.6%, p = 0.28). More patients with late-onset LN died of kidney failure (after the onset of ESRD) (late vs. early: 14.8% vs. 4.7%, p = 0.02).

Kaplan–Meier analysis showed that the patient survival of the late-onset LN group at 5 and 10 years (67.6 and 50.5%, respectively) was much poorer than that of the early-onset LN group (89.8 and 84.6%, respectively) (log-rank chi-square = 35.9, p < 0.001; Supplementary Figure 2A). However, no significant statistical differences were observed on kidney survival at the composite endpoint of serum creatinine doubling or ESRD (log-rank chi-square = 3.55, p = 0.06; Figure 2).


[image: Figure 2]
FIGURE 2. (A) Kidney survival (at the composite endpoint of serum creatinine doubling and ESRD) stratified on the age of LN onset. (B) Kidney survival (at the composite endpoint of serum creatinine doubling and ESRD) stratified on the age of LN onset by cox regression.




Association of the Onset Age of LN With Kidney Prognosis

The onset age of LN ≧50 years was an independent risk factor of mortality after adjusted for confounders, such as gender, life expectancy, comorbidity diseases, pathological characteristics, and treatment. No statistically significant association was found between the onset age of LN and kidney failure by using regression models 1 to 4 (Table 5 and Figure 2B).


Table 5. Association of late-onset LN with all-cause mortality and kidney mortality.
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Risk Factors for Kidney Survival in Patients With Late-Onset LN

Further analysis was performed focusing on the risk factors for kidney survival in patients with late-onset LN. The results showed that the increased serum creatinine at baseline was an independent risk factor (hazard ratio = 1.45 (1.20–1.73), p < 0.001; Table 6).


Table 6. Predictors of kidney survival in patients with late-onset LN.
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DISCUSSION

Late-onset SLE is a relatively minority in the SLE patients. Studies have shown differences on clinical manifestation, seroantibodies and damage accrual between late-onset and the early-onset, but the findings were variable (2–9). Our large retrospective cohort study indicated that the patient survival of late-onset LN population was poorer while the kidney outcome was comparable than that of patients with early-onset LN. The advanced age-onset of LN was closely related to the poor clinical outcome independent of potential confounders.

Late-onset SLE has been reported to occur in 3%−18% of patients with SLE. As early as 1989, a meta-analysis conducted by Ward and Polisson concluded that the clinical manifestation between early- and late-onset SLE is different (2). However, there remains a debate on the clinical characteristics and the outcomes of patients with late-onset SLE (21–25). The discrepancy in findings in previous studies may partially be due to the different cutoff ages used in different studies and the inter-ethnic differences (13, 25). In our cohort, we selected a cut-off age of 50 years because it was arbitrarily designated as late onset when the clinical diagnosis of the disease occurred after the age of 50 years (14, 26, 27). Based on the cut-off age, the incidence of late-onset LN was 8.1% in our cohort. The percentage of male in the late-onset SLE group doubled that in the early-onset SLE group, which may be explained by the less apparent female predominance among older patients with SLE, mainly owing to the decreased estrogen levels (26). Estrogen status is important in determining disease activity and prognosis in SLE (21, 26, 28), and sex and age factors may inevitably interact to influence SLE prognosis. However, when we specifically adjusted for sex as a confounder in the multivariate Cox regression model, the hazard ratio of death in patients with late-onset LN was three-fold higher than that in patients with early-onset LN. This may suggest the age plays an important role on patient survival independent of sex difference.

Previous studies reported that late-onset SLE has greater comorbidities (8, 14), lower SLE activity (14), and less major organ involvement (8, 12). As shown in our study, patients with late-onset LN had higher blood pressure, more CVD complications, and worse kidney function at baseline, while most systematic organ involvement associated with SLE are not different from the early-onset group. Moreover, the SLEDAI scores and the SDI scores were also similar in the two groups, which is different from previous report on a lower SLEDAI score in patients with late-onset SLE (8, 14). Further analysis of kidney histopathology implied that the chronic lesions (glomerular sclerosis, interstitial fibrosis, tubular atrophy, and cortex wall thickening) were more severe in patients with late-onset LN. However, active lesions such as crescents, karyorrhexis, capillary tuft necrosis, glomerular capsule adhesion, tubular necrosis, were not significantly different between the two groups. The glomerular leukocyte infiltration and endocapillary hypercellularity showed more severe in the early-onset group. Therefore, it indicated that the relatively poorer conditions of patients with late-onset SLE at baseline are mainly associated with their advanced age, while not with SLE activity per se. To our knowledge, there is only few detailed information available on kidney histopathological features of late-onset LN in published papers (3, 23, 24). Both chronic lesion and active lesion associated influenced the outcome of LN. Therefore, the results of kidney survival analysis which showed no statistical difference even by Cox regression (adjusted for multivariate) was the combined effect of the two factors. In consideration of the more comorbid conditions and chronic impairment of histopathology, practitioners tended to give late-onset LN with lower corticosteroid dose and less frequent cyclophosphamide lest the side-effect. However, the present study failed to prove whether the limited therapeutic options for SLE due to the presence of comorbidities and concomitant therapies in elderly patients may contribute to the poorer outcome.

There were conflicting reports with regard to patient outcome of late-onset SLE. An epidemiological study from Canada (29) and long-term cohort studies from Brazil (7) and China (28) found that late-onset SLE is not a benign subgroup. Another study reported that older patients have less kidney involvement and better prognosis than their younger counterparts (9). In our cohort, the 5- and 10-year survival rates of patients with late-onset LN were 68.5 and 49.1%, respectively, which are much lower than those of patients with early-onset LN (95.5 and 92.1%). In patients with late-onset LN, kidney failure was a more common cause of death (14.8%) than in patients with early-onset LN (4.7%). Results of multivariate regression equation showed that onset at age >50 years was an independent risk factor of patient survival. Considering that age is naturally associated with survival, life expectancy was taken as a confounder into the multivariable Cox regression model. The independent association between late-onset LN and patient survival still existed, which made the conclusion more robust.

Only a small number of studies have reported on kidney outcome (3, 30, 31). In our study, although patients with late-onset LN had a poorer kidney baseline, no significant difference on the kidney outcome was found between late- and early-onset LN. The contradiction of worse kidney baseline and benign kidney prognosis may have partially been related to relatively milder SLE course in older patients (12). These might also be explained by the results of comparisons on histopathological characteristics. In general, no significant difference was found in the pathological type distribution between the two groups. With respect to the activity indices and chronicity indices, there were significantly lower scores in activity indices but significantly higher scores in chronic indices such as tubular atrophy and interstitial fibrosis in the late onset group. This is consistent with another report based on Chinese population (3). Nevertheless, in older patients, AKI occurred, to some extent, more frequently on conditions of aggravating factors, such as hypovolemia, infection, and nephrotoxic medication. More attention should be paid on overall condition balancing and complication correcting in elder patients.

The strengths of our study are the relatively large sample size and long follow-up duration focusing on the kidney survival and taking a closer sight on the detailed pathological changing analysis to investigate the effect of onset-age of LN on the prognosis of late-onset LN.

An important potential limitation of our study is its retrospective design, where information bias, selection bias, and uncontrolled confounding effects could potentially influence the results. A critical and unresolved question is whether or not the poorer outcomes observed in patients with late-onset LN are solely age related. This issue warrants further investigation in a prospective controlled cohort study.



CONCLUSIONS

Age-related impairments are the most significant determinant of both clinical and pathological manifestations in patients with late-onset LN. Patients with late-onset LN have milder active lesions related to SLE but severer chronic lesions in kidney pathology, and they have an unfavorable patient outcome but rather acceptable kidney prognosis.



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 study was approved by the Human Ethics Committee of the First Affiliated Hospital, Sun Yat-sen University. Each participant provided written informed consent.



AUTHOR CONTRIBUTIONS

WC and XY designed the study. NT drafted the manuscript. NT, PRY, and QML participated in the data collection. WFC reviewed the pathology slices. NT, QZ, and LYH performed the statistical analysis. All authors read and approved the final manuscript.All authors contributed to the article and approved the submitted version.



FUNDING

This work was supported by grants from the National Natural Science Foundation of China (Nos. 81970599, 82170737, and 81960144); Key Laboratory of National Health Commission, and Guangdong Provincial Key Laboratory of Nephrology, Guangzhou, China (Nos. 2002B60118 and 2020B1212060028).



ACKNOWLEDGMENTS

We appreciate the help and support from all the participants in the study.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2022.882692/full#supplementary-material



REFERENCES

 1. Li LS, Liu ZH. Epidemiologic data of kidney diseases from a single unit in China: analysis based on 13,519 kidney biopsies. Kidney Int. (2004) 66:920–3. doi: 10.1111/j.1523-1755.2004.00837.x

 2. Ward MM, Polisson RPA. meta-analysis of the clinical manifestations of older-onset systemic lupus erythematosus. Arthritis Rheum. (1989) 32:1226–32. doi: 10.1002/anr.1780321007

 3. Xu Y-X, Tan Y, Yu F, Zhao M- H. Late onset lupus nephritis in Chinese patients: classified by the 2003 International Society of Nephrology and Kidney Pathology Society system. Lupus. (2011) 20:801–8. doi: 10.1177/0961203310397563

 4. Voulgari PV, Katsimbri P, Alamanos Y, Drosos AA. Gender and age differences in systemic lupus erythematosus. A study of 489 Greek patients with a review of the literature. Lupus. (2002) 11:722–9. doi: 10.1191/0961203302lu253oa

 5. Tomic-Lucic A, Petrovic R, Radak-Perovic M, Milovanovic D, Milovanovic J, Zivanovic S, et al. Late-onset systemic lupus erythematosus: clinical features, course, and prognosis. Clin Rheumatol. (2013) 32:1053–8. doi: 10.1007/s10067-013-2238-y

 6. Groot N, Shaikhani D, Teng YKO, de Leeuw K, Bijl M, Dolhain RJEM., et al. Long-term clinical outcomes in a cohort of adults with childhood-onset systemic lupus erythematosus. Arthritis Rheumatol. (2019) 71:290–301. doi: 10.1002/art.40697

 7. Appenzeller S, Pereira DA, Costallat LT. Greater accrual damage in late-onset systemic lupus erythematosus: a long-term follow-up study. Lupus. (2008) 17:1023–8. doi: 10.1177/0961203308089695

 8. Bertoli AM, Alarcón GS. Calvo-Alén J, Fernández M, Vilá LM, Reveille JD, LUMINA Study Group. Systemic lupus erythematosus in a multiethnic US cohort XXXIII Clinical [corrected] features, course, and outcome in patients with late-onset disease. Arthritis Rheum. (2006) 54:1580–7. doi: 10.1002/art.21765

 9. Sohn IW, Joo YB, Won S, Bae SC. Late-onset systemic lupus erythematosus: Is it “mild lupus”? Lupus. (2018) 27:235–42. doi: 10.1177/0961203317716789

 10. Hochberg MC. Updating the American College of Rheumatology revised criteria for the classification of systemic lupus erythematosus. Arthritis Rheum. (1997) 40:1725. doi: 10.1002/art.1780400928

 11. Medlin JL, Hansen KE, Fitz SR, Bartels CMA. Systematic review and meta-analysis of cutaneous manifestations in late- versus early-onset systemic lupus erythematosus. Semin Arthritis Rheum. (2016) 45:691–7. doi: 10.1016/j.semarthrit.2016.01.004

 12. Alonso MD, Martinez-Vazquez F, de Teran, Miranda-Filloy TD, Dierssen JA, Blanco T, et al. Late-onset versus early-onset systemic lupus: characteristics and outcome in a national multicentre register (RELESSER). Rheumatology (Oxford). (2021) 60:1793–1803. doi: 10.1093/rheumatology/keaa477

 13. Boddaert J, Huong DL, Amoura Z, Wechsler B, Godeau P, Piette JC. Late-onset systemic lupus erythematosus: a personal series of 47 patients and pooled analysis of 714 cases in the literature. Medicine (Baltimore). (2004) 83:348–59. doi: 10.1097/01.md.0000147737.57861.7c

 14. Medhat BM, Behiry ME, Sobhy N, Farag Y, Marzouk H, Mostafa N, et al. Late-onset systemic lupus erythematosus: characteristics and outcome in comparison to juvenile- and adult-onset patients-a multicenter retrospective cohort. Clin Rheumatol. (2020) 39:435–42. doi: 10.1007/s10067-019-04776-y

 15. Lopez P, Mozo L, Gutierrez C, Suarez A. Epidemiology of systemic lupus erythematosus in a northern Spanish population: gender and age influence on immunological features. Lupus. (2003) 12:860–5. doi: 10.1191/0961203303lu469xx

 16. Gladman DD, Goldsmith CH, Urowitz MB, Bacon P, Fortin P, Ginzler E, et al. The Systemic Lupus International Collaborating Clinics/American College of Rheumatology (SLICC/ACR) Damage Index for Systemic Lupus Erythematosus International Comparison. J Rheumatol. (2000) 27:373–6.

 17. Gladman DD, Goldsmith CH, Urowitz MB, Bacon P, Bombardier C, Isenberg D, et al. Sensitivity to change of 3 systemic lupus erythematosus disease activity indices: international validation. J Rheumatol. (1994) 21:1468–71.

 18. Stevens PE, Levin A. Kidney Disease: Improving Global Outcomes Chronic Kidney Disease Guideline Development Work Group Members. KDOQI US commentary on the 2012 KDIGO clinical practice guideline for acute kidney injury. Am J Kidney Dis 61. (2013) 649–72. doi: 10.1053/j.ajkd.2013.02.349

 19. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI, et al. A new equation to estimate glomerular filtration rate. Ann Intern Med. (2009) 150:604–12. doi: 10.7326/0003-4819-150-9-200905050-00006

 20. Weening JJ, D'Agati VD, Schwartz MM, Seshan SV, Alpers CE, Appel GB, et al. International Society of Nephrology Working Group on the Classification of Lupus Nephritis; Kidney Pathology Society Working Group on the Classification of Lupus Nephritis. The classification of glomerulonephritis in systemic lupus erythematosus revisited. Kidney Int. (2004) 65:521–30. doi: 10.1111/j.1523-1755.2004.00443.x

 21. Sayarlioglu M, Cefle A, Kamali S, Gul A, Inanc M, Ocal L, et al. Characteristics of patients with late onset systemic lupus erythematosus in Turkey. Int J Clin Pract. (2005) 59:183–7. doi: 10.1111/j.1742-1241.2004.00283.x

 22. Delfino J, Dos Santos TAFG, Skare TL. Comparison of lupus patients with early and late onset nephritis: a study in 71 patients from a single referral center. Adv Rheumatol. (2020) 60:5. doi: 10.1186/s42358-019-0105-5

 23. Tang Z, Chen D, Yang S, Zhang H, Hu W, Liu Z, et al. Late onset lupus nephritis: analysis of clinical manifestations and kidney pathological features in Chinese patients. Rheumatol Int. 31:1625–9. doi: 10.1007/s00296-010-1536-9

 24. Martínez-Barrio J, Ovalles-Bonilla JG, López-Longo FJ, González CM, Montoro M, Valor L, et al. Juvenile, adult and late-onset systemic lupus erythematosus: a long term follow-up study from a geographic and ethnically homogeneous population. Clin Exp Rheumatol. (2015) 33:788–94.

 25. Alonso MD, Martinez-Vazquez F, Diaz T, de Teran, Miranda-Filloy JA, Dierssen T, et al. Late-onset systemic lupus erythematosus in Northwestern Spain: differences with early-onset systemic lupus erythematosus and literature review. Lupus. (2012) 21:1135–48. doi: 10.1177/0961203312450087

 26. Jorge IRS, Karin B, Johannes M, Dag L, Elisabet S, Andreas J, et al. Sex differences in clinical presentation of systemic lupus erythematosus. Biol Sex Differ. (2019) 10:60. doi: 10.1186/s13293-019-0274-2

 27. Arnaud L., Mathian, A., Boddaert, J., and Amoura, Z. Late-onset systemic lupus erythematosus: epidemiology, diagnosis and treatment. Drugs Aging. (2012) 29:181–9. doi: 10.2165/11598550-000000000-00000

 28. Lin H, Wei JC, Tan CY, Liu YY, Li LiYH, Deng FX, et al. analysis of late-onset systemic lupus erythematosus: a cohort study in China. Clin Rheumatol. (2012) 31:1683–9. doi: 10.1007/s10067-012-2073-6

 29. Lalani S, Pope J, de Leon, Peschken F, Clinical C. Features and prognosis of late-onset systemic lupus erythematosus: results from the 1000 faces of lupus study. J Rheumatol. (2010) 37:38–44. doi: 10.3899/jrheum.080957

 30. Austin RHA, Muenz LR, Joyce KM, Antonovych TT, Balow JE. Diffuse proliferative lupus nephritis: Identification of specific pathologic features affecting kidney outcome. Kidney Int. (1984) 25:689–95. doi: 10.1038/ki.1984.75

 31. Chen YM, Lin CH, Chen HH, Chang SN, Hsieh TY, Hung WT, et al. Onset age affects mortality and kidney outcome of female systemic lupus erythematosus patients: a nationwide population-based study in Taiwan. Rheumatology (Oxford). (2014) 53:180–5. doi: 10.1093/rheumatology/ket330

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.

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 © 2022 Tian, Zhou, Yin, Chen, Hong, Luo, Chen, Yu and Chen. 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.



OPS/images/fmed-09-882692-t003.jpg
Presentations Al Early-onset  Late- P
LNgroup  onset LN
group

N 1,264 1,162 102

Glucocorticoid at induction 1,220(98.3) 1,126(98.5) 94(959) 0.06
treatment, n (%)

Dose of prednisone at 504+66 54158 40147 <0.001
induction (mg/c)
High-dose glucocorticoidat ~ 835(66.1)  784(67.5)  51(49.6) <0.001

first diagnosed, n (%)

Immunosuppression drugat  671(53.2)  629(54.3)  42(412)  0.01
induction treatment, n (%)

ACEI/ARB, n (%) 669(52.9) 607 (52.2) 62(60.7) 0.04

ACE], angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker.





OPS/images/fmed-09-882692-t004.jpg
Items

Number of biopsy, n (%)
LN classffication, 1 (%)

Class Il

Class lll

Class IV

ClassV

Class VIl

Class V4V

Class VI
Glomerular sclerosis (%)
Crescents (%)
Endocapilary
hypercellularity, n (%)

None

(25-50%)

(>50%)

Glomerular leukocyte
infitration, n (%)

None
(<25%)
(25-50%)
(>50%)
Capilary tuft necrosis, n (%)
None
(<25%)
(25-50%)
(>50%)
Subendothelial hyaline
deposits, n (%)
None
Segmental
Diffuse

Interstitial leukocyte
infitration, n (%)

None
<25%
25-50%
50-75%
>75%
Interstitial fibrosis, 1 (%)
None
<25%
25-50%
50-75%
>75%
Tubular necrosis, n (%)
Tubular atrophy, 1 (%)
None
<25%
25-50%
50-75%
>75%
Artery wall thickening, n (%)

Al

784 (62.0)

71(9.6)
81(11.0
308 (41.8)
105 (14.9)
58(7.9)
98(13.9)
9(1.9)
0(09)
3(0,16)

207 (26.4)
360 (45.9)
217 27.7)

286 (36.5)

314 (40.1)

161 (20.5)
28(3.6)

704 (89.8)
710.1)
8(1.0
10.4)

333 (44.7)
194 (26.0)
218(20.3)

196 (25.0)

461 (68.9)
87(11.1)
3038
9(1.)

330 (42.1)
367 (46.9)
63(8.0)
172
6(08)
43(5.5)

326 (41.6)
360 (46.0)
7399
19(2.6)
3(0.4)
231 (29.5)

Early-onset
group

726 (62.4)

68 (10)
73(10.7)
287 (42.1)
96(14.1)
52(7.6)
93(13.7)
8(12)
0(0.7.4)
3(0,16)

194 (26.7)
325 (45.9)
207 (28.5)

263 (36.2)

284 (39.1)

156 (21.5)
28(3.8)

653 (89.9)
66(9.1)
7(1.0
0(0)

307 (44.5)
183 (26.5)
200 (29.0)

189 (26.0)

427 (58.8)

76(10.5)
26(3.6)
8(1.1)

315 (43.4)
336 (46.3)
56(7.7)
13(18)
6008
38(.2)

313 (43.1)
326 (44.9)
65(9.0)
19.2.6)
3(0.4)
203 (28.0)

Late-onset
group

58 (56.8)

3(65)
8(14.5)
21(382)
9(16.4)
6(109)
5©.1)
1(1.8)
107 (023.7)
0(0.28)

13 (22.4)
35 (60.3)
10(17.2)

23(39.7)
30(51.7)
586
0(0)

51(87.9)
586
1017
1017

26 (47.3)
11200
18(32.7)

7(123)

34(50.6)

11(19.9)
4(7.0)
1(18)

15(263)
31(54.4)
7(12.3)
470
00
588

13 (22.8)
34 (50.6)
8(14.0)
235)
0(0)
28 (48.3)

P

0.07

0274
0.383
0.567
0644
0.386
0.338
0.676
<0.001
0.72
0.058

0.037

0.137

0.559

0.052

0.023

0.260
0.036

0.001





OPS/images/fmed-09-882692-t001.jpg
Items

N
Male/fernale
Age at diagnosis (years)
Duration before diagnosis (months)
Hypertension, n (%)
CVD history, n (%)
Diabetes history, n (%)
BMI (kg/m?)
Fever, n (%)
Edema, n (%)
Skin and mucous, n (%)
None
Rash
Aopecia
Mucous ulcer
Raynauds phenomenon
Photosensitivity
Musculoskeletal, n (%)
None
Athitis
Myalgia
Muscle weakness
Serositis, n (%)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Hepatomegaly, n (%)
Splenomegaly, n (%)
SDI score
SLEDAI score

All

1,264
15
3112+ 12.21
4(1,24)
35(2.7)
82(6.5)
18.(1.4)
21,09 +3.07
415 (32.8)
834 (65.9)

161(13.2)
568 (44.7)
249 (19.6)
121(9.5)
18 (1.4)
147 (11.6)

769 (60.8)
431 (34.1)
4032)
24(1.9)
755 (50.8)
127.7 £ 21.80
81.45 + 14.70
1108)
7008)
2119
14.74 £5.35

Early-onset LN group

1,162
15
2881 +£9.99
3(1,20)
21(1.8)
61(5.2)
18(1.1)
21.03+3.12
389 (33.4)
771(66.3)

123 (10.6)
527 (45.9)
238(20.5)
115(9.9)
18(1.6)
141 (12.1)

717 (61.7)
391 (33.6)
3429
20(1.7)
751 (64.7)
12653 % 21.40
81.45 + 14.76
10(09)
7086)
20+18
14.77 £ 56.33

Late-onset LN group

102
25
5813+ 6.80
3(1,12)
14(18.7)
21(2086)
5(4.9
2185 +2.31
26 (25.4)
63(61.7)

38(37.2)
41(40.2)
11(108)
6(5.9
0
6(5.9

52(51.0)
40(39.2)
6(59
439
53(51.2)
138.48 + 20.50
7981 & 13.50
109
0
23£19
14.35 + 560

CVD, cardiovascular disease; BR, blood pressure; SDI, systemic damage index; SLEDAI, systemic lupus erythematosus disease activity index.

0.001
<0.001
0.37
<0.001
<0.001
0.12
0.15
o1
045

0.01
0.34
0.01
0.19
0.20
0.06

007
0.23
0.09
0.11
0.04
<0.001
0.28
0.90
0.43
0.12
0.59





OPS/images/fmed-09-882692-t002.jpg
Items

Hemoglobin (g/L)
Serum creatinine (wmol/L)
Serum albumin (g/L)
hs-CRP (/L)
ESR (mmvh)
Anti-ds DNA positive, n (%)
Anti-SSA positive, 1 (%)
Anti-SSB positive, n (%)
Low C3,n (%)
Urine protein (g/24 h)
Left kidney size (mm)
Length
Width
Right kidney size (mm)
Length
Width
AKI, 0 (%)
eGFR (ml/min/1.73 m?)

All

97.81 + 2401
87.0(63.0,147.0)
2753+ 7.44
2.52(0.84,7.15)
38.0(19.0,63.0)
941 (76.6)
536 (44.7)
241 (20.2)
994 (81.5)
1.63(0.72,3.34)

108.48 + 11.82
50.38 + 7.06

105.44 £ 16.14
4712 +£7.43
197 (16.9)
100.8 (54.37, 128.09)

Early-onset LN group

105.79  24.87
850 (62.0,138.0)
27.48+7.49
2.44(0.84,2.44)
38.0(20.0,62.0)
863 (76.5)
481 (43.7)
217 (19.9)
915 (81.6)
1.70 (0.74, 3.41)

108.85 £ 11.67
50.52 £ 7.21

105.67  16.33
4932801
173 (15.7)
104.9 (58.28, 129.24)

Late-onset LN group

96.98 + 25.79
1120 (79.0,242.2)
2828+ 6.98
3,05 (1.21, 10.90)
405 (16.0,73.0)
78(77.2)
55(56.7)
24(24.2)
79(79.8)
1.15 (0.67, 2.46)

101.38 £ 22.22
47.47 + 10.66

101.67 & 13.87
4681:£7.34
24(235)
5050 (25.17, 93.81)

0.002
<0.001
0.29
0.63
0.49
0.87
0.02
0.29
0.65
0.02

<0.001
<0.001

0.02

0.01

0.04
<0.001

ESR, erythrocyte sedimentation rate; hs-CRR, high-sensitivity C-reactive protein; ANA, anti-nuclear antibody; AKI, acute kidney injury; eGFR, estimated glomerular fitration rate.





OPS/images/fmed-09-882692-t005.jpg
Model

Univariable Cox model
Model 1
Model 2
Model 3
Model 4

All-cause mortality

HR [CI (95%)]

1.72 (132, 2.24)
227 (2.10,5.08)
2.16(1.18,3.94)
263 (1.35,5.19)
3.03(1.39, 6.58)

P

<0.001
<0.001
0.012
<0.001
0.005

Kidney outcome

HR [CI (95%)]

1.66 (0.93, 2.97)
1.25 (0.69, 2.25)
1.17 (053, 2.57)
1.11(0.50, 2.46)
1.06 (0.41, 2.74)

Reference, LN onset age < 50; HR, hezard ratio; Cl, confidence interval.
Mode! 1: adjusted for sex, lfe expectancy.
Model 2: adjusted for Model 1 and creatinine, uric acid, rine protein, C3, SLEDAI score.
Model 3: adjusted for Model 2 steroid dose and immunosuppression rugs.
Model 4: adjusted for Model 3 and crescent, glomerular sclerosis, interstital fibrosis,

tubular atrophy.

P





OPS/images/fmed-09-882692-t006.jpg
Variants Univariate p  Multivariate P

HR [CI (95%)] HR [CI (95%)]
Gender (F: refer) 2.26(0.28,18.09) 0.442

CVD history 279 (057, 1356) 0.202

Diagnose duration (112 0.97 (098,1.02) 0.341

months)

Urine protein (11 g/) ~ 1.14(094,1.37)  0.168

SBP (+10 mmHg) 1.01(098,1.04) 0472

Oliguria/anuria (no: 342 (096, 12.18) 0,057 - NS
refer)

Hemoglobin (110g/L)  0.68(0.51,0.91) 0.011 E NS
Microscopic hematuria  1.53 (043, 5.47) 0,506

(no: refer)

Baseline creatinine 1.38(1.18,1.69) 0001 1.45(1.20,1.78 <0001
(+100 wmol/L)

Baseline uric acid 1.00(1.00,1.01) 0,059 - NS
(+100 mmolrL)

Serum albumin 093(0.84,1.04) 0,099 - NS
wiogn)

AKI (n0: refer) 213(062,7.32) 0229

C3(10.1 g1) 066 (0.05,8.76) 0.759

hs-CRP (11 g/L) 1.00(1.00,1.01) 0.018 E NS
SLEDA score (1) 1.06 (096, 1.18) 0.211 - NS
Glomerular sclerosis  15.1(0.55, 412.3) 0108 E NS
(11%)

Crescents (11%) 062 (0.007,55.8) 0.837

Interstitial fibrosis>75% ~ 1.88 (0.21,168) 0573

(no: refer)

Tubular necrosis 24.1(0.00,165.3) 0575

(no: refer)

Tubular atrophy 1.31(054,3.14) 0541

(no: refer)

Artery wall thickening ~ 2.16 (0.42, 11.18) 0355

(no: refer)

Glucocorticoid at nitial 030 (0.04, 2.41)  0.259

treatment

Immune suppressorat  1.06(0.29,3.78)  0.926
initial treatment

CVD, Cardiovascular disease; SBR. systofic blood pressure; AKl, acute kidney injury; hs-
CRR, high-sensitiity C-reactive protein; SLEDAY, systemic lupus erythematosus disease
activity index.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Long-Term Kidney Prognosis and Pathological Characteristics of Late-Onset Lupus Nephritis



		Introduction



		Materials and Methods



		Subjects



		Data Collection and Clinical Definitions



		Study Outcomes



		Statistical Analysis







		Results



		Clinical Characteristics of Late-Onset LN



		Kidney Histopathological Evaluation



		Patient Overall Survival and Kidney Survival



		Association of the Onset Age of LN With Kidney Prognosis



		Risk Factors for Kidney Survival in Patients With Late-Onset LN







		Discussion



		Conclusions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Long-Term Kidney Prognosis and
Pathological Characteristics of
Late-Onset Lupus Nephritis





OPS/images/fmed-09-882692-g001.gif
Assessed for clighily n - 1408)

145 s excinded
o 135 divgoosed ESRD at bopy
5 SLE omctage welear
p——

corllmeat (1= 1364)

——  —

ateanset group (1 - 102) carty-omet group (o= 1162)
——— 7
i v 51,27t |—————>{ S8 ot

79 caves wore sty olloed

2

W dent SOESRD






OPS/images/fmed-09-882692-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Medicine





