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Serum 25(OH)D levels are associated with disease activity and renal involvement in initial-onset childhood systemic lupus erythematosus
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Background: Vitamin D deficiency is common in patients with systemic lupus erythematosus (SLE) and may affect their disease activity and severity.



Objective: This study aims to assess the vitamin D status in patients with initial-onset SLE during childhood and its association with the clinical and laboratory markers of disease activity.



Method: This is a retrospective study that includes 168 patients with initial-onset SLE during childhood and 109 healthy children as controls. Clinical and laboratory data were recorded. The area under the curve (AUC) method was used to evaluate the efficacy of double-stranded deoxyribonucleic acid (dsDNA), lower 25(OH)D and complement 3 (C3) alone and in combination to diagnose the presence of renal damage in children with SLE.



Result: Compared with the controls (25.53 ± 7.02 ng/ml), patients with initial-onset SLE during childhood have lower serum 25(OH)D levels (18.63 ± 5.32 ng/ml) (P < 0.05). Among patients with initial-onset SLE during childhood, SLEDAI-2K scores are significantly higher in the vitamin D insufficiency (median = 14.5) and vitamin D deficiency (median = 14.0) groups than in the vitamin D sufficiency group (median = 9.0) (P < 0.05). Patients with initial-onset SLE during childhood with lower 25(OH)D levels are more likely to have lupus nephritis (LN) and a higher SDI score (P < 0.05). Compared with patients with other types of LN (16.69 ± 3.90 ng/ml), patients with type V LN have lower levels of 25(OH)D (12.27 ± 3.53 ng/ml) (P < 0.05). The AUC was 0.803 when dsDNA antibody, 25(OH)D level and C3 were used in combination to diagnose LN in patients with SLE.



Conclusion: Vitamin D deficiency and insufficiency are closely related to an increase in SLEDAI and SDI scores. Significant decrease in vitamin D level is a risk factor for LN.
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1. Introduction

Systemic lupus erythematosus (SLE) is a systemic autoimmune disease that causes chronic inflammation and damage to multiple tissue types and organs, including the brain, joints, blood vessels, kidneys and skin (1). Lupus nephritis (LN) is a common complication of SLE and the main cause of death among SLE patients. It is estimated that 50%–60% of SLE patients will develop nephritis within 10 years from the onset of SLE and 20% of SLE patients will develop severe LN (2, 3). The prognosis of patients with early-onset LN is poor (4). The clinical manifestations of initial-onset SLE in childhood are more severe and the prognosis is worse. The pathogenesis of SLE is not fully understood. The current treatment for SLE includes the administration of hormones, immunosuppressants and biological agents but these drugs have relatively substantial side effects. Accordingly, new treatment methods are being explored.

Vitamin D is an important steroid hormone that has significant effects on bone health and on the cardiovascular system (5). Vitamin D has been shown to have potent immunomodulatory effects on both innate and adaptive immune systems (6, 7). Most vitamin D is produced by the body through sunlight, while only a small amount is obtained from diet. Vitamin D deficiency was found in many patients with autoimmune diseases (8–11). Studies showed that patients with SLE nephritis were at a higher risk of vitamin D deficiency than patients who did not have SLE (12).

In SLE, vitamin D deficiency is associated with increased disease activity and severity. Kamen et al. (13) found that SLE patients with low serum vitamin D levels had higher levels of autoantibodies and more frequent disease flare-ups than those with normal levels. Abou-Raya et al. (14) showed that vitamin D supplementation in SLE patients reduced disease activity and improved quality of life. Following a diagnosis, patients with SLE must avoid sunlight, which hinders the production of vitamin D (7). Considering that sun avoidance could affect the results of this study, the participants included in our investigation were patients with initial-onset SLE.

The vast majority of studies address adult SLE. Children's need for vitamin D is more critical during growth and development stages, but there is little research on the relationship between childhood SLE and vitamin D. There are fewer large-scale studies on vitamin D levels and clinical manifestations in paediatric patients with initial-onset SLE. Our centre collected the data of 168 children with initial-onset SLE from 2015 to 2022 and conducted a detailed analysis of clinical manifestations, laboratory tests, renal pathology and vitamin D levels.

This research reflects a retrospective study aiming to assess the vitamin D status in patients with initial-onset childhood SLE and its association with clinical and laboratory parameters of disease activity.



2. Materials and methods


2.1. Research participants

A total of 168 children aged <18 years with initial-onset SLE who were admitted to the Paediatrics Department of our hospital from February 2014 to May 2022 were included in this study. Concurrently, in the same period, healthy children (n = 109) in the outpatient department who matched the age and gender were selected as the control group. This study was approved by the ethics committee of our hospital. This study informed all the family members of the study participants by phone and obtained informed consent for their inclusion in the research.

The inclusion criteria for the research participants were as follows: (1) patients met the 1997 American College of Rheumatology (ACR) classification criteria for SLE (15) or the 2012 Systemic Lupus Erythematosus International Collaborating Clinics (SLICC) classification criteria for SLE (16); (2) patients younger than 18 years old; (3) patients diagnosed with SLE for the first time.

The exclusion criteria were as follows: (1) certain diseases that affect vitamin D metabolism (gastrointestinal surgery, liver metabolic diseases, tumours, etc.); (2) vitamin D supplementation by oral medication within the past 3 months; (3) corticosteroid treatment exceeding 10 mg/day within the past 3 months.

The diagnostic criteria for LN were the following. Children diagnosed with SLE were diagnosed with LN if they had any of the following renal involvement (17): (a) urine protein test results met any one of the following criteria—qualitative urine protein test positive 3 times within 1 week; 24-h urine protein >150 mg; urine protein/urine creatinine >0.2 mg/mg or urinary microalbumin higher than the normal reference value 3 times within 1 week; (b) centrifuged urine red blood cell count per high-power field of view >5; (c) abnormal glomerular and (or) renal tubule function; and (or) abnormal renal biopsy consistent with pathological changes caused by LN.



2.2. Renal pathological classification

The 2003 International Society of Nephrology (ISN)/Renal Pathology Society (RPS) classification of LN was adopted as the reference standard for the pathological classification of childhood LN (18). Lupus nephritis was divided into types I–VI based on different pathological manifestations.



2.3. SLE disease activity index (SLEDAI) and SLICC ACR-DI score (SDI) assessment

Disease activity was assessed using the SLE Disease Activity Index-2000 (SLEDAI-2K) (19). Using this index, disease activity was divided into mild (≤6 points), moderate (7–12 points) and severe (≥13 points) activity. Organ damage was assessed using the SDI (20).



2.4. Laboratory tests

Fasting venous blood (3–5 ml) was collected in the morning and sent to the medical experimental centre of the hospital for testing (conducted using an ADVIA Centaur XP automatic chemiluminescence immunoassay analyser). Laboratory examinations included routine blood tests, 24-h urine protein, erythrocyte sedimentation rate (ESR), liver function, renal function, complement 3 (C3), complement 4 (C4), antinuclear antibody, double-stranded deoxyribonucleic acid (dsDNA), serum calcium and serum phosphorus. Corrected calcium concentration was calculated using Payne's formula (21): when the serum albumin of the child was less than 40 g/L, corrected calcium concentration (mmol/L) = measured calcium concentration (mmol/L) + 0.02 × [40-serum albumin (g/L)]. The glomerular filtration rate (GFR) was estimated using the serum creatinine formula published by the Chronic Kidney Disease Epidemiology Collaboration (2009) (22).



2.5. Detection of serum 25(OH)D

Blood was collected between 6:00 and 7:00 in the morning, and the children were fasted from food and water overnight before the blood samples were collected. The detection of serum 25(OH)D was carried out using the chemiluminescence method (kit provided by Siemens Healthcare Diagnostics Inc., USA), and the analysis was conducted using an ADVIA Centaur XP automatic chemiluminescence immunoassay analyser.



2.6. Statistical analysis

All analyses were performed using SPSS 23.0 statistical software. Continuous variables were expressed as the mean ± standard deviation or median, and categorical variables were expressed as frequencies and percentages. Rates were compared between 2 or more groups using the chi-square test or Fisher's exact test. Continuous variables were compared among groups using the non-parametric Mann–Whitney U-test or Kruskal–Wallis test. To assess the correlation between two continuous variables, Pearson's correlation analysis was used for variables that conformed to a normal distribution and Spearman's correlation analysis for variables that did not. Receiver operating characteristic (ROC) curves and area under the ROC curve (AUC) were used to assess the probability of developing LN in patients and to assess the role of 25(OH)D in this model. A P-value less than 0.05 was considered statistically significant.




3. Results


3.1. Comparison of serum 25(OH)D levels in initial-onset childhood SLE patients and healthy controls

In this study, there were 168 children with lupus (139 girls and 29 boys, aged 11.1 ± 2.4 years). For the healthy controls, there were 90 girls and 19 boys, aged 10.1 ± 2.4 years. The average serum 25(OH)D for children with SLE was 18.63 ± 5.32 ng/ml, and the average serum 25(OH)D for the healthy controls was 25.53 ± 7.02 ng/ml. The serum 25(OH)D for children with SLE was significantly lower than for the healthy controls (P < 0.05) (Figure 1).
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FIGURE 1
Comparison of 25(OH)D levels in initial-onset childhood patients and healthy controls. SLE, systemic lupus erythematosus.




3.2. Comparison of clinical and laboratory findings in patients with initial-onset SLE during childhood with different 25(OH)D levels

In this study, we compared the clinical manifestations and laboratory findings in three groups of children with lupus (Table 1). Patients with SLE were divided into tertiles according to their vitamin D level (23, 24): vitamin D deficiency [25(OH)D <12 ng/ml], vitamin D insufficiency [12 ng/ml ≤25(OH)D <20 ng/ml] and vitamin D sufficiency [25(OH)D ≥20 ng/ml] groups. The vitamin D level was negatively associated with the incidence of lupus nephritis (P < 0.001), serositis (P < 0.001), proteinuria (P < 0.001), 24-h urine protein (P < 0.001) and creatinine (P < 0.001). Compared with the vitamin D deficiency and D-insufficiency groups, the D-sufficiency group tended to have a higher level of serum albumin (P < 0.001) and estimated GFR (P < 0.001). The incidence of LN was higher in the vitamin D deficiency (71.4%) and vitamin D-insufficiency (68.4%) groups compared with the vitamin D-sufficiency group (27.7%) (P < 0.05).


TABLE 1 Demographic, clinical and laboratory characteristics of studied groups.
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Among the three groups, the vitamin D-deficient group had the highest percentage of plasmacytosis (36.8%) and SDI ≥1 (57.9%) (P < 0.05). The SLEDAI-2K score was higher in the vitamin D-insufficiency group (median = 14.5) than in the vitamin D-sufficiency group (median = 9) (P < 0.05), indicating a higher disease activity in lupus. Compared with the vitamin D sufficiency group (C3 0.48 ± .022 g/L, C4 0.07 ± 0.05 g/L), children with lupus in the vitamin D-insufficiency group had lower levels of C3 and C4 (C3 0.35 ± 0.21 g/L, C4 0.06 ± 0.05 g/L) (P < 0.05). Differences related to neurological, pulmonary and mucocutaneous involvement, as well as arthritis and serum calcium among the three groups were not statistically significant (P > 0.05) (Table 1).



3.3. Comparison of the clinical data of patients with initial-onset SLE during childhood with different disease activity

Based on the SLEDAI-2K score, patients with initial-onset SLE during childhood were divided into 3 groups: SLEDAI = 0–6, low disease activity group; SLEDAI = 7–12, moderate disease activity group; and SLEDAI ≥13, high disease activity group. There were significant differences in 25(OH)D levels among the 3 groups, with the high disease activity group having lower 25(OH)D levels compared with the other 2 groups. There was no significant difference in 25(OH)D levels between the moderate disease activity and low disease activity groups. Serum calcium levels differed among the three groups; the higher the disease activity in SLE patients, the lower the serum calcium levels were. However, there was no significant difference among the three groups in serum calcium levels corrected for serum albumin. There were no statistically significant differences in sex, age or body mass index (BMI) among the different disease activity groups (Table 2).


TABLE 2 Comparison of the clinical data of initial-onset childhood lupus patients with different disease activities.
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3.4. Comparisons of the clinical data of children with and without LN

Children with SLE were divided into 2 groups based on renal involvement as the LN and non-LN groups. The 25(OH)D level in the LN group was 17.16 ± 4.85 ng/ml, and the 25(OH)D level in the non-LN group was 20.37 ± 5.35 ng/ml. Compared with the non-LN group (2.20 ± 0.14 mmol/L), the LN group had a lower serum calcium level (2.00 ± 0.18 mmol/L); however, serum calcium after serum albumin correction was not significantly different. The ESR was faster in the LN group (median, 47 mm/h) compared with the non-LN group (median, 33 mm/h). The levels of C3 and C4 in the LN group were lower compared with the non-LN group, and the proportion of children with positive dsDNA antibodies was higher in the LN compared with the non-LN group. There were no significant differences in sex, age and BMI between the LN and non-LN groups (Table 3).


TABLE 3 Comparison of the clinical data of LN and non-LN patients.
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In this study, ROC curves were drawn to explore the risk factors for LN. The results indicated that dsDNA antibody was a risk factor for LN (AUC, 0.683). The AUCs for the 25(OH)D level and C3 in LN were 0.705 and 0.754, respectively. When anti-dsDNA antibodies, 25(OH)D level and C3 were combined to predict LN, the AUC was 0.803 (Figure 2). Decreased 25(OH)D may be one of the risk factors for LN.
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FIGURE 2
Receiving operating characteristics (ROC) curve analysis for identifying variables predicting the diagnosis of LN in children with SLE. C3, complement 3; 25(OH)D, 25 hydroxyvitamin D; ds-DNA, double-stranded deoxyribonucleic acid.




3.5. Differences in clinical parameters between the SDI = 0 and SDI ≥1 groups

The children with SLE were divided into 2 groups based on SDI score: SDI = 0 group and SDI ≥1 group. There was no significant difference in the sex ratio or age between the 2 groups. The BMI of children with SLE in the SDI ≥1 group (19.14 ± 3.72 kg/m2) was higher compared with the SDI = 0 group (17.58 ± 3.03 kg/m2). The calculated GFR for children with SLE in the SDI ≥1 group (113.91 ± 57.63 ml/min/1.73 m2) was significantly lower than for children in the SDI = 0 group (157.72 ± 19.54 ml/min/1.73 m2). The 24-h urine protein level (median = 3.84 g) in the SDI ≥1 group was significantly higher than in the SDI = 0 group (median = 0.09 g). The level of C3 in the SDI ≥1 group (0.34 ± 0.18 g/L) was lower than in the SDI = 0 group (0.44 ± 0.23 g/L). Children in the SDI ≥1 group had significantly lower levels of 25(OH)D and serum calcium and higher levels of serum phosphorus. Calcium concentrations adjusted for albumin were not significantly different between the 2 groups (Table 4).


TABLE 4 Comparison of clinical indicators between the SDI = 0 group and the SDI ≥ 1 group.
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3.6. Correlation between 25(OH)D levels and clinical laboratory parameters

The 25(OH)D levels were positively correlated with GFR (R = 0.237, P = 0.002) and C3 (R = 0.233, P = 0.002). The 25(OH)D levels were negatively correlated with 24-h urinary protein (R = −0.384, P < 0.001) and SLEDAI (R = −0.244, P = 0.001) scores (Table 5).


TABLE 5 Correlations between 25(OH)D levels and clinical laboratory indicators.
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3.7. Serum 25(OH)D levels in different types of LN

Of the 91 children with LN, 46 cases underwent renal biopsy. There were 9 cases of type II, 11 of type III, 20 of type IV and 6 cases of type V LN. The 25(OH)D level in children with type II LN was the highest (18.07 ± 4.50 ng/ml), followed by that in children with type III (16.45 ± 4.37 ng/ml), type IV (16.19 ± 3.59 ng/ml) and type V LN (12.27 ± 3.53 ng/ml). The differences in 25(OH)D levels between children with SLE with different renal pathology types were not significant (P = 0.073).

Different from other types of LN, the light microscopy pathological changes of type V LN were mainly diffuse thickening of the basement membrane and the formation of spike-like structures manifesting as membranous nephropathy. In this study, the 46 children with LN were divided into 2 groups based on renal pathology, that is, type V and non-type V LN. The 25(OH)D level in the type V LN group was significantly lower than in the non-type V LN group (P = 0.016) (Table 6).


TABLE 6 The 25(OH)D levels in children with type V LN and non-type V LN.
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4. Discussion

To our knowledge, this is the first study to investigate the relationship between serum 25(OH)D levels, disease activity and renal involvement in patients with initial-onset SLE during childhood from a single centre in China. Our study presents several novel findings that add new insight into the existing literature on this topic. First, we found that vitamin D deficiency and insufficiency were common in initial-onset childhood patients with SLE and were associated with higher disease activity and lower C3 levels. Second, we found that a low vitamin D level was a risk factor for LN and correlated with 24-h urinary protein and GFR. Third, we found that vitamin D levels differed among different types of LN, with type V LN reflecting the lowest vitamin D level.

Our findings are consistent with existing studies that reported lower vitamin D levels in patients with SLE compared to healthy controls, both in adults (25–29) and in children. However, our study is unique in that we included only patients with initial-onset SLE during childhood who had not received any treatment or had not been sun-avoidant before the study, thus eliminating the confounding effects of these factors on vitamin D status. Moreover, we compared the vitamin D levels of patients with SLE with those of healthy children who matched the age and gender of the patients with SLE, which increased the validity of our results.

Our study also confirmed the negative association between vitamin D levels and SLEDAI-2K scores reported in several studies in adult SLE patients (30–32). A systematic review and meta-analysis concluded that 25(OH)D levels were negatively associated with SLEDAI-2K scores (33). However, few studies have examined this association in paediatric SLE patients. One study from Brazil found that vitamin D supplementation reduced disease activity in SLE onset for juvenile patients (34), while another study from Iran found no significant effect of vitamin D supplementation on disease activity in patients with SLE. The discrepancy between these studies may be due to differences in the baseline vitamin D levels, disease activity scores, sample sizes and supplementation doses and durations (35). Our study suggests that vitamin D deficiency and insufficiency may contribute to the increase of disease activity in patients with childhood initial-onset SLE and that vitamin D supplementation may have potential benefits for this population.

Our study also revealed a significant association between vitamin D levels and renal involvement in patients with childhood initial-onset SLE. We found that children with LN had lower serum 25(OH)D levels than those without LN and that a low vitamin D level was a risk factor for LN. We also found that 25(OH)D levels were positively correlated with GFR and negatively correlated with 24-h urinary protein, indicating that vitamin D deficiency and insufficiency may impair renal function and increase proteinuria in patients with SLE. Moreover, we found that 25(OH)D levels differed among different renal pathology types, with type V LN having the lowest vitamin D level. These findings are consistent with some other studies on adult patients with SLE (36, 37) but inconsistent with others (38). The reasons for these inconsistencies may be related to the differences in diagnostic criteria, classification methods, sample sizes and the ethnic backgrounds of patients with SLE. Our study suggests that vitamin D deficiency and insufficiency may play a role in the pathogenesis and progression of LN in patients with childhood initial-onset SLE and that vitamin D supplementation may have protective effects on renal function and structure.

The possible mechanisms by which vitamin D may influence the development and progression of SLE and LN are not yet fully understood, but several hypotheses have been proposed. Vitamin D may modulate the immune system by affecting various immune cells, such as T cells, B cells, dendritic cells and macrophages. Vitamin D may suppress the production of pro-inflammatory cytokines, such as interleukin-6 (IL-6), tumour necrosis factor-alpha, interferon-gamma and IL-17, which are involved in the pathogenesis of SLE. Vitamin D may also induce the expression of anti-inflammatory cytokines, such as IL-10 and transforming growth factor-beta, which have regulatory effects on immune tolerance. Vitamin D may also inhibit the activation and differentiation of B cells and reduce the production of autoantibodies, such as anti-dsDNA antibodies. Vitamin D may also protect against LN by reducing renal inflammation, fibrosis and oxidative stress. Vitamin D may also regulate the renin-angiotensin-aldosterone system, which is implicated in the development of hypertension and proteinuria in LN. Vitamin D may also modulate the expression of vitamin D receptors and vitamin D binding proteins in the kidneys, which may affect the local availability and activity of vitamin D (38–42).

The limitations of this study include its retrospective design, the single-centre setting, the small sample size and the lack of a control group of healthy children with matched vitamin D levels. The strengths of this study include the inclusion of only patients with SLE where the initial onset occurred during childhood, the comprehensive assessment of clinical and laboratory markers of disease activity and renal involvement and the comparison of vitamin D levels among different types of LN.

Based on our findings, we suggest that vitamin D supplementation may have potential benefits for patients with SLE where the initial onset occurred during childhood, especially those with LN or high disease activity. Vitamin D supplementation may improve their immune function, reduce inflammation, protect kidney function and enhance patients' quality of life. However, more studies are needed to determine the optimal dose, duration and frequency of vitamin D supplementation for this population. Moreover, it would be interesting to explore whether vitamin D supplementation could prevent or delay the onset of SLE in children who are at risk of developing the disease, such as those with a family history or genetic predisposition.



5. Conclusion

In conclusion, the prevalence of vitamin D deficiency and insufficiency in Chinese children with SLE is high. Vitamin D deficiency and insufficiency are strongly associated with elevated SLEDAI and SDI scores. A decreased 25(OH)D level is a risk factor for LN. The levels of 25(OH)D vary among different types of LN, with the lowest 25(OH)D level observed for type V LN. The mechanism of action of vitamin D in SLE requires further study.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by Ethics Committee of the Second Hospital of Hebei Medical University. 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.



Author contributions

Conception and design of the work: LJ; Data collection: SZ, CW, ZR and HZ; Supervision: LJ; Analysis and interpretation of the data: SZ, CW, ZR and HZ; Statistical analysis: LJ and HZ; Drafting the manuscript: LJ; Critical revision of the manuscript. All authors contributed to the article and approved the submitted version.



Funding

The research was supported by the Key researches of Medical Science in Hebei Province, China (grant no. 20221083).



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.



References

1. Fanouriakis A, Tziolos N, Bertsias G, Boumpas DT. Update οn the diagnosis and management of systemic lupus erythematosus. Ann Rheum Dis. (2021) 80(1):14–25. doi: 10.1136/annrheumdis-2020-218272

2. Hahn BH, McMahon MA, Wilkinson A, Wallace WD, Daikh DI, Fitzgerald JD, et al. American College of rheumatology guidelines for screening, treatment, and management of lupus nephritis. Arthritis Care Res (Hoboken). (2012) 64(6):797–808. doi: 10.1002/acr.21664

3. Fanouriakis A, Kostopoulou M, Alunno A, Aringer M, Bajema I, Boletis JN, et al. 2019 update of the EULAR recommendations for the management of systemic lupus erythematosus. Ann Rheum Dis. (2019) 78(6):736–45. doi: 10.1136/annrheumdis-2019-215089

4. Almaani S, Meara A, Rovin BH. Update on lupus nephritis. Clin J Am Soc Nephrol. (2017) 12(5):825–35. doi: 10.2215/CJN.05780616

5. Bouillon R, Marcocci C, Carmeliet G, Bikle D, White JH, Dawson-Hughes B, et al. Skeletal and extraskeletal actions of vitamin D: current evidence and outstanding questions. Endocr Rev. (2019) 40(4):1109–51. doi: 10.1210/er.2018-00126

6. Salman-Monte TC, Torrente-Segarra V, Vega-Vidal AL, Corzo P, Castro-Dominguez F, Ojeda F, et al. Bone mineral density and vitamin D status in systemic lupus erythematosus (SLE): a systematic review. Autoimmun Rev. (2017) 16(11):1155–9. doi: 10.1016/j.autrev.2017.09.011

7. Shoenfeld Y, Giacomelli R, Azrielant S, Berardicurti O, Reynolds JA, Bruce IN. Vitamin D and systemic lupus erythematosus—the hype and the hope. Autoimmun Rev. (2018) 17(1):19–23. doi: 10.1016/j.autrev.2017.11.004

8. Islam MA, Khandker SS, Alam SS, Kotyla P, Hassan R. Vitamin D status in patients with systemic lupus erythematosus (SLE): a systematic review and meta-analysis. Autoimmun Rev. (2019) 18(11):102392. doi: 10.1016/j.autrev.2019.102392

9. Vojinovic J, Tincani A, Sulli A, Soldano S, Andreoli L, Dall'Ara F, et al. European multicentre pilot survey to assess vitamin D status in rheumatoid arthritis patients and early development of a new patient reported outcome questionnaire (D-PRO). Autoimmun Rev. (2017) 16(5):548–54. doi: 10.1016/j.autrev.2017.03.002

10. Riancho-Zarrabeitia L, Cubería M, Muñoz P, López-Hoyos M, García-Canale S, García-Unzueta M, et al. Vitamin D and antiphospholipid syndrome: a retrospective cohort study and meta-analysis. Semin Arthritis Rheum. (2018) 47(6):877–82. doi: 10.1016/j.semarthrit.2017.10.007

11. Mirfeizi Z, Tabaei S, Ravanshad Y, Hashemzadeh K, Kharazmi E, Mehrad-Majd H. Associations between vitamin D receptor polymorphisms and susceptibility to Behcet’s disease: a meta-analysis. Immunol Invest. (2018) 47(4):389–402. doi: 10.1080/08820139.2018.1430827

12. Guan SY, Pan F. Accurately assess vitamin D status in patients with systemic lupus erythematosus. Autoimmun Rev. (2020) 19(5):102510. doi: 10.1016/j.autrev.2020.102510

13. Kamen DL, Cooper GS, Bouali H, Shaftman SR, Hollis BW, Gilkeson GS. Vitamin D deficiency in systemic lupus erythematosus. Autoimmun Rev. (2006) 5(2):114–7. doi: 10.1016/j.autrev.2005.05.009

14. Abou-Raya A, Abou-Raya S, Helmii M. The effect of vitamin D supplementation on inflammatory and hemostatic markers and disease activity in patients with systemic lupus erythematosus: a randomized placebo-controlled trial. J Rheumatol. (2013) 40(3):265–72. doi: 10.3899/jrheum.111594

15. Hochberg MC. Updating the American college of rheumatology revised criteria for the classification of systemic lupus erythematosus. Arthritis Rheum. (1997) 40(9):1725. doi: 10.1002/art.1780400928

16. Petri M, Orbai AM, Alarcón GS, Gordon C, Merrill JT, Fortin PR, et al. Derivation and validation of the systemic lupus international collaborating clinics classification criteria for systemic lupus erythematosus. Arthritis Rheum. (2012) 64(8):2677–86. doi: 10.1002/art.34473

17. Dang XQ, Yi ZW. Evidence-based guideline on diagnosis and treatment of lupus nephritis (2016). Chinese Journal of Pediatrics. (2018) 56(2):95–9. doi: 10.3760/cma.j.issn.0578-1310.2018.02.004

18. Weening JJ, D'Agati VD, Schwartz MM, Seshan SV, Alpers CE, Appel GB, et al. The classification of glomerulonephritis in systemic lupus erythematosus revisited. Kidney Int. (2004) 65(2):521–30. doi: 10.1111/j.1523-1755.2004.00443.x. Erratum in: Kidney Int. 2004;65(3):1132.

19. Gladman DD, Ibañez D, Urowitz MB. Systemic lupus erythematosus disease activity index 2000. J Rheumatol. (2002) 29(2):288–91.

20. Gladman D, Ginzler E, Goldsmith C, Fortin P, Liang M, Urowitz M, et al. The development and initial validation of the systemic lupus international collaborating clinics/American college of rheumatology damage index for systemic lupus erythematosus. Arthritis Rheum. (1996) 39(3):363–9. doi: 10.1002/art.1780390303

21. Dickerson RN, Alexander KH, Minard G, Croce MA, Brown RO. Accuracy of methods to estimate ionized and “corrected” serum calcium concentrations in critically ill multiple trauma patients receiving specialized nutrition support. JPEN J Parenter Enteral Nutr. (2004) 28(3):133–41. doi: 10.1177/0148607104028003133

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

23. Pediatrics Branch of Chinese Medical Association Child Health Care Group, Editorial Committee of Chinese Journal of Pediatrics, Mao M, Zhang HF, Tian XY, Yang CS. Practical guidelines for clinical issues related to vitamin D nutrition in Chinese children. Chin J Pediatr. (2022) 60(5):387–94. doi: 10.3760/cma.j.cn112140-20220128-00094

24. Ross AC, Manson JE, Abrams SA, Aloia JF, Brannon PM, Clinton SK, et al. The 2011 report on dietary reference intakes for calcium and vitamin D from the institute of medicine: what clinicians need to know. J Clin Endocrinol Metab. (2011) 96(1):53–8. doi: 10.1210/jc.2010-2704

25. Correa-Rodríguez M, Pocovi-Gerardino G, Callejas-Rubio JL, Ríos-Fernández R, Martín-Amada M, Cruz-Caparrós MG, et al. Vitamin D levels are associated with disease activity and damage accrual in systemic lupus erythematosus patients. Biol Res Nurs. (2021) 23(3):455–63. doi: 10.1177/1099800420983596

26. Mok CC, Birmingham DJ, Ho LY, Hebert LA, Song H, Rovin BH. Vitamin D deficiency as marker for disease activity and damage in systemic lupus erythematosus: a comparison with anti-dsDNA and anti-C1q. Lupus. (2012) 21(1):36–42. doi: 10.1177/0961203311422094

27. Abaza NM, El-Mallah RM, Shaaban A, Mobasher SA, Al-Hassanein KF, Abdel Zaher AA, et al. Vitamin D deficiency in Egyptian systemic lupus erythematosus patients: how prevalent and does it impact disease activity? Integr Med Insights. (2016) 11:27–33. doi: 10.4137/IMI.S40035

28. Mellor-Pita S, Tutor-Ureta P, Rosado S, Alkadi K, Granado F, Jimenez-Ortiz C, et al. Calcium and vitamin D supplement intake may increase arterial stiffness in systemic lupus erythematosus patients. Clin Rheumatol. (2019) 38(4):1177–86. doi: 10.1007/s10067-018-04416-x

29. Jiang Z, Pu R, Li N, Chen C, Li J, Dai W, et al. High prevalence of vitamin D deficiency in Asia: a systematic review and meta-analysis. Crit Rev Food Sci Nutr. (2023) 63(19):3602–11. doi: 10.1080/10408398.2021.1990850

30. Terrier B, Derian N, Schoindre Y, Chaara W, Geri G, Zahr N, et al. Restoration of regulatory and effector T cell balance and B cell homeostasis in systemic lupus erythematosus patients through vitamin D supplementation. Arthritis Res Ther. (2012) 14(5):R221. doi: 10.1186/ar4060

31. Abdel Galil SM, El-Shafey AM, Abdul-Maksoud RS, El-Boshy M. Interferon alpha gene expression and serum level association with low vitamin D levels in Egyptian female patients with systemic lupus erythematosus. Lupus. (2018) 27(2):199–209. doi: 10.1177/0961203317716321

32. Yao HH, Tang SM, Wang ZM, Zhang X, Chen XY, Gao L, et al. Study of bone mineral density and serum bone turnover markers in newly diagnosed systemic lupus erythematosus patients. J Peking Univ (Health Sci). (2018) 50(6):998–1003. doi: 10.19723/j.issn.1671-167X.2018.06.010

33. Guan SY, Cai HY, Wang P, Lv TT, Liu LN, Mao YM, et al. Association between circulating 25-hydroxyvitamin D and systemic lupus erythematosus: a systematic review and meta-analysis. Int J Rheum Dis. (2019) 22(10):1803–13. doi: 10.1111/1756-185X.13676

34. Lima GL, Paupitz J, Aikawa NE, Takayama L, Bonfa E, Pereira RM. Vitamin D supplementation in adolescents and young adults with juvenile systemic lupus erythematosus for improvement in disease activity and fatigue scores: a randomized, double-blind, placebo-controlled trial. Arthritis Care Res (Hoboken). (2016) 68(1):91–8. doi: 10.1002/acr.22621

35. Karimzadeh H, Shirzadi M, Karimifar M. The effect of vitamin D supplementation in disease activity of systemic lupus erythematosus patients with vitamin D deficiency: a randomized clinical trial. J Res Med Sci. (2017) 22:4. doi: 10.4103/1735-1995.199089

36. Sabio JM, Vargas-Hitos JA, Martinez-Bordonado J, Navarrete-Navarrete N, Díaz-Chamorro A, Olvera-Porcel C, et al. Association between low 25-hydroxyvitamin D, insulin resistance and arterial stiffness in nondiabetic women with systemic lupus erythematosus. Lupus. (2015) 24(2):155–63. doi: 10.1177/0961203314551811

37. Bogaczewicz J, Sysa-Jedrzejowska A, Arkuszewska C, Zabek J, Kontny E, McCauliffe D, et al. Vitamin D status in systemic lupus erythematosus patients and its association with selected clinical and laboratory parameters. Lupus. (2012) 21(5):477–84. doi: 10.1177/0961203311427549

38. Shahin D, El-Farahaty RM, Houssen ME, Machaly SA, Sallam M, ElSaid TO, et al. Serum 25-OH vitamin D level in treatment-naïve systemic lupus erythematosus patients: relation to disease activity, IL-23 and IL-17. Lupus. (2017) 26(9):917–26. doi: 10.1177/0961203316682095

39. Ritterhouse LL, Crowe SR, Niewold TB, Kamen DL, Macwana SR, Roberts VC, et al. Vitamin D deficiency is associated with an increased autoimmune response in healthy individuals and in patients with systemic lupus erythematosus. Ann Rheum Dis. (2011) 70(9):1569–74. doi: 10.1136/ard.2010.148494

40. Zheng R, Gonzalez A, Yue J, Wu X, Qiu M, Gui L, et al. Efficacy and safety of vitamin D supplementation in patients with systemic lupus erythematosus: a meta-analysis of randomized controlled trials. Am J Med Sci. (2019) 358(2):104–14. doi: 10.1016/j.amjms.2019.04.020

41. Slight-Webb S, Lu R, Ritterhouse LL, Munroe ME, Maecker HT, Fathman CG, et al. Autoantibody-positive healthy individuals display unique immune profiles that may regulate autoimmunity. Arthritis Rheumatol. (2016) 68(10):2492–502. doi: 10.1002/art.39706

42. Lima GL, Paupitz J, Aikawa NE, Takayama L, Bonfa E, Pereira RM. Vitamin D supplementation in adolescents and young adults with juvenile systemic lupus erythematosus for improvement in disease activity and fatigue scores: a randomized, double-blind, Placebo-Controlled Trial. Arthritis Care Res (Hoboken). (2016) 68(1):91–8. doi: 10.1002/acr.22621



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Serum 25(OH)D levels are associated with disease activity and renal involvement in initial-onset childhood systemic lupus erythematosus

		1. Introduction



		2. Materials and methods



		2.1. Research participants



		2.2. Renal pathological classification



		2.3. SLE disease activity index (SLEDAI) and SLICC ACR-DI score (SDI) assessment



		2.4. Laboratory tests



		2.5. Detection of serum 25(OH)D



		2.6. Statistical analysis











		3. Results



		3.1. Comparison of serum 25(OH)D levels in initial-onset childhood SLE patients and healthy controls



		3.2. Comparison of clinical and laboratory findings in patients with initial-onset SLE during childhood with different 25(OH)D levels



		3.3. Comparison of the clinical data of patients with initial-onset SLE during childhood with different disease activity



		3.4. Comparisons of the clinical data of children with and without LN



		3.5. Differences in clinical parameters between the SDI = 0 and SDI ≥1 groups



		3.6. Correlation between 25(OH)D levels and clinical laboratory parameters



		3.7. Serum 25(OH)D levels in different types of LN











		4. Discussion



		5. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
?frontiers ‘ Frontiers in Pediatrics

Serum 25(0OH)D levels are associated
with disease activity and renal involvement
in initial-onset childhood systemic
lupus erythematosus









OPS/images/crossmark.jpg
(®) Check for updates.





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





OPS/images/fped-11-1252594-t001.jpg
Characteristic 25(0H)D 12 ng/ml <25(0H)D 25(0H)D
<12 ng/ml <20 ng/ml >20 ng/ml
Female sex, n/N (%) 139/168 (82.7%) 17/19 (89.5%) 66/84 (78.6%) 56/65 (86.2%)
Age (years), mean = SD 111+24 116428 109+26 11120
BMI (kg/m?), mean + SD 1806 £3.33 1824345 1800 %3.25 1809 +3.44
Lupus nephritis, 1 (%) 91 (54.2%) 13 (68.4%) 60 (71.4%) 18 (27.7%)
Arthritis, 7 (%) 38 (22.6%) 2 (105%) 18 (21.4%) 18 (27.7%)
n (%) 86 (51.2%) 7 (368%) 42 (50.0%) 37 (56.9%)
Vasculitis, 7 (%) 2 (1.2%) 1(53%) 1(1.2%) 0.(0%)
Serositis, n (%) 20 (11.9%) 7 (36.8%) 9 (10.7%) 4(62%)
Neurologic, 7 (%) 28 (16.7%) 4(211%) 12 (14.8%) 12 (18.5%)
Pulmonary, # (%) 6 (31.6%) 19 (22.6%) 25 (243%) 7 (10.8%)
SLEDAL median (range) 125 (3-37) 14 (3-36) 145 (3-37) 9(3-31)
SDI 21, 7 (%) 52 (31.0%) 11 (57.9%) 34 (405%) 7 (10.8%)
Leukopenia (<4 x 10°/L), n (%) 77 (45.8%) 7 (368%) 37 (44.0%) 33 (508%)
Aneamia (<110 /L), n (%) 92 (54.8%) 10 (52.6%) 52 (619%) 30 (46.2%)
‘Thrombocytopenia (<100 x 10%/L), 7 (%) 54 (32.1%) 7 (36.8%) 27 (321%) 20 (308%)
Proteinuria, n (%) 88 (52.4%) 13 (68.4%) 59 (70.2%) 16 (24.6%)
24-h urine protein (g), median (range) 022 (0.01-16.63) 3.04 (0.04-11.36) 0.69 (0.01-16.63) 0.08 (0.02-4.74)
Creatinine (umol/L), median (range) 410 (190-1057.0) | 450 (33.4-297.0) 432 (24.3-1057.0) 380 (19.0-63.0)
WBC count (x10°/L), mean * SD . 6035 52+38 4829
Neutrophil count (x10%/L), mean +SD . 37+24 3334 29+21
Lymphocyte count (x10°/L), mean +SD 5% 0. 17+11 1508 14+09
CRP (mg/L), median (range) 120 (0.10-156.90) 1.98 (0.20-8.00) 110 (0.10-156.90) 120 (0.10-29.70)
(g/L), mean = SD 1029 £245 9922259 1001 %243 107.5+239
Platelet count (x10%/L), mean + SD 1559 1014 1650 £109.4 1442 +88.3 1685+ 1139
Serum albumin (g/L), mean + SD 338+88 267116 31683 387255
eGER (ml/min/1.73 m%), mean = SD 14416 £ 4111 12335 £ 4675 136.04 2486 16075 + 15,58
ESR (mm/h), median (range) 38 (1-140) 61 (5-100) 37 (1-140) 36 (1-123)
C3 (g/L), mean = SD 0412022 0422021 035021 048022
C4 (g/L), mean = SD 0.06 +0.05 0.07=0.04 0.06=0.05 007 =0.05
Positive anti-dsDNA, (%) 118 (70.2%) 11 (57.9%) 64 (76.2%) 43 (662%)
Serum calcium (mmol/L), mean = SD 2092019 1972024 205+0.18 219:0.14
Corrected serum calcium (mmol/L), 2242011 224=01 22301 225010
mean + SD
Serum phosphorus (mmol/L), mean +SD 148039 143033 1512045 145031

25(0H)D, 25 hydroxyvitamin D; BMI, body mass index; SLEDAI, systemic lupus erythematosus disease activity index; SDI, succ ACR-DI score; WBC, white blood cell; CRP,
C-reactive protein; eGFR, estimated glomerular filtration rate; ESR, erythrocyte rate; C3, ca, 4; ds-DNA, d
decsowibonudsic:acid






OPS/images/fped-11-1252594-t002.jpg
SLEDAI (0-6) SLEDAI (7-12) SLEDAI (=13)

(n=33) (n=51) (n=84)
Female sex, n/N (%) 24/33 (72.7%) 46/51 (902%) 69/84 (82.1%)
Age (years), mean = SD 111220 113222 109526
BMI (kg/m’), mean + SD 1737285 17.82 330 18.48 £3.48
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