High- vs. Low-Dose Vitamin D3 in Severe Lupus on Pulse Methylprednisolone: A Randomized, Double-Blind, Placebo-Controlled Clinical Trial
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Abstract 
[bookmark: _heading=h.gjdgxs]Objective: To evaluate the effects of high-dose versus routine-dose vitamin D3 in systemic lupus erythematosus patients with high disease activity on high-dose glucocorticoids.
Methods: In this randomized, double-blind, placebo-controlled trial, 40 SLE inpatients on intravenous pulse therapy methylprednisolone were assigned to either a “high-dose” (HD) group (100,000 IU of vitamin D3 plus 7,000 IU weekly, n=20) or a “routine-dose” (RD) group (placebo plus 7,000 IU weekly, n=20) for 24 weeks. Clinical and laboratory changes in disease activity (Δ = final - initial values) were assessed from baseline to study end.
Results: Baseline SLEDAI scores were comparable between the HD group (median 19, IQR 14-22.3) and the RD group (median 14.5, IQR 11.8-21; p=0.230). After 24 weeks, the HD group had a greater increase in 25OHD levels (median 15.4, IQR 31.0-6.5 ng/ml) than the RD group (median 8.0, IQR 15.0-3.0 ng/ml; p=0.028). Although SLEDAI scores showed no difference, a trend suggested a higher ΔC4 increase in the HD group (7.38 vs. 3.27, p=0.093). Positive correlations were found between Δ25OHD and disease activity markers. ROC analysis identified Δ25OHD cut-offs of 12.9 ng/ml (AUC=0.741) for C3 and 11.7 ng/ml (AUC=0.757) for C4 normalization, indicating that exceeding these increases improved the likelihood of normalizing complement levels.
Conclusion: Vitamin D3 supplementation improved disease activity markers in SLE patients on glucocorticoids, independent of immunosuppressive use or dosing regimen. Higher doses led to greater C4 increases and better vitamin D maintenance over 24 weeks, with doses up to 100,000 IU per week shown to be safe.
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Significance and Innovations
· This is the first study to compare different doses of vitamin D3 in a subgroup of severe SLE patients on high-dose glucocorticoid treatment.
· High-dose (100,000 IU weekly) and routine-dose vitamin D3 were tested in severe lupus on pulse steroid therapy. 
· Vitamin D3 supplementation was linked with lower disease activity, particularly with high doses, regardless of lupus treatment.
· The high-dose group more effectively maintained adequate serum vitamin D values after 24 weeks.












Vitamin D deficiency is frequently observed in individuals with systemic lupus erythematosus (SLE), who are at an increased risk of hypovitaminosis D [1,2]. This risk is further exacerbated by factors such as avoidance of sun exposure, prolonged glucocorticoid therapy, and impaired 1-alpha hydroxylation due to nephritis and chronic inflammation [1, 4]. Additionally, the presence of anti-vitamin D antibodies, particularly in patients with lupus and antiphospholipid syndrome, especially those with positive anti-DNA antibodies, contributes to this deficiency [3].
While hypovitaminosis D in SLE appears to correlate with increased disease activity and severity [5-11], the results of the association studies remain controversial [12-14].
Moreover, clinical trials examining vitamin D supplementation, with doses ranging from 4,000 to 50,000 IU per week, have yielded divergent findings regarding their efficacy in improving SLE activity [4,15-21]. In a clinical trial conducted by our group, Lima et al. [4] demonstrated that supplementation with 50,000 IU of vitamin D3 in patients with juvenile SLE was associated with a reduction in disease activity, as measured by the Systemic Lupus Erythematosus Disease Activity Index (SLEDAI). This intervention also resulted in improved fatigue scores and decreased anti-DNA antibody titers, while maintaining a favorable safety profile. Notably, the study predominantly included patients with mild to moderate disease activity (median SLEDAI around 4, ranging from 0 to 12), a demographic similar to that observed in most previous research [15-21].
Given that higher disease activity may correlate with lower 25OHD concentrations, it is pertinent to explore whether patients with severe SLE receiving high-dose glucocorticoid therapy could benefit more significantly from vitamin D3 supplementation in terms of improving disease activity. Furthermore, Lima et al. reported that approximately 30% of patients remained vitamin D deficient after six months of good adherence to supplementation [4]. This finding suggests that higher doses may be necessary to effectively correct hypovitaminosis D and sustain adequate 25OHD levels, particularly in individuals with more severe disease manifestations.
[bookmark: _heading=h.30j0zll]Thus, there exists a gap in the evidence regarding the efficacy of high-dose vitamin D3 supplementation in individuals with more severe forms of SLE, especially those who are hospitalized and receiving high doses of glucocorticoids, such as intravenous pulse therapy with methylprednisolone. Addressing this gap could enhance our understanding of the potential therapeutic benefits of vitamin D3 in this patient population.
Therefore, this study aimed to evaluate the effects of "high-dose" versus "routine-dose" vitamin D supplementation on disease activity parameters in hospitalized patients with severe systemic lupus erythematosus (SLE) following intravenous pulse therapy with methylprednisolone, over a 24-week follow-up period.
A randomized, double-blind, placebo-controlled trial was conducted between May 2015 and November 2019 to assess the impact of vitamin D3 supplementation on disease activity in SLE patients admitted to a tertiary rheumatology center (Rheumatology Clinic at Hospital das Clínicas, Faculdade de Medicina, Universidade de São Paulo - HCFMUSP). 
Patients and Methods
Study Design and Participants
Forty patients with SLE were consecutively selected, all meeting the classification criteria set by the Systemic Lupus International Collaborating Clinics (SLICC) (2012) [22]. Disease activity was assessed using the Systemic Lupus Erythematosus Disease Activity Index 2000 (SLEDAI-2K) [23]. 
Inclusion criteria encompassed patients aged ≥ 18 years with high disease activity (SLEDAI-2K > 11) [24] who required hospitalization for intravenous pulse therapy with methylprednisolone. Patients with SLE and concomitant infections were also eligible, provided they exhibited active disease following clinical evaluation. 
Exclusion criteria included a concurrent diagnosis of another autoimmune disease, body mass index (BMI) ≥ 35 kg/m², severe renal insufficiency (estimated glomerular filtration rate < 30 ml/min), a history of nephrolithiasis, hypercalciuria (≥ 4 mg/kg/24 hours), hypercalcemia (corrected total calcium > 10.2 mg/dl), malabsorption, chronic liver disease, pregnancy, lactation, or refusal to participate in the study.
Intervention
Patients were randomly distributed (1:1) into two groups: high-dose vitamin D supplementation (HD) or routine-dose supplementation (RD), utilizing a computer-generated randomization code. Both examiners and patients were blinded to group assignments and treatment allocation.
The HD group received oral cholecalciferol (vitamin D3) at a dosage of 100,000 IU/week (four capsules of 25,000 IU) for three months, followed by 50,000 IU/week (two capsules of 25,000 IU) until the study's conclusion, totaling 24 weeks. Additionally, routine-dose supplementation (7,000 IU/week) was administered. The RD group received identical placebo capsules for 24 weeks, along with routine-dose supplementation (7,000 IU/week). Figure 1 presents the participant flow diagram for the study.
Adherence to supplementation was monitored through pill counts returned at follow-up visits (weeks 4, 12, and 24 post-discharge) and biweekly telephone calls to patients.
The study protocol was pre-registered (Clinical Trial Registry CAAE: 40675715.0.0000.0068) and received approval from the Ethics Committee. Informed consent was obtained from all patients.
SLE Treatment 
Both groups received standard induction treatment for severe SLE activity: intravenous pulse therapy with high-dose methylprednisolone (500-1000 mg/day for three days), followed by a gradual tapering of oral prednisone (1 mg/kg/day) over six months, in conjunction with hydroxychloroquine (400 mg/day) and a synthetic or biologic immunosuppressant. Prednisone was gradually reduced over the 24-week study period.
Clinical Assessment  
Patients were clinically evaluated at the study's onset (during hospitalization) and again at 12 and 24 weeks after discharge. Demographic and clinical variables were assessed using a specific questionnaire.  
Race was defined through self-identification, whereby participants selected a racial category corresponding to classifications used by the Brazilian Institute of Geography and Statistics (IBGE): White, Black, Brown, Yellow (for individuals of Asian descent), and Indigenous [25].  
Photoprotection was recommended for all patients, none of whom had used vitamin D for at least three months prior to study enrollment. Additional data collected included disease duration, treatment information (medication usage, dosages, and cumulative prednisone dosage), and the number of incident infections during follow-up.  
The SLEDAI-2K (Systemic Lupus Erythematosus Disease Activity Index 2000) [23] and the Systemic Lupus International Collaborating Clinics (SLICC) Damage Index (SDI) [26] were employed to assess disease activity and damage, respectively, with measurements taken at baseline and throughout the follow-up period. Assessment of concomitant infections was conducted according to guidelines from the National Health Surveillance Agency (ANVISA 2009) [27-28].
Laboratory Evaluation
Participants underwent laboratory evaluations at the beginning of the study (during hospitalization) and subsequently at 12 and 24 weeks after discharge. Tests included immunological data (presence and titers of anti-dsDNA, serum levels of C3 and C4 complement), acute phase reactants (C-reactive protein [CRP] and erythrocyte sedimentation rate [ESR]), as well as bone metabolic parameters (serum calcium, intact parathyroid hormone [PTH], and 24-hour urinary calcium).  
Anti-dsDNA antibodies were determined by indirect immunofluorescence using Crithidia luciliae as substrate (Aarden LA, Ann N Y Acad Sci). Serum concentrations of 25(OH)D were measured by electrochemiluminescence immunoassay (Elecsys®, Roche). The intra- and inter-assay coefficients of variation were 7.8% and 5.6%, respectively.  
All laboratory analyses were performed at our academic center, which has extensive experience in these tests, within the Central Laboratory Division of HCFMUSP.
Statistical Analysis  
The number of participants was determined based on the feasibility of the study, considering available resources, the capacity of the research team and infrastructure, as well as patient availability, in accordance with current recommendations [29,30]. We aimed for a sample size comparable to that of a previously conducted randomized, placebo-controlled trial by our group, which evaluated vitamin D supplementation and demonstrated significant differences in disease activity parameters among patients with juvenile SLE, including 20 participants in each group [4].  
A descriptive analysis of demographic, clinical, and laboratory characteristics was conducted according to the allocated group. Categorical variables were described as frequency and percentage, while quantitative variables were expressed as mean and standard deviation (SD) for normal distributions and as median and interquartile range (IQR) for non-normal distributions. The Shapiro-Wilk test was utilized to assess the normality of the data.  
Differences between groups were tested using Student's t-test, Welch's t-test, Mann-Whitney U test, or Fisher's exact test, as appropriate. Furthermore, the correlation between quantitative variables of interest in the total sample (DA + DR) was evaluated using Spearman's correlation test due to the asymmetrical distribution of the data.  
Quantitative variations in 25OHD concentrations and disease activity-related parameters (serum complement fractions C3 and C4, and anti-dsDNA titers) were calculated as delta (Δ = final value - initial value). Potential associations of serum 25OHD variations with disease activity markers were tested against the disease activity markers. ROC curves were constructed for these variables to assess predictive performance and establish cut-off points based on the Youden index.  
Analyses were performed using R software, version 3.5.2. All tests were two-tailed, and the significance level was set at 0.05.
Results
A total of 40 patients with SLE were enrolled in the study (HD group, n=20; RD group, n=20). All participants completed the 24-week follow-up, except for one patient who was admitted to the Intensive Care Unit due to a pulmonary tuberculosis infection and passed away in the fifth month of follow-up. Since clinical and laboratory data (including 25OHD concentrations) could not be obtained at the time of censoring following the patient's death, this individual was excluded from the analysis. Consequently, 39 patients with SLE were considered eligible for the final analysis (Figure 1).
	Table 1 presents a summary of the clinical and laboratory characteristics of each group at baseline. The high-dose (HD) and routine-dose (RD) groups were comparable in terms of age, sex distribution, race, and disease duration. Furthermore, the mean SLEDAI-2K scores were elevated, measuring 19 (14 – 22.4) in the HD group and 14.5 (11.8 – 21) in the RD group (p = 0.23). Both groups demonstrated a low damage index, with a SLICC/ACR Damage Index (SDI) of less than 1 for each group (p = 0.59).
Regarding the treatment of SLE, the mean daily dose of oral prednisone at the beginning of the study (prior to pulse therapy) was comparable between the groups (Table 2). All patients underwent pulse therapy with methylprednisolone, receiving a mean cumulative dose of 2,947.4 ± 1,892.2 mg in the HD group and 2,700 ± 1,163 mg in the RD group (p = 0.63). The immunosuppressants utilized at that time included hydroxychloroquine (71%), mycophenolate mofetil (38.5%), azathioprine (10.3%), cyclophosphamide (10.3%), and methotrexate (2.6%). Furthermore, the mean serum concentrations of 25OHD, calcium, parathyroid hormone (PTH), and urinary calcium were similar between the groups (Table 1).
At the end of the study (after 24 weeks of follow-up), patients randomized to the HD group exhibited significantly higher mean concentrations of 25OHD compared to the RD group (43.5 ± 17.4 ng/mL vs. 27.7 ± 9.0 ng/mL, respectively; p < 0.001). Furthermore, the difference between the final and baseline values of 25OHD (Δ25OHD) was also significantly greater in the HD group [15.4 (6.5-31) vs. 7.9 (3-14.9) ng/mL; p = 0.02]. There was a trend towards a greater increase in C4 (ΔC4) in the HD group compared to the RD (mean = 7.4 ± 7.6 vs. 3.3 ± 7.3, respectively; p = 0.09), although this difference did not reach statistical significance (Table 2). 
After 24 weeks of follow-up, all patients continued to receive oral prednisone. The cumulative dose of glucocorticoids at the end of the follow-up was similar between the groups, as was the mean daily dose of oral prednisone (Table 2). Table 3 compares the immunosuppressants used at baseline and at the end of the study, showing no significant differences in the frequency of medication use between the groups.
Analysis of the entire cohort revealed a positive correlation between the increase in serum vitamin D concentrations (Δ25OHD) and the rise in serum complement components, with ΔC3 showing a rho of +0.48 (p = 0.001) and ΔC4 a rho of +0.35 (p = 0.025). Conversely, a negative correlation was observed between Δ25OHD and Δanti-dsDNA (rho = -0.35, p = 0.026). Thus, a greater increase in 25OHD concentrations was associated with more pronounced elevations in C3 and C4 levels, as well as a greater reduction in anti-dsDNA titers.
A receiver operating characteristic (ROC) curve was constructed to assess the performance of Δ25OHD in predicting the normalization of C3 and C4 components (Figures 2 and 3, respectively). Patients were classified according to their C3 and C4 status, depending on whether complement levels were normal or decreased. The ROC curve for Δ25OHD values in predicting normal C3 levels at the end of follow-up generated an area under the curve (AUC) of 0.741 (95% CI: 0.561-0.922). A similar analysis for C4 resulted in an AUC of 0.756 (95% CI: 0.585-0.928). Based on the Youden index, the estimated cutoff values for Δ25OHD in predicting the normalization of C3 and C4 were 12.9 ng/mL and 11.7 ng/mL, respectively. Therefore, an increase in 25OHD concentrations above these thresholds was associated with a higher likelihood of achieving normal C3 and C4 levels.
Vitamin D supplementation was well tolerated in both groups, with adherence rates exceeding 80%. Notably, 100% adherence was observed in 14 patients from each group (73.6% in the HD group and 70% in the RD group, p = 0.79). No adverse events were reported in either group during the follow-up period, including hypercalcemia, hypercalciuria, nephrolithiasis, or increased serum creatinine levels. However, one patient in the HD group passed away in the fifth month of follow-up due to severe pulmonary tuberculosis.
Discussion
To the best of our know, this is the first double-blind, placebo-controlled randomized clinical trial comparing the effect of high-dose vitamin D3 supplementation with low-dose supplementation in patients with severe SLE undergoing high-dose glucocorticoid treatment (intravenous pulse therapy with methylprednisolone). The increase in serum vitamin D concentrations was associated with a reduction in anti-dsDNA antibody titers and improvement in serum complement levels (C3 and C4), regardless of the immunosuppressive regimen or the dosage of vitamin D3 used. However, a trend towards a greater increase in C4 levels was observed in the group receiving the higher dose of cholecalciferol. Furthermore, the administration of high doses (up to 100,000 IU weekly of oral cholecalciferol) was shown to be safe over six months of supplementation.
Vitamin D deficiency is often observed in patients with SLE, with prevalence data varying between 16% and 95% in different populations [5,6,8,12,13]. In our study, 80% of patients with active severe SLE had insufficient 25OHD values (<30 ng/dL).
Several factors may influence vitamin D status in SLE, affecting its metabolism or negatively regulating receptor function. These include disease activity, renal involvement, hormonal status, photoprotection, and the use of medications such as glucocorticoids, anticonvulsants, antimalarials, and calcineurin inhibitors [31,32].
A previous Brazilian study revealed that patients with high disease activity had significantly lower 25OHD and 1,25(OH)2D concentrations compared to those with mild activity and to controls [5]. In a cohort of Chinese patients, vitamin D deficiency was associated with higher disease activity at both the study's onset and during follow-up, as well as being linked to more severe flares [33]. A study by Mok C. C. et al. [8] identified an inverse correlation between 25OHD concentrations and clinical SLE activity, as well as with anti-C1q and anti-dsDNA titers; however, contrary to our findings, no association was found with serum complement levels. In that study, vitamin D deficiency demonstrated specificity comparable to anti-C1q, although it was less sensitive than anti-dsDNA for detecting clinical activity, both renal and extrarenal. Additionally, Casella et al. [9] reported association between vitamin D deficiency and both low C4 levels and high anti-DNA titers.
Conversely, some studies did not find an association between vitamin D deficiency and SLE activity. For instance, a previous Brazilian cross-sectional study found that 37.7% of SLE patients had vitamin D insufficiency, yet no link was observed between 25OHD levels and disease activity; importantly, this cohort included patients with low activity (SLEDAI = 2) [14]. Similarly, studies by Toloza et al. [12] and Kim et al. [13] did not demonstrate an association between vitamin D deficiency and SLE activity.
Regarding vitamin D supplementation, a few studies have assessed its effects in patients with immune-mediated rheumatologic diseases, with conflicting results [34,35]. In SLE, a study from our group [4] demonstrated that weekly oral cholecalciferol supplementation at 50,000 IU for 24 weeks improved laboratory parameters of disease activity (median SLEDAI at baseline = 4) and significantly reduced fatigue in juvenile-onset SLE patients. Another clinical trial involving 39 SLE patients (SLEDAI > 5) showed that cholecalciferol supplementation (1,200 IU daily for 3 months) significantly decreased disease activity, with a mean SLEDAI score decrease of 6.5 ± 2.2 points [36]. In a prospective cohort study of SLE patients with renal involvement, Petri M. et al. [16] reported that a 20 ng/mL rise in serum vitamin D was associated with a 21% reduction in the odds of high disease activity (SLEDAI > 5) and a 15% reduction in significant proteinuria (urine protein/creatinine ratio > 0.5).
Supporting our findings, high-dose vitamin D supplementation (100,000 IU of cholecalciferol weekly for 4 weeks, followed by monthly doses for 6 months) in 20 SLE patients increased naïve CD4+ T cells and regulatory T cells, reduced effector Th1 and Th17 cells, memory B cells, and anti-DNA antibody titers. However, unlike our study, these patients exhibited lower disease activity (SLEDAI < 8) [18]. Conversely, Aranow C. et al. [17] found no differences in disease activity in stable, inactive SLE patients after 12 weeks of supplementation, comparing low (2,000 IU/day), high (4,000 IU/day), and placebo groups.
In the present study, no significant differences in laboratory outcomes of disease activity were observed across different cholecalciferol dosing regimens; however, a trend toward greater C4 level increases was noted in the higher-dose group. Thus, supplementation may offer more pronounced benefits in patients with more active disease. Furthermore, the use of high doses may provide additional benefits in reducing disease activity, especially in cases of severe activity or those on very high doses of glucocorticoids.
Additionally, in the study by Lima et al., about 30% of patients with juvenile lupus maintained insufficient or deficient 25OHD levels even after six months of supplementation, despite good adherence to treatment [4]. These data reflect the complexity of correcting vitamin D hypovitaminosis in patients with SLE, particularly in pediatric populations, who may exhibit resistance to normalizing serum 25OHD concentrations. Recent studies have demonstrated the effectiveness of more intensive vitamin D supplementation regimens, particularly for patients with more severe forms of disease, where vitamin D deficiency is exacerbated by chronic inflammation and prolonged glucocorticoid use, both of which interfere with vitamin metabolism [37,38]. In the present study, the group receiving high doses of vitamin D3 reached adequate mean 25OHD concentrations, whereas those on routine dosing remained vitamin D insufficient, as indicated by mean 25OHD levels at study completion. Supporting these findings, Kavadichanda C. et al. [39] observed that in SLE patients with SLEDAI-2K <10, supplementation with higher doses of cholecalciferol (60,000 IU weekly, followed by 60,000 IU monthly) was both safe and more effective in raising 25OHD levels compared to 30,000 IU monthly over six months (Δ25OHD 9.5 vs. 2.6 ng/mL).
The mechanisms through which vitamin D regulates immunity remain not fully understood [40]. Recent studies suggest that vitamin D plays a central role in modulating innate and adaptive immune responses, acting directly on B, T, and dendritic cells [32,41]. Vitamin D's regulatory effect on activated B cells has been proposed as a mechanism explaining its capacity to inhibit antibody production and modulate the inflammatory environment [42,43]. A recent study also demonstrated that vitamin D supplementation may attenuate this inflammatory response by reducing B cell activation and pro-inflammatory cytokine production, including IL-6 and TNF-α [44]. This data is supported by other studies indicating that vitamin D not only regulates inflammatory cytokine production but also modulates regulatory T cell responses [32,45]. Reflecting this immunomodulatory potential, the findings of our study reinforce the role of vitamin D supplementation in reducing anti-DNA antibody production and increasing serum complement levels, particularly in cases of severe disease activity and high-dose glucocorticoid requirements.
High-dose oral vitamin D3 supplementation was safe. Serum and urinary calcium levels remained within normal limits after six months of cholecalciferol supplementation in both groups, with no severe adverse events reported. The supplementation was well tolerated, with nearly all patients (71.8%) achieving 100% adherence throughout the six-month follow-up period.
This study has some limitations. While the results indicate that the intervention was effective, the relatively small sample size may not have provided sufficient statistical power to detect more significant differences between groups. Furthermore, given the heterogeneous nature of the sample, with patients experiencing different manifestations of disease activity (renal, hematologic, vascular, etc.) and receiving varied immunosuppressive regimens, the results may have been influenced by sample heterogeneity and treatment variability. Participants were recruited throughout the year, meaning seasonal variations in endogenous vitamin D synthesis may have influenced results. However, the impact of seasonality is more significant in studies including a placebo group, as vitamin D levels in that group may fluctuate based on the season of blood sampling. In our study, this factor is less relevant, as all participants received vitamin D. Another limitation is the short follow-up period, which may have restricted the ability to observe more substantial benefits of vitamin D on disease activity. Indeed, in a study conducted in Malta, Magro et al. [15] demonstrated that while a greater proportion of patients reached target serum 25OHD levels at six months, improvements in disease activity and fatigue were more pronounced at 12 months. This suggests that a supplementation period exceeding six months may be necessary to achieve maximum benefits for disease activity.
[bookmark: _heading=h.1fob9te]In conclusion, this study demonstrated the beneficial effects of 24-week oral vitamin D3 supplementation in patients with high-activity SLE undergoing high-dose glucocorticoid treatment. Both high and routine doses of cholecalciferol had a positive impact on laboratory markers of disease activity, with a trend towards a more pronounced increase in C4 levels in the high-dose group. Additionally, higher doses were more effective in maintaining adequate serum vitamin D concentrations at the end of six months. No adverse events were associated with supplementation, even at high doses. Given that high-dose vitamin D supplementation is more effective in raising 25OHD concentrations, which in turn is associated with amelioration of disease activity parameters, this study suggests that higher doses of cholecalciferol may offer a more effective supplementation strategy for SLE patients, particularly those with high disease activity and on high-dose glucocorticoid treatment. Our findings reinforce the potential role of vitamin D as an adjunct to conventional SLE treatment, helping mitigate inflammatory activity in patients with highly active disease.
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Table 1. Comparison of clinical and laboratory characteristics between the vitamin D supplementation groups - 'High Dose' vs 'Routine Dose' - at study baseline
	Characteristics
	HD group
(n=19)
	RD group
(n=20)
	P

	Age, years
	33.8 ± 8.8
	32.4 ± 9.0
	0.64

	Female, n (%)
	15 (78.9)
	18 (90)
	0.66

	Black race, n (%)
	8 (42.1)
	3 (15)
	0.08

	Disease duration, years
	6.0 ± 5.3
	8.7 ± 8.3
	0.23

	SDI
	0 (0-1)
	0 (0-1.3)
	0.59

	SLEDAI
	19 (14.0-22.4)
	14.5 (11.8-21.0)
	0.23

	Current prednisone use, n (%)
	14 (73.7)
	15 (75.0)
	0.55

	Daily prednisone dose, mg
	21.1 (18.5)
	24.5 (21.8)
	0.60

	25OHD, ng/ml
	21.4 ± 11.6
	19.8 ± 12.7
	0.66

	Ionized calcium, mg/dl
	4.8 ± 0.2
	4.9 ± 0.2
	0.32

	Creatinine, mg/dl
	0.9 ± 0.4
	0.8 ± 0.3
	0.23

	Intact PTH, pg/ml
	31.7 ± 20.5
	34.5 ± 16
	0.64

	Urinary calcium, mg/24 hours
	72.2 ± 58.7
	114.1 ± 68.3
	0.07

	C3, mg/dl
	70.6 ± 25.5
	75.9 ± 30.0
	0.53

	Reduced C3, n (%)
	16 (84.2)
	15 (75)
	0.69

	C4, mg/dl
	9.1 (5.6-14.3)
	8.6 (4.6-19)
	0.83

	Reduced C4, n (%)
	11 (57.9)
	12 (60)
	0.89

	Positive anti-DNAds, n (%)
	11 (57.9)
	12 (60)
	0.89

	Anti-dsDNA titers
	85.5 (23-200)
	52.5 (10.6-109.5)
	0.31


Values were expressed as mean ± standard deviation, median (interquartile range), and n (%).
HD: high-dose group; RD: routine-dose group; SDI: Systemic Lupus International Collaboration Clinics -SLICC Damage Index; SLEDAI: Systemic Lupus Erythematosus Disease Activity Index; 25(OH)D: 25-hydroxivitamin D; PTH: parathyroid hormone; anti-dsDNA: anti-double-stranded DNA








Table 2. Comparison of clinical and laboratory characteristics between the vitamin D supplementation groups - 'High Dose' vs 'Routine Dose' - at the end of the follow-up (24 weeks)
	Characteristics
	HD group
(n=19)
	RD group
(n=20)
	P

	SLEDAI
	2 (0-6)
	0 (0-4)
	0.76

	ΔSLEDAI
	14 (7.5-22.5)
	12 (8-21)
	0.23

	Cumulative dose of GC, mg
	8,775 ± 3,115
	9,251 ± 3,582
	0.66

	Daily dose of prednisone, mg/day
	21.3 ± 9.6
	23 ± 16.8
	0.70

	Frequency of nfections, n (%)
	5 (26.3)
	6 (30)
	0.72

	25OHD, ng/ml
	37 (30.2-49.3)
	24.0 (23.7-32.6)
	<0.001

	Δ25OHD, ng/ml
	15.4 (6.5-31)
	7.9 (3-14.9)
	0.02

	Ionized calcium, mg/dl
	5.1 ± 0.2
	5 ± 0.2
	0.03

	ΔIonized calcium, mg/dl
	0.3 ± 0.3
	0.1 ± 0.2
	0.03

	Creatinine, mg/dl
	0.9 ± 0.3
	0.8 ± 0.2
	0.18

	Intact PTH, pg/ml
	33.1 ± 12.1
	32 ± 13.5
	0.80

	Urinary calcium, mg/24 hours
	142.8 ± 66.7
	106.4 ± 99.1
	0.34

	C3, mg/dl
	98.5 ± 31.3
	92.3 ± 27.5
	0.51

	ΔC3, mg/dl
	23 (6.5-50)
	15 (5.3-26)
	0.29

	Normalization of C3, n (%)a
	11 (68.8)
	6 (40.0)
	0.21

	C4, mg/dl
	18.8 ± 10.3
	16.6 ± 9.1
	0.46

	ΔC4, mg/dl
	7.4 ± 7.6
	3.3 ± 7.3
	0.09

	Normalization of C4, n (%)b
	6 (54.5)
	7 (58.3)
	0.85

	Anti-dsDNA titers
	24 (5.6-46.9)
	13.4 (0-37.7)
	0.40

	ΔAnti-DNAds
	26 (3.2-131.1)
	28.6 (0-55.8)
	0.73

	Normalization of anti-DNAds, n (%)c
	9 (42.3)
	12 (60)
	0.64


Values were expressed as mean ± standard deviation, median (interquartile range), or n (%). 
a % of patients with C3 below reference values at baseline (n=16 in High Dose and n=15 in Routine Dose) that had C3 within reference values at the end of the study.
b % of patients with C4 below reference values at baseline (n=11 in High Dose and n=12 in Routine Dose) that had C4 within reference values at the end of the study.
c % of patients with positivity of anti-dsDNA at baseline (n=11 in High Dose and n=12 in Routine Dose) that had anti-dsDNA non-reagent at the end of the study.
SLEDAI: Systemic Lupus Erythematosus Disease Activity Index. GC: Glucocorticoid; 25OHD: 25-hydroxivitamin D; Δ: Difference between the final and the baseline value.


Table 3. Frequency of hydroxychloroquine and immunosuppressant drug use between the groupsValues were expressed as n (%)
	Drug
	Baseline
	Week 24

	
	HD
n=19
	RD
n=20
	P
	HD
n=19
	RD
n=20
	P

	Hydroxychloroquine
	12 (63)
	14 (70)
	0.91
	19 (100)
	20 (100)
	NA

	Immunosuppressant drugs
	12 (63.2)
	12 (60)
	0.84
	19 (100)
	20 (100)
	NA

	Azathioprine
	0 (0)
	4 (20)
	NA
	2 (10.5)
	9 (45)
	0.03

	Methotrexate
	1 (5.3)
	0 (0)
	NA
	0 (0)
	0 (0)
	NA

	Cyclosporine
	0 (0)
	0 (0)
	NA
	0 (0)
	1 (5)
	NA

	Mycophenolate mofetil
	8 (42.1)
	7 (35)
	0.89
	13 (68.4)
	7 (35)
	0.01

	Mycophenolate mofetil +Tacrolimus
	0 (0)
	0 (0)
	NA
	1 (5.3)
	0 (0)
	NA

	Cyclophosphamide
	3 (15.8)
	1 (5)
	0.34
	0 (0)
	1 (5)
	NA

	Rituximab
	0 (0)
	0 (0)
	NA
	2 (10.5)
	2 (10)
	NA

	Belimumab
	0 (0)
	0 (0)
	NA
	1 (5.3)
	0 (0)
	NA


NA: non applicable
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Figure 2. ROC curve analysis of Δ25OHD for predicting C3 normalization in the entire cohort 
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