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We evaluated the clinical and laboratory features of decreased serum calcium (albumin corrected or 
uncorrected) compared to non-hypocalcemia in SLE patients. Exploring the value of serum calcium in 
assessing the activity and prognosis of SLE disease. Retrospective analysis and comparison of clinical 
and laboratory data obtained during the treatment period of SLE patients from 2018 to 2023. Both 
quantity and titer of serum anti-dsDNA antibodiesin SLE patients with hypocalcemia were significantly 
increased, and peripheral leucocytes, platelets, complement C3 or C4 reduced, while urinary cast 
and 24 h urine protein elevated. SLEDAI-2 K, BILAG and PGA have confirmed that SLE patients with 
decreased serum calcium had stronger disease activity, even without positive titers of anti-dsDNA 
antibodies. Multivariate analysis showed that the decreased serum calcium (OR, 0.31; 95% CI, 0.11, 
0.89; P, 0.030) and positive anti-dsDNA antibodies (OR, 0.13; 95% CI, 0.04, 0.44; P, 0.001) are risk 
factors for increased disease activity in SLE. The Cox model showed that for newly diagnosed SLE and 
hypocalcemia patients, the stability time of GCs treatment may be prolonged. With the recovery of 
total calcium, disease activity and laboratory indicators could improve.SLE patients with decreased 
serum calcium have stronger disease activity and require longer treatment time for remission. Serum 
calcium levels may assist in assessing disease activity and predicting prognosis.
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Abbreviations
SLE	� Systemic lupus erythematosus
Anti-dsDNA	� Anti-double-stranded DNA
ANAs	� Anti-nuclear antibody spectrum
ANA	� Anti-nuclear antibody
ENA	� Anti-extractable nuclear antigen antibody
GCs	� Glucocorticoids
SLE	� Patients with low serum calcium group
SLE-N	� SLE patients with normal serum calcium group
BILAG	� British Isles lupus assessment group
SLEDAI-2K	� SLE disease activity index
PGA	� Physician’s global assessment
ESR	� Erythrocyte sedimentation rate
hsCRP	� Hypersensitive c-reactive protein
LLDAS	� Low lupus disease activity state.

Systemic lupus erythematosus (SLE) is a multi-organ autoimmune disease which severely damaging the normal 
operation of tissues and cells1–3. Correct assessment of disease activity is an important basis for formulating 
treatment plans and assessing clinical treatment outcomes4,5.

Decreased serum calcium concentration is a common phenomenon in clinical treatment, which has an 
impact on the immune system. Studies have shown that SLE patients with low serum total calcium levels have 
an enhanced autoimmune inflammatory response, which negatively correlated with disease activity6. This 
means that there may be differences in laboratory indicators related to inflammation in SLE patients with 
hypocalcemia6,7.
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Calcium signaling is involved in the differentiation of immune cells and the processes of anti-inflammatory/
pro-inflammatory responses. Similarly, it plays an important role as a second messenger in antibody production 
and cascade reactions8–10. The increase in cytoplasmic calcium concentration regulates various cellular activities, 
typically caused by the opening of intracellular calcium stores and calcium channels (CRACs) in the plasma 
membrane11,12. It means that the production of autoantibodies also requires the transmission of calcium 
signals13–16. Antibodies against double-stranded DNA (anti-dsDNA) have high specificity for diagnostic and 
prognostic test of SLE3. However, the relationship between disease activity and the levels of these autoantibodies 
in SLE patients with hypocalcemia is still unclear.

The course of SLE alternates between exacerbation and remission, and glucocorticoids (GCs) are still the 
preferred treatment drugs. It requires adjusting the level of drug therapy per the results of biomarkers and 
disease manifestations17,18. It is not common for newly diagnosed SLE patients to have hypocalcemia in clinical 
practice, and the time to reach a Low Lupus Disease Activity Stateas (LLDAS) may also vary and the influencing 
factors are not yet clear19. There is not much research on the relationship between blood calcium and GCs, but 
the proportion of hypocalcemia continues to increase during the treatment process20,21.

Therefore, analyzing the relationship between clinical manifestations, laboratory indicators, and serum 
calcium will provide new insights into the autoimmune status of SLE patients22. Our research is of great 
significance for doctors to correctly evaluate the disease activity, formulate treatment plans and judge prognosis.

Materials and methods
Subjects and general information
The subjects of this retrospective study were 198 cases of patients with SLE who received treatment at the first 
hospital of Jilin University from January 2018 to November 2023, including 37 patients were newly diagnosed 
with SLE. All SLE patients met the classification and diagnostic criteria revised by the American College of 
Rheumatology (ACR). Serum calcium levels less than 2.20 mmol/L were included in the SLE-L group (N = 99), 
and the SLE-N group (N = 99) has normal calcium levels. We defined Hypocalcaemia group as 45 patients 
from SLE-L group after an albumin-adjusted calcium. By considering compliance and comprehensiveness, we 
ultimately selected 15 patients whose calcium levels recovered within one year to obtain clinical evaluations and 
laboratory indicators recorded during follow-up. All SLE patients were treated with GCs and other medications 
do not affect blood calcium levels. Severe osteoporosis patients have been excluded. We also included laboratory 
indicators from 78 healthy individuals and all healthy people had no cancer, diabetes, thyroid diseases and other 
autoimmune or inflammatory diseases during the study period. According to the criteria of healthy controls 
and the diagnosis/exclusion of SLE, we directly obtained the qualified subjects of SLE patients who admitted to 
hospital and the health examinees during the period of this study.

Ethics approval
This study was performed in line with the principles of the Declaration of Helsinki. Approval was granted by the 
Ethics Committee of The First Hospital of Jilin University approval to carry out the study (Ethical Approved No. 
2024 − 636). Confirms that informed consent was obtained from all participants and/or their legal guardians.

Clinical disease activity assessment
Various clinical manifestations (Rash, Alopecia, Arthritis, Mouth ulcers) of 198 patients with SLE were recorded, 
including the patients’ baseline clinical manifestations and those at regular follow-up visits. Disease activity was 
assessed using the British Isles Lupus Assessment Group (BILAG), SLE Disease Activity Index (SLEDAI-2 K) 
and a Physician’s Global Assessment (PGA) at clinical visit time points23–25. The BILAG index was used to assess 
response, and scores were converted to numeric values (A = 9, B = 3, C = 1, D = 0, E = 0) to enable evaluation of 
fluctuating global summary scores. SLEDAI-2 K > 9 is considered high disease activity. We define LLDAS as the 
maintenance dose of prednisone ≤ 7.5 mg/d.

Detection of laboratory indicators
Blood routine parameters were measured using Sysmex XN9000 5-classification blood-counter system (Sysmex, 
Japan) and urine routine tests was measured using Sysmex UF5000 (Sysmex, Japan) for urinary sediment 
analysis. Serum biochemical parameters were assayed by Beckman Automatic Biochemical Analyzer (Beckman 
Coulter, USA). Indirect immunofluorescence (IIF) method was used to know the characteristics of serum 
ANA fluorescence patterns and the titers of serum anti-dsDNA antibodies in SLE patients. The titer of serum 
ANA (sample initial dilution, 1:100) greater than or equal to 1:100 is considered a positive result, while the 
positive titer of serum anti-dsDNA antibodies (sample initial dilution, 1:10) is 1:10. ENA were determined with 
EuroLineMaster immunoblotting assay (Euroimmun, Germany). Detection of anti-β2 glycoprotein I and anti-
cardiolipin antibodies using an enzyme-linked immunosorbent assay QUANTA Lyser (Werfen, Spain). All results 
detected by instruments were manually reviewed. Calcium concentration was corrected for serum albumin 
concentration using the formula: corrected calcium (mmol/L) = total calcium (mmol/L) + 0.025 × (40 − albumin 
[g/L]).

Statistical analysis
Data were analyzed and plotted in GraphPad Prism software version 8.0 (GraphPad, USA) and IBM SPSS 
Statistics for Windows version 20.0 (IBM Corp, USA). Shapiro-Wilk test was used to determine the normality. 
The Mean ± SD was used for the data of normal distribution, and student t-test was used for comparison among 
the groups. Median [IQR] was used for the data of non-normal distribution, and Mann–Whitney U test was 
used. Enumeration data were expressed as rate (%), Chi-square test and logistic regression was adopted. p < 0.05 
was considered as a statistically significant.
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Results
Comparison of clinical and laboratory index between patients with hypocalcemia and non-
hypocalcemia groups in SLE patients.
Significant difference was found in disease activity between the three groups of SLE patients according to 
SLEDAI-2 K, PGA and BILAG (Table 1). In terms of demography, these patients are not affected by age and 
gender. However, steroid use and the incidence rate of skin rashes, alopecia and/or arthritis are high. Laboratory 
activity indicators included leucocytes, complement C3 or C4, urinary cast, 24 h urine proteins and anti-dsDNA 
antibodies have statistical significance, except platelets. Meanwhile, serum anti-dsDNA antibodies increased 
quite evident in both quantity and titer, especially high titer levels in hypocalcemia (albumin-corrected) 
group. For ANA, positive immunofluorescence karyotypes include nuclear speckled pattern (57.1%), nuclear 
homogeneous pattern (50.0%), and cytoplasmic speckled pattern (21.4%). Nuclear speckled pattern being the 
most common, followed by nuclear homogeneous pattern. However, compared to the SLE-N group, there was 
no significant difference in these fluorescence positivity rates, the same with titer (Table S1). All patients with 
positive ANA were tested for an ENA profile, also no surprising differences except for anti-Sm antibodies and 
anti-nucleosomes antibodies (Table 1 and Table S2).

Notably, the blood routine parameters, biochemical tests, and immune indicators of SLE patients was 
significant difference compared with healthy individuals, the changes in the SLE-L group may be more severe 
(Table S3). Differences in these indicators (lymphocytes, platelets, prealbumin, HDL-C) turned out the same in 
hypocalcemia (albumin-corrected) group. ACA-IgG and fibrinogen (FBG) may be negatively correlated with 
low serum calcium levels, rather than prothrombin time (PT), activated partial thromboplastin time (APTT) 

Groups SLE - L Hypocalcemia SLE - N

Number of samples 99 45 99

Females 94 (94.9%) 43 (95.6%) 94 (94.9%)

Age (years) 38.9 ± 12.79 39.3 ± 12.97 36.1 ± 14.06

SLEDAI-2K 12.66 ± 7.46a 10.44 ± 7.22a 5.19 ± 4.46

PGA 0.62 ± 0.59a 0.59 ± 0.56a 0.19 ± 0.31

BILAG 2.92 ± 1.97a 2.20 ± 1.74a 1.06 ± 1.26

Rash 23(23.2%)a 11 (24.4%)a 6(6.1%)

Alopecia 23(23.2%)a 13 (28.9%)a 13 (13.1%)

Mouth ulcers 9 (9.1%) 5 (11.1%) 3 (3.0%)

Arthritis 37 (37.4%)a 12 (26.7%) 14 (14.1%)

Leukopenia 37 (37.4%)a 14(31.1%)a 11 (11.1%)

Thrombocytopenia 19 (19.2%) 8 (17.8%) 11 (11.1%)

Low complement C3 or C4 61 (61.6%)a 25 (55.6% )a 25 (25.3% )

Urinary cast > 3/LPH 29 (29.3%)a 8 (17.8%) 7 (7.1%)

Increased urine protein 61 (61.6%)a 21 (46.7%)a 27 (27.3%)

Serum crea, µmol/L 65.7 ± 33.4 61.9 ± 31.7 58.5 ± 15.1

Anti-dsDNA antibodies + 55 (55.6%)a 22 (48.9%)a 28 (28.3%)

1:10 positive 15(15.2%) 5 (22.7%) 18 (18.2%)

1:32 positive 23(23.2%)a 9 (40.9%)a 7 (7.1%)

1:100 positive 12(12.1%)a 5 (22.7%)a 2 (2.0%)

1:320 positive 5(5.1%) 3 (13.6%)a 1 (1.0%)

ENA positive

Anti-Smith antibody + 35 (35.4%)a 15 (33.3%)a 22 (22.2% )

Anti-nucleosomes + 49 (49.5%)a 21 (46.7%)a 24 (24.2% )

ANA positive

Nuclear homogeneous 50 (50.5%) 21 (46.7%) 47 (47.5%)

Nuclear speckled 52 (52.5%) 22 (48.9%) 54 (54.5%)

Nucleolar 7 (7.1%) 3 (6.7%) 7 (7.1%)

Cytoplasmic speckled 34 (34.3%) 12 (26.7%) 24 (24.2%)

Treatment (ever)

Prednisone 0.5-1 mg/(kgd) 81 (81.8%) a 34 (75.6%)a 60 (60.6%)

Hydroxychloroquine 37 (37.4%) 17 (37.8%) 40 (40.4%)

mycophenolate mofetil 14 (14.1%) 7 (15.6%) 15 (15.2%)

Belimumab 4 (4.0%)a - 16 (16.2%)

Table 1.  Comparison of characteristics of SLE patients with and without reduced serum calcium 
concentration. SLE - L group (N = 99), Hypocalcemia (albumin-corrected) group (N = 45), SLE - N group 
(N = 99). Data are expressed as n (%) or mean ± SD. Statistical significance, ap < 0.05 versus SLE - N group.

 

Scientific Reports |         (2025) 15:9588 3| https://doi.org/10.1038/s41598-025-93771-2

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


and thrombin time (TT) (Figure S1). In addition, we also included parathyroid hormone and 1,25 (OH) 2 D3, 
which did not affect the difference in serum calcium levels between the two groups (Figure S2). These results 
indicated that SLE patients with decreased serum calcium have stronger disease activity, with more severe 
laboratory indicators in the blood system, liver, and kidneys. Decreased serum calcium may be more conducive 
to promoting the autoimmune inflammatory response.

 Disease activity and laboratory indicators of SLE patients that serum without positive titers 
of anti-dsDNA antibodies.
We divided SLE patients with or without positive titers of anti-dsDNA antibodies in their serum into four 
groups based on total calcium levels (Table  2). Obviously, whether anti-dsDNA antibodies positive or not, 
the disease activity scores of SLEDAI-2 K, BILAG and PGA were higher in patients with low serum calcium. 
Disease activity related indicators such as complement C3 or C4, ESR, lymphocytes, erythrocytes, haemoglobin 
and albumin levels were significantly different between the SLE-L group and the SLE-N group in positive anti-
dsDNA antibodies patients. For patients without anti-dsDNA antibodies, the SLE-L group and SLE-N group 
also showed similar differences, except for complement C3 or C4. This means that patients with low calcium 
have higher disease activity than those with normal calcium. Clinical manifestations also have a high impact on 
disease activity scores.

Notably, these indicators were even worse in the the SLE-L group of anti-dsDNA- antibodies than that in the 
SLE-N group of anti-dsDNA + antibodies. As for the increased urine protein, only in the SLE-N group of anti-
dsDNA- antibodies can reduce the incidence of patients. These results indicated that patients with decreased 
serum calcium showed differences from those with normal calcium levels, and they may have higher disease 
activity. Even if the anti-dsDNA antibodies is negative, attention should be paid to the serum calcium changes.

Univariate and multivariate analyses of risk factors for SLE activity
Univariate analyses demonstrated that decreased serum calcium (OR, 0.12; 95% CI, 0.06 to 0.24; P, 0.001), 
positive anti-dsDNA antibodies (OR, 0.15; 95% CI, 0.08 to 0.28; P, 0.001), low complement C3 or C4 (OR, 0.19; 
95% CI, 0.10 to 0.35; P, 0.001), urinary cast > 3/LPH (OR, 0.05; 95% CI, 0.02 to 0.15; P, 0.001), increased urine 

Variable Range Anti-dsDNA- Anti-dsDNA+

Groups SLE - L SLE - N SLE - L SLE - N

Number of samples 44 71 55 28

SLEDAI-2 K 8.96 ± 6.08b, c 4.20 ± 3.81 15.62 ± 7.17d 7.71 ± 5.03

PGA 0.47 ± 0.50b, c,d 0.20 ± 0.31 0.74 ± 0.63d 0.18 ± 0.31

BLIAG 2 (1, 3)b, c,d 1 (0, 2) 3 (2,4)d 1 (0, 2)

Rash 12 (27.3%)b, d 3 (4.23%) 11  (20.0%)d 3 (10.7%)

Alopecia 9 (20.5%)b, d 12 (16.9%) 14 (25.5%)d 1 (3.57%)

Mouth ulcers 3 (6.82%)b 2 (2.82%) 6 (10.9%)d 1 (3.57%)

Arthritis 11 (25.0%)b, d 10 (14.1%) 26 (47.3%)d 4 (14.3%)

Anti-histones IgG, n (%) 8 (18.2%)c, d 21 (29.6%) 37 (67.3%) 16 (57.1%)

Anti-nucleosomes, n (%) 6 (13.6%)c, d 8 (11.3%) 43(78.2%)d 16 (57.1%)

Anti-PCNA, n (%) 2 (4.55%) 0 (0.00%) 4 (7.27%) 2 (7.14%)

Anti-Sm, n (%) 16 (36.4%) 15 (21.1%) 19 (34.6%) 7 (25.0%)

Anti-nRNP/Sm, n (%) 26 (59.1%) 29 (40.9%) 31 (56.4%) 15 (53.6%)

Increased urine protein, n (%) 24 (54.5%) b 14 (19.7%) 37 (67.3%) 13 (46.4%)

Serum Crea, µmol/L 41–81 60.1 ± 19.6 58.6 ± 16.3 70.2 ± 40.9 58.3 ± 11.9

Total IgG, g/L 8.6–17.4 12.0 ± 6.01c 12.3 ± 3.88 15.7 ± 6.16 13.1 ± 4.77

Complement C3, g/L 0.7–1.4 0.85 ± 0.22c 0.91 ± 0.22 0.52 ± 0.23d 0.82 ± 0.25

Complement C4, g/L 0.1–0.4 0.20 ± 0.10c, d 0.19 ± 0.08 0.09 ± 0.07d 0.15 ± 0.09

Leukocytes, 109 /L 3.5–9.5 5.80 ± 3.76c 6.60 ± 3.18 4.12 ± 1.85d 6.98 ± 3.40

Lymphocytes, 109 /L 1.1–3.2 1.21 ± 0.61b, d 1.85 ± 0.90 0.90 ± 0.45d 1.66 ± 0.84

Erythrocytes, 1012 /L 3.8–5.1 3.81 ± 0.59b, c,d 4.20 ± 0.56 3.69 ±0.70d 4.23 ± 0.79

Haemoglobin, g/L 115–150 114 ± 17.7b, c,d 123 ± 16.8 106 ± 21.3d 125 ± 19.1

Platelets, 109 / L 125–350 206 ± 76.3 c 218 ± 63.4 165 ± 78.5d 229 ± 88.1

Total protein, g/L 65–85 60.1 ± 9.74b, d 67.8 ± 6.97 62.0 ± 9.51d 67.8 ± 6.94

Albumin, g/L 40–55 31.3 ± 5.94b, d 38.5 ± 4.01 29.3 ± 6.01d 36.0 ± 5.62

Blood urea nitrogen, mmol/L 3.1–8.8 5.87 ± 2.49b 4.98 ± 1.80 5.63 ± 3.58 4.87 ± 2.89

Table 2.  Disease activity and laboratory indicators of serologically negative for anti-dsDNA antibodies. Note: 
SLE-L SLE patients with low serum calcium level, SLE-N SLE patients with normal serum calcium level. Data 
are expressed as percentage, median [IQR], or mean ± SD. Statistical significance, bp < 0.05 versus anti- dsDNA- 
with SLE-N group. cp < 0.05 versus anti- dsDNA + with SLE-L group. dp < 0.05 versus anti- dsDNA + with 
SLE-N group.
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protein (OR, 0.04; 95% CI, 0.02 to 0.09; P, 0.001), positive anti-nucleosomes antibodies (OR, 0.31; 95% CI, 0.17 
to 0.57; P, 0.001), increased ESR (OR, 0.18; 95% CI, 0.09 to 0.36; P, 0.001), increased CRP (OR, 0.30; 95% CI, 0.13 
to 0.71; P, 0.006), Leukopenia (OR, 0.37; 95% CI, 0.19 to 0.72; P, 0.003), Thrombocytopenia (OR, 0.45; 95% CI, 
0.20 to 0.98; P, 0.045) and Belimumab uesd ever (OR, 4.22; 95% CI, 1.19 to 14.93; P, 0.025) were closely related 
with high diease activity (Table 3).

Variables that were significant on univariate analysis were added in the multivariate logistic regression model 
(Fig. 1). The result showed that decreased serum calcium (OR, 0.31; 95% CI, 0.11, 0.89; P, 0.030), positive anti-
dsDNA antibodies (OR, 0.13; 95% CI, 0.04, 0.44; P, 0.001), increased urine protein (OR, 0.05; 95% CI, 0.02, 
0.15; P, 0.001), urinary cast > 3/LPH (OR, 0.13; 95% CI, 0.03, 0.56; P, 0.006) and low complement C3 or C4 (OR, 
0.24; 95% CI, 0.07, 0.76; P, 0.016) were independent risk factors for SLEDAI > 9. It means that decreased serum 
calcium may be a promoting factor to high diease activity.

 Dynamic analysis of laboratory indicators and disease activity score during the treatment 
process of SLE patients.
The Kaplan-Meir survival curve comparing the time to first arrival of LLDAS in newly diagnosed SLE treated 
with GCs between two groups was significant (Mantel-Cox χ2 = 4.471, df = 1, p < 0.05) (Fig. 2). The median time 
for SLE patients with hypocalcemia to reach their first outcome was 16 months, while the median time for 
patients with normal calcium levels was 9 months. Obviously, newly diagnosed SLE patients with hypocalcemia 
have a longer time to reach LLDAS after GCs treatment.

Dynamic analysis of laboratory indicators and disease activity score during the treatment 
process of SLE patients.
To observe the changes in disease activity of SLE patients after their serum calcium returned to normal during 
routine treatment, 15 SLE patients were included within one year (Fig.  3). The results showed that with the 
recovery of serum calcium levels, SLEDAI-2  K and BILAG obviously reduced. In laboratory indicators, the 
decrease in total IgG and anti-dsDNA antibodies was more significant. At the same time, albumin, complement 
C3 or C4, leukocytes, lymphocytes, platelets and haemoglobin have all turned around (Figure S3). These 
indicate that it may help reduce disease activity scores and immune inflammatory responses as serum calcium 
levels recover.

Discussion
Three Disease activity assessment methods (SLEDAI-2 K, PGA and BILAG) have confirmed that SLE patients 
with low serum calcium have stronger disease activity. High disease activity is highly correlated with the 
occurrence of new injuries, while low disease activity can slowly control the development of chronic injuries26. 
In this research, indicators improved as serum calcium levels recovered after their one-year follow-up. This 
means that maintaining normal blood calcium levels may be necessary for the prognosis of SLE patients.

In our data, the incidence of hypocompletemia and the positivity rate of anti-dsDNA antibodies have exceeded 
half in SLE-L group and even worse in hypocalcemia (albumin-corrected) group.Studies have shown that 
calcium ions are involved in the development, activation, and differentiation of B cells into effector cells, as well 
as the production of autoantibodies26,27. And the excessive activation of complement during the inflammatory 
response of organs28–30. A continuous increase in anti-dsDNA antibodies has been shown to be associated with 
disease progression31,32. However, the ENA’s analysis found that the detection rate of anti-nucleosomes antibodies 
also relatively higher in SLE patients with uncorrected serum calcium. The possible mechanism is to accelerate 

Independent Variable B S.E. Wals OR with (95% CI) P

Decreased sCa -2.09 0.338 38.25 0.12 (0.06 to 0.24) 0.001

Anti-dsDNA + -1.90 0.323 34.77 0.15 (0.08 to 0.28) 0.001

Low complement -1.67 0.315 28.10 0.19 (0.10 to 0.35) 0.001

Urinary cast -2.97 0.558 28.42 0.05 (0.02 to 0.15) 0.001

Increased UP -3.20 0.392 66.63 0.04 (0.02 to 0.09) 0.001

Anti-nucleosomes + -1.17 0.307 14.50 0.31 (0.17 to 0.57) 0.001

Increased ESR -1.74 0.363 22.87 0.18 (0.09 to 0.36) 0.001

Increased CRP -1.21 0.442 7.49 0.30 (0.13 to 0.71) 0.006

Leukopenia -1.00 0.340 8.66 0.37 (0.19 to 0.72) 0.003

Thrombocytopenia -0.81 0.402 4.01 0.45 (0.20 to 0.98) 0.045

Belimumab uesd 1.44 0.644 5.00 4.22 (1.19 to 14.93) 0.025

Hydroxychloroquine 0.43 0.303 1.97 1.53 (0.85 to 2.77) 0.161

Prednisone uesd -0.18 0.324 0.31 0.84 (0.44 to 1.57) 0.577

Table 3.  Univariate analyses of risk factors for SLE activity. Note: Dependent variable = SLEDAI > 9. Decreased 
sCa, decreased serum calcium. Low complement, low complement C3 or C4. Anti-dsDNA+, positive 
anti-dsDNA antibodies. Urinary cast, urinary cast > 3/LPH. Increased UP, increased urine protein. Anti-
nucleosomes +, positive anti-nucleosomes antibodies. ESR, erythrocyte sedimentation rate. CRP C-reactive 
protein.
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progression by administering intact histones or nucleosomes from apoptotic cells, or by acetylating histone 
peptides after translation33,34. Our research suggests that, decreased serum calcium and anti dsDNA antibodies 
are independent risk factors for elevated disease activity, which may promote abnormalities in hematological 
and renal indicators. It means that combining the ANAs with serum calcium levels may better predict the disease 
activity of SLE.

GCs exert effective anti-inflammatory and immunosuppressive effects in the treatment of SLE patients35. 
However, newly diagnosed SLE patients with hypocalcemia at the same time require a longer time to reach 
LLDAS. Studies showed that GCs resistance or insensitivity is a major barrier to the treatment of SLE36,37. GCs 
receptors and non receptor factors (including P-glycoprotein, Macrophage migration inhibitory factor, Toll-
like receptor 9, and Th17 cells) are involved in the resistance mechanism of GCs resistance37. And it has been 
discovered that STING can participate in the pathogenesis of autoimmune diseases by co occurring with calcium 
signaling38. This is a research clue for the mechanism of hormone resistance in SLE patients. We are currently 
conducting this basic research in independent cohort of whether enhanced immune response of SLE patients 
with low serum calcium related to GCs resistance and molecular mechanism and exploring the reasons and 
effective treatment methods for these patients.

Our research has several limitations. Firstly, we used a laboratory indicator that includes existing behaviors 
and demographics to test our hypothesis, which may contain unmeasurable confounding factors. As for the 
complex relationship between serum calcium, vitamin D and renal function needs further research. Second, our 
data includes albumin corrected calcium and calcium directly measured in serum, excluding ionized calcium. 
Calcium ions play an important role in the proliferation, differentiation, and immune processes of immune 
cells39. Although albumin correction can roughly reflect the level of ionized calcium in the body, the detection 
of ionized calcium is an important indicator for measuring cellular inflammatory response40. Finally, we found 
that decreased serum calcium levels affect disease prognosis, and clinical attention should be paid to actively 
supplementing calcium even if it is non-hypocalcemia after albumin adjusted or there is low DNA antibody 
titers.

In conclusion, our study suggests that SLE patients with decreased serum calcium have stronger disease 
activity and require longer treatment time for remission. Serum calcium levels may assist in assessing disease 
activity and predicting prognosis.

Fig. 1.  Multivariate analyses of risk factors for SLE activity. Dependent variable = SLEDAI > 9. Belimumab, 
belimumab used ever. Low complement, low complement C3 or C4. Anti-dsDNA+, positive anti-dsDNA 
antibodies. Anti-nucleosomes +, positive anti-nucleosomes antibodies. ESR, erythrocyte sedimentation rate. 
CRP, C-reactive protein. OR, odds ratio. 95% CI = 95% confidence interval.
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Fig. 2.  Kaplan-Meier survival curve of SLE prognosis associated with blood calcium levels. A total of 37 
patients were divided into two groups based on whether they were accompanied by hypocalcemia during the 
onset of SLE. OR, odds ratio. p < 0.05 was considered as a statistically significant.
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Data availability
The datasets generated during and analyzed during the current study are available from the corresponding au-
thor on reasonable request.
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