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Abstract

Background: Systemic lupus erythematosus (SLE) is an autoimmune disorder associated with immunological
abnormalities (Aringer et al., Arthritis Rheumatol 71:1400-1412, 2019). Vitamin D (VD) has an important role in SLE
pathogenesis, as it controls cell cycle progression besides its anti-proliferative effects (Liu et al., J Cell Commun
Signal 71, 2019). Determining the relationship between VD with SLE activity and lupus nephritis (LN) can establish a
new role for VD in SLE management (Liu et al., J Cell Commun Signal 71, 2019). In our study, we aimed to assess
the relationship between levels of VD in patients with SLE activity and with LN and to verify the relationship
between VD levels with clinical and laboratory parameters in those patients, in order to assess the validity of adding
serum VD level in the routine follow-up as a marker that may lead to earlier diagnosis of SLE activity and LN in
adult SLE patients.

Results: Serum VD was significantly lower in SLE patients (3.38 ± 2.55 ng/ml) versus healthy controls (5.36 ± 2.88
ng/ml) (P < 0.002). Interestingly, serum VD was significantly lower in patient with active SLE according to SLEDAI
(3.00 ± 2.27 ng/ml) versus those with inactive SLE (5.10 ± 3.19 ng/ml) (P < 0.02). Significant negative correlation was
found between serum level of VD and each of mucocutaneous, malar rash, and renal manifestations. Significant
negative correlation was also noticed among SLEDAI (P value = 0.01) and renal SLEDAI scores (P value = 0.021) with
serum level of VD.

Conclusion: Low levels of VD were found to be frequent in SLE patients especially during phases of SLE activity and
nephritis. Potent markers of low serum VD level in SLE patients were found to be mucocutaneous, malar rash, and LN.
Our results support that VD levels could act as independent risk factors for activity and LN in SLE patients; moreover,
treatment with VD supplementation could decrease the incidence of activity and nephritis in SLE patients.
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Background
The systemic lupus erythematosus (SLE) is an inveterate
immunological disorder that is characterized by abnor-
mal inflammatory processes affecting numerous systems
[1]. Recent studies postulate that aberrant apoptosis
and/or necrosis encountered in SLE result from expos-
ure of the immune system to nuclear antigens and

uptake of immune complexes by dendritic cells causing
activation of interferon type-I overexpression [2]. The
resulting inflammatory process leads to the development
of T cells into pro-inflammatory pathways and thus pro-
ducing autoantibodies [3].
Vitamin D (VD) is considered to be one of the most im-

portant lipid-soluble vitamins. It has an important role in
phosphorus and calcium homeostasis and mineralization of
bone [3]. After the conversion of 7-dehydrocholesterol into
pre-VD3 in the skin, the body utilizes VD in addition to the
smaller amounts of VD that come from the diet [4]. The
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major circulating form of VD is 25-hydroxycholecalciferol
(25(OH)D); thus, the total serum 25(OH)D level is currently
considered the best indicator of VD supply to the body from
cutaneous synthesis and nutritional intake [2]. Recently, it
has been found that multiple immune cells express VD re-
ceptors (VDRs) on their surfaces [5], and several immune
cells synthesize 1α-hydroxylase enzyme needed for the syn-
thesis of an active form of VD in lymph tissues [6]. These re-
sults suggest that VD is implicated in immune modulation
[7, 8]. Several researchers tried to identify possible relations
between VD and SLE. Commonly, fatigue, psychological
symptoms, and musculoskeletal disorders are associated with
SLE, as well as low serum VD [9]. On the contrary, other re-
searches claimed no association between active SLE and VD
levels [10].
Systemic lupus erythematosus clinical aspects are vari-

able and target renal, respiratory, dermatological, and
musculoskeletal systems [11]. Lupus nephritis occurs in
about 50% of SLE patients. Active LN can be the first
manifestation in ~ 30% of the patients [11], and 10–30%
of SLE patients may present with renal failure within 10
years [12]. Impaired renal function can intervene with 1-
hydroxylation that is important to produce active VD [8,
13]. We aimed to assess the relationship between levels
of VD in SLE patients with and without activity and spe-
cially LN and to determine the relationship among VD
levels, laboratory, and clinical findings in those patients.

Methods
The current study is a cross-sectional, prospective obser-
vational study that was carried out at the Nephrology
Unit in the Internal Medicine department and Rheuma-
tology, Rehabilitation, and Physical Medicine department
in collaboration with the Medical Biochemistry depart-
ment at Faculty of Medicine, Assiut University, during
the period from January 2018 to January 2020. The study
was carried out on 100 Egyptian SLE patients. All were
diagnosed according to Systemic Lupus International
Collaborating Clinics (SLICC) [14]. Sixty-six healthy
age- and sex-matched controls were enrolled in the
study. A written consent to participate in the study was
signed by each participant. The study was approved by
the Institutional Review Board of Faculty of Medicine
(IRP No. 17300432).
We included patients older than 18 years suffering

from SLE who fulfilled four or more criteria (at least one
clinical and one laboratory criterion) or biopsy-proven
LN with positive antinuclear antibodies or anti-DNA ac-
cording to SLICC, while patients with other systemic
autoimmune diseases and/or with urinary tract infection
(≥ 100,000 colony-forming units in urine culture) and
those undergoing hemodialysis or with a history of renal
transplantation were excluded from the study.

All participants were subjected to clinical assessment
through full history taking, systemic, and local examina-
tions. The following parameters were recorded: age, sex,
duration of SLE, photosensitivity, skin changes, active
arthritis, LN, and history of drug intake [steroids, hydro-
xychloroquine, calcium, and VD supplements]. The fol-
lowing laboratory investigations performed include:
urine analysis, erythrocyte sedimentation rate (ESR), C-
reactive protein (CRP), serum creatinine, ALT, C3, C4
concentrations, creatine phosphokinase (CPK), presence
of anti-nuclear auto-antibodies (ANA) and the anti-ds-
DNA, 24-h protein in urine, and lipid profile including
serum cholesterol, serum triglycerides, low-density lipo-
proteins, and high-density lipoproteins.
The assessment of SLE activity was determined ac-

cording to the modified SLE disease activity index
(SLEDAI) score with higher scores representing in-
creased activity [15], while LN was assessed by renal
SLEDAI [16].
In our study, SLE patients were classified as follows: (i)

active SLE: SLEDAI score of 8 or more (82 patients), (ii)
inactive SLE: SLEDAI score of less than 8 (18 patients),
(iii) lupus nephritis patients (68 patients), (iv) SLE pa-
tients without nephritis (32 patients).
The sample size was determined in accordance with

SLEDAI scores in both active SLE and LN. The calcu-
lated minimum sample size was 100 SLE patients.

Assessment of vitamin D
Serum 25-hydroxycholecalciferol VD (25(OH)D) was
measured by using Abcam ELISA Kit catalog number
ab213966. Insufficient VD was estimated at levels < 30 ng/
mL and deficiency at < 10 ng/mL. We considered any level
of VD < 30 ng/mL a low value for statistical purposes.

Statistical analysis
Statistical analysis was done by utilizing statistical Pack-
age Social Sciences version 20.0 (SPSS). Continuous data
were expressed as mean ± standard deviation (SD), but
categorical data were expressed in percentages and num-
bers. Differences between groups were determined using
the chi-square test for categorical data or T test for con-
tinuous data. Correlation between different variables was
performed. The receiver operating characteristic (ROC)
curve was performed for calculation of sensitivity, speci-
ficity, positive predictive value (PPV), negative predictive
value (NPV), and accuracy. Statistical significance was
defined as a P value < 0.05.

Results
In our current study, systemic lupus erythematosus
group included 88 females (88%) and 12 males (12%),
and their disease duration ranged from 0.5 to 12.0 years
with a mean ± SD of 4.0 ± 3.2 years. The 66 healthy
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controls included 58 females (87.87%) and eight males
(12.12%), with mean age ± SD of 25.32 ± 6.98 with a
range of 18.0–51.0 years. There was no significant differ-
ence among the patients and the control group regard-
ing age and sex (Table 1).
Comparing the laboratory findings between SLEDAI ≥

8 and SLEDI < 8 groups, our results revealed that SLE-
DAI ≥ 8 group had significantly lower values of CPK
(68.88 ± 30.08) (P = 0.03), C4 (2.06 ± 1.21) (P = 0.000),
and 25(OH)VD (3.00 ± 2.27) (P = 0.02) compared to
SLEDAI < 8 group (Table 2).
As for the comparison between renal SLEDAI groups,

levels of CPK (68.29 ± 27.64) (P = 0.02), serum albumin
(36.03 ± 7.63) (P = 0.04), and 25(OH)VD (ng/ml) (2.58 ±
1.82) (0.003) in positive renal SLEDAI group are signifi-
cantly lower than in negative renal SLEDI group. A signifi-
cant increase in the levels of ALP (84.88 ± 63.78) (P =
0.03) and 24-h urinary proteins (mg) (1581.81 ± 1886.05)
(P = 0.003) was significantly higher in positive renal SLE-
DAI group versus negative renal SLEDAI group. None of
the negative renal SLEDAI group had pus in the urine,
hematuria mean while 64.7%; 55.9% of the positive renal
SLEDAI had pus in the urine and hematuria respectively
(Table 3).

Interestingly, we found no significant differences in
25(OH)VD levels between patients taking hydroxychlor-
oquine and those not, where 25(OH)VD levels were 3.41
± 2.63 ng/ml in patients taking hydroxychloroquine and
3.13 ± 2.11 ng/ml in those who were hydroxychloro-
quine free. In addition, we found that serum 25(OH)VD
levels were not significantly different among patients
taking steroids (3.51 ± 2.73 ng/ml) and those who were
steroid-free (2.65 ± 1.19 ng/ml) (Table 4).
In our current study, significant negative correlations

between levels of serum 25(OH)VD and clinical findings
in studied SLE patients, including mucocutaneous, malar
rash, and renal symptoms, also, there was significant
negative correlation between 25(OH)VD level and both
SLEDAI and renal SLEDAI scores. Importantly, serum
25(OH)VD showed no significant correlation with C3,
C4, serum creatinine, and other clinical and lab results
in SLE patients (Table 5).
Multiple logistic regression analysis showed that the

most potent parameters determining low levels of serum
25(OH)VD were higher SLEDAI score (p = 0.002) and
lower C3 (p = 0.035) (Table 6).
To quantify the utility of 25(OH)VD in determining

the activity in SLE patients, analysis by ROC curve of
25(OH)VD for SLEDAI and renal SLEDAI is shown in
Fig. 1, where the sensitivity and specificity were 73.2%
and 77.8%, respectively; positive predictive value (PPV)
and negative predictive value (NPV) were 93.7% and
38.9%, respectively; and 74.0% accuracy at cutoff point <
2.5 with an area under curve (AUC) 0.748. Besides, our
study also showed that 25(OH)VD at cutoff point < 2.2
ng/ml had a sensitivity and specificity of 64.7% and
93.8% respectively, PPV and NPV are 95.7% and 55.6%
respectively, and 74.0% accuracy (Fig. 1).

Discussion
Measurement of circulating 25(OH)VD is considered the
best indicator of VD status in humans, as it represents
VD stores gained from both dietary intake and ultravio-
let light [17]. Despite the certainty of the presence of
sunny days most of the year in Egypt, the present study
proposes that VD deficiency is widely predominant in
patients with active SLE and LN in Egypt, this is in ac-
cordance with Elsaid et al. who found that the preva-
lence of VD deficiency and insufficiency in LN patients
is as high as 93.4% in Egyptian patients [18]. Our study
results also were in agreement with Korah et al. who
found that Egyptian SLE patients had lower VD levels in
comparison to healthy controls [19]. Additionally, our
study showed that low VD levels could act as an inde-
pendent risk factor for SLE activity where the mean con-
centration of VD was significantly lower in SLEDAI
score ≥ 8 (3.00 ± 2.27 ng/ml) versus in SLEDAI score <
8 (5.10 ± 3.19 ng/ml). These findings documented low

Table 1 Demographic and laboratory data of SLE patients and
control group

Variables SLE (n = 100) Control (n = 66) P value

Age (years)

Mean ± SD 28.30 ± 8.9 25.32 ± 6.98 0.93

Range (19.0–54.0) (18.0–51.0)

Sex

Male 12 (12%) 8 (12.12%) 0.99

Female 88 (88%) 58 (87.87) 0.89

Duration of disease

Mean ± SD 4.0 ± 3.2

Range (0.5–12.0)

ANA

negative 14 (14%) 66 (100%) 0.000*

positive 86 (86%) 0

Anti-dsDNA 2.00 ± 1.57 0.25 ± 0.12 0.000*

C3 (ug/ml) 3.39 ± 2.92 7.06 ± 3.36 0.000*

C4 (ug/ml) 2.48 ± 1.61 4.73 ± 2.34 0.000*

25(OH)D (ng/ml) 3.38 ± 2.55 5.36 ± 2.88 0.002**

Data are presented as mean ± SD (standard deviation) or number (n) and
percentage (%). The independent samples t test was used to compare
between means of different parameters in SLE patients and controls. Chi-
square test was used to analyze the significance between the percentages. P
value < 0.05 is considered to be a significant value
ANA anti-nuclear auto-antibodies, Anti dsDNA anti-double strand antibody, C3
complement 3, C4 complement 4, 25(OH)D 25-hydroxyvitamin D
*Statistically significant (P < 0.05)
**Moderately statistically significant (P < 0.01)
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Table 2 Comparison between SLEDAI groups regarding the laboratory tests
Variable SLEDAI < 8 “n = 18” SLEDAI ≥ 8 “n = 82” P value

ESR (mm/1st h) 40 ± 29.82 49.54 ± 30.97 0.93

CRP (mg/L) 9.02 ± 15.71 11.21 ± 18.56 0.83

Hb (g/dl) 11.22 ± 1.16 10.87 ± 1.63 0.55

RBCs (103/μl) 3.90 ± 0.90 4.27 ± 0.69 0.18

WBCs (103/μl) 5.30 ± 2.42 5.26 ± 2.35 0.96

Platelets (103/μl) 286.33 ± 100.18 280.34 ± 114.63 0.88

AST (U/L) 22.56 ± 9.40 23.92 ± 8.79 0.83

ALT (U/L) 25.11 ± 16.51 19.44 ± 3.47 0.47

ALP (IU/L) 87.33 ± 15.85 73.59 ± 53.79 0.50

CPK (U/L) 133.89 ± 64.09 68.88 ± 30.08 0.03*

LDH (U/L) 289.44 ± 94.65 321.39 ± 136.55 0.51

Serum albumin (g/dl) 40.12 ± 4.01 37.50 ± 7.85 0.34

A/G ratio 1.24 ± 0.311 1.16 ± 0.35 0.53

Glucose (mmol/L) 4.88 ± 1.13 5.71 ± 1.02 0.71

Urea (mmol/L) 4.20 ± 1.36 6.15 ± 0.73 0.23

Creatinine (μmol/L) 49.80 ± 14.34 80.66 ± 20.29 0.48

Serum TC(mg/dl) 151.55 ± 31.33 172.12 ± 46.56 0.21

serum TG(mg/dl) 109.00 ± 46.48 140.39 ± 17.40 0.48

HDL-c (mg/dl) 40.97 ± 7.45 45.64 ± 17.03 0.43

LDL-c (mg/dl) 88.11 ± 23.08 98.11 ± 42.79 0.50

Creatinine Clearance (ml/min) 86.24 ± 38.95 103.43 ± 45.41 0.30

24 h protein in urine (mg) 723.04 ± 272.82 1275.0 ± 278.89 0.37

Pus/HPF in urine

negative 7(77.8%) 21(51.2%) 0.14

positive 2(22.2%) 20(48.8%)

RBCs in urine

negative 7(77.8%) 24(58.5%) 0.25

positive 2(22.2%) 17(41.5%)

Urinary cast

negative 8(88.9%) 37(90.2%) 0.65

positive 1(11.1%) 4(9.8%)

Crystals in urine

negative 7(77.8%) 36(87.8%) 0.37

positive 2(22.2%) 5(12.2%)

Albumin in urine

negative 6(66.7%) 23(56.1%) 0.42

positive 3(33.3%) 18(43.9%)

C3 (μg/ml) 4.77 ± 2.16 3.09 ± 2.36 0.119

C4 (μg/ml) 4.40 ± 1.88 2.06 ± 1.21 0.000***

Anti-dsDNA 1.34 ± 1.20 2.14 ± 1.62 0.170

25(OH)D (ng/ml) 5.10 ± 3.19 3.00 ± 2.27 0.02*

Data are presented as numbers (n) and mean ± SD (standard deviation). The independent samples t test was used to compare between means of different
parameters in SLEDAI groups. P value < 0.05 is considered to be a significant value
SLEDAI systemic lupus erythematosus disease activity index, ESR erythrocyte sedimentation rate, CRP C- reactive protein, Hb hemoglobin, RBCs red blood cells,
WBCs white blood cells, AST aspartate transaminase, ALT alanine transaminase, ALP alkaline phosphatase, CPK creatinine phosphokinase, LDH lactate
dehydrogenase, A/G ratio albumin globulin ratio, TC total cholesterol, TG triglyceride, HDL high-density lipoproteins, LDL low-density lipoproteins, HPF high power
field, C3 complement 3, C4 complement 4, Anti-dsDNA anti-d double-stranded deoxyribonucleic acid, 25(OH)D 25 hydroxyvitamin D
*Statistically significant (P < 0.05)
***Highly statistically significant (P < 0.001)
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Table 3 Comparison between renal SLEDAI groups regarding the laboratory tests

Variable Renal SLEDAI (negative) “n = 32” Renal SLEDAI (positive) “n = 68” P value

AST (U/L) 21.56 ± 9.05 24.67 ± 20.23 0.43

ALT (U/L) 18.75 ± 12.57 21.26 ± 24.50 0.4

ALP (IU/L) 57.31 ± 14.79 84.88 ± 63.78 0.03*

CPK (U/L) 106.69 ± 146.50 68.29 ± 27.64 0.02*

LDH (U/L) 286.69 ± 71.40 329.26 ± 148.62 0.09

Serum albumin (g/dl) 42.13 ± 4.61 36.03 ± 7.63 0.04*

A/G ratio 1.32 ± 0.39 1.11 ± 0.30 0.42

Glucose (mmol/L) 5.08 ± 1.57 5.80 ± 7.14 0.4

Urea (mmol/L) 4.69 ± 1.88 6.32 ± 5.04 0.08

Creatinine (μmol/L) 48.4 ± 16.08 87.68 ± 141.82 0.15

Serum total cholesterol (mg/dl) 167.25 ± 35.43 168.97 ± 48.88 0.41

Triglyceride (mg/dl) 136.06 ± 131.44 134.12 ± 89.17 0.89

HDL-C (mg/dl) 47.85 ± 14.31 43.38 ± 16.44 0.48

LDL-C(mg/dl) 90.11 ± 40.73 99.24 ± 39.87 0.97

Creatinine Clearance (ml/min) 93.97 ± 40.15 103.33 ± 46.61 0.87

24 h protein in urine (mg) 312.43 ± 129.10 1581.81 ± 1886.05 0.003**

Pus/HPF in urine 0.002**

negative 16 (100%) 12 (35.3%)

positive 0 (0%) 22 (64.7%)

RBCs in urine 0.001**

negative 16 (100%) 15 (44.1%)

positive 0 (0%) 19 (55.9%)

Urinary cast 0.13

negative 16 (100%) 29 (85.3%)

positive 0 (0%) 5 (14.7%)

Crystals in urine 0.27

negative 15 (93.8%) 28 (82.4%)

positive 1 (6.2%) 6 (17.6%)

Albumin in urine 0.004**

negative 14 (87.5%) 15 (44.1%)

positive 2 (12.5%) 19 (55.9%)

C3 (μg/ml) 3.74 ± 2.67 3.23 ± 3.06 0.963

C4 (μg/ml) 3.05 ± 2.22 1.83 ± 1.45 0.098

Anti-dsDNA 1.52 ± 1.34 2.22 ± 1.65 0.987

25(OH)D (ng/ml) 5.07 ± 3.10 2.58 ± 1.82 0.003***

Data are presented as mean ± SD. The independent samples t test was used to compare between means of different parameters in SLEDAI groups. P value < 0.05
is considered to be a significant value
SD standard deviation, SLEDAI systemic lupus erythematosus disease activity index, AST aspartate transaminase, ALT alanine transaminase, ALP alkaline
phosphatase, CPK creatinine phosphokinase, LDH lactate dehydrogenase, A/G ratio albumin globulin ratio, TC total cholesterol, TG triglyceride, HDL-C high-density
lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, HPF high power field, C3 complement 3, C4 complement 4, Anti-dsDNA anti-d double-stranded
deoxyribonucleic acid, 25(OH)D 25 hydroxyvitamin D
*Statistically significant (P < 0.05)
**Moderately statistically significant (P < 0.01)
***Highly statistically significant (P < 0.001)
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VD levels among Egyptian individuals especially in SLE
patients despite the effect of high-ultraviolet seasons
most of the year which could be explained by conven-
tional clothing that frequently decreases their exposure
to the sun [20].
There is conflicting evidence regarding the effect of

chronic use of corticosteroids on VD metabolism [21]. A
previous study showed that corticosteroid intake was in-
versely associated with serum 25(OH)D3 [22]. On the
contrary, our study found no significant differences in
25(OH)VD levels between patients taking corticosteroids
and those who were not taking corticosteroids; this find-
ing was in agreement with Mazziotti et al.’s results that
explained this finding by the fact that usage of low-dose
of corticosteroids (10 mg/d prednisolone equivalent)
have no effect on VD levels [23].
As for the effect of antimalarial drug on VD level, our

study did not show a significant difference in serum
25(OH)D3 level between those who take anti-malarial
treatment and those who do not. It is well-known that
hydroxychloroquine is considered an important drug in
SLE management; however, it was suspected to decrease
the conversion of 25(OH)D3 to more biologically active
1,25(OH)2D3 [22]. In agreement with our results, recent
studies found that serum 25(OH)D3 levels in SLE pa-
tients are not altered by taking hydroxychloroquine [24,
25]. Still, further studies are needed as the majority of
our patients are taking antimalarial treatment.
Our study showed that VD supplementation is com-

paratively safe and significantly increases the levels of
serum 25(OH)VD in patients with SLE, even though,
VD supplements do not appear to significantly decrease
the positivity of anti-dsDNA and SLE activity (Table 4),
this is in agreement with Zheng et al. [26]. Another in-
teresting observation in our study is the inverse correl-
ation between serum levels of VD and clinical symptoms
in SLE patients including mucocutaneous, malar rash,
and renal symptoms. However, our study showed no
correlation between VD levels and fatigue in SLE pa-
tients; our finding is consistent with Fragoso et al. who
also revealed no significant association between VD
levels and fatigue in SLE patients [10], but our

observation was different from that of Stockton et al.,
who observed a significant correlation between fatigue
and VD levels in SLE [27]. This discrepancy could be ex-
plained as blood VD levels do not indicate the amount
of VD stored in body tissues [28]. Moreover, recent re-
views discussed the association between serum VD levels
and clinical data in SLE patients including fatigue and
documented the presence of several controversies re-
garding the association of VD levels and fatigue [9, 29].
There are variable interesting observations in the

present study that suggest the presence of a serious
function for vitamin D3 in disease modulation. Our re-
sults revealed that serum VD level had a significant
negative correlation with SLEDAI score in both active
SLE and LN. This could be explained by the potential
role of vitamin D in the immune system [30]. It was pro-
posed that immune cells as T cells, B cells, dendritic
cells, and macrophages, which express VD receptors, can
be promoted by adequate VD supplements. Additionally,
several autoimmune disorders are associated with low
VD levels [7]. In agreement with our results, various past
studies showed a potent negative correlation between
SLEDAI score and VD levels [18, 31, 32]. Moreover, sys-
temic lupus erythematosus patients with severe VD defi-
ciency were found to have significantly more SLE flares
and nephritis [33]. This observed significant negative
correlation between SLE activity and VD level in our
study could be predicted as VD catabolic process is en-
hanced by the underlying inflammation in lupus [34].
Still the association between VD level and SLEDAI
scores has not been uniform across observations where
several studies have found none [35, 36].
Another interesting observation in the current study is the

absence of correlation between 25(OH)VD with laboratory
investigation including, C3 (r = − 0.153, P = 0.288), C4 (r =
0.177, P = 0.22), and anti-dsDNA (r = – 0.136, P = 0.345);
these findings were matched with those of Mok et al. [37]. In
disagreement with our study, Mandal et al. found that the
plasma level of 25-OH VD was negatively correlated with
anti-dsDNA (r = − 0.39, P < 0.0001) [38]; also, Bonakdar
et al. and Nerviani et al. found a significant correlation be-
tween VD deficiencies with anti-dsDNA, lower serum

Table 4 Comparison between steroids, hydroxychloroquine, calcium, and VD supplements with anti-ds DNA and 25(OH)D

HQ
(negative)
“n = 12”

HQ
(positive)
“n = 88”

P value Steroids
(negative)
“n = 16”

Steroids
(positive)
“n = 84”

P value Calcium and VD
(negative)
“n = 74”

Calcium and VD
(positive)
“n = 26”

P value

Anti-dsDNA 2.71 ± 1.28 1.90 ± 0.99 0.24 2.37 ± 1.98 1.93 ± 1.19 0.24 2.12 ± 1.68 1.63 ± 1.23 0.34

25(OH)D 3.13 ± 2.11 3.41 ± 2.63 0.80 2.65 ± 1.19 3.51 ± 2.73 0.97 2.13 ± 1.04 6.92 ± 2.25 0.000***

Data are presented as mean ± SD. The independent samples t test was used to compare between means of different parameters. P value < 0.05 is considered to
be a significant value
HQ hydroquine, Anti-dsDNA anti-d double stranded deoxyribonucleic acid, 25(OH)D 25 hydroxyvitamin D
***Highly statistically significant (P < 0.001)
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albumin, higher levels of liver enzymes, and higher
hemoglobin concentrations [39, 40]. This controversy could
be attributed to the immunosuppressive effect of the cortico-
steroids taken by 84% of our patients.
The present study showed no significant association

between VD levels with ESR and CRP; this is in agree-
ment with several studies that also did not find this asso-
ciation [5, 25].
In the current study, we performed multiple regression

analyses to explore the clinical or laboratory manifesta-
tions with the strongest association with the serum VD
levels among SLE patients. Multiple regression analysis
showed that the SLEDAI score and C3 complement are
potent predictors for lower serum 25(OH)VD levels. In
disagreement with several studies [19], our study showed
no significant association between lab parameters as pro-
teinuria and creatinine level with lower serum VD level
in the regression analysis, but the value of this finding is
diminished by the fact that the mean ± SD of serum cre-
atinine in the SLEDAI scores in both active SLE and LN
was 80.66 ± 20.29 and 87.68 ± 141.82, respectively. Our
results showed that VD had a sensitivity and specificity
of 73.2% and 77.8%, respectively, for determining SLE
activity at cutoff point < 2.5 and at cutoff point < 2.2;
the sensitivity and specificity were 64.7% and 93.8% re-
spectively for determining LN; these results are in con-
cordance with Mok et al. results [37].
Few restrictions of this study involve the small number

of patients and our inability to obtain enough renal tissue
from all SLE patients for histopathology, either due to
contraindicated active LN thrombocytopenia or refusal of
patients, so studying a larger number of populations with
variable treatment protocols to confirm the association
between VD with SLE activity and nephritis is recom-
mended to confirm the findings of the present study.

Summary
The major results of the present study can be summa-
rized in the following points: (I) Low serum VD level is
an independent risk factor in active SLE those with LN.
(II) Low VD level is associated with mucocutaneous,
malar rash, and renal symptoms. (III) VD is inversely
correlated with SLEDI and renal SLEDI scores.

Table 5 25(OH)VD correlations with clinical data, laboratory
investigations, SLEDAI, renal SLEDAI, and immunological
parameters
Variable 25(OH)D r value 25(OH)D P value

Fatigue 0.002 0.99

Fever − 0.131 0.28

Mucocutaneous − 0.234 0.05*

Alopecia − 0.189 0.12

Malar rash − 0.287 0.02*

Ulcer − 0.082 0.50

Musculoskeletal 0.8 0.50

Myositis 0.92 0.44

Arthritis − 0.016 0.89

Neuropsychiatric − 0.082 0.50

Vasculitis − 0.078 0.52

Renal − 0.43 0.000***

Serositis − 0.168 0.16

ESR − 0.144 0.31

CRP − 0.088 0.54

HB 0.141 0.32

RBCs − 0.050 0.72

WBCs − 0.064 0.65

PLT 0.095 0.51

ALT − 0.004 0.97

AST 0.014 0.92

ALP − 0.061 0.67

CPK 0.114 0.43

LDH − 0.196 0.17

Serum albumin 0.189 0.19

A/G ratio 0.198 0.17

Glucose − 0.105 0.47

Urea − 0.199 0.17

Creatinine − 0.123 0.4

Cholesterol − 0.117 0.42

Triglyceride − 0.049 0.74

HDL − 0.056 0.7

LDL − 0.094 0.52

Creatinine clearance − 0.065 0.65

24 h protein in urine − 0.170 0.24

SUA − 0.199 0.17

ANA 0.142 0.24

SLEDAI − 0.361 0.01*

Renal SLEDAI − 0.325 0.02*

C3 − 0.153 0.288

C4 0.177 0.22

Anti-dsDNA − 0.136 0.345

Data shown are Pearson’s correlation coefficient (r) and p values. Significant
correlations are highlighted in bold letters and shown as P value < 0.05 is a
significant value
**Statistically significant (P < 0.05)
***Highly statistically significant (P < 0.001)

Table 6 Multiple regression analysis to assess the most affected
parameters with 25(OH)VD deficiency

Variable Beta P value

SLEDAI score − 0.455 0.002**

C3 − 0.297 0.035**

P value < 0.05 is considered to be a significant value
SLEDAI systemic lupus erythematosus disease activity index, C3 complement 3
**Moderately statistically significant
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Conclusion
Vitamin D deficiency is common in patients with SLE
especially in LN and in SLE with SLEDAI score ≥ 8 pa-
tients. Low serum VD is significantly associated with
higher SLEDAI and renal SLEDAI scores. The presence
of mucocutaneous, malar rash, and renal symptoms are
significantly correlated with VD deficiency. Higher SLE-
DAI scores and lower C3 are the strongest predictors of
low serum VD levels among SLE patients. Finally, adding
VD level as a marker to routine follow-up may result in
earlier diagnosis of SLE activity and LN in adult SLE
patients.
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