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ABSTRACT

Background: An autoimmune condition known as systemic lupus erythematosus (SLE) can
impact several organs in the body and present with a range of clinical symptoms and severity
levels. Objective: This work aimed to assess the level of vitamin D in the serum of Saudi patients
with and without lupus nephritis and its association with disease activity, clinical and
laboratory findings.Methods: This cross-sectional study included 150 participants divided into
3 groups: Group 1 (LN group) included 50SLE cases with lupus nephritis, group Il (SLE group)
contained 50 SLE cases without lupus nephritis and group 111 (control group) consisted of 50
healthy and sex-matched subjects. All cases were subjected to assessment of the diseaseactivity
by SLE Disease Activity Index 2000 (SLEDAI), renal SLE Disease Activity Index (rSLEDAI)
and laboratoryinvestigations [complete blood cou'nt (CBC), C- reactive protein (CRP), ESR,
anti-ds-DNA, ANA, C3 and C4 concentration, urine analysis, 24-hours' protein in the urine,
serum creatinine and serum 25(OH) vitamin D level]. Results: There was a significant
difference between the 3 studied groups regarding 25(OH) D where the lowest level was in the
LN group (p-value < 0.001). In LN and SLE groups there was a significant relation between
serum 25(OH)D titre and SLEDAI (p-value.36, 0.011 respectively). Also, regression analysis
test revealed that there was a significantassociation between 25 (OH) D and HB, WBCs, PLT,
Anti-ds DNA, C3, C4, SLEDAI, and renal SLEDAI in LN and SLE groups. Low vitamin D titre
showed high frequency in patients with SLE and was more frequent in SLE with lupusnephritis
in all grades of low vitamin D titre (Insufficient, Deficient and sever). Conclusions: In patients
with lupus nephritis, there was a significant relationship found between low vitamin D titre
and high and very high disease activity.
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INTRODUCTION

An autoimmune condition known as systemic lupus erythematosus affects numerous organs
and can present with a wide range of clinical symptoms, including cutaneous, cardiac,
neurologic, hematologic, and renal. Additionally, the severity of SLE can vary from mild to
severe (mild, moderate, and severe). The gold standard for evaluating disease activity globally
is the Lupus Erythematosus Disease Activity Index (SLEDAL) 11,

It is believed that a variety of factors, including as genetics, the environment, and
hormones, may contribute to the development of SLE. Numerous researches have
demonstrated that SLE has a favorable family history 21,

As a form of glomerulonephritis, lupus nephritis (LN) is one of the most severe organ
symptoms associated with SLE. Histologically, lupus nephritis is divided into five groups that
correspond to various renal involvement severities and symptoms. 10% of LN cases develop
end-stage kidney disease (ESKD) within ten years. Renal involvement may obstruct 1-
hydroxylation, which is necessary for the production of an active form of vitamin D El,

The main element preserving calcium homeostasis is vitamin D (VD). Improved renal
calcium reabsorption and intestinal calcium intake have been related to the existence of VD.
Moreover, the physiologically active form of vitamin D, 1, 25 dihydroxycholecalciferol [1,
250HD3], might modulate the immune system. The vitamin D receptor (VDR) is a
transcription factor that is activated by ligands and controls gene expression in relation to
immunological regulation. Low levels of 25 (OH) D3 (VD3) have been associated in the past
ten years with an increased risk of several disorders, such as diabetes, cardiovascular disease,
dermatological disease, various types of cancer, and autoimmune diseases [,

Studies have linked VD deficiency to SLE, suggesting that it may play a role in the
disease's pathogenesis and pathology. Avoiding sunlight, using sunglasses, renal inadequacy,
and using medications like glucocorticoids, anticonvulsants, antimalarials, and calcineurin
inhibitors 6 are all potential causes of VD deficiency in SLE cases B!, This work aimed to assess
thelevel of vitamin D in the serum of Saudi patients with and without lupus nephritis and its
association with disease activity, clinical and laboratory findings.

PATIENTS AND METHODS

This cross-sectional study included 100 SLE patients older than 18 years, who were labelled
as having lupusnephritis according to SLICC classification criteria [ and 50 healthy age- and
sex-matched as control group. They were selected from the Outpatient Clinic of Rheumatology,
Rehabilitation and Physical Medicine Department of Makkah Hospitals, Saudi Arabia.

Exclusion criteria: Patients with kidney disease due tocauses other than SLE, ESRD with or
without dialysis, granulomatous disorders, malignancy, and other autoimmune diseases. Also,
patients on medications for osteoporosis except for calcium supplements and on VD
supplementation or medications that can alter VD metabolism.

The participants were divided into 3 groups: Groupl: 50 SLE cases with LN, group 1l: 50
SLE cases withoutLN and group I11: 50 healthy age- and sex-matched subjects as control group.
All were subjected to complete history taking, complete clinical examination,assessment of the
disease activity, and laboratory investigation [complete blood count (CBC), C- reactiveprotein
(CRP), ESR, anti-ds-DNA, ANA, C3 and C4 concentration, urine analysis, 24-hours' protein in
urine,serum creatinine and serum 250H vitamin D level.).

Assessment of the disease activity:
The disease activity was assessed according to SLEDAI. The SLEDAI is a global index that
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evaluatesdisease activity. It includes 24 items collecting specificmanifestations in 9 organ
systems: neurological, musculoskeletal, renal, mucocutaneous, general, heart, respiratory,
vascular, and hematological. The SLEDAI classifies levels of exercise as follows: no activity
(SLEDAI = 0), light activity (SLEDAI = 1-5), moderateactivity (SLEDAI =6-10), high activity
(SLEDAI =11-19), and very high activity (SLEDAI =20).

To evaluate the severity of kidney disease, researchers used the rSLEDAI. The four factors
linked to the kidney were hematuria, pyuria, proteinuria, and urinary casts, which make up the
total. The kidney SLEDAI scale includes a 0 (no evidence of renal disease) to a 16 (severe
renal disease). To be diagnosedwith active lupus nephritis, a case must have a rSLEDAIscore of
4 or higher [,

Measuring VD:

The serum vitamin D level (25, OH VD) was evaluated with an ELISA kit. Estimated levels of
insufficient VD were below 30 ng/ml, deficient at below20 ng/ml, and severely deficient below
12 ng/ml.

Ethical approval: Tanta University Hospitals' Ethical Council approved the study's
procedures onMarch 2021. The participants provided their writtenconsents after being
fully informed of the risks involved (approval code: 34489/2/21) in accordance with
Helsinki.

Statistical analysis

Statistical analysis was done by SPSS version 27 (IBM©, Armonk, NY, USA). Histograms
and the Shapiro-Wilks test were used to determine if the data followed a normal distribution.
Parametric quantitativedata were summarised and analysed using the ANOVA (F) test and post
hoc test for means and standard deviations (Tukey). The Kruskall-Wallis test and the Mann-
Whitney U test were used to make group comparisons from the quantitative non-parametric
datagiven as the median and IQR. The Chi-square test was used to analyse qualitative factors
given in frequency and percentage (%) formats. The cutoff for statistical significance was a
two-tailed P value of less than 0.05. To determine which clinical or laboratory symptoms of
SLE are most strongly correlating with blood 25-OH- VD level, we performed a linear
regression analysis in the current research. The threshold for statistical significance was p <
0.05.

RESULTS

There is a significant difference between 3 groupsaccording to 250HD level (Table 1).

LN (n=50), SLE (n= 50)gg)trolled (n =P value
Age (years) 3236+ 894 (32284795 [3548+148 [0.255
Male 6(12%) 7 (14%) 11 (22%)
S Eomale 144 (38%) 43 (86%) 139 (18%) |02
—Single 17 (34%) 13 (26%) 115 (30%)
Marital |0 rried 133 (66%) 37 (74%) |5 (10%) 2000
Normal 0 (0%) 0 (0%) 13 (26%) P1<0.001"
(>30)
250HD ‘(Sz%f‘f'g'g)”t 6(12%)  P1(a2%)  h5@30%) 000 pocooor
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(%efii?ent) 17(34%) 24 (48%) 21 (42%) P3<0.001"

Severe (<12)27 (54%) 5 (10%) 1 (2%)
P1<0.001"
250HD 12.86 +4.56 [18.12+6.15 [32.54 +10.98 [<0.001" [P2<0.001"
P3<0.001"

There was no significant difference between the 2 groups as regards clinical manifestations

except for malar rash and

oral ulcer (Table 2).

LN (n =50) SLE (n =50) P value
. .. |INo smoker 45 (90%) 44 (88%)

Special habits Smoker 5 (10%) 6 (12%) 749
Onset (years) 7.64 + 3.8 5.94 + 3.12 0.017*
Fatigue 39 (78%) 38 (76%) 0.812
Fever 31 (62%) 26 (52%) 0.419
Alopecia 17 (34%) 9 (18%) 0.110
Malar rash 45 (90%) 34 (68%) 0.014*
Ulcer 44 (88%) 30 (60%) 0.003*
Myositis 0 (0.0%) 0 (0.0%) —
Arthritis 24 (48%) 29 (58%) 0.422
Neuropsychiatric 0 (0.0%) 0 (0.0%) —
\Vacuities 5 (10%) 0 (0%) 0.056
Renal 50 (100.0%) 0 (0.0%)
Serositis 0 (0.0%) 0 (0.0%) -
Hb (mg/dL) 10.34+ 1.7 10.13 + 2.06 0.575
RBCs (x 10% uL) 3.75+£0.79 3.61 +0.68 0.369
\WBCs (x 105/ uL) 7.67+£1.64 6.64 £ 1.61 0.106
PLT (x 10% pL) 333.52 + 31.14 363.46 + 73.48 0.333
ESR 67.1+6.22 56.1+3.94 0.076
CRP (mg/L) 7.66 +1.15 6.26 + 1.44 0.015*
Creatinine (mg/L) 2.33+£0.07 1.18 £ 0.26 <0.001*
Proteinuria 2065.58 + 178.9 244.7 + 17.83

(n =49) (n=45)
ANA 6.93+2.3 6.22 £ 2.25 0.135

(n =50) (n =38)
Anti-dsDNA 1255+ 7.19 118.03+£6.1 0.460
C4 94.68 + 3.49 103.98 + 5.91 0.277
C3 18.36 + 4.64 15.46 + 3.63 0.098
Urinary cast 47 (94%) 0 (0.0%) <0.001*
Crystals in urine 5 (10%) 0 (0%) 0.056
Pus HPF in urine 14.42 £ 6.94 10.02 £5.73 0.001*
RBCs in urine 8.86 £ 5.51 3.76 £ 2.59 <0.001*
SLEDAI 19.1 £5.26 6.34 + 4.42 <0.001*
rSLEDAI 7.2+2.76 0+0
Renal biopsy 35 (70%) 0 (0%)

(n=15) (n=0)

2 3 (20%) -
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3 1 (6.67%) -
Class 4 6 (40%) -
o 5 (33.33%) -

A significant positive correlation between 250HD and hemoglobin (Hb), red blood cells
(RBCs), white blood cells (WBCs), and platelets was detected. A significant negative
correlation between 250HD and proteinuria, rfSLEDAI andSLEDAI was detected. Serum VD
level was significantly reduced in cases with consumed C3 and C4 and cases with positive anti-
ds DNA in LN and SLE groups (Table 3).

250HD
LN SLE
r p r p
Age (years) 0.126 0.385 0.086 0.551
Onset (years) -0.194 176 0.094 0.518
Hb 0.565 < 0.001* 0.419 0.002*
RBCs 0.355 0.011* 0.388 0.005*
WBCs 0.493 <0.001* 0.481 <0.001*
PLT 0.374 0.007* 0.310 0.029*
ESR 0.155 0.282 0.057 0.694
CRP 0.179 0.214 -0.134 0.353
Creatinine 0.071 0.626 0.133 0.356
Proteinuria -0.410 0.003* 0.071 0.622
ANA 0.117 0.424 -0.045 0.770
Anti-dsDNA - 0.322 0.023* -0.615 <0.001*
C3 0.460 <0.001* 0.482 <0.001*
C4 0.398 0.004* 0.284 0.046*
Pus HPF in urine 0.008 0.959 -0.107 0.459
RBCs in urine 0.052 0.718 -0.150 0.297
SLEDAI -0.419 0.002* -0.463 <0.001*
rSLEDAI -0.495 <0.001* -- --
Serum VD level was significantly decreased in cases with fatigue in LN and SLE group (Table
4).
250HD P value
Male 15.25+ 4.1
Sex Female 12.53% 4.5 173
. Single 14.4+ 4.8
Marital Married 12.05 * 4.2 083
. - No smoker 12.8+4.6
Special habits Smoker 129546 .966
Fatigue 11.17+3.4 <0.001*
Fever 129+ 4.6 0.942
Alopecia 14.3+49 0.100
Malar rash 12.8 +4.6 0.953
Ulcer 129+45 0.676
Arthritis 13.7£5.0 0.203
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\acuities 12.2+3.5 0.723
. Negative 18.2+3.8 -
Urinary cast Positive 11.8+3.9 0.001
. . Negative 12.6 +3.3
Crystals in urine Positive 176133 130
. 0 13.5+4.4
Renal biopsy 1 126246 .545
Different parameters in SLE group
Male 16.14 +5.4
Sex Female 18.4%6.3 365
. Single 19.38+5.5
Marital Married 17.7+64 39
. . No smoker 17.7+6.1
Special habits Smoker 08259 .254
Fatigue 16.5+5.8 <0.001*
Fever 15.4+5.7 <0.001*
Alopecia 17.8+£8.5 0.856
Malar rash 18.12+6.4 0.997
Ulcer 18.13+6.4 0.985
Arthritis 18.24 +6.5 0.872

In the present study, we noticed that there was a significant inverse relation between a low titre
of 250HD and SLEDAI activity, in LN and SLE groups there was a significant relation
between a low titre of 250HD and very high SLEDAI activity and high SLEDAI activity

respectively (Table 5).

SLEDAI P value
High (n = 24) \Very High (n = 26)
250HD 14.25+3.91 11.57 + 2.87 0.036*
InSLE
Inactive (n=3) Mild (n=24) |Moderate (n=8) [High (n=15)
5OHD 18 + 3.61 20.88+ 5.53 16.75+ 3.16 14.47+ 3.76 0.011*

P1=0.838, P2=0.988, P3=0.754, P4=0.289, P5=0.006*, P6=0.791

In LN and SLE groups, linear regression analysis revealed that there was a significant link
between low titre of 250HD and Hb, WBCs, PLT, nati-ds DNA, C3, C4, SLEDAI, rSLEDAI,
but inversely correlated with SLEDAI andrSLEDAI (Table 6).

linear regression test

p SE (95%C. I)
Hb <0.001" 3.34 (-9.56: 3.89)
WBCs <0.001" 0.16 (0.30: 0.93)
PLT 0.007* 0.004 (0.003: 0.022)
Anti-dsDNA 0.022* 0.01 (-0.58: -0.004)
C3 <0.001" 0.07 (0.12: 0.43)
c4 0.004* 0.019 (0.019: 0.099)
SLEDAI 0.002* 0.11 (-0.59: -0.13)
rSLEDAI <0.001" 0.20 (-1.2: -0.40)
inSLE
Hb 0.002 0.39 (0.46: 2.04)
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WBCs <0.001" 0.29 (0.53: 1.73)
PLT 0.028* 0.004 (0.001: 0.02)
Anti-dsDNA <0.001* 0.017 (-0.11: 0.045)
C3 <0.001* 0.08 (0.14: 0.47)
c4 0.045* 0.016(0.001: 0.06)
SLEDAI <0.001* 0.18 (-1.002: -0.29)
DISCUSSION

SLE is a chronic inflammatory multisystem illness characterized by prototypical abnormalities
of the immune response and causes a wide range of symptoms. Our research clearly
demonstrated this, as there is a significant difference between the two groups with respect to
clinical manifestations, with the exception of oral ulcers and malar rash (p-value 0.003, 0.014,
respectively). Our findings are consistent with those of Elessawi et al. [9], Elsaid et al. [10],
and Kwon et al. [11], who found no discernible differences between SLE with and without
nephritis in terms of fatigue, mucocutaneous, alopecia, musculoskeletal, myositis, and arthritis.
Among the two groups under study, mucocutaneous had the highest prevalence, which is
consistent with reports by Niazy et al. [12] and Abdel Galil et al. [13]. In our study, the second
most prevalent signs were weariness and arthritis, accounting for 75-90% of the cases.

The strongest predictor of VD status in people is themeasurement of circulating 25-OH-
VD, which represents VD reserves accumulated from both foodconsumption and ultraviolet
light exposure. Current study indicated that VD deficiency was broadly commonin instances of
active SLE and LN in Saudi Arabia, despite the country's year-round sunshine. This agrees
with the findings of Elsaid et al. ™ that VD deficiency andinsufficiency in LN can reach
93.4% in the country's year-round sunshine as Egyptian.

The current study found a significant difference in the 25-OH-D level between the three
groups, which is consistent with the findings of Mahmoud et al. [15], who reported that vitamin
D was clearly lower in SLE/LN than in SLE/no LN and the control group. Despite our research,
Garcia-Carrasco et al. [16] did not detect a statistically significant difference in VD
concentrations between the LN and SLE groups. However, their reason for their findings was
unclear.

In the present research, regarding VD status among the groups, the highest frequency of VD
(severe and deficiency) was categorised in the LN and SLE groups respectively, while they
were least in the control group. Also, VD insufficiency category was highest in the SLEand
was least in SLE with LN (42% versus 12% respectively). These differences were significant.
The lowest value was in the LN group (p-value <0.001), which may be due to that kidneys are
playing a vital rolein making vitamin D useful to the body. In chronic kidney disease, it was
founded that vitamin D levels werebelow the normal range, or even severely low. This can occur
due to injury in kidneys making them not efficientto convert vitamin D to its active form 07,
Gaik et al.'s [18] research on the relationships between VD status and SLE symptoms,
cardiovascular risk factors, autoantibodies, and disease activity is consistent with our findings.
They examined 216 SLE cases in their retrospective study. Only LN demonstrated a
statistically significant correlation with VD status among the other clinical symptoms of SLE.
Only 46 (21.3%) of the lupus nephritis cases had an adequate vitamin D content, whereas 50
(23.1%) had a deficiency. Apart from its antiproliferative properties, VD controls the
development of the cell cycle, which makes it a crucial component in the pathophysiology of
SLE. If a connection between VD and the activity of the disease and lupus nephritis (LN) can
be established, then VD may offer a new approach to treating SLE [19].

In the present research, there was a significant positive correlation between 25-OH-D and HB,
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RBCs, WBCs, and Platelet. There was a significant negative correlation between 25-OH-D and
proteinuria, renal SLEDAI and SLEDAI. There was a significant correlation between 25-OH-
D level and creatinine, pus, RBCs in urine, ESR and CRP in LN group. In SLE our research
revealed a significant positive correlation between 25-OH-D and HB, RBCs, WBC and
Platelet. There was a significant negative correlation between 25-OH-D and SLEDAI. There
was a significant correlationbetween 25-OH-D level and age, duration, creatinine, proteinuria,
pus and RBCs in urine and CRP in SLE cases. Mahmoud et al. [15], who found that vitamin D
was clearly positively linked with HB and PLT in SLE cases, corroborate our findings.

Regarding clinical manifestation in the present research, serum vit D level was significantly
decreased in cases with fatigue and musculoskeletal disorders in LN group. Also, decreased
with fatigue in SLE cases. Our findings are consistent with the findings of Correa-Rodriguez
et al. [20] and Isalam et al. [21], who discovered that insufficient serum levels of VD in SLE
cases have been commonly linked to fatigue. This can be explained by the fact that VD is an
effective skeletal muscle physiology modulator. Thus, one way that VD influences the
differentiation and growth of muscle, particularly in fast-twitch fibers, is by upregulating the
expression of type Il genes implicated in these processes. Increased interfibrillar gaps, fat
infiltration, fibrosis, and glycogen are also seen in muscle samples from individuals with a VD
deficit; these features are indicative of muscular dystrophies. [22]

In the present research, serum VD level was significantly lower in cases with consumed C3 &
C4 andcases with positive anti-ds DNA in LN and SLE groups.Our findings are in line with
those of Athanassiou et al. [23], who investigated VD in SLE patients and discovered a
favorable correlation between C3 and C4 levels and 25-OHD3. They claimed that the liver and
kidneys are essential for the production of VD. Complement component level can be utilized
as a surrogate for the health of the liver and kidneys because impairments in C3 and C4
complement are linked to these organs' problems. Vitamin D3 is hydroxylated to 25-OH-D in
the endoplasmic reticulum and mitochondria of hepatocytes. The 1-hydroxylase system then
catalyzes this reaction once more to 1,25-(OH)2D3 in the kidney's proximal convoluted tubule
epithelial cells. Additionally, pathological diseases correlating with C3 or C4 amounts may
also impede VD activation and reabsorption 4. This is consistent with the VD's inhibitory
effects on B-cell activities that a negative link has been shown to exist between VD3 level and
titres of autoantibodies such as anti-dsDNA [,

In LN and SLE groups, linear regression analysis revealed that there is a significant link
between low titreof vit D (OH D 25) and HB, WBCs, PLT, Anti-ds DNA,C3, C4, SLEDAI,
renal SLEDAI, but inversely correlated with SLEDAI and renal SLEDAI. Possible
explanations include VVD's immune-supportingproperties. Sufficient VD supplementation has
been proposed to improve the function of VD receptor- expressing immune cells like
macrophages, dendriticcells, B cells, and T cells. 2

Hemoglobin content (r = - 0.04, p = 0.003), mean corpuscular hemoglobin (r = - 0.11, p
0.001), and red blood cell count (r =-0.04, p = 0.002) were all evidentlyand inversely correlated
with 25-OH-D level. In a population-based group of teenagers, there was a substantial
correlation between serum VD level and several indices of red blood cell maturation, which is
inconsistent with VD's role as a growth factor 271, In theresearch by Zhou et al. 2 who noted
that linear regression analysis showed that 25-OH-D could evidently impact the renal outcome
in these cases with biopsy proven DN [HR, per SD 25-OH-D 0.261, 95% CI10.155-0.441,
p<0.001]. However, Lin et al. % linear analysis demonstrated that serum 25-OH-D status was
not evidently correlating with the level of white blood cell (p = 0.987), hemoglobin
(p=0.428), platelet (p=0.389), creatinine (p =0.775), and anti-dsDNA (p=0.243), or daily
and cumulative steroid dosages within 1 month before the examination (p=0.794 and p = 0.328,
respectively)

In the current investigation, we found that a low titre of 25-OH-D was significantly
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inversely correlated with SLEDAI activity; in the LN and SLE groups, a low titre of HO-D was
significantly correlated with very high SLEDAI activity and high SLEDAI activity,
respectively. According to Yeap et al. [30] (P = 0.033) and Borba et al. [29] (P = 0.0005), two
more SLEDAI-based cross-sectional studies, SLEDAI was associated with low levels of VD
and high levels of cytokines like TNF and IL-6. A number of additional research supported our
findings, however they used different activity measurement techniques than SLEDAI. For
instance, Amital et al. [31] questioned whether or not VD supplements should be regularly
administered to individuals with SLE after finding a negative association between VD level
and SLE disease activity. Preliminary studies revealed that VD inhibits Thl immunity and
autoantibody production, which explains this link. Additionally, it was discovered that by
targeting T-helper cells, VD inhibits the release of pro-inflammatory cytokines by B cells and
cytokine-mediated B-cell activation 21,

Individuals with systemic lupus erythematosus who had severe VD deficiency had
considerably more SLE flares and nephritis 3. The observed significant negativecorrelation
between SLE activity and VD level in our research could be predicted because the underlying
inflammation in lupus enhances the catabolic process ofVD.

In our research, there was a significant relationbetween low VD and pus in urine (p-value
<0.001) and this is in agreement with Deng et al. B4 who found that a lack of VD was linked
to a marked rise in the probability of contracting a UTI. It is unclear how VD shortage
contributes to UTI recurrence. Different urine host defence proteins like the Tamm-Horsfall
protein, lactoferrin, and lipocalin can help ward off infections. Epithelial cells in the urinary
system generate the antibacterial molecule cathelicidin LL-37 in response toinfections. Innate
defence antibacterial peptides, such ascathelicidin LL-37, may be stimulated by vitamin D [,

CONCLUSION

Inadequate and insufficient levels of vitamin D were found in a large percentage of SLE cases,
and they were more common in SLE patients who also had lupus nephritis. Low serum VD
significantly linked positively with C3 and C4 and negatively with disease activity, renal
disease activity, ESR, and ds DNA. We found a substantial correlation between fatigue and
musculoskeletal problems and low serum VD.

REFERENCES

1. Parker B, Bruce I (2019): Clinical Markers, Metrics, Indices, and Clinical Trials. In: Wallace DJ,
Hahn BH, editors. Dubois' Lupus Erythematosus and Related Syndromes (Ninth Edition). London:
Elsevier, Pp: 614- 30.

2. Fan Z, Chen X, Liu L et al. (2020): Association of the Polymorphism rs13259960 in SLEAR With
Predisposition to Systemic Lupus Erythematosus.Arthritis Rheumatol., 72: 985-96.

3. Umeda R, Ogata S, Hara S et al. (2020): Comparison ofthe 2018 and 2003 International Society of
Nephrology/Renal Pathology Society classification in terms of renal prognosis in patients of lupus
nephritis: a retrospective cohort study. Arthritis Res Ther., 22: 260.

4. Cheng K, Tsai M, Fu L (2022): The correlation betweenVitD3 levels and the disease activity of
childhood-onset systemic lupus erythematosus. J Chin Med Assoc. ,85: 627-32.

5. Mok C (2013): Vitamin D and systemic lupus erythematosus: an update. Expert Rev Clin
Immunol., 9: 453-63.

6. Petri M, Orbai A, Alarcon G et al. (2012): Derivation and validation of the Systemic Lupus
International Collaborating Clinics classification criteria for systemic lupus erythematosus. Arthritis
Rheum., 64: 2677-86.

7. Cook R, Gladman D, Pericak D, Urowitz M (2000): Prediction of short term mortality in systemic
lupus erythematosus with time dependent measures of disease activity. J Rheumatol., 27: 1892-5.

8. Allen M, Rus V, Szeto G (2021): Leveraging Heterogeneity in Systemic Lupus Erythematosus for
New Therapies. Trends Mol Med., 27: 152-71.



Mohammed Abdullah Mohammed Alshehri et al. 807

9. Elessawi D, Nashwa R, El-Barbary R (2020): Evaluationof Micro-RNA199 in systemic lupus
erythematosus patients with and without lupus nephritis. j radiat res applsci., 13:41-6.

10.Elsaid T, Basma A, Nabih A, Elewa A (2018): Serum vitamin D in Egyptian patients with systemic
lupus erythematous and its association with lupus nephritis. Int J Clin Rheumatol., 13; 270-7.

11.Kwon O, Lee J, Ghang , et al. (2018): Predictingeventual development of lupus nephritis at the
time of diagnosis of systemic lupus erythematosus. Semin Arthritis Rheum., 48(3):462-6.

12.Niazy M, Elsaid N, Sally S, Elgengehy F (2021): Systemic Lupus Erythematosus in Egyptian
Males: AStudy of Clinical Features, Serology, Outcome, and Review of Literature. The Medical
Journal of Cairo University, 89:3063-73.

13. Abdel Galil S, El-Shafey A, Shaaban R, EI-Boshy M (2017): Interferon alpha gene expression and
serum levelassociation with low vitamin D levels in Egyptian femalepatients with systemic lupus
erythematosus. Lupus, 27: 096120331771632.

14.Elsaid T, Basma A, Nabih A, Elewa A (2018): Serum vitamin D in Egyptian patients with systemic
lupus erythematous and its association with lupus nephritis. Int J Clin Rheumatol., 13: 270-7.

15. Mahmoud H, AbdalmonemElhendy Y, GhadaElsaidAmr R (2021): Effect of Systemic Lupus
Erythematosus on Vitamin D Level and its Correlation toOther Parameters in Lupus Nephritis. Ann
Romanian SocCell Biol., 25: 19068-78.

16. Garcia-Carrasco M, Mendoza-Pinto C, Soto-SantillanR et al. (2020): Vitamin D in systemic
lupus erythematosus with and without lupus nephritis. Rev MedInst Mex Seguro Soc., 58: 394-9.
17.van Etten E, Mathieu C (2005): Immunoregulation by 1,25-dihydroxyvitamin D3: basic concepts.

J Steroid Biochem Mol Biol., 97: 93-101.

18.0ng S, Ding H (2019): Vitamin D status in a monocentriccohort of systemic lupus erythematosus
(SLE) patients and correlations with clinical and immunological profile.Med J Malaysia, 74: 492-8.

19.Liu D, Fang Y, Wu X et al. (2019): 1, 25-(OH) 2D3/Vitamin D receptor alleviates systemic lupus
erythematosus by downregulating Skp2 and upregulatingp27. Cell Communication and Signaling,
17:1-15.

20.Correa-Rodriguez M, Pocovi-Gerardino G, Callejas- Rubio J et al. (2021): Vitamin D levels are
associated with disease activity and damage accrual in systemiclupus erythematosus patients.
Biological Research forNursing, 23: 455-63.

21.1slam M, Khandker S, Alam S, Kotyla P, Hassan R (2019): Vitamin D status in patients with
systemic lupus erythematosus (SLE): A systematic review and meta-analysis. Autoimmun Rev. 18:
392-6.

22.Barker T, Henriksen V, Martins T et al. (2013): Higherserum 25-hydroxyvitamin D concentrations
associate with a faster recovery of skeletal muscle strength after muscular injury. Nutrients, 5: 1253-
75.

23. Athanassiou L, Kostoglou-Athanassiou I, Tsakiridis Pet al. (2022): Vitamin D levels in Greek
patients with systemic lupus erythematosus. Lupus, 31: 125-32.

24.Zanuy M, Carranza F (2007): Metabolismo, fuentes enddgenas y exdgenas de vitamina D. Revista
Espafiola de Enfermedades Metabdlicas Oseas, 16: 63-70.

25.Mok C, Birmingham D, Ho L et al. (2012): Vitamin D deficiency as marker for disease activity
and damage in systemic lupus erythematosus: a comparison with anti- dsSDNA and anti-C1q. Lupus,
21: 36-42.

26.Zhou T, Shen L, Li Z et al. (2022): Severe 25- Hydroxyvitamin D Deficiency May Predict Poor
Renal Outcomes in Patients With Biopsy-Proven Diabetic Nephropathy. Front Endocrinol
(Lausanne), 13: 871571.

27.Doudin A, Becker A, Rothenberger A, Meyer T (2018): Relationship between serum 25-
hydroxyvitamin D and red blood cell indices in German adolescents. Eur JPediatr., 177: 583-91.

28.Lin T, Wu J, Kuo M et al. (2018): Correlation betweendisease activity of pediatric-onset systemic
lupus erythematosus and level of vitamin D in Taiwan: A case-cohort study. J Microbiol Immunol
Infect., 51: 110-4.

29.Borba V, Vieira J, Kasamatsu T et al. (2009): VitaminD deficiency in patients with active systemic
lupus erythematosus. Osteoporos Int., 20: 427-33.

30.Yeap S, Othman A, Zain A, Chan S (2012): Vitamin Dlevels: its relationship to bone mineral
density response and disease activity in premenopausal Malaysian systemiclupus erythematosus
patients on corticosteroids. Int J Rheum Dis., 15: 17-24.

Migration Letters



808 Assessment Of Vitamin D Within Saudi Systemic Lupus Erythematosus Patients And Its
Integration With Lupus Nephritis

31.Amital H, Szekanecz Z, Szlics G et al. (2010): Serum concentrations of 25-OH vitamin D in
patients with systemic lupus erythematosus (SLE) are inversely relatedto disease activity: is it time
to routinely supplement patients with SLE with vitamin D? Ann Rheum Dis., 69: 1155-7.

32.Park J, Yang S, Hwang S et al. (2022): B Cell-SpecificDeletion of CR6-Interacting Factor 1 Drives
Lupus-like Autoimmunity by Activation of Interleukin-17,Interleukin-6, and Pathogenic Follicular
Helper T Cells ina Mouse Model. Arthritis Rheumatol., 74: 1211-22.

33.Cutolo M, Otsa K, Paolino S et al. (2009): Vitamin D involvement in rheumatoid arthritis and
systemic lupus erythaematosus. Ann Rheum Dis., 68:446-7.

34.Deng Q, Chu H, Wen Z, Cao Y (2019): Vitamin D andUrinary Tract Infection: A Systematic
Review and Meta-Analysis. Ann Clin Lab Sci., 49: 134-42.

35.Li W, Cheng X, Guo L et al. (2018): Association between serum 25-hydroxyvitamin D
concentration and pulmonary infection in children. Medicine (Baltimore), 97: 90-9.



