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Abstract

Objectives: Hypovitaminosis D is common in the general 
population. Many studies that have been conducted to show the 
association between vitamin D deficiency and systemic lupus 
erythematosus (SLE) reveal that deficiencies in vitamin D are 
common in this group of patients. Our aim was to study the 
relationship between 25(OH)D and disease activity in patients 
with SLE.
Methods: Retrospective cohort study of patients with SLE who 
were followed up at King Abdulaziz University Hospital, Jeddah, 
from January 2007 to November 2010. Demographic and clinical 
data were recorded and the 25(OH)D levels of the patients were 
measured. Chi square tests, Student’s t-test, ANOVA and Pearson 
tests were used for data analysis. ANOVA test was followed by 
Bonferroni correction. A p-value <0.05 was considered significant.
Results: Ninety-five patients with SLE were enrolled in the study. 
The levels of 25(OH)D were significantly lower in patients with 
active SLE (n=41; 43%) than in those with inactive disease (n=54; 
57%; p=0.04). The mean (SD) levels were 22.3 (14) nmol/L for 
patients with active disease against 25.0 (14) nmol/L for patients 
with inactive SLE. No correlation was detected between 25(OH) 
D levels and disease activity score evaluated by SLEDAI-2K. 
By Pearson correlation, a significant negative correlation existed 
between 25(OH) D and anti ds-DNA (r=-0.38; p<0.001); a 
positive correlation existed between 25(OH)D levels and C4 
(r=0.25; p=0.25). By chi square testing, azathioprine treatment 
(OR=3.5), low C4 (OR= 2.23), low C3 (OR=1.92), and active 
disease (OR=1.6) were associated with 25(OH)D deficiency in 
SLE patients.
Conclusion: Vitamin D deficiency is frequent in patients with 
SLE. Patients with SLE have a higher risk of developing 25(OH)D 
deficiency in the presence of low serum C3 and C4 levels, and high 
anti-dsDNA levels.

Keywords: Vitamin D; Systemic lupus erythematosus; Disease 
activity; 25(OH)D deficiency.

Introduction

Vitamin D is an essential element that is known to decrease 
the risk of developing many chronic illnesses, including common 
cancers, autoimmune, infectious and cardiovascular diseases.1 
Most of the vitamin D in the body is produced through the 
action of ultraviolet B radiation effects in the skin leading to the 
generation of cholecalciferol (D3). Cholecalciferol is converted 
to 25-hydroxyvitamin D [25(OH)D] in the liver, which is later 
converted into 1,25-dihydroxyvitamin in the kidneys.2 The active 
form of vitamin D (1,25-dihydroxy-vitamin D) has receptors 
that are expressed in the immune system,3 and it is a potent 
immunomodulator that helps maintain immune homeostasis.4

The interest in the association between 25(OH)D and systemic 
lupus erythematosus (SLE) started developing early in the last 
decade when the vitamin was related to low bone mass in patients 
with SLE.5 It was also related to lack of sun exposure and to the 
use of hydroxychloroquine (HCQ) in these patients.6 Later, many 
studies highlighted the association between SLE and 25(OH)D.7-9

Studies have shown that the majority of patients with SLE have 
25(OH)D deficiency when compared with controls.7-9 Furthermore, 
other studies recently reported a positive association between SLE 
activity and 25(OH)D deficiency.4,10-13 Only one study evaluated 
the association between 25(OH)D deficiency and SLE in Saudi 
patients, and it was found that deficiencies in 25(OH)D were 
common in these patients.5 Therefore, we decided to address this 
issue further through assessing the relationship between 25(OH)D 
levels and SLE disease activity, skin manifestations, lupus nephritis 
(LN), anti-double-stranded DNA autoantibodies (anti-dsDNA), 
complements, glucocorticoid exposure, and the use of antimalarial 
agents and Azathioprine (AZA) at a tertiary center in the western 
region of Saudi Arabia.

Methods

A retrospective inspection cohort study was conducted to determine 
the relationship between 25(OH)D and disease activity in patients 
with SLE, who were diagnosed and followed up at King Abdulaziz 
University Hospital (KAUH), Jeddah, from January 2007 to 
November 2010. The study was approved by the Biomedical Ethics 
Research Committee at King Abdulaziz University (KAU).

All cases of SLE diagnosed by a rheumatologist according to 
the 1997-revised American College of Rheumatology classification 
criteria were included.14 For all patients included in this study, 
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we collected the following information: age; gender; nationality 
(Saudi and non-Saudi); duration of the disease; body mass index 
(BMI); disease activity; skin manifestations (malar rash and 
photosensitivity); history of lupus nephritis (LN); long-term steroid 
use >60 days15; use of steroid sparing agents (AZA or antimalarial 
agents as HCQ); anti-dsDNA and complement serum levels; as 
well as 25-hydroxyvitamin D [25(OH)D] levels. We also reported 
associated liver diseases, malabsorption and anticonvulsant use, 
which may contribute to 25(OH)D deficiency. Body mass index 
was calculated as weight in kilograms divided by height in meters 
squared and classified per WHO classification for obesity in 2000, 
into: optimal weight if the BMI was 18.5-25 kg/m2, underweight 
if the BMI <18.5 kg/m2, overweight if the BMI was 25-30 kg/m2, 
and obesity if >30 kg/m2.16 As patient on long term steroids and 
protein-urea will have a high BMI; high BMI that includes both 
overweight and obesity was added.

Systemic lupus erythematosus disease activity was measured by 
the modified SLE Disease Activity Index 2000 (SLEDAI-2K).17 
It is a weight pointed questionnaire that defines persistently active 
disease within 10 days of evaluation. It ranges from 0-109 points, 
and it involves both clinical and laboratory parameters. Active SLE 
was considered if the SLEDAI2K score was more than 4, and 
inactive if it was less than 4. SLEDAI-2K was calculated the same 
time that 25(OH) was measured.

Any of the following definitions were considered to be 
lupus nephritis as not all LN patients were on second line 
immunosuppression and even the choice of second line may differ 
in Class V LN: proteinurea, red blood cell casts, serum creatinine 
>120 mmol/L or estimated glomerular filtration rate <89 ml/min 
per 1.73 m2 of body surface area.14 All patients who were on dialysis 
were excluded.

Anti-dsDNA test was performed using the enzyme-linked 
immunosorbent assay (ELISA) technique (Quanta Lite,™ dsDNA 
Kit, INOVA Diagnostic Inc, CA, USA), and it was measured in 
IU/mL. Based on the manufacturer’s instructions, results of anti-
dsDNA tests were classified as follows: 1) negative if the level was 
between 0-200 IU/mL; 2) equivocal if the level was between 201-
300 IU/mL; 3) moderately positive if the level was between 301-
800 IU/mL; and 4) strongly positive if the level was >801 IU/mL. 
Complement components 3 and 4 (C3 and C4) were measured by 
nephelometry, and hypocomplementemia was defined as a level 
below the lower normal value (C3 <0.75 mg/L and C4 <0.2 mg/L).

Serum 25(OH) D was measured using ELISA technique 
(K2110, immuno diagnostic [Dutch Company], Holland), which 
evaluates the total vitamin D levels, both the D2 and D3 forms. It 
measures both the D2 and D3 derivatives of 25(OH)D. Vitamin 
D deficiency was defined as serum 25(OH)D level <50 nmol/L; 
severe if 25(OH)D <25 nmol/L, and normal when 25(OH)D >75 
nmol/L.

Statistical analysis was carried out using the Statistical Package 
for Social Sciences (SPSS) Version 18. Qualitative data were 
presented as numbers and percentages. Chi square testing was used 
to analyse group differences for qualitative data. Odds ratio and 95% 

confidence interval were calculated to estimate the risk. Quantitative 
data were expressed as means and standard deviation. Student’s 
t-test and ANOVA were used for continuous variables. ANOVA 
test was followed by Bonferroni correction. Log transformation was 
done for 25(OH)D. For correlation analysis, Pearson tests were 
used accordingly. Least significance difference (LSD) was used to 
compare between each two groups if (F-test) revealed significant 
differences. A p-value <0.05 was considered significant.

Results

A total of 95 patients were enrolled in the study. Table 1 shows the 
patients’ demographic and clinical characteristics. The mean (SD) 
age was 34 (13.6) years (range: 14-74 years). Females accounted 
for 93% of the study population (n=88). Fifty-eight percent of 
the patients (n=55) were Saudis. Mean 25(OH)D in male SLE 
patients was 31.43(26.25), and 28.71(18.86) in female patients,  
there was no statistically significant difference between the two 
groups (p=0.7).

Table 1: Demographic and Clinical Characteristics of the Patients.*

Variable Number (%)

Age (mean (SD), [range] in years) 34.23(13.6) [14-74]
Gender
Males
Females

7(7)
88(93)

Nationality
Saudi
Non-Saudi

55(58)
40(42)

Disease duration (mean (SD), [range] in 
years)

5.62(3.34) [1-18]

Weight
Underweight
Normal weight
Overweight
Obesity
High BMI

35(37)
29(30)
22(23)
9(10)

31(32)
Active disease 41(43)
Skin manifestations 27(28)
Lupus nephritis 25(26)
Treatment
Glucocorticoids
Hydroxychloroquine
Azathioprine

56(59)
56(59)
21(22)

Liver disease 10(11)
Anti-dsDNA (IU/mL)
Negative: 0-200
Equivocal: 201-300
Moderately positive: 301-800
Strongly positive: >800

20(21)
13(14)
20(21)
42(44)

Complements
Low C3
Low C4

25(26)
56(59)

* Data are presented as frequency (percent) unless otherwise indicated. 
Abbreviations: anti-dsDNA, anti-double-stranded DNA autoantibody C, 
complement; SLE, systemic lupus erythematosus, BMI: Body mass index.
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The mean SLEDAI-2K score at 25(OH)D measurement was 4 
(+2.78) points (range: 1-12 points). Forty-one patients (43%) had 
active disease at the time of diagnosis; 54 (57%) had inactive disease. 
Skin manifestations were documented in 27 of 95 patients (28%); 
malar rash accounted for 85% (24/27) and photosensitivity for 56% 
(15/27) of the cases. Lupus nephritis was detected in 25 patients 
(26%). Glucocorticoid and HCQ users accounted for 59% of the 
patients (n=56); 21patients (22%) were AZA users. For the AZA, 
14 patients (67%) were taking it as a steroid sparing agent and 7 
patients (33%) as second line management. Ten patients (11%) 
had associated liver disease representing the following: a patient 
hepatitis C virus infection, 2 patients with fatty liver, 3 patients with 
autoimmune hepatitis, and 4 patients with drug induced hepatitis. 
No patient had malabsorption and none was taking anticonvulsant 
medication.

In terms of the association between 25(OH)D levels and SLE 
activity; the mean 25(OH)D level of the patients was 23.9 (14) 
nmol/L (range: 2-49 nmol/L). Eighty-three patients (87%) were 
deficient in 25(OH)D. Amongst these patients, 46 (48%) had 
25(OH)D levels <25 nmol/L. Twenty-five hydroxyvitamin D 
deficiency was found in 37 of 41 patients (90%) who had active 
SLE and in 46 of 54 patients (85%) who had inactive SLE. The 
mean 25(OH)D in patients with active SLE was 22.3 (14) nmol/L 
(range: 2-48 nmol/L), and in patients with inactive SLE it was 25 
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(14) nmol/L (range: 2-49 nmol/L; p=0.04). No correlation was 
observed between 25(OH)D and disease activity score evaluated by 
SLEDAI-2K.

While for the association between 25(OH)D levels and variables; 
Table 2 shows the demographic, clinical and immunological 
variables that were associated with the levels of 25(OH)D. By chi 
square testing, patients with SLE presented a high risk of developing 
25(OH)D deficiency if the following factors were present: AZA 
treatment (OR=3.5), low C4 (OR= 2.23), low C3 (OR=1.92), and 
active disease (OR=1.6).

After log transformation, one way ANOVA and least significant 
tests were used. The levels of 25(OH)D were significantly higher 
when anti-dsDNA levels were negative and equivocal than 
moderately or strongly positive (p=0.05). (Table 3)

By Pearson correlation coefficient, there was a significant positive 
correlation between 25(OH)D and C4 (r=0.25; p=0.014) but not 
with C3 (r = 0.14; p=0.191). A significant negative correlation 
also existed between 25(OH)D and anti-dsDNA levels (r=-0.38; 
p<0.001). Table 4 shows the mean 25(OH)D according to different 
variables in the patients with active and inactive disease. Patients 
with active disease had lower mean 25(OH)D levels than those 
with inactive disease (p=0.04), and they were affected by all the 
clinical variables. The mean 25(OH)D levels in the patients with 
active disease were also significantly lower in underweight subjects 
(p=0.008) and in those on prolonged steroid treatment (p=0.013).

Table 2: Demographic and Clinical Variables Affected by 25(OH)D Levels in the Patients.*

Variables

25(OH)D level
<50 nmol/L <25 nmol/L

Yes
n=83

No
n=12

OR, 95%CI
Yes

n=46
No

n=49
OR, 95%CI

Nationality
Saudi n=55
Non-Saudi n=40

47 (85)
36 (90)

8(15)
4(10)

1.53(0.38-6.64)
1.3(0.56 -3.01)

27(49)
19(48)

28(51) 0.94(0.97-1.48)
1.98(0.57- 6.90)

Active disease n=41 37(90) 4(10) 1.6(0.39-6.97) 22(54) 19(46) 1.45(0.53-3.27)
Skin manifestations n=27 24(89) 3(11) 1.22(0.27-6.27) 12(44) 15(56) 0.48(0.32-1.96)
Lupus nephritis n=25 22(88) 3(12) 1.08(0.27-5.59) 10(40) 15(60) 0.63(0.22-1.59)
Treatment
Glucocorticoids n=56
Hydroxychloroquine n=56
Azathioprine n=21

48(86)
46(82)
20(95)

8(14)
10(18)

1(5)

0.7(0.191-2.46)
0.25(0.05-1.21)
3.5(0.42-28.70)

29(52)
28(50)
12(57)

27(48)
28(50)
9(43)

1.39(0.61- 3.16)
1.16(0.51-2.64)
1.57(0.59-4.17)

Complements
Low C3 n=25
Low C4 n=56

23(92)
51(91)

2(8)
5(9)

1.92(0.35-13.75)
2.23(0.57-9.00)

14(56)
27(48)

11(44)
29(52)

1.51(0.55-4.19)
0.98(0.4-2.41)

Abbreviations: C, complement; CI, confidence interval; OR, odds ratio. 
* Data are presented as frequency (percent) unless otherwise indicated.

Table 3: Level of 25(OH)D According to Anti-double-stranded DNA Autoantibody Titers.

Anti-ds DNA (IU/mL) Mean25(OH)D (SD) 95% CI F-test

(1) Negative 0-200 n=20 38.79(21.26) (29.81-47.77)

F=7.24
p=0.0001

(2) Equivocal 201-300 n=13 44.22(12.37) (34.72-53.73)

(3) Moderately positive 301-800 n=20 21.49(18.96) (16.41-26.58)

(4) Strongly positive >800 n=42 23.63(11.47) (17.56-29.69)

Abbreviations: CI, confidence interval. Tests of significance were done after log transformation least significance difference between (1) and (3), (1) and (4), (2) and 
(3), and (3) and (4) (p≤0.05) and after Bonferroni correction (p≤0.05).
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Table 4: Mean 25(OH)D Levels According to Different Variables in Patients With Active and Inactive Disease.

Variables n=95 (%)

Active Inactive

n=41 Mean (SD) 25(OH)D n=54
Mean (SD) 
25(OH)D

p value

SLE disease activity 95 41 22.3(14.0) 54 25.0(14.0) 0.04*

Disease duration
[mean (SD) in years]

5.62(3.34) 41 5.1(3.1) 54 6.2(4.0) 0.027*

Weight
Underweight
Normal weight
Overweight
Obesity
High BMI

35(37)
29(30)
22(23)
9(10)

29(32)

18
10
11
2

13

24.0(18.0)
22.0(12.0)
26.0(17.0)
19.4(2.0)

26.44(18.8)

17
19
11
7

18

40.0(15.0)
32.0(23.0)
38.0(28.0)
26.5(23.0)

30.08(19.6)

0.008*
NS
NS
NS
NS

Skin manifestations 27(28) 11 31.0(17.0) 16 30.0(19.0) NS

Lupus nephritis 25(26) 14 26.0(19.5) 11 36.3(16.0) NS

Treatment
Glucocorticoids
Hydroxychloroquine
Azathioprine

56(59)
56(59)
21(22)

31
31
11

27.0(20.0)
29.4(20.0)
18.0(11.0)

25
25
10

30.0(21.0)
30.0(19.0)
30.0(17.0)

0.013*
NS
NS

Liver disease 10(11) 5 22.0(11.4) 5 27.0(20.0) NS

Abbreviation: NS, non-significant, BMI: Body mass index
* Test of significance was determined via Student's t-test after log transformation of 25(OH)D.
*Significant P-value: p<0.05

Discussion

Data from this study showed that the frequency of 25(OH)D 
deficiency among patients with SLE was 87%. We detected 25(OH)
D deficiency in 90% of the patients who had active SLE and in 85% 
of the patients who had inactive disease. The mean 25(OH)D level 
was lower in patients with active disease than in those with inactive 
disease, 22.3 (14) nmol/L as compared with 25 (14) nmol/L in 
patients with inactive disease (p=0.04). In addition, patients who 
had active disease, low serum C3 and C4 levels, and AZA users had 
a high risk of developing 25(OH)D deficiency.

Decreased levels of serum 25(OH)D have been documented 
in patients with SLE across various geographic locations and 
latitudes.4-13,18-22 Multiple risk factors have been associated with this 
deficiency, namely: sun avoidance as sunlight flares SLE; LN due 
to decreased 1-alpha-hydroxylase activity on 25(OH)D, leading to 
decreased synthesis of 1,25(OH)2D; use of drugs like GC, HCQ, 
and anticonvulsants that enhance 25(OH)D metabolism; and 
the presence of autoantibodies against vitamin D that probably 
contribute to its clearance.23-25 Another important factor is female 
gender as SLE and other autoimmune diseases are more common 
in females than males. In Saudi Arabia, 25(OH)D deficiency 
was observed to be as common as (80%) of the healthy women; 
in addition, females tend to have lower levels than males.26,27 The 
frequency of 25(OH)D deficiency among patients with SLE in 
our study is similar to that reported in other studies conducted 
in Saudi Arabia (89.7%), Norway (82%), and Poland (71%).8,11,25 
However, much lower rates have been reported by other authors 

in Canada (18%), Hong Kong (27%), United States (20%), and 
Spain (15%).9,13,18,19 The mean serum level of 25(OH)D [23.9 (14) 
nmol/L] in our patients was much lower than those reported by 
other authors.7,9-11,13,25 Contrary to previous studies, which reported 
severe 25(OH)D deficiency in 18-21% of patients with SLE,4,7 the 
frequency of severe 25(OH)D deficiency in our patients was higher; 
48% of our patients had severe deficiency (25(OH)D<25 nmol/L).

In this study, the finding that 25(OH)D deficiency was greater 
in patients with active SLE than in patients with inactive disease 
was expected as the underlying inflammatory process in SLE 
patients potentially enhances vitamin D catabolism.4 However, we 
did not detect any correlation between 25(OH)D deficiency and 
active disease evaluated by the SLEDAI-2K score. The absence of a 
correlation between 25(OH)D level and disease activity scores was 
also reported by other authors recently.9,19,21

Several serological biomarkers have been used to assess disease 
activity in patients with SLE. These include serum C3 and C4, 
and anti-dsDNA antibodies.17 In this study, we found a positive 
correlation between 25(OH)D and C4 levels but not between the 
25(OH)D and C3 levels. A similar finding was reported in a study 
conducted on 177 patients with SLE.11 The authors also found 
that a positive correlation existed between 25(OH)D and C4 levels 
but not with C3 levels. In addition, we found that low levels of C3 
and C4, were strong predictors for 25(OH)D deficiency in lupus 
patients. This could be explained by the fact that the classical pathway 
is the dominant pathway in complement activation in SLE patients, 
so the level of C4 is always low while C3 may be either normal or 
lower than normal.28 Anti-dsDNA Antibodies are specific for SLE 
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and their levels fluctuate with disease activity.29 Other studies also 
confirmed our finding of a strong negative correlation between 
25(OH)D and high anti-dsDNA antibodies.11,13

Since patients with SLE are at risk of developing osteoporosis 
due to the use of GC, premature ovarian failure due to cytotoxic 
medications and vitamin D deficiency.30 An open-label, phase I 
multicentre trial evaluated the effective daily dose of vitamin D 
repletion in deficient patients with SLE. The preliminary results 
after 12 weeks of daily vitamin D supplementation showed that 
25(OH)D levels >75 nmol/L were attained in 67% of the patients 
who received 800 IU of cholecalciferol, in 83% of those who received 
2,000 IU, and in 67% of the patients who received 4,000 IU of the 
supplement. The author suggested that a daily dose of 2,000 IU was 
the minimum effective dose for vitamin D repletion in patients with 
SLE,31 which has been reported as the highest recommended daily 
dose in rheumatology literature.32

Based on our literature search, this is the first study to evaluate 
25(OH)D deficiency in patients with SLE as well as correlate 
the deficiency with other clinical variables (SLE disease activity, 
skin manifestations, lupus nephritis, anti-dsDNA, complements, 
glucocorticoid exposure, and use of antimalarial agents and AZA) 
in an Arab country. However, our study has few limitations, 
namely; lacking a control group to assess the frequency of 25(OH)
D deficiency in the general population. In Saudi Arabia, a recent 
study on patients with SLE showed that low levels of 25(OH)D 
were detected in 55% of the adult control sample.8 When compared 
with the results of that study, the frequency of 25(OH)D deficiency 
was higher in our cohort than in the normal population. In addition, 
our results showed an absence of association with SLEDAI-2K 
scores and association with some serological markers. The possible 
hypothesis behind this could be the score included both clinical and 
serological markers and due to the retrospective nature of the study, 
some of the clinical findings could be missed and the SLEDAI-2K 
score may be lower. For that, we recommend a prospective study 
evaluating the disease activity with SLEDAI-2K and examining 
its correlation with 25(OH)D, as the score will be higher and a 
correlation may exist.

Conclusion

In summary, 25(OH)D deficiency is common in patients with 
SLE. Although no correlation existed between 25(OH)D and 
active disease evaluated by the SLEDAI-2K score, it was observed 
between 25(OH)D and C4, as well anti-dsDNA levels. Active 
disease, low serum C3 and C4 levels, and AZA use are factors that 
are associated with a risk of developing 25(OH)D deficiency in 
patients with SLE.

Measurement of 25(OH)D is necessary in patients with 
SLE as vitamin D deficiency is a frequent finding in these 
patients. A state of vitamin D deficiency was more frequently 
associated with the presence of disease activity, low complement 
levels and azathioprine therapy.
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