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Abstract Vitamin D is a pleiotrophic hormone with

immunoregulatory properties. Low levels of vitamin D

have been discovered in various autoimmune diseases.

Here, we investigated serum vitamin D levels in Koreans

with systemic lupus erythematosus (SLE) and examined

whether levels correlate with disease activity of SLE.

Blood samples were prospectively collected from patients

with SLE (n = 104) and normal controls (NC, n = 49)

during the spring from March to May 2008. The level of

serum 25-hydroxyvitamin D (25(OH)D3) was measured

by radioimmunoassay. The serum 25(OH)D3 levels of

patients with SLE (42.49 ± 15.08 ng/ml) were signifi-

cantly lower than NC (52.72 ± 15.19 ng/ml, P \ 0.001).

Additionally, 17 patients with SLE (16.3%) had vitamin D

insufficiency, while two NC had vitamin D insufficiency

(4.1%). The risk of vitamin D insufficiency was 4.6-fold

increased in SLE (P = 0.032). The serum 25(OH)D3 lev-

els, adjusted with BMI, were positively correlated only

with hemoglobin (b = 0.256, P = 0.018) and serum

complement 3 (b = 0.365, P = 0.002). Serum vitamin D

levels were lower, and vitamin D insufficiency was more

common in Korean patients with SLE, however, our study

demonstrated that vitamin D levels might not be a good

marker of disease activity.
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Introduction

Vitamin D is a steroid hormone that plays a crucial role in

calcium metabolism and bone homeostasis. Although

vitamin D is contained in food, dietary intake alone sup-

plies only 20% of the body’s requirements. The primary

source of vitamin D is de novo synthesis in the skin, and

the conversion of 7-dehydrocholesterol to pre-vitamin D3

by means of solar ultraviolet B radiation. Vitamin D3

undergoes a 25-hydroxylation in the liver, with the

resulting product, 25-OH-vitamin D3 [25(OH)D3], being

the primary circulating form of vitamin D. The fully active

form, 1,25(OH)2D3, is synthesized in the kidneys by the

25(OH) vitamin D-1a hydroxylase [1].

The primary metabolic effects of 1,25(OH)2D3 are

mediated through interaction with vitamin D receptors

(VDRs). The identification of VDRs on immune cells, and

the discovery that activated dendritic cells produce

1,25(OH)2D3 suggested that vitamin D could exert

immunoregulatory effects [2]. Quiescent CD4?T cells

express VDRs at low concentration, which increases five-

fold after their activation. The effects of 1,25(OH)2D3

on acquired antigen-specific immune responses are char-

acterized by inhibition of T-lymphocyte proliferation,

particularly of the Th1 arm [3–5]. The addition of

1,25(OH)2D3 leads to decreased secretion of IL-2 and

IFN-c by CD4 T cells and promotes IL-5 and IL-10 pro-

duction, which further shifts the T cell response toward

Th2 dominance [2]. Interestingly, vitamin D has been

shown to inhibit antibody secretion and autoantibody pro-

duction in B cells [6].

The evidence linking vitamin D status as a potential

environmental factor involved in autoimmune disease

continues to accumulate. Indeed, there is a known link

between vitamin D and insulin-dependent diabetes
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mellitus, multiple sclerosis, inflammatory bowel diseases,

and rheumatoid arthritis [7, 8]. In patients with systemic

lupus erythematosus (SLE), the prevalence of vitamin D

deficiency/insufficiency has been reported to vary widely

from 8 to 67% [9–12]. Some studies have documented an

association between higher disease activity and a low level

of vitamin D [12, 13]. Moreover, a significant negative

correlation between 25(OH)D3 and Systemic Lupus Ery-

thematosus Disease Activity Index (SLEDAI) was noted in

European patients [13]. However, no association between

disease activity and 25(OH)D3 was observed in other

studies [14–16].

Previous studies have suggested a relationship between

low serum levels of vitamin D and SLE; however, the

association between vitamin D and disease activity in SLE

remains controversial. Therefore, we conducted a pro-

spective study to evaluate vitamin D levels and the prev-

alence of vitamin D deficiency/insufficiency in Korean

patients with SLE. In addition, we examined the potential

relationship between vitamin D levels with known markers

of disease activity in SLE.

Materials and methods

Subjects

One hundred four female patients with SLE were enrolled

in this study. All participants met the revised criteria of the

American College of Rheumatology (ACR) for classifica-

tion of SLE [17] and were being followed by the Depart-

ment of Rheumatology at Ajou University Hospital in

Suwon, Korea. In addition, 49 healthy females were

recruited as normal controls (NC). Serum samples were

prospectively collected for the measurement of 25(OH)D3

and antichromatin antibodies. All blood samples were kept

at -20�C immediately upon collection until analysis.

To exclude factors influencing vitamin D level, our

study obtained samples from female patients with SLE and

female NC during the spring from March to May, 2008.

Patients with SLE, who were pregnant, had serum aspirate

aminotransferase levels or serum alanine aminotransferase

levels that were elevated by more than twofold of the upper

limit of normal, had serum creatinine level[1.4 mg/ml, or

were taking medicine influencing vitamin D level were

excluded. Also, the 25(OH)D3 levels were adjusted with

BMI.

Information regarding the medical history, clinical

symptoms, and physical examinations were registered in a

database at the time of serum sampling. Each patient was

also assayed for blood cell count, routine chemistry, uri-

nalysis, complement, and anti-dsDNA antibody. Disease

activity of SLE was evaluated according to the SLEDAI

score [18]. In addition, the disease damage was assessed

according to the Systemic Lupus International Collaborat-

ing Clinics/American College of Rheumatology (SLICC/

ACR) damage index [19]. All subjects provided informed

consent prior to participation, and the study was regulated

by the Institutional Review of Board of our hospital.

25(OH)D3 and antichromatin antibodies assay

The 25(OH)D3 levels were determined by the Bio-Line

25(OH)D3-Ria CT kit (Bio-Line S.A., Belgium), a immuno-

radiometric assay, according to the manufactures’

instructions. Serum 25(OH)D3 levels \30 and \10 ng/ml

were defined as vitamin D insufficiency and vitamin D

deficiency, respectively. The interassay coefficient of

variation (CV) of 25(OH)D3 was 3.3%, and the intraassay

CV of 25(OH)D3 was 5.2%.

The level of antichromatin antibodies was measured by

in-house enzyme-linked immunosorbent assay (ELISA)

previously described and levels expressed as arbitrary unit

(AU) [20].

Statistical analysis

The statistical analysis was conducted using the software

SPSS, version 13.0 (Chicago, IL). The data were expressed

as mean ± SD. A P value of \0.05 was regarded as sig-

nificant. Serum 25(OH)D3 results of patients and NC were

tested for differences by an independent sample t-test.

Power of 93% was calculated in 25(OH)D3 between two

groups. Chi-square test was used for comparison of the

frequency of vitamin D deficiency/insufficiency between

patients with SLE and NC. Mann–Whitney U test was used

for comparison of serum 25(OH)D3 levels according to the

clinical manifestations in SLE. Correlation between disease

activity markers and serum 25(OH)D3 levels was calcu-

lated with logistic regression analysis by controlling BMI.

Results

Serum 25(OH)D3 levels in study groups

Table 1 summarizes the clinical features of the two study

groups. The mean age of the patients with SLE was

36.21 ± 10.21, while that of the NC was 35.33 ± 6.18.

There were no significant differences in age, weight,

height, and body mass index (BMI) between groups.

The serum 25(OH)D3 levels in the SLE and the NC are

shown in Fig. 1. The 25(OH)D3 was 42.49 ± 15.08 ng/ml

in the patients with SLE and 52.72 ± 15.19 ng/ml in the

NC. The serum 25(OH)D3 was lower in the SLE than the

NC (P \ 0.001).
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Seventeen of the patients with SLE (16.3%) had vitamin

D insufficiency, while only two NC had vitamin D insuf-

ficiency (4.1%) (Table 2). One of the patients with SLE

(1.0%) had vitamin D deficiency, but none of the NC had

vitamin D deficiency. The frequency of vitamin D insuf-

ficiency was significantly higher in the patients with SLE

than in the NC (P = 0.032). Furthermore, the risk of

vitamin D insufficiency was increased in Korean SLE when

compared to the NC (relative risk (RR) 4.6, 95% confi-

dence interval (CI) 1.0–20.7).

Comparison of serum 25(OH)D3 levels according to

the clinical manifestations in SLE

The primary clinical manifestations of SLE observed at the

time of serum sampling included photosensitivity (17.3%),

arthritis (21.2%), and malar rash (13.5%). The level of anti-

dsDNA antibody was 14.1 ± 23.5 IU/ml, and the level of

complement 3 was 100.9 ± 28.5 mg/dl. The level of

antichromatin antibody was 40.9 ± 33 AU. The SLEDAI

was 2.82 ± 2.82, and the SLICC/ACR DI was 0.09 ±

0.32. Their daily glucocorticoids dose was 4.21 ± 4.65 mg

prednisolone equivalent. The comparisons of serum

25(OH)D3 levels according to the clinical manifestations

of SLE revealed no significant differences (data not

shown). In addition, there were no significant differences in

the clinical manifestations of patients with SLE on the

basis of vitamin D insufficiency (data not shown).

It has been suggested that corticosteroids and hydroxy-

chloroquine could influence the serum 25(OH)D3 levels.

The 25(OH)D3 was 37.38 ± 12.02 ng/ml in the patients

with SLE taking corticosteroids and 44.10 ± 15.65 ng/ml in

those who were corticosteroid free. However, we found no

significant differences of 25(OH)D3 levels between patients

with SLE taking corticosteroids and those not. Finally, there

was no significant correlation between 25(OH)D3 level and

the dose of corticosteroids (data not shown). Also, the serum

25(OH)D3 levels were not different between patients with

SLE taking hydroxychloroquine (41.67 ± 14.09 ng/ml) and

those not (52.26 ± 23.11 ng/ml).

Correlation between disease activity markers

and serum 25(OH)D3 level in SLE

The correlation between disease activity markers and the

serum 25(OH)D3 levels is shown in Table 3. A positive

correlation was found between the 25(OH)D3 level and the

hemoglobin (b = 0.256, P = 0.018). Also, the serum

25(OH)D3 levels were correlated positively with comple-

ment 3 (b = 0.365, P = 0.002). However, no correlation

was found between 25(OH)D3 and other disease activity

markers such as antichromatin antibody, anti-dsDNA

antibody, and SLEDAI.

Discussion

To examine potential relationships between vitamin D and

disease activity in Korean patients with SLE, we evaluated

the levels of vitamin D and compared them with clinical

features and markers of disease activity. The serum

25(OH)D3 levels of patients with SLE were significantly

lower than the levels of NC. Seventeen patients with SLE

(16.3%) had vitamin D insufficiency, indicating that the

Table 1 General characteristics of patients

Characteristics SLE (n = 104) NC (n = 49) p value

Age (years)* 36.21 ± 10.21 35.33 ± 6.18 NS

Weight (kg) 55.35 ± 8.01 57.08 ± 8.04 NS

Height (m) 1.60 ± 0.54 1.60 ± 0.04 NS

BMI (kg/m2) 21.57 ± 3.02 22.25 ± 3.12 NS

SLE systemic lupus erythematosus, NC normal control, NS not sig-

nificant, BMI body mass index

* Values are presented as mean ± SD

Fig. 1 Serum 25-hydroxyvitamin D3 levels in systemic lupus

erythematosus (SLE) and normal control (NC). 25-hydroxyvitamin

D3 levels (mean ± SD) were determined by radioimmunoassay in

104 patients with SLE and 49 NC. The P-value was determined by

independent t-test

Table 2 Vitamin D status in systemic lupus erythematosus (SLE)

and normal control (NC)

25(OH)D3

\30 ng/ml C30 ng/ml

SLE 17 (16.3%) 87 (83.7%)

NC 2 (4.1%) 47 (95.9%)

Vitamin D insufficiency was defined as 25(OH)D levels below 30 ng/

ml. The frequency of vitamin D insufficiency in patients with SLE

was significantly higher than NC (P = 0.032). These data were

assessed by chi-square test
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risk of vitamin D insufficiency may be 4.6-fold higher in

patients with SLE compared to NC (RR 4.6, 95% CI 1.0–

20.7, P = 0.032). However, the comparisons of serum

25(OH)D3 levels according to the clinical manifestations

of SLE revealed no significant differences. The serum

25(OH)D3 levels were positively correlated only with

hemoglobin and serum complement 3.

The first study conducted to measure levels of vitamin D

in patients with SLE reported a deficiency of 1,25(OH)2D3

levels in seven of 12 adolescents receiving corticosteroids

[21]. Thereafter, several studies were conducted to evaluate

the association between serum vitamin D levels and SLE.

These studies revealed a high prevalence of vitamin D

insufficiency in patients with SLE [10, 11, 15, 22]. A case–

control study of 25(OH)D3 and 1,25(OH)2D3 in patients

with SLE, patients with rheumatoid arthritis (RA), patients

with osteoarthritis (OA), and controls revealed that the

25(OH)D3 levels in patients with SLE were significantly

lower than in patients with OA and controls, but that there

was no difference in 1,25(OH)2D3 levels [10]. A recent

study showed 25(OH)D3 levels in a number of autoim-

mune diseases including multiple sclerosis, myositis, RA,

autoimmune thyroid disease, and SLE [15]. Patients with

SLE had a significantly lower 25(OH)D3 level than that of

European controls. These results are consistent with the

results of the present study, although the mean 25(OH)D3

level in our patients with SLE was higher than previous

studies. The reason for the higher 25(OH)D3 levels in the

present study is not clear; however, the difference may be

explained by sampling during different seasons as well as

ethnic background. All sampling in our study was con-

ducted during spring, whereas sampling was conducted

throughout the year in some previous studies. Indeed, one

study revealed that higher levels of vitamin D were mea-

sured in the summer and fall than in the winter and spring

[23]. Finally, a previous report demonstrated that vitamin

D levels varied according to ethnicity [12].

Photosynthesis of vitamin D is dependent on the inten-

sity of ultraviolet radiation and is affected by altitude,

season, and time of day. Reduced exposure to sunlight,

aging, heavy clothing, darker skin color, and the use of

sunscreen also limit the cutaneous generation of vitamin D

[24]. In patients with SLE, photosensitivity is a key feature

of SLE, and the resultant avoidance of sun exposure may

result in impaired vitamin D metabolism. Two previous

studies reported that photosensitivity predicted vitamin D

insufficiency [12, 16]. In the present study, there was no

difference of 25(OH)D3 level according to photosensitiv-

ity. This result can be explained by the education of sun

protection in all patients with SLE, enrollment of patients

with mild disease activity, and sampling in spring; how-

ever, the patients were not asked about their sun exposure

time or use of sunscreen.

One-hydroxylation is essential to activate 25(OH)D3

vitamin D, a step carried out by the kidney that can be

potentially compromised by the development of significant

renal disease in patients with SLE. In addition, it has been

suggested that there is an association between vitamin D

deficiency and lupus nephritis [12]. However, no associa-

tion between 25(OH)D3 and renal disease was observed in

our study. We suggest that this discrepancy is due to the

exclusion of patients with SLE who had serum creatinine

level [1.4 mg/ml.

Chronic corticosteroids use may result in altered

metabolism of vitamin D, although there is contradictory

evidence [25, 26]. One study demonstrated that the daily

dose of corticosteroids was negatively correlated with the

level of 25(OH)D3 [25]. However, another study reported

that the maintenance of normal serum levels of 25(OH)D3

was not altered by chronic moderate dose corticosteroids

therapy [26]. In the present study, there were no significant

differences of 25(OH)D3 levels between patients taking

corticosteroids and those who were not taking corticoste-

roids, probably because of our patients taking low-dose

corticosteroids (4.21 mg/d prednisolone equivalent).

Patients with SLE often take hydroxychloroquine, which

has been suspected to reduce the conversion of 25(OH)D3

to the more biologically active 1,25(OH)2D3 [27]. Lower

1,25(OH)2D3 levels was reported in patients with lupus

treated with hydroxychloroquine, although circulating

25(OH)D3 levels did not differ. However, a recent study

found that patients receiving anti-malarial treatment had

higher levels of 25(OH)D3 and were less likely to have

critically low vitamin D levels [16]. Serum 25(OH)D3

levels of our patients with lupus taking hydroxychloroquine

were not different from those who were not. However,

there is a need of further study because of the majority of

our patients taking hydroxychloroquine.

Table 3 Correlation between disease activity markers and serum 25-

hydroxyvitamin D3 levels in systemic lupus erythematosus

Disease activity marker Correlation coefficient, b
25(OH)D3

Hemoglobin b = 0.256 (P = 0.018)

Leukocyte b = 0.094 (P = 0.371)

Platelet b = 0.05 (P = 0.639)

Complement 3 b = 0.365 (P = 0.002)

Complement 4 b = 0.102 (P = 0.337)

Anti-ds DNA antibody b = -0.137 (P = 0.191)

Anti-chromatin antibody b = -0.099 (P = 0.350)

SELDAI b = -0.04 (P = 0.742)

SLICC/ACR DI b = -0.052 (P = 0.62)

These data were assessed using a logistic regression analysis for

controlling body mass index
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A recent study investigated the prevalence of vitamin D

deficiency/insufficiency in patients with undifferentiated

connective tissue disease (UCTD). During 2.3 years fol-

low-up, 21.7% of patients with UCTD developed into well-

established connective tissue disease (CTD) including

SLE. Patients who progressed into CTDs had lower vita-

min D levels [28]. These results suggest that vitamin D

deficiency in patients with UCTD may play a role in the

subsequent progression into well-defined CTDs. However,

a large epidemiological study involving [180,000 women

from the Nurses’ Health Study did not find any association

between vitamin D intake and the risk of developing either

SLE or RA [29]. Therefore, the role of vitamin D defi-

ciency/insufficiency in the pathogenesis of SLE is far from

clear.

Additionally, the relationship of vitamin D deficiency/

insufficiency and disease activity that has been reported in

previous studies is controversial. For example, a significant

negative correlation between 25(OH)D3 serum levels and

European Consensus Lupus Activity Measurement

(ECLAM) and SLEDAI was demonstrated in European

patients [13]. However, another study revealed no associ-

ation between 25(OH)D3 levels and SLE disease activity

[10]. Furthermore, a recent study reported that both SLE-

DAI and SDI scores were similar in patients with and

without vitamin D deficiency [16]. In the present study, no

significant differences of clinical manifestations according

to serum 25(OH)D3 levels were found. Among disease

activity markers, serum 25(OH)D3 levels were positively

correlated only with hemoglobin (b = 0.256, P = 0.018)

and serum complement level (b = 0.365, P = 0.002) after

adjusted with BMI. It may be possible that the effects of

vitamin D in disease activity are difficult to elucidate due

to our patients with lupus being relatively well controlled

(SELDAI 2.82) with-low dose corticosteroids (4.21 mg/d

prednisolone equivalent). The role of vitamin D deficiency/

insufficiency in the disease activity of SLE is far from

clear, and further large prospective studies including more

active patients with lupus are needed.

Our study is limited in that it was a cross-sectional study

conducted without an associated questionnaire including

questions designed to evaluate sun exposure time and the

use of sunscreen. Additionally, our patients were relatively

well controlled with low-dose corticosteroids. However, we

included subjects prospectively that were evaluated only

during the spring with matched controls. In addition, we

evaluated multiple disease activity markers including anti-

chromatin antibody, anti-dsDNA antibody, and SLEDAI.

Overall, the results indicate that the serum vitamin D

levels are lower and vitamin D insufficiency is more

common in Korean patients with SLE; however, our study

demonstrates that vitamin D levels may not be a good

marker of disease activity marker in SLE.
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