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Vitamin D deficiency has been described in systemic lupus erythematosus (SLE). BsmI VDR
(vitamin D receptor) gene polymorphism was associated with SLE in Asian patients. Studies in
Brazilian populations have not been realized. A case-control study with 195 SLE patients and
201 healthy controls was conducted to investigate the influence of BsmI and FokI VDR gene
polymorphisms on susceptibility to SLE. In addition, 25-hydroxyvitamin D [25(OH)D] was
measured in SLE patients to evaluate possible associations with VDR polymorphic variants
and clinical and laboratory expressions of disease. Genotyping was performed by RFLP-PCR.
The measurement of 25(OH)D was performed by chemiluminescence. There was no statisti-
cally significant difference in genotype and allelic frequencies of BsmI and FokI polymor-
phisms between European-derived cases and controls. The mean serum levels of 25(OH)D
were 25.51� 11.43 ng/ml in SLE patients. According to genotype distribution, 25(OH)D con-
centrations were significantly higher in patients carrying the FokI f/f genotype compared with
patients carrying the F/F genotype (31.6� 14.1 ng/ml versus 23.0� 9.2 ng/ml, p¼ 0.004), rein-
forcing its role in the functional activity of VDR. This feature may be considered in future
clinical and experimental studies involving vitamin D measurements. Therefore, genetic-
specific definitions of ideal levels of vitamin D in SLE need to be established in future
studies. Lupus (2012) 21, 43–52.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic
autoimmune inflammatory disease that involves
many organs and systems. The etiology and path-
ogenesis of SLE remains poorly understood. Many
observations suggest a role of genetic, immuno-
logic, hormonal and environmental factors.1

Abnormal immune system response allows the pro-
cessing of self antigens by antigen presenting cells,
hyperactivation of B and T cells and failure of
immunoregulatory mechanisms.

Vitamin D and its associated receptor (vitamin D
receptor – VDR) have immunomodulatory proper-
ties, and studies of a role for vitamin D deficiency
in activation of the immune response have provided
new insights into the function of this vitamin.
It presents inhibitory effects on T cells, B cells
and dendritic cells and alters the cytokine profile
toward the Th2 phenotype tolerogenic.2 These
suppressive immunologic properties have led to
investigation of a possible role in SLE pathogenic
mechanisms.3

Studies have shown lower levels of vitamin D in
SLE patients, suggesting that vitamin D deficiency
may be a risk factor for SLE development.4

However, vitamin D intake was not associated with
risk of SLE in a large prospective cohort of women.5

The majority of studies have documented an associ-
ation between higher disease activity and lower vita-
min D levels.4 To date, the physiologic and clinical

Correspondence to: Odirlei André Monticielo, Serviço de
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significance of vitamin D deficiency in SLE is still
not entirely known.

The action of vitamin D depends on VDR that is
synthesized by the VDR gene, located on chromo-
some 12 and composed of 9 exons.6 It has emerged
as a candidate for SLE susceptibility due to the
role of vitamin D in the immune system. Four
major polymorphisms (BsmI, ApaI, TaqI and
FokI) have been described although their influences
on VDR function are still unknown. Some studies
have observed the occurrence of certain VDR gene
polymorphic variants in SLE patients. A recent
meta-analysis suggested that allele B from BsmI
VDR gene polymorphism had significant associa-
tion with SLE in Asian patients.7 In a single
Chinese study, the FokI polymorphism did not
show association with SLE.8 Furthermore, different
studies described controversial associations of
these allelic variants with specific clinical features
in SLE patients.

Facing the lack of reports concerning the role of
vitamin D and VDR gene allelic variants in SLE
and few studies in Brazil, a case-control study was
conducted to investigate whether the BsmI and
FokI VDR gene polymorphisms could be suscepti-
bility markers for SLE or the severity of SLE. In
addition, 25-hydroxyvitamin [25(OH)D] was mea-
sured in SLE patients to evaluate possible associa-
tions with VDR gene polymorphic variants and
clinical and laboratory expressions of disease.

Patients and methods

Study population

The study population was composed of 195 consec-
utive SLE patients identified as either European-
derived or African-derived. This classification was
based on physical appearance, as judged by the
researcher at the time of blood collection, and
data about the ethnicity of parents/grandparents
reported by the participants. These classification
criteria that are used in Brazil are well documented
and have been assessed by our group in previous
studies.9 Also, a recent study assessing individual
interethnic admixture and population substructure
using a panel of 48-insertion–deletion ancestry-
informative markers validated this classification in
European-derived individuals from our geographic
region.10 SLE patients were followed at the
Rheumatology Clinic of Hospital de Clı́nicas de
Porto Alegre. Demographic, clinical and laboratory
data about patients were collected from medical
records. All patients fulfilled the American College

of Rheumatology (ACR) revised criteria for the
classification of SLE.11 The control group was
composed of 201 sex-matched European-derived
healthy individuals from the same urban center.
We did not include African-derived controls. The
Ethics Committee of the Hospital de Clı́nicas de
Porto Alegre approved the study protocol, and
informed consent according to the Declaration of
Helsinki was obtained from all participants.

Clinical and laboratory variables

The following variables were recorded during
recruitment of patients using a standardized ques-
tionnaire: age, gender, phototype,12 smoking status,
alcohol consumption, body mass index (BMI), oral
vitamin D supplementation and treatment with
hydroxychloroquine, corticosteroids and immuno-
suppressive drugs. Clinical manifestations of SLE
included the presence of photosensitivity, malar
rash, discoid rash, oral or nasal ulcers, arthritis,
serositis (pleuritis or pericarditis), nephritis and neu-
rological disease, defined as seizures or psychosis.
The laboratory evaluation included the presence of
hematological disorders (hemolytic anemia, leuko-
penia, lymphopenia or thrombocytopenia), positive
antinuclear antibody (ANA) (titer> 1:100), or other
autoantibodies such as anti-dsDNA, anti-Sm, anti-
RNP, anti-Ro/SS-A, anti-La/SS-B, anticardiolipin,
lupus anticoagulant and false positive VDRL. The
patients were also evaluated in regard to secondary
antiphospholipid syndrome and Sjögren’s syn-
drome, according to the classification criteria for
both diseases.13,14 The SLEDAI15 and the SLICC
damage index16 were applied to each patient as a
measurement of disease activity and cumulative
damage, respectively.

Measurement of vitamin D

Blood samples were collected at the time of medical
consultation, between 4 p.m. and 6 p.m., after at
least four hours of fasting. To limit the effect of
seasonal fluctuation of vitamin D photosynthesis,
patients were recruited in the spring period.17 All
samples were frozen at -70�C and analyzed at the
same time. Serum 25(OH)D levels were measured
by chemiluminescence (LIASON – DiaSorin Inc.,
Stillwater/MN, CV 6% intra-assay). Measurement
of 25-hydroxyvitamin D was performed only in
patients because there was no possibility of collect-
ing serum from controls. The blood of the controls
had previously only been collected for DNA
extraction.

Vitamin D deficiency was considered as levels of
25(OH)D< 20 ng/ml.18 Normal range of 25(OH)D
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levels was defined as �30 ng/ml.19 Serum levels
between 20 and 30 ng/ml were classified as insuffi-
ciency status and<10 ng/ml as critically low levels
of vitamin D.20

DNA extraction and genotyping

Genomic DNA was isolated from peripheral blood
cells using a salting-out method.21 DNA samples
were stored at �20�C. Genotyping was performed
as previously described.22–25 To FokI genotyping
(rs10735810, recently merged with rs2228570), a
polymerase chain reaction (PCR) amplification
of VDR gene fragment was carried out to a
total volume of 25ml, containing genomic DNA,
Taq polymerase buffer, MgCl2, dNTP, specific
primers and Taq DNA polymerase (Invitrogen
Corporation, San Diego, CA, USA). The primers
used were 50-AGCTGGCCCTGGCACTGACTC
TGCTCT-30 and 50- ATGGAAACACCTTGCTT
CTTCTCCCTC-30.22 The cycling conditions were
set as follows: one cycle at 94�C for 5min, 35
cycles at 94�C for 30 s, 58�C for 30 s, 72�C for
20 s, and a final cycle of extension at 72�C for
7min. The PCR product of 265bp was cleaved by
FokI (FastDigest� BseGI, Fermentas, Canada),
according to the manufacturer’s instructions. Two
fragments of 169 bp and 96bp, respectively, were
obtained if the product was excisable. The frag-
ments were visualized in 6% polyacrylamide gel
stained with ethydium bromide under ultraviolet
light. The polymorphism was then divided into
three groups: excisable (f/f), unexcisable (F/F)
and heterozygote (F/f). For BsmI genotyping
(rs1544410), a PCR was carried to a total volume
of 50ml, containing reagents described above. The
primers used were 50-CAACCAAGACTACAAG
TACCGCGTCAGTGA-30 and 50- AACCAGC
GGGAAGAGGTCAAGGG-30.23 The cycling con-
ditions were set as follows: one cycle at 95�C for
3min, 30 cycles at 95�C for 30 s, 56�C for 30 s,
72�C for 30 s, and a final cycle of extension at
72�C for 10min.26 The PCR product of 825 bp was
cleaved by BsmI (FastDigest�Mva1269I, Fermentas,
Canada), according to the manufacturer’s instruc-
tions. Two fragments of 650 bp and 175bp, respec-
tively, were obtained if the product was excisable.
The fragments were visualized with the same condi-
tions as described above. The polymorphism was
then divided into three groups: excisable (b/b), unex-
cisable (B/B) and heterozygote (B/b).

Statistical analysis

A descriptive analysis of data through calculation
of mean and standard deviation (SD) for

quantitative variables was performed while the
frequency and percentage were calculated for cate-
gorical variables. The median and interquartile
range were calculated to quantitative variables
with asymmetrical distribution. We used the chi-
square test with continuity correction or Fisher’s
exact test to compare the frequencies of polymor-
phic variants. The odds ratio and 95% confidence
interval were also calculated. For the comparison
of clinical and laboratory variables with the fre-
quencies of polymorphic variants, we used the
chi-square test to compare qualitative variables
and ANOVA (or Kruskal–Wallis) for quantitative
variables, using Bonferroni correction to the level
of statistical significance. The Hardy–Weinberg
equilibrium test was performed in cases and con-
trols using the chi-square test.

A multiple linear regression was used to evalu-
ate association within genotypes with levels of
25(OH)D, adjusting for potential confounders27

such as phototype, ethnicity, age, gender, smoking
status, BMI, hydroxychloroquine use, corticoste-
roid use and vitamin D supplementation. A multi-
ple logistic regression was used to evaluate factors
associated with 25(OH)D deficiency, after this
variable had been categorized as previously
described. Odds ratio and 95% confidence intervals
were estimated using logistic regression to deter-
mine disease characteristics associated with vitamin
D deficiency, adjusting for the same confounding
factors as described above.

Data were analyzed with SPSS software version
17.0 and a two-tailed value of p< 0.05 was taken to
indicate statistical significance.

Results

One hundred and ninety-five SLE patients were
included: 148 (75.9%) European-derived and 47
(24.1%) African-derived. One hundred and
eighty-three (93.8%) were female and 12 (6.2%)
were male. The average age of patients was
42.6� 13.9 years and the average age at diagnosis
was 32.5� 13.7 years. Table 1 shows the frequen-
cies of clinical and laboratory features of SLE
patients. Secondary Sjögren’s syndrome was
found in 6.7% (13/195) and antiphospholipid syn-
drome in 7.2% (14/195). The median for SLEDAI
and SLICC was 2 and 0, respectively. We observed
that male patients had a higher frequency of
nephritis (83.3% vs. 43.2%, p¼ 0.016), although
the number of individuals in this group was
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relatively small. No other statistically significant
differences were found between genders.

Of the 195 SLE patients included, 153 had com-
plete FokI and BsmI genotyping and 25(OH)D
measurement. Forty-two patients did not complete
at least one of these variables due to problems
during the implementation of techniques for geno-
typing and determination of vitamin D. The miss-
ing data were random and did not interfere in the
final analysis, since when comparing these two
groups (with and without all data), we did not
find significant differences for clinical and labora-
tory features (data not shown).

The frequencies of BsmI and FokI VDR gene
polymorphisms were studied in European-derived
SLE patients and healthy controls (Table 2). The
genotypic frequencies were in Hardy–Weinberg
equilibrium in both cases and controls. Among
121 European-derived SLE patients, 20 (16.5%)
were B/B, 61 (50.4%) were B/b and 40 (33.1%)

were b/b. When compared with 201 European-
derived healthy controls [31 (15.4%), 97 (48.3%)
and 73 (36.3%), respectively], no statistically signif-
icant difference was observed for BsmI genotype
distribution (p¼ 0.836). Among 131 European-
derived SLE patients, 64 (48.9%) were genotyped
as F/F, 56 (42.7%) as F/f and 11 (8.4%) as f/f.
When compared with 198 European-derived
healthy controls [86 (43.4%), 94 (47.5%) and 18
(9.1%), respectively], there was no statistically sig-
nificant difference in FokI genotype distribution
(p¼ 0.626). In addition, no statistically significant
difference was found in the frequencies of BsmI and
FokI between European- and African-derived SLE
patients (Table 2) (p¼ 0.248 and p¼ 0.775, respec-
tively). Allelic frequencies of alleles B, b, F and f
were studied in European-derived SLE patients and
compared with European-derived controls and
African-derived patients. No significant differences
were observed (Table 2). Associations between

Table 1 Demographic, clinical, and laboratory features of SLE patients

Patientś features Whole (n¼ 195) European-derived (n¼ 148) African-derived (n¼ 47) p valuea

Female (%) 183 (93.8) 138 (93.2) 45 (95.7) 0.734

Age (years� SD) 42.6� 13.9 42.3� 14.0 43.5� 13.7 0.607

Age at diagnosis (years�SD) 32.5� 13.7 32.7� 13.7 33.9� 13.6 0.425

Disease duration (years)b 9.2 (3.4–15.2) 9.7 (3.4–15.7) 8.2 (3.3–14.8) 0.600

Malar rash (%) 120 (61.5) 94 (63.5) 26 (55.3) 0.404

Discoid rash (%) 27 (13.8) 16 (10.8) 11 (23.4) 0.053

Photosensitivity (%) 153 (78.5) 123 (83.1) 30 (63.8) 0.009

Oral ulcers (%) 78 (40.0) 62 (41.9) 16 (34.0) 0.432

Arthritis (%) 165 (84.6) 127 (85.8) 38 (80.9) 0.556

Serositis (%) 55 (28.2) 40 (27.0) 15 (31.9) 0.644

Nephritis (%) 89 (45.6) 65 (43.9) 24 (51.1) 0.491

Neurologic disorders (%) 24 (12.3) 19 (12.8) 5 (10.6) 0.885

Hematologic disorders (%) 151 (77.4) 111 (75.0) 40 (85.1) 0.214

Hemolytic anemia (%) 59 (30.3) 45 (30.4) 14 (29.8) 1.000

Leuko/lymphopenia (%) 124 (63.6) 90 (60.8) 34 (72.3) 0.209

Thrombocytopenia (%) 50 (25.6) 35 (23.6) 15 (31.9) 0.348

Immunologic disorders (%) 142 (72.8) 110 (74.3) 32 (68.1) 0.516

Anti-dsDNA (%) 107 (54.9) 83 (56.1) 24 (51.1) 0.664

Anti-Sm (%) 31 (15.9) 20 (13.7) 11 (23.4) 0.178

Anticardiolipin (%) 59 (30.3) 44 (29.9) 15 (31.9) 0.940

Lupic anticoagulant (%) 21 (10.8) 20 (13.6) 1 (02.1) 0.053

False positive VDRL (%) 14 (07,2) 10 (06.8) 4 (08.5) 0.747

ANA (%) 193 (99.0) 146 (99.3) 47 (100) 1.000

Anti-Ro/SSA (%) 87 (44.6) 62 (42.5) 25 (53.2) 0.264

Anti-La/SSB (%) 28 (14.4) 18 (12.3) 10 (21.3) 0.202

Anti-RNP (%) 56 (28.7) 41 (28.1) 15 (31.9) 0.750

Sjögren (%) 13 (06,7) 12 (08.2) 1 (02.1) 0.194

Antiphospholipid syndrome (%) 14 (07.2) 11 (07.4) 3 (06.4) 1.000

SLEDAIb 2 (0–4) 2 (0–4) 2 (0–5) 0.625

SLICCb 0 (0–1) 0 (0–1) 0 (0–1) 0.814

aChi-square test for qualitative variables and Mann–Whitney for asymmetric quantitative variables or Student’s t-test for symmetric quantitative

variables.
bMedian (interquartile range).

SD: standard deviation, SLEDAI: Systemic Lupus Erythematosus Disease Activity Index, SLICC: Systemic Lupus International Collaborating

Clinics.
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VDR polymorphisms and clinical and laboratory
features of SLE patients described in Table 1 were
investigated. Both allelic and genotypic distribu-
tions were considered. After applying the
Bonferroni correction, no results achieved statisti-
cal significance (data not shown).

The 25(OH)D levels were measured in 181 SLE
patients and a mean of 25.51� 11.43 ng/ml was
found. European-derived patients (n¼ 134) had
levels of 25.9� 11.43 ng/ml, and African-derived
(n¼ 47) had 24.3� 11.44 ng/ml (p¼ 0.384). When
patients were classified according to vitamin D
status, the following distribution was observed: 55
(30.4%) had normal, 63 (34.8%) insufficient, 52
(28.7%) deficient and 11 (6.1%) critically low
serum levels. Fifty-six percent of patients with defi-
ciency were taking at least 800 IU of vitamin D per
day. According to genotype distribution, 25(OH)D
level was significantly higher in patients with f/f
genotype when compared with F/F (31.6�
14.1 ng/ml vs. 23.0� 9.2 ng/ml, p¼ 0.004), even
after adjusting for confounding variables (Tables
3 and 4). Vitamin D levels were not different
when BsmI genotypes were considered (Table 3).

Vitamin D deficiency did not present association
with any demographic, clinical and laboratory
features in SLE patients (Table 5). Secondary anti-
phospholipid syndrome, Sjögren’s syndrome,
SLEDAI disease activity index and SLICC
damage index were similar in patients with or

without levels of 25(OH)D lower than 20 ng/ml.
All data were adjusted for confounding variables.

Discussion

The pathogenesis of SLE is complex and probably
involves multiple factors. Target tissue damage
could be caused by pathogenic autoantibodies and
immune complexes. Abnormalities in the immune
system permit the processing of self antigen by
antigen-presenting cells, persistence and hyperacti-
vation of B and T cells and failure to maintain
immunoregulatory networks. Several cells involved
in the immune system express VDR and key vita-
min D metabolizing enzymes, which could explain
the suppressive effects of vitamin D on immunity.

Most biological activities of vitamin D are medi-
ated by the VDR. Genetic variation on the VDR
gene could lead to significant receptor dysfunction,
which could affect calcium metabolism, cell prolif-
eration and the immune response. Polymorphisms
in VDR gene have been associated with health out-
comes involving low bone density, cardiovascular
disease, cancers, autoimmunity and infections, but

Table 2 BsmI and FokI genotypic and allelic frequency in
European-derived SLE patients, European-derived controls

and African-derived SLE patients

European-derived
patients (%)

European-derived
controls (%)

African-derived
patients (%)

BsmI genotype n¼ 121 n¼ 201 n¼ 42

B/B 20 (16.5) 31 (15.4) 03 (07.1)

B/b 61 (50.4) 97 (48.3) 21 (50.0)

b/b 40 (33.1) 73 (36.3) 18 (42.9)

p valuea 0.836 0.248

BsmI alleles 2n¼ 242 2n¼ 402 2n¼ 84

B 101 (41.7) 159 (39.6) 27 (32.1)

b 141 (58.3) 243 (60.4) 57 (68.9)

p valuea 0.643 0.155

FokI genotype n¼ 131 n¼ 198 n¼ 42

F/F 64 (48.9) 86 (43.4) 19 (45.2)

F/f 56 (42.7) 94 (47.5) 18 (42.9)

F/f 11 (08.4) 18 (09.1) 05 (11.9)

p valuea 0.626 0.775

FokI alleles 2n¼ 262 2n¼ 396 2n¼ 84

F 184 (70.2) 266 (67.2) 56 (66.7)

f 078 (29.8) 130 (32.8) 28 (33.3)

p valuea 0.459 0.631

aChi-square test to compare European-derived patients and controls

and European- and African-derived patients.

B: allele B, b: allele b, F: allele F, f: allele f.

Table 3 Vitamin D levels according to BsmI and FokI
genotypic frequency in SLE patients

Genotype
25(OH)D
measurement

B/B (n¼ 22) 25.5� 09.4

B/b (n¼ 81) 23.7� 12.1

b/b (n¼ 54) 26.7� 11.1

p valuea 0.322

F/F (n¼ 77) 23.0� 09.2

F/f (n¼ 67) 25.2� 12.5

f/f (n¼ 15) 31.6� 14.1

p valuea 0.025

B: allele B, b: allele b, F: allele F, f: allele f.
aANOVA test.

Table 4 Model of multiple linear regressiona for possible
factors associated with serum levels of 25(OH)D in SLE

patients (n¼ 181)

Variable FokIb B
Standard
error Beta 95% CI B p value

F/f 2.07 1.91 0.092 �1.71–5.86 0.281

f/f 9.09 3.14 0.243 2.88–15.30 0.004

aCo-variables that were included in the model: phototype, ethnicity,

age, gender, smoking status, BMI, hydroxychloroquine use, current

corticosteroids use and vitamin D supplementation.
bBoth categories are compared with F/F genotype.

CI: confidence interval.
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the effects of these polymorphisms on VDR protein
expression and function need more clarification.28

The BsmI, ApaI and TaqI polymorphisms show
strong linkage disequilibrium with each other.
The BsmI and ApaI polymorphisms are located in
intron 8 and the TaqI polymorphism is located at
exon 9, a region that was suggested by some
authors to be related to mRNA stability.23 Other
studies suggest that a polymorphism in the FokI
located inside a start codon creates an alternative
start site leading to a protein with a different length.
The short protein (allele F) seems to be more active
than the long variant (allele f) in terms of its
transactivation activity as a transcription factor.
However, this effect seems to be gene and cell spe-
cific.29,30 An in vitro study31provided evidences that
alleles F and f lead to clearly different effects in the
immune system. Compared with allele f, the allele F

showed a higher transcriptional activity of immune
specific transcription factors, as well as on the more
functional level of proliferation and cytokine syn-
thesis by immune cells. Still, the clinical impact of
the FokI VDR polymorphism remains unclear.32

Some authors have studied the association of
BsmI and FokI VDR polymorphisms with SLE
development, but results were limited. Studies of
Japanese (n¼ 58)24 and Chinese (n¼ 47)33 patients
reported an association of the B/B genotype with
disease, whereas studies of Thai (n¼ 101)26 and
Iranian (n¼ 60)31 patients did not reproduce these
results. In addition, b/b genotype was associated
with renal disease in a Japanese study.24 A Chinese
study (n¼ 52) examining the FokI VDR polymor-
phism, did not identify an association of FokI poly-
morphism in patients with SLE compared with
controls.8 Our study has the largest number of

Table 5 Clinical and laboratory features in SLE patients according with vitamin D deficiency

Clinical features
Whole
(n¼ 181)

25(OH)D
< 20 ng/ml (n¼ 63)

25(OH)D
� 20 ng/ml (n¼ 118)

Not adjusted
OR (95% CI)

Adjusted
OR (95% CI) p valuea

European-derived (%) 134 (74.0) 44 (69.8) 90 (76.3) 0.72 (0.36–1.43) 0.82 (0.40–1.76) 0.589

Female (%) 170 (93.9) 58 (92.1) 112 (94.9) 0.62 (0.18–2.12) 0.59 (0.17–2.05) 0.409

Age (years)b 42.6� 13.9 41.7� 14.9 43.0� 13.4 0.99 (0.97–1.02) 0.99 (0.97–1.02) 0.527

Age at diagnosis (years)b 32.3� 13.5 30.6� 12.9 33.2� 13.8 0.98 (0.96–1.01) 0.96 (0.92–1.01) 0.117

Disease duration (years)c 9.2 (3.4–15.2) 10.9 (3.6–18.4) 8.2 (3.3–14.5) 1.03 (0.97–1.07) 1.04 (0.99–1.08) 0.117

Smoking (%) 61 (33.7) 21 (33.3) 40 (33.9) 0.98 (0.51–1.86) 0.92 (0.46–1.81) 0.802

BMI (kg/m2)b 26.9� 5.3 27.3� 6.0 26.7� 5.0 1.02 (0.97–1.08) 1.03 (0.97–1.09) 0.385

Vitamin D intake (IU) 800 (0–800) 800 (0–800) 800 (0–800) 1.00 (0.99–1.00) 1.00 (0.99–1.00) 0.894

Hydroxychloroquine (%) 176 (97.2) 61 (96.8) 115 (97.5) 0.80 (0.13–4.89) 0.91 (0.14–5.84) 0.919

Corticosteroids – current
dose (mg/day)c

0 (0–10.0) 0 (0–17.5) 0 (0–10.0) 1.00 (0.98–1.03) 1.00 (0.98–1.03) 0.815

Corticosteroids – cumulative
dose (mg/day)c,d

3.15 (0–15.0) 5 (0–15.0) 2.5 (0–15.0) 1.00 (0.98–1.02) 0.99 (0.96–1.03) 0.657

Immunosuppressants (%)e 122 (67.4) 40 (63.5) 82 (69.5) 0.76 (0.40–1.46) 0.62 (0.29–1.30) 0.207

Malar rash (%) 111 (61.3) 35 (55.6) 76 (64.4) 0.70 (0.37–1.29) 0.67 (035–1.29) 0.230

Discoid rash (%) 24 (13.3) 9 (14.3) 15 (12.7) 1.14 (0.47–2.79) 1.23 (0.49–3.05) 0.660

Photosensitivity (%) 143 (79.0) 48 (76.2) 95 (80.5) 0.78 (0.37–1.62) 0.74 (0.35–1.59) 0.442

Oral ulcers (%) 72 (39.8) 24 (38.1) 48 (40.7) 0.90 (0.48–1.68) 0.82 (0.43–1.59) 0.563

Arthritis (%) 152 (84.0) 56 (88.9) 96 (81.4) 1.83 (0.74–4.56) 1.89 (0.75–4.8) 0.180

Serositis (%) 51 (28.2) 23 (36.5) 28 (23.7) 1.85 (0.95–3.60) 1.70 (0.85–3.41) 0.136

Nephritis (%) 83 (45.9) 25 (39.7) 58 (49.2) 0.68 (0.37–1.27) 0.57 (0.29–1.13) 0.109

Neurologic disorders (%) 22 (12.2) 7 (11.1) 15 (12.7) 0.86 (0.33–2.23) 0.72 (026–2.01) 0.536

Hematologic disorders (%) 140 (77.3) 49 (77.8) 91 (77.1) 1.04 (0.50–2.16) 1.01 (0.48–2.14) 0.975

Immunologic disorders (%) 134 (74.0) 51 (81.0) 83 (70.3) 1.79 (0.85–3.77) 2.00 (091–4.36) 0.085

ANA (%) 179 (99.4) 62 (98.4) 117 (99.2) – – –

Sjögren syndrome (%) 11 (6.1) 2 (3.2) 9 (7.6) 0.40 (0.08–1.92) 0.41 (0.83–1.98) 0.264

Antiphospholipid
syndrome (%)

14 (7.7) 7 (11.1) 7 (5.9) 1.98 (0.66–5.93) 2.13 (0.65–6.98) 0.214

SLEDAIc 2 (0–4) 2 (0–5) 2 (0–4) 1.09 (0.96–1.10) 1.03 (095–1.10) 0.485

SLICCc 0 (0–1) 0 (0–2) 0 (0–1) 1.18 (0.92–1.52) 1.19 (0.96–1.54) 0.196

aLogistic regression adjusted to phototype, ethnicity, age, gender, smoking status, BMI, hydroxychloroquine use, current corticosteroids use and

vitamin D supplementation.
bMean� standard deviation (SD).
cMedian (interquartile range).
dMean daily dose of corticosteroids used in the last 12 months.
eCurrent use of mycophenolate mofetil, cyclophosphamide, azathioprine, methotrexate, cyclosporin and rituximab.

BMI: body mass index, CI: confidence interval, OR: odds ratio, SLEDAI: Systemic Lupus Erythematosus Disease Activity Index, SLICC: Systemic

Lupus International Collaborating Clinics, IU: international units.

The role of BsmI and Fok VDR gene polymorphisms and serum [25(OH)D] in Brazilian patients with SLE
OA Monticielo et al.

48

Lupus

 at PENNSYLVANIA STATE UNIV on September 12, 2016lup.sagepub.comDownloaded from 

http://lup.sagepub.com/


SLE patients studied so far. We did not find associ-
ations between BsmI and FokI polymorphisms and
SLE susceptibility or clinical and laboratory expres-
sions of disease. These results could be explained by
ethnic factors, since the influence of BsmI on Asian
SLE patients was also different from Thai and
Iranian patients. The FokI polymorphism seems
not to be associated with SLE in different popula-
tions. Another interesting finding was the similar
distribution of allele f between European- and
African-derived patients, agreeing with the results
of another study in Brazil.34 These data are different
from the literature, where the allele f is found
predominantly in Caucasian and Asian people.35

This could be due to the high degree of genetic
admixture of our African-derived population.36 .

A recent systematic review described two studies
that showed significant relationship between the
FokI polymorphism and 25(OH)D serum levels.37

Orton et al. found 25(OH)D concentrations of
25.8� 2.2 ng/ml in homozygous genotype coding
for the shorter VDR variant compared with
33.3� 1.6 ng/ml in heterozygous and homozygous
genotypes coding for the longer VDR variant
(p¼ 0.005).38 Smolders et al. showed statistically
significant lower concentrations of 25(OH)D asso-
ciated with F/F genotype compared with f/f geno-
type.39 Both studies involved patients with multiple
sclerosis (MS). However, two other studies did not
evidence significantdifference:neitherEngelmanetal.
studying Hispanics and African-American patients
from the Insulin Resistance Atherosclerosis Family
Study40 nor Wjst et al. studying patients from the
German Asthma Family Study41 observed associa-
tions between vitamin D levels and FokI and BsmI
polymorphisms. Other studies, not included in this
systematic review, reported controversial findings.
Abrams et al. published in 2005a significant associa-
tion ofF/F genotypewith lower 25(OH)D serum con-
centrations when compared with f/f genotype
(26.2� 1.2 ng/ml vs. 32.4� 1.6 ng/ml, p¼ 0.009), in
healthy adolescents in theUSA.42 Abbas et al., study-
ing patients with breast cancer, did not reproduce
these results.43 In SLE patients, we are reporting for
the first time that the carriers of F/F genotype have
significant lower 25(OH)D concentrations than the
carriers of f/f genotype (23.0� 9.2 ng/ml versus
31.6� 14.1, p¼ 0.004). Although FokI polymor-
phism did not have significant association with SLE,
it could have important consequences for vitamin D
metabolism in SLE patients. Previous studies suggest
that1,25-dihidroxyvitaminD [1,25(OH)2D], anactive
form of vitamin D, has negative control over its own
levels and the levels of its precursor [25(OH)D)]
through the VDR.44–46 Allele f may be associated

with VDR dysfunction allowing increased synthesis
of 25(OH)D, which would explain the observation of
higher vitamin D levels in individuals with f/f
genotype. However, other described genetic factors
influencing production, elimination and transporta-
tion of vitaminDmay influence 25(OH)D concentra-
tion and confound our finding.

The fact that we did not determine 25-hydroxy-
vitamin D levels in the control group was a limita-
tion of our study. Consequently, it was not possible
to compare the influence of FokI polymorphism on
vitamin D levels detected in patients with data from
healthy controls. However, a previous study pub-
lished by Abrams et al. had shown that this poly-
morphic variant influences the levels of vitamin D
in healthy people.42 The importance of our study
was to demonstrate that this effect is found in SLE
patients too, which has very important implications
when we studied the vitamin D levels in this disease.

Vitamin D deficiency has been associated with
SLE in studies with different populations. The
first study that demonstrated low levels of vitamin
D among SLE patients was published in 1979.47

Since then, other studies have confirmed that the
majority of SLE patients have decreased levels of
vitamin D.20,48,49 Kamen et al., comparing 123 SLE
patients and 240 age- and sex-matched controls
from the USA, noticed a trend toward lower
25(OH)D levels in cases (21.6� 12.9 ng/ml vs.
27.4� 15.7 ng/ml), which was significant in
European-derived ( p¼ 0.04) but not in African-
derived individuals ( p¼ 0.36). Overall, 67% of
patients had vitamin D deficiency, and the average
dose of 25(OH)D was significantly lower in
African-derived, compared with European-derived
(15.9� 9.4 ng/ml vs. 31.3� 14.9 ng/ml, p< 0.01).20

Although there is evidence of a relationship
between vitamin D deficiency and SLE, vitamin D
intake was not associated with risk of SLE in a
large prospective cohort of females.5 The role of
vitamin D in clinical and laboratory features of
SLE has been demonstrated, specially associating
low levels of vitamin D with activity and damage
indexes, fatigue index and cardiovascular disease,
but results are controversial in different popula-
tions studied.50–56 In São Paulo, Brazil, a study
evaluated 36 patients with SLE and 26 healthy con-
trols. Patients were divided into two groups regard-
ing the values of activity index (SLEDAI): Group 1
with mean SLEDAI of 22 (14–27) and Group 2
with mean SLEDAI of 1.7 (0–3). Levels of
25(OH)D were significantly lower in Group 1 com-
pared with Group 2 or healthy controls
(17.4� 12.5 ng/ml vs. 44.6� 14.5 vs. 37.8� 13.7,
respectively, p< 0.001). There was an increased
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prevalence of vitamin D deficiency in SLE patients,
especially those with active disease.52 Our study
found no significant association between vitamin
D deficiency and clinical and laboratory manifesta-
tions of SLE. SLEDAI activity index, SLICC
damage index, Sjögren’s syndrome and antipho-
spholipid syndrome did not have association with
vitamin D status. Factors such as season, age, eth-
nicity, sun exposition, use of sunscreens, smoking
status, certain drugs, skin pigmentation, limited
amount of vitamin D obtained from diet and
recently described genetic factors may influence
results in different studies and require careful con-
sideration when we evaluate serum levels of vitamin
D.27

Vitamin D deficiency in our population was
observed in 34.8% of all patients and the mean
level of 25(OH)D was 25.51� 11.43 ng/ml. This
result was not considered surprising. Other studies
in our region showed a high prevalence of vitamin
D deficiency in specific groups of people. Scalco
et al. detected 25(OH)D levels< 20 ng/ml in
85.6% of 98 subjects living in two non-profit
homes for old people.57 Premaor et al., studying
resident physicians, found mean levels of
25(OH)D of 17.9� 8.0 ng/ml and 57.4% presented
serum 25(OH)D levels below 20 ng/ml.58 Our
patients may have had a lower prevalence of vita-
min D deficiency due to frequent use of oral vita-
min D supplementation. Even so, more than 50%
of patients with vitamin D deficiency were taking at
least 800 IU of vitamin D per day. It has been sug-
gested that SLE patients need larger doses of vita-
min D to achieve normal serum levels. Current
recommendations about vitamin D supplementa-
tion in SLE patients are being discussed, but there
is still no consensus,19 ,59 ,60 and our findings should
be considered in order to determine optimal doses
of vitamin D replacement.

In conclusion, our data clearly indicated that the
FokI and BsmI VDR polymorphisms are not risk
factors for SLE, supporting the idea that VDR
polymorphisms influence SLE development accord-
ing to the genetic background of the studied popu-
lation. Vitamin D deficiency seems not to have a
direct effect on clinical and laboratory features of
SLE patients in our population. Nevertheless, our
study is the first report that describes FokI geno-
types as an important factor in 25(OH)D concen-
tration among SLE patients. It is important to take
this finding into consideration in future clinical and
experimental studies aiming to evaluate 25(OH)D
levels. If genotypes are related to vitamin D status,
serum concentrations of 25(OH)D required to
reduce disease outcomes should be individualized

for each patient and new guidelines about vitamin
D supplementation may have to include this new
genetic information. Therefore, genetic-specific def-
initions of ideal levels of vitamin D in SLE need to
be established in future studies.

Funding

This work was supported by grants from FIPE
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