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Influence of the BsmI Polymorphism of the Vitamin D
Receptor Gene on Rheumatoid Arthritis Clinical
Activity
CARMEN GÓMEZ-VAQUERO, JORDI FITER, ANA ENJUANES, XAVIER NOGUÉS, ADOLFO DÍEZ-PÉREZ,
and JOAN M. NOLLA

ABSTRACT. Objective. The etiopathogenesis of rheumatoid arthritis (RA) is not fully known; vitamin D has been
shown to have immunomodulatory effects and could be implicated in it. BsmI polymorphism of vitamin
D receptor (VDR) gene is involved in the pathogenesis of osteoporosis in RA. We analyzed the effect
of this polymorphism on clinical activity in 123 Spanish postmenopausal women with RA.
Methods. Patients with RA were enrolled consecutively during outpatient clinic visits. RA severity and
activity measures were recorded and a blood sample was extracted. Genetic analysis was made by DNA
extraction techniques, amplification by polymerase chain reaction, and restriction using endonuclease
BsmI.
Results. Mean age of the patients was 62.9 ± 8.4 years. The mean time of the evolution of RA was 12.5
± 7.3 years and mean time since menopause was 15.2 ± 9.4 years. Seventy-six percent of the patients
were rheumatoid factor-positive; mean Health Assessment Questionnaire (HAQ) score was 1.3 ± 0.7;
92% of the patients had been treated with low-dose glucocorticoids. Twenty-eight patients (23%) had
genotype BB, 48 (39%) Bb, and 47 (38%) bb. Patients with BB or Bb genotype had statistically signif-
icantly higher HAQ scores, erythrocyte sedimentation rate, current and accumulated dose of glucocor-
ticoids, and number of disease modifying antirheumatic drugs taken, and lower serum hemoglobin and
albumin than patients with bb genotype (p < 0.05).
Conclusion. Among patients with RA, the bb genotype of the BsmI polymorphism of the VDR gene is
associated with less severe disease. (First Release July 15 2007; J Rheumatol 2007;34:1823–6)
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Many studies support an important role for genetic factors in
rheumatoid arthritis (RA)1. The best known RA genetic factor is
the human leukocyte antigen (HLA) gene, where multiple alleles
of the DR-B1 chain that share a common epitope in the third
hypervariable region determine disease susceptibility and sever-
ity. Other HLAmolecules and several non-HLA genes have also
been associated with RA susceptibility and progression2–5.
The classic function of vitamin D is to regulate calcium

homeostasis and bone formation and resorption. However,
less traditional functions have been demonstrated and include
effects on the autoimmune diseases. Greater intake of vitamin
D may be associated with a lower risk of RA in older women6.
In addition, serum levels of vitamin D showed a significant
negative correlation with RA clinical status7.
In this way, the identification of the vitamin D receptor

(VDR), a member of the nuclear hormone receptor superfam-
ily, in the immunological cells8 (mononuclear cells, dendritic
cells, antigen-presenting cells, and activated T lymphocytes)
has enhanced the interest in vitamin D as a regulator of the
immune system.
VDR gene is located in chromosome 12 and presents sev-

eral polymorphisms. In RA, common allelic variants in the
gene that encodes the VDR have been associated with differ-
ences in bone mineral density and in rates of bone loss9,10.
Also, their influence on RA susceptibility has been analyzed,
with conflicting results11,12.
To date, little information is available on the possible rela-

tionship between RA severity and VDR gene polymor-
phisms10,13,14. We investigated whether the BsmI polymor-
phism of VDR gene influences clinical activity in post-
menopausal women with RA.
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MATERIALS AND METHODS
Our study was performed at the Rheumatology Department of the Hospital
Universitari de Bellvitge, a 1000-bed teaching hospital in Barcelona, Spain.
The department has an established protocol for the evaluation and followup of
patients with RA.

We considered for the study patients who fulfilled the following criteria:
duration of RA longer than one year, regular followup (3 to 6 visits each year)
for RA at the outpatient clinic of our rheumatology department, and time
since menopause longer than one year. The latter criterion was included to
homogenize the population of the study. Only one patient per family was
included.

One hundred twenty-three patients were selected consecutively when they
came to the hospital for routine visits; all fulfilled the American Rheumatism
Association 1987 revised classification criteria for RA15.

The medical charts of these patients were reviewed in order to record the
data for age, age at RA onset, duration of RA, rheumatoid factor (RF) status,
erosions, nodules, mean dose of glucocorticoids, cumulative dose of gluco-
corticoids, and cumulative number of disease modifying antirheumatic drugs
(DMARD) used. We used RF as a dichotomous variable, positive or negative;
the threshold for RF+ in our central laboratory is 16 kUI/l.

In the initial visit, the physician responsible for the patient completed the
protocol of data collection, which included functional class, tender joint count
(TJC) on 53 joints, swollen joint count (SJC), Spanish version of the Health
Assessment Questionnaire (HAQ)16, erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), serum levels of hemoglobin, and serum levels of
albumin. Also, peripheral blood was extracted and submitted to a collaborator
hospital (Hospital del Mar, Barcelona) for genetic study. Blood samples and
written informed consent were obtained in accord with the regulations of the
Hospital del Mar Human Investigation Review Committee for Genetic
Procedures.

HAQ has been used as a continuous variable and also as a qualitative vari-
able: a threshold of HAQ > 1 has been considered a marker of severity/dis-
ability of RA17.

After DNA was isolated from peripheral leukocytes, typing of BsmI poly-
morphism (rs1544410) was analyzed by restriction fragment length polymor-
phism (RFLP) technique18. Briefly, DNA polymerase chain reaction (PCR)
amplification was performed as described18 and the product was digested
with 7 U of BsaMI restriction endonuclease at 65°C for 8 h. Subsequently,
digestion reactions were subjected to electrophoresis on 1.5% agarose gel.

BsmI polymorphism was defined in every allele as B in the absence of the
restriction site and b in the presence of the restriction site.

For calculation of sample size, we considered that physical function was
best assessed using the HAQ; the minimal clinically important difference in
HAQ reflecting a meaningful improvement in physical function is a decrease
of at least 0.2219. In a previous study by our group20, in which the inclusion
criteria were similar to those applied here, the mean HAQ of postmenopausal
women with RA was 1.25 ± 0.79. Thus, considering an average test value of
1.25, the minimum expected sample average would be 1.03 (1.25–0.22) and
the standard deviation for sample, 0.79; with a confidence level of 5% and a
statistical power of 90%, the sample size needed would be 110 patients.

For statistical study, we used the chi-squared test, Pearson correlation test,
and analysis of variance to assess differences between groups. Odds ratios
(OR) and 95% confidence intervals (CI) were used to estimate the risk of RA
severity (defined as HAQ > 1) associated to BsmI polymorphism.

RESULTS
Twenty-eight patients (23%) had BB genotype, 48 (39%) Bb
genotype, and 47 (38%) bb genotype. The minor allele fre-
quency of the BsmI polymorphism is 0.42, corresponding to
the frequency of the allele B.
Table 1 shows the demographic and clinical variables of

the 123 postmenopausal women included in the study. Data
are given for the entire group and for the 3 genotypes defined

on the basis of the results obtained in the genetic analysis.
There were no significant differences in demographic features
among the 3 genotype groups.
Table 2 shows the data obtained when we analyzed alto-

gether the patients with BB and Bb genotypes versus the
patients with bb genotype. Patients with BB-Bb genotype had
statistically significantly higher HAQ, ESR, current and
cumulative dose of glucocorticoids, and number of DMARD
taken, and lower serum hemoglobin and albumin levels. All
other analyzed clinical variables were equivalent in both
groups.
The risk of RA severity (HAQ > 1) in bb patients was sig-

nificantly lower (OR 0.21, 95% CI 0.09–0.50) than in BB-Bb
patients.

DISCUSSION
In a group of Spanish postmenopausal women with RA we
analyzed the relationship between BsmI polymorphism of
VDR gene and several clinical activity measures. Our results
suggest that bb genotype of BsmI polymorphism of VDR gene
could be associated with a less severe form of RA. Indeed,
HAQ score achieved not only a statistical but also a clinical
difference between BB-Bb and bb patients, as it was above
0.22, considered the minimum meaningful improvement in
physical function.
In general, no association has been observed between VDR

gene polymorphism and RA10,12-14, except for the FokI poly-
morphism, which was associated with RA in the French pop-
ulation11.
The association of clinical activity and VDR gene poly-

morphisms had been analyzed in 3 studies10,13,14. García-
Lozano, et al13 found that the BB/tt combination of genotypes,
defined by the BsmI and TaqI restriction site polymorphisms,
was identified to be weakly associated with an early onset RA
in female patients. By contrast, in our series no differences
were found in the age at RA onset between the subgroups of
patients defined on the basis of the genetic analysis.
Lee, et al14 found no significant difference in the focal

bone erosion score according to the BsmI and TaqI VDR gene
polymorphisms. In this way, we did not find differences in the
prevalence of erosive diseases in the 3 subgroups.
Finally, Rass, et al10 observed that RF titer, which is an

independent marker for disease progression in RA, was high-
er in their bb patients.We evaluated RF in a dichotomous form
and no differences in the prevalence of RF were observed
between the 2 groups of patients. The authors of this
Hungarian study in 64 patients (56 women; 47 post-
menopausal) state they found no significant association
between BsmI genotypes and the variables of clinical activity;
however, these data were not shown.
Our study may help to clarify whether a relation exists

between the polymorphism of the VDR gene and clinical
activity in postmenopausal women with RA. The results seem
to show that BsmI polymorphism of VDR gene fits the profile
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of a prognostic factor. Longitudinal studies are necessary to
confirm this finding.
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Table 1. Demographic and clinical variables for the entire group of patients and for the 3 genotypes of Bsml poly-
morphisms.

Variable All BB Bb bb
(n = 123) (n = 28) (n = 48) (n = 47)

Age (yrs) 62.9 ± 8.4 65.2 ± 8.5 62.8 ± 8.4 61.7 ± 8.1
Age at RA onset (yrs) 50.4 ± 10.9 51.7 ± 12.7 51.8 ± 9.8 48.4 ± 10.8
RA duration (yrs) 12.5 ± 7.3 13.5 ± 8.6 11.0 ± 6.2 13.3 ± 7.3
RF+ (%) 76 64 85 74
Erosions (%) 73 63 79 72
Nodules (%) 16 26 10 15
Functional class (%)
I 19 14 10 30
II 48 41 54 45
III 29 41 30 23
IV 4 5 6 2

TJC (n) 7.0 ± 3.4 7.2 ± 3.0 7.5 ± 3.4 6.5 ± 3.6
SJC (n) 3.2 ± 2.7 3.2 ± 2.7 3.7 ± 2.7 2.7 ± 2.7
HAQ 1.3 ± 0.7 1.4 ± 0.6 1.4 ± 0.7 1.1 ± 0.8
ESR (mm/h) 23.9 ± 17.7 30.2 ± 24.7 25.5 ± 15.7 18.3 ± 12.7
CRP (mg/l) 21.6 ± 22.9 22.5 ± 23.8 25.3 ± 25.5 17.3 ± 19.1
Hemoglobin (mg/l) 12.1 ± 12.7 12.1 ± 15.2 11.8 ± 11.6 12.5 ± 11.0
Albumin (mg/l) 40.8 ± 3.3 40.5 ± 3.4 39.9 ± 3.3 41.8 ± 3.2
Glucocorticoid treatment (%) 92 100 90 91
Current dose (mg) 4.2 ± 2.5 4.2 ± 2.4 4.7 ± 2.8 3.6 ± 2.2
Cumulative dose (g) 12.3 ± 10.3 14.3 ± 10.4 13.4 ± 11.2 10.1 ± 8.8

Number of DMARD 2.5 ± 1.4 2.7 ± 1.6 2.7 ± 1.3 2.1 ± 1.2

RF: rheumatoid factor; TJC: tender joint count; SJC: swollen joint count; HAQ: Health Assessment
Questionnaire; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; DMARD: disease modifying
antirheumatic drugs.

Table 2. Differences between the demographic and clinical variables of
BB-Bb and bb patients.

Variable BB-Bb bb p
(n = 76) (n = 47)

Age (yrs) 63.7 ± 8.5 61.7 ± 8.1 ns
Age at RA onset (yrs) 51.7 ± 10.9 48.4 ± 10.8 ns
RA duration (yrs) 12.0 ± 7.3 13.3 ± 7.3 ns
RF+ (%) 78 74 ns
Erosions (%) 73 72 ns
Nodules (%) 14 15 ns
Functional class (%)
I 12 30
II 47 45 ns
III 36 23
IV 5 2

TJC (n) 7.4 ± 3.4 6.5 ± 3.6 ns
SJC (n) 3.5 ± 2.6 2.7 ± 2.7 ns
HAQ 1.4 ± 0.7 1.1 ± 0.8 < 0.05
ESR (mm/h) 27.3 ± 19.5 18.3 ± 12.7 < 0.05
CRP (mg/l) 24.2 ± 24.7 17.3 ± 19.1 ns
Hemoglobin (mg/l) 11.9 ± 13.1 12.5 ± 11.0 < 0.05
Albumin (mg/l) 40.1 ± 3.3 41.8 ± 3.2 < 0.05
Glucocorticoid treatment (%) 93 91 ns
Current dose (mg) 4.6 ± 2.7 3.6 ± 2.2 < 0.05
Cumulative dose (g) 13.6 ± 11.1 10.1 ± 8.8 < 0.05

Number of DMARD 2.7 ± 1.4 2.1 ± 1.2 < 0.05

ns: not significant. For other abbreviations see Table 1.
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