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ABSTRACT

Objectives: Growing evidence suggests that vitamin D
plays a key role in the pathogenesis and progression of
autoimmune diseases, including systemic lupus
erythematosus (SLE). Recent studies have found an
association between lower serum 25-hydroxyvitamin D
(25(0H)D) levels and higher SLE activity. We studied
the relationship between 25(0OH)D levels and Systemic
Lupus Erythematosus Disease Activity Index (SLEDAI)
score, and we assessed for the first time the role of
vitamin D in predicting SLE flare-ups.

Methods: Serum 25(0H)D levels were measured in
170 patients with SLE who were prospectively followed
up for 6 months (Plaquenil LUpus Systemic study,
ClinicalTrials.gov number NCT00413361).

Results: The mean SLEDAI score was 2.03+2.43 and
12.3% patients had active disease (SLEDAI >6). The
mean 25(0H)D level was 20.6+9.8 ng/mL. Deficiency
(25(0H)D <10 ng/mL) was observed in 27 (15.9%),
insufficiency (10<25(0H)D<30) in 112 (65.9%) and
optimal vitamin D status (25(0H)D>30) in 31 (18.2%)
patients. In multivariate analysis, female gender
(p=0.018), absence of defined antiphospholipid
syndrome (p=0.002) and higher creatinine clearance
(p=0.004) were predictive of lower 25(0H)D levels.

In multivariate analysis, lower 25(OH)D levels were
associated with high SLE activity (p=0.02). Relapse-
free survival rate was not statistically different
according to the vitamin D status during the 6-month
follow-up (p=0.22).

Conclusions: We found a low vitamin D status in the
majority of patients with SLE, and a modest
association between lower 25(0H)D levels and high
disease activity. There was no association between
baseline 25(0H)D levels and relapse-free survival rate.

KEY MESSAGES

» Suboptimal vitamin D status is found in more
than 80% of patients with SLE.

» Low vitamin D levels were are statistically asso-
ciated with high disease activity.

» Baseline vitamin D levels were not associated
with relapse-free survival rate during a 6-month
follow-up.

INTRODUCTION

1,25-Dihydroxyvitamin D (1,25(OH).D), or
calcitriol, the most active form of vitamin D,
is a secosteroid hormone recognised as
essential in calcium metabolism and bone
homeostasis. Mounting evidence exists for a
role of vitamin D in non-skeletal diseases,
such as autoimmune diseases. Specifically,
both in vitro and in vivo studies of vitamin D
effects provide an immunological basis for
potential beneficial effects of vitamin D in
systemic lupus erythematosus (SLE)." Studies
using animal models of SLE demonstrated a
preventive action of calcitriol or an analogue
on SLE manifestations.>® Vitamin D and its
synthetic analogues significantly reduced
polyclonal and anti-dsDNA immunoglobulin
G production by SLE peripheral blood
mononuclear cells (PBMC) in vitro.’
Increased B cell activation was associated
with decreased 25(OH)D levels in patients
with  SLE, suggesting that vitamin D
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deficiency may contribute to increased B cell activation
in SLE.” We have recently demonstrated that high-dose
vitamin D supplementation provides beneficial immuno-
logical effects in vivo in patients with SLE with an
increase of regulatory T cells and a decrease of Thl7,
Thl and memory B cells.® A suppressive action of
vitamin D on the interferon o signature, considered as
central in the pathophysiology of SLE, has been demon-
strated in vitro’ and in vivo.” Genetic studies have
pointed out associations between allelic variation within
vitamin D regulatory genes and susceptibility to
SLE."” " Many epidemiological studies reported
increased prevalence of vitamin D deficiency and insuffi-
ciency in patients with SLE,'*™'® and recent studies have
reported an association between lower serum 25(OH)D
concentration and higher disease activity.” ' ' To
our knowledge, the role of 25(OH)D level in predicting
SLE flare-ups has never been assessed.

The objectives of our study were (1) to assess the rela-
tionship between 25(OH)D levels and SLE disease activ-
ity, (2) to determine the predictive factors of vitamin D
status and (3) to determine whether 25(OH)D levels
predict disease flare-ups in the 6-month follow-up.

PATIENTS AND METHODS

Study population

This study is an ancillary study of the Plaquenil LUpus
Systemic study (PLUS; ClinicalTrials.gov number
NCT0041336), which is a randomised, double-blind,
placebo-controlled, multicentre trial that was conducted
from June 2007 through August 2010 at 37 centres in
France.”” This research received the approval of the
Saint-Louis Hospital ethic committee. All the patients
involved signed a consent form.

Briefly, relevant inclusion criteria were adult patients with
SLE according to ACR criteria,”' treated with hydroxychlor-
oquine (HCQ) for at least 6 months. SLE had to be stable
with no increase in the steroid dosage during the three pre-
vious weeks, a steroid dosage <0.5 mg/kg/day of prednis-
one or equivalent, no modifications of a possible
immunosuppressant drug during the two previous months
and a Safety of Estrogens in Lupus Erythematosus National
Assessment-Systemic Lupus Erythematosus Disease Activity
Index (SELENA-SLEDAI) <12. The main relevant exclu-
sion criteria were estimated glomerular filtration rate lower
than 60 mL/min/1.73 m?, pregnancy and known or sus-
pected non-adherence. Antiphospholipid syndrome (APS)
was defined according to the Sydney criteria.*

The details regarding supplemental vitamin D intake
were not available. Nevertheless, the usual daily vitamin
D intake prescribed to prevent glucocorticoid-induced
osteoporosis was comprised between 400 and 880 UI of
vitamin D3.

At inclusion, all subjects had SLE activity assessment
and blood examination including a centralised blood
HCQ concentration measurement. Patients with blood
HCQ concentration ranging between 100 and 750 ng/

mL at inclusion, which is a range of concentrations that
was previously identified as associated with a higher
risk to develop flare-ups,® were eligible for randomisa-
tion. Randomised patients received either the same
dose of HCQ (group 1) or an increased dose aimed at
achieving a blood HCQ concentration dosage above
1000 ng/mL (group 2). The maximal dosage of HCQ
was 800 mg/day.

Follow-up
Randomised patients were followed up for 7 months.
Assessments of SLE activity and side effects were per-
formed in all patients at 1, 3, 5 and 7 months (M1, M3,
M5 and M7 visit, respectively). The primary outcome
measure was the occurrence of SLE flare-ups, as defined
by the SELENA-SLEDAI flare composite score.”* Briefly,
this score includes three elements: the SELENA-SLEDAI
score; an assessment of new or worsening disease activity,
medication changes and hospitalisations not captured
with the use of the SLEDAI; and the score on the physi-
cian’s global assessment visual analogue scale.
Information about the use of this score was provided at
each site before the study began.

We chose to analyse the serum sampled at M1 since
(HCQ) were considered stable at that moment (patients
had reached their target (HCQ)).

Serum 25(0H) vitamin D measurement

Blood samples were collected and processed immediately
in each centre. After centrifugation at 2000g for 10 min,
serum samples were stored at —80°C and thawed only
once. Serum 25(OH)D was measured by means of a radio-
immunoassay after simple extraction with acetonitrile
(DiaSorin, Stillwater, Minnesota, USA), as described previ-
ously.”” The interassay and intraassay coefficients of vari-
ation were <7% and <5%, respectively, throughout the
entire range of concentrations. The detection limit was
3 ng/mL. Samples with a measured concentration below
3 ng/mL were arbitrarily attributed a value of 2 ng/mL.
The measurements were performed in a single laboratory,
which participates in the DEQAS proficiency testing and
finds results that fall within 10% of the all-laboratory
trimmed mean of this International Quality Control.
Vitamin D status was characterised as deficiency (<10 ng/
mL), insufficiency (10<25(OH)D<30 ng/mL) and
optimal vitamin D status (=30 ng/mL).

Statistical analysis

Predictive factors of serum 25(OH)D levels were identi-
fied via univariate analysis with a linear regression model
for quantitative variables and with Mann-Whitney tests
for qualitative variables. Variables with univariate p value
<0.2 were included in a multivariate stepwise linear
regression model. Model fit has been checked by visual
inspection of the residuals. To assess the relationship
between serum 25(OH)D levels and SELENA-SLEDAI
score (score >6 vs <6), we performed a stepwise logistic
regression. Variables included in the model were age,
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sex, HCQ levels, prednisone use and serum 25(OH)D
levels. Association between vitamin D status (deficiency,
insufficiency, optimal level) and relapse-free survival rate
was tested in univariate analysis using the log-rank test.
Relapse-free survival rate was calculated from M1 to the
date of first flare-up. Patients alive without occurrence of
flare-up at the date of last follow-up were censored at
this date. To evaluate the effect of vitamin D status after
adjustment for other potentially predictive variables, a
multivariate Cox regression model was performed.
Variables included in the multivariate Cox model were
SELENA-SLEDAI score (>6 vs <6), score on the physi-
cian’s global assessment visual analogue scale (> median
vs < median=0.11), C3, anti-dsDNA levels and vitamin D
status. All tests were two-sided. p Values less than 0.05
were considered statistically significant. All analyses were

Table 1 Characteristics of the 170 patients with SLE

Patients

Characteristics (n=170)
Age [mean+SD] (year) 40 [11]
Gender, female (n, %) 148 (87)
Ethnicity

Caucasian (n, %) 122 (71.8)

African-American (n, %) 28 (16.4)

Asian (n, %) 18 (10.6)

Others (n, %) 2(1.2)
Mean BMI [+SD] 25 [5]
Current smokers (n, %) 41 (24)
Median disease duration [range] (year) 7.9 [0.6-31.0]
Photosensitivity (n, %) 102 (60)
Malar rash (n, %) 80 (47,3)
Discoid lupus (n, %) 20 (11,8)
Renal disorder (n, %) 48 (28)
Mean creatinine clearance (mL/min) 108 [34]
[+SD]
Low levels of complement (C3) (n, %) 20 (11.8)
Median PGA [range] 0.11 [0-2.6]
Active disease (SELENA-SLEDAI >6) 15 (8.8)
(n, %)
Median SELENA-SLEDAI score [range] 1 [0-18]
Associated APS (n, %) 28 (16)
Treatment variables

Ever use of prednisone (n, %) 137 (80)

Current prednisone use (n, %) 94 (55.3)

Actual prednisone dosage [mean+SD] 8.7 [6.2]

(mg/day)

Ever use of immunosuppressive drugs 69 (40)

(n, %)

Current use of immunosuppressive 32 (19)

drugs (n, %)

Current anticoagulant treatment (n, %) 7 (4)
Mean blood HCQ concentration 1035 [535]

at M1 [+SD] (ng/mL)

APS, antiphospholipid syndrome; BMI, body mass index; HCQ,
hydroxychloroquine; PGA, physicians’ global assessment;
SELENA-SLEDAI, Safety of Estrogens in Lupus Erythematosus
National Assessment-Systemic Lupus Erythematosus Disease
Activity Index; SLE, systemic lupus erythematosus.

performed with the SAS software V.9.2 (SAS Institute,
Cary, North Carolina, USA).

RESULTS

Study population

The study population included 170 of the 171 rando-
mised patients (one patient had no sample at M1).
Patient characteristics are listed in table 1. Of the 170
subjects, 148 (87%) were women, the mean age was 40
+11 years and the median disease duration was 7.8 years
(0.5-30.9). An APS was defined in 16% of the patients.
The mean estimated creatinine clearance using
Cockroft-Gault equation was 108+34 mL/min. The
median SELENA-SLEDAI score was 1 (0-18). According
to the design of the study, all the subjects were treated
with HCQ. Other SLE medications included corticoster-
oids (55% with a mean dose of 8.0+4 mg/d) and
immunosuppressant drugs (19%).

Vitamin D status

The mean serum 25(OH)D level was 20.6+9.8 ng/mlL.
In total, 27 (15.9%) subjects had vitamin D deficiency
(25(OH)D<10 ng/mL), 112 (65.9%) had vitamin D
insufficiency (10<25(OH)D<30) and 31 (18.2%) had
optimal vitamin D levels (25(OH)D>30). The distribu-
tion of vitamin D levels is shown in figure 1.

In the univariate analysis (table 2), gender, age, body
mass index (BMI), ethnicity, disease duration, photo-
sensitivity, creatinine clearance, APS, anticoagulant treat-
ment and season were associated with 25(OH)D levels

Distribution of Vitamin D levels
50 -

45 4

35 +

30 +

25 4

o4

Figure 1 The central line marks the median value and the
edges of the box mark the first and third quartiles. The vertical
line issuing from the box extends to the minimum and
maximum values.
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Table 2 Predictors of 25(OH)D levels in univariate analysis

Parameter regression

Median (range) vitamin D levels

(standard error) (quantitative variable) (binary variables) p Value
Age 0.19 (0.07) 0.007
Gender
Male 24 (9-48) 0.06
Female 18 (5-42)
Ethnicity
Europe 17 (5-42) 0.19
Others 20 (5-48)
BMI -0.22 (0.14) 0.12
Current smokers
No 19 (5-48) 0.64
Yes 17 (5-42)
Season
Summer 24 (8-41) 0.001
Others 17 (5-48)
Disease duration 0.17 (0.11) 0.12
Photosensitivity
No 23 (7-42) 0.04
Yes 17 (5-48)
Malar rash
No 20 (5-42) 0.8
Yes 18 (5-48)
Discoid lupus
No 19 (5-48) 0.8
Yes 19 (5-41)
Creatinine clearance —0.048 (0.02) 0.03
Anti-dsDNA (Farr assay) —0.014 (0.03) 0.61
Anti-dsDNA (ELISA) —0.006 (0.005) 0.29
C3 levels —1.17 (3.34) 0.72
Associated APS
No 18 (5—48) 0.007
Yes 25 (9-41)
Corticosteroid dosage 0.03 (0.12) 0.8
Ever immunosuppressant drugs use
No 19 (5-42) 0.24
Yes 23 (5-48)
HCQ concentration —0.0007 (0.001) 0.66
Current anticoagulant treatment
No 19 (5-48) 0.1
Yes 31 (15-40)

25(0H)D, 25-hydroxyvitamin D; APS, antiphospholipid syndrome; BMI, body mass index; HCQ, hydroxychloroquine.

with a p value <0.2 and were then included in the multi-
variate analysis. Of these, only female gender (p=0.018),
an absence of defined APS (p=0.002) and higher cre-
atinine clearance (p=0.004) were associated with lower
25(OH)D levels in multivariate analysis (table 3).

There was no statistically significant correlation
between 25(OH)D levels and blood HCQ concentra-
tions (p=0.66).

Relationship between 25(0H)D levels and SLE activity

The primary objective was to assess the relationship
between 25(OH)D levels and SLE activity. Lower 25
(OH)D levels were associated with significantly high SLE
activity defined by a SELENA-SLEDAI score 2>6
(p=0.02), with an odd ratio of 0.93 (95% CI (0.873 to

0.989)). Prednisone use was also significantly associated
with SLE activity (table 4).

We then analysed the relationship between 25(OH)D
levels and the risk of SLE flare-up. At M1, the mean 25

Table 3 Predictors of lower 25(OH)D levels in
multivariate analysis

Parameter p
Variables estimate (SE) Value
Higher creatinine clearance  —0.06 (0.02) 0.004
Female gender —5.24 (2.15) 0.018
Absence of 6.25 (1.94) 0.002

antiphospholipid syndrome
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Table 4 Association of 25(OH)D levels and SLE activity
(SELENA-SLEDAI >6) in multivariate analysis

OR 95% ClI p Value
25(0OH)D levels 0.93 0.87-0.99 0.02
Prednisone use 0.19 0.05-0.70 0.01

The other variables introduced in the model were not retained by
the model.

SELENA-SLEDAI, Safety of Estrogens in Lupus Erythematosus

National Assessment—Systemic Lupus Erythematosus Disease

Activity Index®®; SLE, systemic lupus erythematosus.

(OH)D level was not significantly different in the 45
patients who developed a flare-up during the 6 months
of follow-up and in the 125 who did not (19.3+9.6 vs
21.1£9.9 ng/mL, respectively). Relapse-free survival rate
at 6 months was 63% in patients with vitamin D defi-
ciency, 77% in patients with insufficiency and 77% in
patients with optimal vitamin D status (p=0.22). We then
adjusted for SELENA-SLEDAI (>6 vs <6), physician’s
global assessment visual analogue scale (>0.11 vs <0.11),
C3 levels and anti-dsDNA levels. SELENA-SLEDAI at M1
(HR=3.14; 95% CI 1.54 to 6.4, p=0.002), physician’s
global assessment visual analogue scale (HR=2.78; 95%
Cl 14 to 5.5, p=0.003) and anti-dsDNA levels
(HR=1.002; 95% CI 1.0001 to 1.004, p=0.04) were signifi-
cantly predictive of relapse-free survival rate.

DISCUSSION

The optimal vitamin D level is defined as greater than
30 ng/mL because lower levels are associated with dele-
terious compensatory secondary hyperparathyroidism.?’
Consistently with other studies in SLE,'*™° ¥ 2% e
found a high proportion of patients with SLE with
vitamin D deficiency and insufficiency (15.4% and
67.3%, respectively).

Regarding the factors associated with vitamin D defi-
ciency, female gender, higher creatinine clearance and
absence of defined APS were associated with lower 25
(OH)D levels in multivariate analysis. Female gender is a
classical risk factor for hypovitaminosis D in the general
population®~*! and in patients with SLE.'® *° This might
be explained by differences in outdoor activities or cloth-
ing,” lower body surface area® and androgen-related dif-
ferences in vitamin D binding protein levels, in the
precursor production by the skin or in the
25-hydroxylation by the liver.” Levels of serum 25(OH)D
are known to decrease with decreasing glomerular filtra-
tion rate in patients with chronic kidney diseases.”’ *
However, in the cohort of the Third National Health and
Nutrition Examination Survey (NHANES III), the
adjusted mean serum 25(OH)D was higher in patients
with mildly decreased kidney function (60<eGFR
<89 mL/min/1.73 m?) compared with patients with
normal kidney function (eGFR>90 mL/min/1.73 m‘z).f)'1
Since an eGFR <60 mL/min/1.73 m2 was an exclusion
criteria in our study, our findings are consistent with

these results.”! Unexpectedly, we found that the presence
of an APS is independently associated with higher 25
(OH)D levels. Other studies reported lower vitamin D
levels in patients with APS than in healthy controls,®*°
and lower vitamin D levels in SLE associated APS than in
patients with primary APS.** To our knowledge, our study
is the only one that compared 25(OH)D levels between
patients with SPE with versus without associated APS.
This result raised the question of an interaction between
vitamin K antagonists and vitamin D. We did not find evi-
dence for this hypothesis in the literature; instead, war-
farin is a potent ligand of nuclear receptor SXR, thereby
activating CYP3A4, which is involved in the catabolism of
calcitriol.”” Additionally, we did not find any association
between anticoagulant treatment by vitamin K antago-
nists and 25(OH)D levels.

We did not find an association between corticosteroid
use or dose and vitamin D status. To our knowledge, this
association has never been assessed in SLE.
Corticosteroid use is thought to increase the catabolism
of vitamin D by activating the expression of the nuclear
receptor SXR or NR1I2, which induces the destruction
of 25(OH)D and 1,25(OH)sD through the expression of
CYP3A4.%” *® Nevertheless, in our study, patients had to
receive a steroid dosage lower than 0.5 mg/kg/d, and
the mean steroid dosage was low, meaning that we
cannot exclude that a higher steroid dosage would have
been associated with lower 25(OH)D levels.

HCQ, an important medication in SLE,* * is asso-
ciated with higher bone mineral density in patients with
SLE, suggesting an effect of HCQ on calcium and bone
metabolism.*' ** HCQ may inhibit the conversion of 25
(OH)D to 1,25(OH)sD, but the precise mechanism
remains unknown.** In one of the first studies
devoted to vitamin D status in SLE, 1,25(OH)sD levels
were found to be lower in patients treated with HCQ),
while 25(OH)D levels were not significantly different.*
By contrast, RuizIrastorza et al® concluded that treat-
ment with HCQ independently predicted (p=0.014)
higher levels of 25(OH)D. We were not able to assess
this relationship since all of our patients were treated
with HCQ. However, our study is the first to explore the
relationship between the blood HCQ concentrations
and the serum 25(OH)D levels, and we did not find any
correlation.

We found that lower 25(OH)D levels were associated
with high disease activity, which is consistent with most
previous studies.” '? 10717 #2 46 47 The absence of associ-
ation found by some studies'* ' % *¥5° might be
explained by some bias: the low number of subjects,'* '°
the very low disease activity”’ and the heterogeneity of
treatments, particularly HCQ.* The association between
lower vitamin D levels and high SELENA-SLEDAI score
suggests that vitamin D may be beneficial in preventing
and attenuating some manifestations of SLE. As previ-
ously stated, mounting evidence exists for beneficial
effects of vitamin D in SLE. The clinical relevance of the
modest association between vitamin D and high disease
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activity can be questioned. Moreover, all of the studies to
date reporting this association were cross-sectional so
that we cannot be certain that vitamin D status affects
disease activity rather than vice versa. It has been pro-
posed that VDR hyperexpression in activated lympho-
cytes induced by SLE activity results in increased
turnover of vitamin D'* so that vitamin D deficiency
could possibly serve as a biomarker of disease flare.”!
Additionally, active patients with SLE might better
respect photoprotection.

Our study assesses the relationship between 25(OH)D
levels and the risk of further SLE flare-ups during a
6-month follow-up. We did not find an association
between baseline vitamin D levels and relapse-free sur-
vival rate. It can be argued that 6 months may be a too
short period to evaluate disease flare. This finding may
also reflect the dual effects of sunlight exposure in SLE:
ultraviolet B rays are the main vitamin D source in the
absence of vitamin D supplements, and on the same
time a possible trigger of a SLE flare-up. Another
explanation might be that most subjects in our study
had deficient or insufficient 25(OH)D levels making it
difficult to capture the effect of 25(OH)D status. The
threshold of 30 ng/mL is essential for bone health, but
the serum 25(OH)D level needed for optimal health is
unknown.”® We have shown that beneficial immuno-
logical effects of vitamin D in patients with SLE in vivo
were more pronounced with a mean 25(OH)D level of
51.4ng/mL than with a mean 25(OH)D Ilevel of
41.5 ng/mL.? Finally, the lack of association of vitamin D
levels with relapse-free survival may be explained by the
absence of clinically meaningful association between
vitamin D and SLE activity.

Given its relative safety, there is optimism that giving
high doses of vitamin D will lead to better outcomes for
patients with SLE. In the first interventional study pub-
lished in SLE,” no significant association was found
between the variation of the 25(OH)D levels and the
variation of the SLEDAI score. However, this study was
not randomised and the supplementation modalities
were at the discretion of the attending physician so that
the level of 30 ng/mL, which is usually considered as
sufficient, was obtained in less than 30% subjects.
Abou-Raya et al® conducted a randomised, double-
blind, placebo-controlled trial of 2000 Ul/day vitamin
D3 supplementation for 12 months. In this trial, second-
ary outcome measure was the improvement in the
SLEDAI score, and a significant improvement in disease
activity was observed in the vitamin D group.”® In
another prospective study, 763 patients with SLE with 25
(OH) below 40 ng/mL among 1006 patients with SLE
were supplemented with vitamin D2. A 20 ng/mL
increase in 25(OH)D was associated with a significant
decrease in mean SELENA-SLEDAI by 0.22, but the
authors questioned the clinical relevance of this minor
improvement.47

Our study was limited by a lack of details regarding
the supplemental vitamin D intake and the single cross-

sectional measurement of 25(OH)D levels. The study
may be limited by the relatively low SLE activity in the
patients included in the trial so that we cannot extrapo-
late our results in more active patients with SLE. The
duration of follow-up can also be considered as a limita-
tion. It was strengthened by its prospective design with
follow-up every 2 months, the size of the population and
the homogeneity of the patients in terms of treatment
received.

In conclusion, vitamin D deficiency and insufficiency
are highly prevalent in patients with SLE. There is a stat-
istically significant association between vitamin D levels
and high SLE activity, with dubious clinical conse-
quences. Well-conducted trials are still needed to
confirm or not that low vitamin D levels is a modifiable
risk factor for morbidity in patients with SLE.
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