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Abstract

Objective—We investigated whether an increase in vitamin D levels in patients with systemic
lupus erythematosus was associated with improvement in disease activity.

Methods—1006 SLE patients were followed over 128 weeks. SLE patients with low levels of
25-hydroxy Vitamin D (<40 ng/mL) were supplemented with 50,000 units Vitamin D, weekly,
with Ca/D3 200 units twice daily. Longitudinal regression models were used to estimate the
association between levels of vitamin D and various measures of disease activity.

Results—The SLE patients were 91% female, mean age 49.6, 54% Caucasian, 37% African-
American and 8% other ethnicity. For those with low 25-hydroxy Vitamin D (<40 ng/mL), a 20
unit increase in 25-hydroxy Vitamin D was associated with a decrease in mean SELENA-SLEDAI
by 0.22 (CI: -0.41, —0.02) (p= 0.032). This corresponded with a 21% decrease in the odds of
having a SELENA-SLEDAII higher than 4 (Cl: 1%, 37%). Mean urine protein-to-creatinine ratio
decreased 2% (ClI: —0.03, —0.01) (p=0.009), corresponding to a 15% decrease in the odds of
having a ratio of 0.5 or greater (Cl: 2%, 27%).

Conclusion—We found that a 20 ng/mL increase in vitamin D was associated with a 21%
decrease in the odds of having a high activity score and a 15% decrease in the odds of having
clinically important proteinuria. Though these associations were statistically significant, the
clinical importance is relatively modest. There was no evidence of additional benefit beyond a
level of 40 ng/mL.
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Vitamin D has recently gained attention beyond its traditional role in bone health and
calcium homeostasis. Vitamin D levels has been linked to a number of chronic conditions
including cardiovascular disease (CVD), malignancy® and many autoimmune diseases,
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including type 1 diabetes mellitus, inflammatory bowel disease, multiple sclerosis,
undifferentiated connective tissue disease, rheumatoid arthritis, and systemic lupus
erythematosus (SLE)(2-11),

Several studies have reported a high prevalence of vitamin D insufficiency in SLE(12-18),
The high prevalence of Vitamin D insufficiency in SLE has been partially attributed to sun
avoidance3), The University of Toronto SLE cohort found that vitamin D insufficiency was
related to season, cumulative glucocorticoid dose and serum creatinine(9). A recent large
population study of 33,996 individuals of European descent from 15 non-SLE cohorts
reported that genetic variation also contributes to vitamin D insufficiency(?Y),

Early vitamin D supplementation in murine SLE models demonstrated that vitamin D has
immunomodulatory effects. MRL/I mice supplemented with vitamin D had less
dermatologic lesions, less proteinuria and lower anti-DNA(@2). A different SLE murine
model, however, demonstrated a deleterious effect of vitamin D. F1(NZBxW) mice injected
with vitamin D3 showed worsening of renal histopathological findings(3.

Previous studies of vitamin D in SLE are summarized in table 1. In human SLE, several
cross-sectional studies have reported an inverse relation between vitamin D insufficiency
and SLE disease activity(14-19). One of the studies also reported an association between
vitamin D deficiency and increased aortic stiffness in SLE(19). However, a recent cross-
sectional Brazilian study of SLE patients did not find correlation between vitamin D
insufficiency and SLE disease activity(®4). Only one previous intervention study has been
reported. In a prospective study of 60 SLE patients conducted by Ruiz-Irastorza et al, SLE
patients were treated with oral vitamin D3 for a median period of 24 months (range 7-24
months) at the discretion of the attending physician. They reported a beneficial effect of
vitamin D supplementation on fatigue, but no change in disease activity(2>).

Observational studies and clinical trials with supplementary vitamin D in the general
population have been associated with improved health outcomes(26-29), Double-blind
randomized controlled trials in Switzerland showed greater fall and fracture prevention in
patients who attained higher levels of serum 25-hydroxyvitamin D. Prospective cohort data
analysis in the same population also suggested benefit in cardiovascular health and
colorectal cancer prevention in those who had the highest 25-hydroxyvitamin D levels(Z®),
Three double-blind, randomized, placebo-controlled studies in 220 patients with stage 3 and
4 chronic kidney disease randomized to paricalcitol or placebo found that reduction in
proteinuria was 3.2 times greater in the paricalcitol treated patients(7),

Potential harm of vitamin D supplementation has also been documented. A reanalysis of the
Women’s Health Initiative Calcium/Vitamin D supplementation study, incorporated in a
meta-analysis with eight other studies, found that calcium supplementation, with or without
vitamin D, modestly increased the risk cardiovascular events, especially myocardial
infarction®9). This group had also previously reported in a meta-analysis of 15 trials that
calcium supplements alone were associated with an increased risk of myocardial
infarction®). Freedman et al studied three hundred and forty African-Americans with type 2
diabetes and found that 25-hydroxyvitamin D was negatively associated with visceral
adiposi(%,) but positively associated with carotid artery and aorta calcified atherosclerotic
plaquet®<),

In a recently published paper involving twenty-five experts from various clinical disciplines,
a target level of at least 30 to 40 ng/mL of 25-hydroxyvitamin D (25(OH)D) serum level
was recommended in adult patients with or at risk for fractures, falls, cancer, autoimmune
and cardiovascular disease(33). Therefore, we used 40 ng/mL as our target 25-hydroxy
Vitamin D level for routine clinical care. In this study, we analyzed data from a large
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prospective cohort to access whether a change in serum 25-hydroxy Vitamin D level was
associated with a change in disease activity in SLE.

Patients and Methods

Patients and study design

The Hopkins Lupus Cohort is a clinical cohort of SLE patients regularly seen at Johns
Hopkins University. It has been approved by the Johns Hopkins University School of
Medicine Institutional Review Board. All patients gave written informed consent. Patients

met the American College of Rheumatology (ACR) revised classification criteria for
SLE(34, 35)'

We conducted a longitudinal observational study of 1006 patients in the cohort from May
2009 to October 2011. During that period, serum 25-hydoxyvitamin D was measured at each
visit. If the patient had a 25 hydroxyvitamin D level below 40ng/mL, they were given
50,000 units of vitamin D, weekly, as well as calcium/D3 200 units twice daily, as part of
standard care.

Cumulative revised American College of Rheumatology classification of the 1006 patients
were: malar rash 60.5%, discoid rash 25.9%, photosensitivity 59.5%, oral ulcers 48.7%,
arthritis 80.3%, serositis 53.2%, renal disorder 52.5%, neurologic disorder 15.4%,
hematologic disorder 73.4%, immunologic disorder 82.8% and ANA positivity 95.5%.
These did not differ, depending on being vitamin D deficient, or not (Table 2).

Variables investigated

Variables in the analyses included: the Physician Global Assessment (PGA, 0-3 visual
analogue scale), and the SELENA revision of the Systemic Lupus Erythematosus Disease
activity (SELENA-SLEDAI)®®), spot urine protein to creatinine ratio, complement C3,
complement C4, anti-double-stranded DNA (by Crithidia), high-sensitivity C-reactive
protein (hs-CRP), prednisone and hydroxychloroquine use, and other medication use.

Statistical analysis

Statistical Analysis System (SAS) software was used (SAS Institute Inc. Cary, North
Carolina, SAS 9.2). Initially, two different analyses were performed for each outcome
variable: A “between-person” analysis and a “within-person analysis”. The “between-
person” analysis addressed the question of whether patients who had higher vitamin D
tended to have lower disease activity (or other outcomes). To perform this analysis we
assessed the association between patient-specific average vitamin D levels, and patient-
specific average disease activity levels. The “within person” analysis addressed the question
of whether patients tended to have less disease activity when they had higher vitamin D
levels. To perform this analysis we create two new variables: 1) the difference between a
patient’s observed vitamin D at each visit and that patient’s average vitamin D, and 2) the
difference between a patient’s observed level of disease activity at each visit and that
patient’s average level of disease activity. Then we assessed the association between those
two variables using a longitudinal regression model. If the results of both the “between-
person” and “within-person” analyses were consistent, we summarized the results with a
single longitudinal regression model of disease activity regressed on vitamin D which draws
from both types of relationships.

For each analysis, we fit two models: 1) a model that assumed a linear relationship between
vitamin D and disease activity (“one-slope model”), and a model that allowed for the linear
relationship between vitamin D and disease activity to change after vitamin D reached 40
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mg/nL (two slope models). These models were based on exploratory analyses that suggested
that the relationship between some variables and vitamin D changed at that point. In all
models we controlled for race, age, age squared, sex, use of prednisone, use of
hydroxychloroquine and date. Correlations between multiple observations from the same
patients were modeled using mixed effects models with random intercepts and an auto-
regressive correlation structure for the residuals. Dependent variables considered included
PGA, SELENA-SLEDAI, complement C3, complement C4, anti-dsDNA, hs-CRP, and log-
transformed urine protein/creatinine ratio. We also fit models with binary dependent
variables (e.g. PGA=1) to determine the association between vitamin D levels and the odds
of high disease activity.

Demographic and other baseline variables

From May 2009 to October 2011. 1006 SLE patients in the cohort contributed 5935 visits
with serum 25-hydroxyvitamin D measurements. They were 91% female with mean age
49.6 (SD = 13.2). 54% were Caucasian, 37% African-American and 8% other ethnicities.
110 (11%) contributed 1 visit, 313 (31%) had 2-5 visits, 517 (51%) had 6-9 visits, and 65
(6%) had 10-16 visits.

At the first visit when vitamin D was measured (prior to supplementation), seven hundred
and sixty three patients (76%) had levels of 25-hydroxy vitamin D below 40 ng/mL
(insufficient) (Table 3). This percentage was significantly higher among African-Americans
(85%, p<.0001) and among those aged 30-50 (79%, p=.0070).

Changes associated with increases in vitamin D (Table 4)

For all dependent variables other than C3 and C4, the “between-person” analysis was
consistent with the “within-person” analysis. Therefore, the results are summarized below
based on a model that combines both types of relationships. In the one-slope model, there
was a statistically insignificant decrease in the mean PGA of 0.01 per 20ng/mL increase in
vitamin D (Cl: -0.03, 0.01) (p=0.21). Similarly, there was a small decrease in the mean
SELENA-SLEDAI of 0.02 per 20ng/mL increase in vitamin D (CI: —=0.11, 0.07) (p= 0.65).
However, in exploratory analysis we observed that the association between changes in
vitamin D and disease activity were more pronounced among those with vitamin D below
40. Accordingly, we fit a two-segment linear spline and found that for those with vitamin D
below 40 ng/mL, a 20 unit increase in 25-hydroxy Vitamin D was associated with a
statistically significant decrease in mean physician global assessment of 0.04 (Cl: -0.08,
-0.01) (p= 0.026). This corresponded to an estimated 13% decrease in the odds of having a
PGA score of 1 or more (Cl: 0%, 22%). Similarly, below 40 ng/mL, a 20 unit increase in
vitamin D was associated with a decrease in mean SELENA-SLEDAI of 0.22 (Cl: -0.41,
-0.02) (p= 0.032), corresponding to a 21% decrease in the odds of having a SLEDAI score
of 5 or more (95% CI, 1%, 37%).

A 20 ng/mL increase in vitamin D was associated with a 2% decrease in urine protein to
creatinine ratio (Cl: —0.03, —0.01) (p< 0.0001) based on a one-slope model. This
corresponded to a 15% decrease in the odds of having a urine protein-to-creatinine ratio of
greater than 0.5 (Cl 2%, 27%). When this analysis was restricted to those patients with a
history of proteinuria and adjusted for use of ACE inhibitors and immunosuppressants, we
found a somewhat larger association. Specifically, a 20 ng/mL increase was associated with
a 4% decrease in urine protein-to-creatinine ratio (Cl: 2%,5%), and the odds of having a
ratio greater than 0.5 was decreased again by 15% (CI: 1%, 28%).
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The relationships between vitamin D levels and complement were somewhat paradoxical
(Table 5). The results of a “between person” analysis differed qualitatively from the results
of a “within-person” analysis. From the “between person” analysis we found that patients
with higher average vitamin D had a lower average complement C3 (=10.5 units per 20 ng/
mL difference, p<.0001). However, within patients, when their vitamin D was higher, their
complement was higher (1.17 units per 20 ng/mL increase in vitamin D, p=.0010). Similar
results were seen for C4.

We observed no association between vitamin D levels and measures of either anti-double-
stranded DNA or hs-CRP (Table 4).

There were two cases of asymptomatic hypercalcemia due to unrecognized
hyperparathyroidism.

Discussion

ANA-positive healthy controls have been found to be more deficient in vitamin D than
ANA-negative controls. Vitamin D insufficiency is associated with both autoantibody
production and the interferon gene signature, part of the pathogenesis of SLE®7). Thus,
there is great interest in the role of vitamin D in both the pathogenesis and maintenance of
SLE.

We found a statistically significant improvement in urine protein to creatinine ratio, with
higher levels of 25-hydroxy vitamin D. Improvement in proteinuria, even if modest (as
found here) could have clinical implications. A prospective study of 631 patients by Reich et
al concluded that persistent proteinuria in SLE patients contributed to an increased risk of
progressive chronic kidney disease(8). The financial burden of renal disease in SLE is also
of importance. A four year Canadian study on health care use and productivity loss in 715
SLE patients found higher direct costs in SLE patients with renal damage9). Our study
results suggest that vitamin D supplementation may play a small role in reducing renal
morbidity and, ultimately, the financial burden in renal SLE patients.

An inverse relation of serum vitamin D levels with SLE disease activity has been reported in
a number of cross sectional studiesX4-19), but not in all?4). We were able to find a
statistically significant relationship between change in serum 25(OH) vitamin D and global
SLE clinical disease activity, using the Physician Global Assessment or the SELENA-
SLEDAI, in our prospective study design, but the clinical relevance is modest. This change
was found mainly among SLE patients with serum 25(OH) vitamin D levels below 40ng/
mL. Increasing 25(0OH) vitamin D levels once the patient was above 40ng/mL did not appear
to have an effect on disease activity. One previous study in 60 SLE patients examined the
role of intervention with vitamin D. It failed to achieve adequate serum 25(OH) vitamin D
levels post vitamin D supplementation, with as many as 57 patients still having levels below
30 ng/mL(%5). We were able to achieve an average serum 25(OH) vitamin D level of 41.1
ng/mL.

Vitamin D levels were not associated with anti-dsDNA. Any effect on complement was
small, and required complex statistical modeling to document. The lack of marked benefit
on serologies is surprising, as vitamin D insufficiency appears to be associated with the
interferon gene signature. The interferon gene signature in SLE is strongly associated with
serologic tests(0).
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We recognize the limitations of our analysis. Since we explored the relationship between
disease activity and vitamin D changes (not vitamin D supplementation), the small observed
association does not directly imply that vitamin D supplementation would be reduce disease
activity. However, our analyses adjusted for prednisone and hydroxychloroquine use.
Reverse causality or residual confounding might be responsible for the observed relationship
between low circulating vitamin D and the variables studied. In a recent article on
rheumatoid arthritis and increased vitamin D supplementation, caution was advised before
widespread adoption of supplementation with vitamin. They suggested, and we agree, that
well-conducted large randomized controlled trials are necessary to establish the role of
vitamin DY), This caution is especially important given that there is still controversy about
the role of calcium and vitamin D in cardiovascular disease(30-32),

Ours is the second longitudinal analysis of vitamin D in SLE. The first(?®) was likely too
small to find the small difference we report. Our study has the strengths of large numbers,
ethnic balance (both Caucasians and African-Americans), long followup, and achievement
of desirable (= 40 ng/mL) 25-OH vitamin D levels. Vitamin D supplementation is not
completely safe, with rare risk of hypercalcemia (usually due to hyperparathyroidism) and
renal stones.

Our study followed clinical care guidelines to achieve 25-OH vitamin D levels of 40 ng/mL
or above. We did not find any benefit of 25-OH vitamin D levels above 40 ng/mL. Future
research, including clinical trials of vitamin D supplementation, could now be considered in
SLE. Longer follow up of our cohort, to determine if higher 25-OH vitamin D levels lead to
standard clinical improvement in disease activity, is underway.
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Table 2

Page 10

Cumulative American College of Rheumatology Criteria with Normal versus Low 25-Hydroxy Vitamin D.

ACR Criteria All 25- Hydroxy Vitamin ~ 25- Hydroxy Vitamin  p_y5yel
N=1006 D <40ng/mL D >=40ng/mL
N=763 N=243
Malar rash 60.5% 60.3% 61.3% 0.78
Discoid rash 25.9% 26.5% 24.3% 0.50
Photosensitivity 59.5% 60.8% 55.6% 0.15
Oral Ulcers 48.7% 48.4% 49.8% 0.56
Arthritis 80.3% 80.7% 79.0% 0.19
Serositis 53.2% 53.2% 53.0% 0.97
Renal disorder 52.5% 51.8% 54.7% 0.42
Neurologic disorder 15.4% 14.7% 17.7% 0.26
Hematologic disorder 73.4% 73.8% 72.0% 0.59
Immunologic disorder ~ 82.8% 82.3% 84.4% 0.46
ANA positivity 95.5% 95.3% 96.3% 0.51

Comparison between the patients with low vitamin D and those with normal vitamin D

Arthritis Rheum. Author manuscript; available in PMC 2014 July 01.
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Table 3

Page 11

Mean 25-Hydroxy Vitamin D and Proportion with low 25-Hydroxy Vitamin D at the First Assessment, by
Demographic Characteristics.

Characteristic  Mean (SD) P-value Number (%) with  P-value
Vitamin D Vitamin D below
40 ng/mL

Overall 29.8 (14.8) 763 (76%)
Sex
Female (n=920) 29.7 (15.0)  0.50 698 (76%) 0.95
Male (n=86) 30.8 (13.2) 65 (76%)
Race
White (n=545)  33.2 (13.7) 382 (70%)

<0.0001 <0.0001
Black (n=377) 24.4 (14.5) 321 (85%)
Other (n=84) 32.1(16.3) 60 (71%)
Age Group
<30 (n=157) 31.1(16.1) 109 (69%)

0.0042
30-44 (n=349)  28.4(14.8) 273 (78%) 0.0070
45-49 (n=364)  29.2 (14.1) 289 (79%)
60+ (n=136) 33.5 (14.6) 92 (68%)
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Association between 25 Hydroxy Vitamin D and Complement, Adjusting for Age, Sex, Race, Date,

Prednisone, and Plaquenil.

Table 5

Association between Individual
mean Vitamin D and
Individual mean Complement:

Association between Individual
variation in Vitamin D and
Individual variation in
complement.

Marker Slope (95% CI)1 P-value Slope (95% (.‘,I)l P-value
C3 -10.5 (-13.6, -7.3) <0.0001 1.17 (0.28, 2.06) 0.010
C4 -1.9(-2.8,-1.0) <0.0001 0.37 (0.16, 0.58) 0.0005

Slopes are interpretable as difference in mean level of disease per 20ng/mL increase in vitamin D.
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