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ABSTRACT

Objective: Toidentify the association between vitamin D (VD) concentrations and the activity
of systemic lupus erythematosus (SLE) and determine a supplementation dose that allows
patients to maintain adequate levels of VD.
Methods: Longitudinal, observational study. Serum levels of 25-hydroxy-VD were measured
in 100 Paraguayan SLE patients from the Hospital de Clinicas between 2016 and 2018.
To analyze the response to different doses of VD supplementation, 50 patients received
10001U/day and the other 50 patients received 20001IU. SLE disease activity measured by
SELENA-SLEDAIwas scored before and after supplementation.
Results: The mean age was 27.5+ 9.8 years, 88.9% of patients presented mild disease activ-
ity and 11.1% presented moderate to severe activity. The mean VD concentration was
30.8+11.8ng/mL. A total of 34% of patients presented VD insufficiency and 13% VD defi-
ciency. There was an inverse relationship between VD concentrations and SLE disease
activity (p=0.03). Increasing levels of serum VD are associated with supplementation of
20001U/day (p=0.0224).
Conclusion: SLE activity was associated with low levels of VD. In our cohort, SLE patients
required a supplementation dose equal to or greater than 2000 IU/day to increase their serum
VD.

© 2021 Asociacién Colombiana de Reumatologia. Published by Elsevier Espaiia, S.L.U. All
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Palabras clave:

Lupus eritematoso sistémico
Vitamina D

Actividad de la enfermedad

Asociacion entre la deficiencia de vitamina D y la actividad de la
enfermedad en pacientes paraguayos con lupus eritematoso sistémico

RESUMEN

Objetivo: Identificar la asociacién entre las concentraciones de vitamina D (VD) y la actividad
del lupus eritematoso sistémico (LES), ademas de encontrar una dosis de suplementacién
que les permita a los pacientes mantener niveles adecuados de VD.

Métodos: Estudio observacional longitudinal. Se midieron los niveles séricos de 25-hidroxi-
VD en 100 pacientes paraguayos con LES, del Hospital de Clinicas, entre los anos 2016 y
2018. Para analizar la respuesta a diferentes dosis de suplementacién con VD, 50 pacientes
recibieron 1.000 Ul/dia y los otros 50 pacientes recibieron 2.000 Ul/dia. La actividad de la
enfermedad del LES medida por SELENA-SLEDAI se puntué antes y después de la suple-
mentacién.

Resultados: La media de edad fue de 27,5 + 9,8 anos, el 88,9% de los pacientes present6 activi-
dadleve dela enfermedadyel 11,1% present6 actividad moderada a severa. La concentracién
media de VD fue de 30,8 +£11,8 ng/ml. E1 34% de los pacientes presenté insuficiencia de VD
y el 13%, deficiencia de VD. Hubo una relacién inversa entre las concentraciones de VD y
la actividad de la enfermedad del LES (p=0,03). Los niveles crecientes de VD en suero se
asocian con una suplementacién de 2.000 Ul/dia (p =0,0224).

Conclusién: La actividad del LES se asocié con niveles bajos de VD. En nuestra cohorte, los
pacientes con LES requirieron una dosis de suplementacién igual o superior a 2.000 Ul/dia

para aumentar su VD sérica.

© 2021 Asociacién Colombiana de Reumatologia. Publicado por Elsevier Espaiia, S.L.U.

Todos los derechos reservados.

Introduction

Systemic lupus erythematosus (SLE) is a systemic autoim-
mune disease associated with genetic, environmental, hor-
monal and immunological factors. Among environmental and
hormonal factors, lack of vitamin D (VD) has been linked with
increased SLE disease activity."?

Association with disease activity is based on the fact
that several immune cells express VD receptors (VDR) on
their surfaces,® and many of them synthesize 1a-hydroxylase,
responsible for the synthesis of the active form of VD in lym-
phatic tissues, with their respective relationship with immune
modulation,*® affecting polarization of T cells and inhibiting
secretion of antibodies by B lymphocytes.”™

It has been postulated that both environmental and genetic
reasons may be related to VD deficiency in patients with
SLE. Previous environmental studies have postulated that sun
avoidance, cumulative use of corticosteroids and creatinine
levels could be related to low VD levels.'%'2 On the other hand,
Want et al., reported that genetic variation also contributes to
VD insufficiency.’?

Currently, there are controversial results on the role of VD
concentration and disease activity in patients with SLE. While
most have found an inverse relationship between VD con-
centration and disease activity, others have found no effect
on it.

In this study, we analyzed the association between SLE
activity and VD status in a cohort of South American lupus
patients and the dose of supplementation with which patients
can maintain adequate levels of VD.

Patients and methods

We conducted a longitudinal observational study of 100
SLE patients, regularly seen at the outpatient rheumatology
clinic of Hospital de Clinicas (a tertiary hospital of Asuncién,
Paraguay) during the November 2016 to March 2018 period. The
present study was approved by the local ethics committee.

All patients fulfilled the Systemic Lupus International Col-
laborating Clinics (SLICC) criteria for SLE'* and gave written
informed consent.

Exclusion criteria were: pregnancy and lactation period,
diagnosis of malignant disease or suspected malignancy, dia-
betes, hepatitis B and C and HIV syndrome.

The following variables were recorded: age, sex, dis-
ease duration, sunscreen use, dietary intake habits. Use
of glucocorticoids (GC), antimalarials, immunosuppressive
agent, vitamin D and calcium supplements were also
recorded. Serum concentration of 25-hydroxy-vitamin D,
calcium, parathyroid hormone (PTH), C3, C4 and anti-
DNA and disease activity were evaluated at the beginning
of the study and 24 weeks after. The plasma levels of
25-OH-VD were quantified by chemiluminescent micropar-
ticle immunoassay (CMIA).'> VD deficiency was defined as
plasma levels of 25-OH-VD<20ng/mL and insufficiency as
20-30ng/mL.*®17

The SELENA-SLEDAI score was used to evaluate disease
activity. Patients were categorized into two groups for analy-
sis: remission or low disease activity, defined as a SLEDAI score
of <4 points or moderate to high disease activity, defined as a
SLEDAI score >4 points.’®
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Table 1 - Characteristics of SLE patients at week 0 and week 24.

Variable Week 0 Week 24
n=100 n=78
Serum calcium, mg/dl (mean + SD) 9.24 £+ 0.55 9.16 + 0.49
Phosphorus, mg/dl (mean =+ SD) 3.66 + 0.57 3.55 + 0.93
Parathyroid hormone, pg/mL (mean + SD) 54.56 + 31.03 56.14 + 35.64
Vitamin D, ng/mL (mean =+ SD) 31.02 + 11.91 31.59 + 13.89
C3 (mean + SD) 100.23 £ 31.15 103.44 + 36.17
C4 (mean + SD) 18.18 + 9.28 20.78 + 10.22
SELENA SLEDAI (mean =+ SD) 2.24 + 3.04 1.78 £ 2.99

SELENA SLEDALI: Systemic Lupus Erythematosus Disease Activity Index.

All patients received VD supplementation for 24 weeks.
Patients with VD deficiency or insufficiency were supple-
mented with a loading dose every day for 4 weeks before
receiving a maintenance dose for the remaining 20 weeks.
Patients with BMI lower that 40 received a loading dose of
40001U/day and patients with BMIs equal to or higher than
40 received 60001U/day.'® Patients with adequate levels of
VD at week 0 did not receive a loading dose and started VD
supplementation at maintenance doses since week 0. Main-
tenance doses of 1000 1U/day, 2000 IU/day or 4000IU/day were
administered to all patients (without regards to previous load-
ings doses). Participants were allocated to different treatment
arms using a non-random method: The first half received
10001U/day and the second half received 2000 IU/day, with the
exception of patients with BMIs equal to or higher than 40,
who received 4000 1U/day.*®

Statistical analysis

All statistical tests were performed using the R statistical
software version 3.4.2 (www.R-project.org). For the descrip-
tive analysis, the mean and standard deviation in numerical
data and the absolute and relative frequencies in categorical
data were used. For the association study between vitamin
D and the disease activity variables, univariate linear regres-
sion analyses using VD concentration as independent variable
were performed. In addition, regression analyses were also
performed using the VD insufficiency/deficiency phenotype to
check that significant associations remained significant when
using the discretized phenotype.

For the analysis of evolution between weeks 0 and 24 of the
numerical variables studied, we used a linear regression with
the values of week 24 as the dependent variable and those
of week O as an independent variable. Finally, the relation
between variation of VD concentrations between weeks 0 and
24 and VD supplementation doses at week 0 was studied using
both VD concentration variation and categorized VD variation
(—1: decrease; 0: equal; 1: increase) as dependent variables in
a regression analysis.

Results
Demographic and other baseline variables

A total of 100 patients were included in the study.
There were 89 women, patient average age was 29.8+9.8

years and median disease duration was 31 (IQR, 18-60)
months. 62.8% used sunscreen, 26.4% wore hats and 51.2%
wore long sleeves. 94% consumed dairy products regu-
larly. 55% of the patients had corticosteroids, with a mean
dose of 17.05mg/day (+14). 89% were taking hydroxy-
chloroquine, 44% patients were using immunosuppressive
therapy at week 0: 22.6% of patients were on azathio-
prine, 15% on mycophenolate, 3.2% on methotrexate and
3.2% on cyclophosphamide. 89% consumed VD and calcium
supplements.

In week 0, 11.1% had decreased serum calcium and 22%
had elevated PTH values. Parathyroid hormone levels above
35.6pg/mL were considered elevated. 88.9% of patients had
mild activity and 11.1% had moderate to severe activity. 22
patients presented positivity for anti-DNA antibodies, 32
and 64 patients presented decreased values of C3 and C4
respectively.

At the initial visit, 47% had reduced serum VD concentra-
tions. 34 patients presented with VD insufficiency and 13 with
deficiency. Table 1 shows the main analytical values of week 0
and week 24 of the studied cohort. Twenty-two patients were
excluded from analysis at week 24: 10 due to inadequate VD
supplementation and 12 to insufficient data.

Vitamin D and SLE activity

When analyzing the association between VD concentration
and activity parameters, a statistically significant association
with disease activity is observed. Among the patients with
moderate-severe disease activity (SLEDAI score >4 points), we
found 19 cases with low vitamin D values and 9 patients
with normal values (Fig. 1). The association is statistically
significant when taking into account both the VD concen-
tration and the categorized VD phenotype. In the first case,
a decrease of 0.54 SLEDAI activity points is observed for
each increase of 10 ng/mL in VD concentration (8=—0.054, CI
95% [~0.103, —0.005] SLEDAI points/VD [ng/mlL], p=0.0326).
In the second case, a statistically significant association is
also observed between increased activity and the categorized
VD phenotype (B=0.877 CI 95% [0.059, —1.694], p=0.0358).
Note that normal, insufficiency and deficiency phenotypes
were coded as 0, 1, and 2 for this analysis meaning that
SLEDAI activity in patients with VD insufficiency is 0.877
points higher than in patients with normal phenotype. Same
conclusion applies when comparing patients with VD defi-
ciency and VD insufficiency. Fig. 1 shows the result of this
analysis.
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Fig. 1 - Association between serum VD levels and disease activity in SLE patients. The figure at left side shows the
association of SELENA-SLEDAI activity with the categorized VD phenotype where a significant difference can be observed
both statistically and visually between the normal phenotype and the insufficiency/deficiency phenotypes. The figure at
right side shows de association of SELENA-SLEDAI activity with VD concentration. The negative slope of the regression line
shows the inverse association between VD concentration and SELENA-SLEDAI activity. N: normal, I: insufficient, D:

deficient, VitD: vitamin D, SO: W0 (week 0).

Evolution of the variables after supplementation

Significant changes were observed when analyzing the evolu-
tion of the metabolic and activity variables from week 0 to 24,
considering that VD supplementation for maintenance was in
the range from 1000 to 20001U/day (Table 2).

The variation of VD concentration from baseline to week
24, it was observed that 52.6% of the patients showed a
decrease VD concentration, while the other 46.2% showed an
increase.

Taking into account the categorized VD phenotype, n=19
patients (24.4%) presented a decrease in VD (from normal con-
centration to insufficiency/deficiency or from insufficiency to
deficiency) despite supplementation; n=41 patients (52.6%)
remained unchanged and n=18 patients (23.1%) presented an
increase in VD. Within the same period, n=22 patients (24.7%)
decreased their disease activity, n=58 (65.2%) maintained the
same activity and n=9 (10.1%) presented an increase in activ-
ity.

In relation to the supplementation doses, it was observed
that a daily dose equal to or higher than 2000 1U/day was asso-
ciated with an increase in VD concentration, as shown in Fig. 2.

Discussion

Muller et al. described for the first time the link between low
levels of vitamin D and lupus in 1995.%° Since then, numerous
studies confirmed a higher prevalence of vitamin D deficiency
in patients with SLE, compared with the general popula-
tion, often observing a correlation with severity of disease as
well.1121-24 The World Health Organization (WHO), the Insti-
tute of Medicine (IOM) and the Endocrine Society (ES), take into
account different desirable levels of circulation of 25(0OH)D3.
The ES sets the threshold at 30 ng/mL, while the IM sets it at
20ng/mL, a discrepancy partially justified by the different tar-
get population considered. In our study, we used the Endocrine

Society’s cutoff values for vitamin D deficiency and insuffi-
ciency. However, both measures seem unrepresentative for
nonwhite ethnicities.?>?® Our country is characterized by a
mixture of races, especially of European, indigenous (Guarani)
and Asian origin, and at the time of writing this study, we do
not have evidence of studies in our population that determine
the “more appropriate levels” of vitamin D.

Almost half of the participants had suboptimal levels of VD,
with a prevalence of insufficiency and deficiency of 34% and
13% respectively. These values are markedly lower than those
found in other studies, with suboptimal levels of 25(0H)D in
SLE of 67% in the United States,”” 75-85% in Spain,'%?% 73.3%
in Egyptian patients,”” and 96% in China.** In Latin America,
we found suboptimal levels of VD in 72.6% of SLE patients in
Colombia,?! 45.9-95% in Brazil*2>3 and 89% in Mexico.?*

These observations could be related to a high number of
patients with low disease activity or remission in our cohort.
Only about half of the patients were on immunosupressants
and even though it was not registered among the variables,
glucocorticoid use was probably low as well. Higher disease
activity makes it more difficult for patients to sustain a job and
increases health care costs. Given that the economic burden
for SLE patients without health coverage is high, lower disease
activity provides an opportunity for better adherence to adju-
vant medication such as calcium and vitamin D supplements,
use of sunscreen and healthier lifestyles with regular exercise
and weight control. It should also be noted that 89% of patients
were receiving 4001U of VD with their daily 500 mg calcium
and 89% were on hydroxychloroquine at baseline. Both were
previously found to predict higher levels of 25(OH)D.

A study conducted in healthy, young university students
in our country found a prevalence of suboptimal levels of
25(0OH)D of 75.5%. Vitamin D deficiency was significantly asso-
ciated with female sex, BMI> 25, lack of sun exposure and
sedentary lifestyle.>> Possible explanations for the contradic-
tory lower prevalence of VD deficiency in SLE Paraguayan
patients could be attributed to differences in socioeconomical
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Table 2 - Evolution of laboratory and activity variables at week 24.

Variables Coefficient IC 95% p-Value Decrease Equal Increase
Serum calcium 0.218 (0.013, 0.423) 3.47e—02 36 (46.8%) 13 (16.9%) 28 (36.4%)
Phosphorus 0.172 (—0.241, 0.585) 4.09e—01 38 (50.0%) 9 (11.8%) 29 (38.2%)
Parathyroid hormone 0.588 (0.338, 0.837) 1.21e-05 34 (44.7%) 2 (2.6%) 40 (52.6%)
Vitamin D 0.577 (0.344, 0.811) 4.69e—06 41 (52.6%) 1(1.3%) 36 (46.2%)
a3 0.811 (0.621, 1.000) 1.15e—12 30 (38.5%) 3 (3.8%) 45 (57.7%)
C4 0.761 (0.570, 0.951) 1.41e—11 23 (29.9%) 5 (6.5%) 49 (63.6%)
SELENA-SLEDAI 0.392 (0.198, 0.585) 1.22e—04 32 (36.0%) 41 (46.1%) 16 (18.0%)

Categorical regression

Linear regression

40001 (B=0.00 0(0 000, 0.000) I*
P=2.24e-0

3500

w
S
=]
I=)

50
8=0004 (0.000,0 008)
40 dte .

30

20

) s
w .l_) u
S =
2 o 10{ ¢ §
Q 2500 2 »
> T H I
< _#[221053) o 0f g
N . ; "
¥ 2000 cssssese o ssssssasasenes n
-10 ii H 3
©+1666.67 - ooeeen _9771682.93 :
1500 —20] ° b4
-30
1000 sscassee o )i
Decrease equal Increase 1000 1500 2000 2500 3000 3500 4000

VitD Estatus diferencial

S24 VitD (dosis)

Fig. 2 - Association between supplementary dose and vitamin D concentration.

status and lifestyle. Our SLE patients, from a public hospital,
are largely employed outdoors in manual labor and commute
to work on foot or public transportation. As a consequence,
they are more exposed to sunlight, as opposed to university
students who spend most of their time indoors. Moreover,
adherence to sunscreen is limited by high costs and cultural
beliefs.

Several studies have shown that there is a connection
between SLE and hypovitaminosis D, that most patients with
SLE have insufficient levels of VD and that there is a con-
nection between the activity of SLE and the status of VD.
For example, lower levels of 25(0H)D were found in 123
cases with newly diagnosed SLE compared to 240 healthy
controls in a statistically significant way.*® In a multicen-
ter study conducted in France, they described deficiency
(25(CH)D<10ng/mlL) in 15.9% and insufficiency (25(0H)D
between 10 and 30 ng/mL) in 65.9% of 170 patients with SLE.*”
Similarly, we found approximately half of the patients had a
vitamin D value below 30 ng/mL, and a decrease of 0.54 SLEDAI
activity points is observed for each increase of 10ng/mL in VD
concentration.

Attar et al. found in a group of 95 SLE patients in Saudi
Arabia, significantly lower levels of 25(0OH)D in patients with
active disease (n=41; 43%) than in those with inactive dis-
ease (n=54;57%); p=0.04).38 In Latin America (LA), the Mexican
group headed by Garcia-Carrasco et al.>* described a group of
105 patients with SLE where 86% had insufficiency and 4.6%
deficiency of 25(OH)D. In Brazil, de Souza et al.*° found 55%
of VD insufficiency in patients with SLE and nephritis. Other
studies also demonstrated that VD deficiency increases the

risk of SLE activity, especially nephritis.?®4%? In this study,
we also found a relationship between hypovitaminosis D and
SLE activity.

Another interesting finding comes from evaluating the sta-
tus of vitamin D in patients with SLE without prior treatment:
hypovitaminosis D is prevalent in patients with SLE who have
not yet started therapy, compared to healthy controls (38.6%
versus 4.8%). Hypovitaminosis D is associated with a higher
ANA titer and with elevated serum levels of pro-inflammatory
cytokines IL-17 and IL-23.43

Vitamin D supplementation is indicated for both preven-
tion and treatment of osteoporosis in patients with SLE. Edens
and Robinson** recommended a daily oral dose of cholecal-
ciferol between 800 and 2000IU to maintain serum levels
above the objective: 30 ng/mL. In a randomized, double-blind,
placebocontrolled, 24 week trial, 40 patients with juvenile
onset SLE were randomized (1:1) to receive oral cholecalciferol
50,000IU/week (SLE-VD) or placebo (SLE-PL). After 24 weeks,
the mean level of 25(0OH)VD was higher in the SLE-VD group
than in the SLE-PL group (p <0.001), with significant improve-
ment in SLEDAI (p =0.010) and in ECLAM (p = 0.006).> Our study
showed good results with a supplementation daily dose of
20001IU with respect to a lower dose.

Dall'Ara et al.*’> recommends that, since cases of hyper-
calcemia and hyperphosphatemia have been reported only
with very high doses of vitamin D (more than 50,000IU per
day), patients with SLE can receive more generous doses com-
pared with current practice, aiming to take advantage of the
immunomodulatory properties of VD. It would be interest-
ing to dose serum 25(0OH)VD to adjust our supplementation



24 REV COLOMB REUMATOL. (2022);29(1):19-25

accordingly. Nevertheless, the availability of serum 25(0OH)VD
in Latin America is limited, due to numerous factors, mainly
economic ones. According to response in a survey conducted
among pediatric rheumatologists,*> only 83% answered they
had the test available to order.

The variation in PTH levels is explained by vitamin D status,
with inverse relationship between them. 25-hydroxyvitamin D
levels should be evaluated simultaneously when defining the
reference PTH values. However, the standardization of PTH
assays is lacking, so comparison studies of PTH immunoas-
say methods from different kits show differences between
them.*®*” In our work, this may be the reason why the val-
ues between vitamin D and PTH are not properly related to
each other as expected.

The fundamental limitation of our study is the small
number of patients. However, it provides relevant data from
our country and will enable future studies that include a
larger number of patients, with a randomized, double-blind,
placebo-controlled design to learn the optimal dose for vita-
min D supplementation in patients with SLE.

Conclusion

Serum VD levels equal to or below 30ng/mL are associated
with higher disease activity measured by SELENA-SLEDAL In
our cohort, SLE patients required a supplementation dose
equal to or greater than 20001IU/day to increase their serum
VD.
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