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Abstract

Systemic lupus erythematosus (SLE) is an autoimmune disease that can affect several organs and systems. The central
and/or peripheral nervous system can suffer from complications known as neuropsychiatric lupus (NPSLE). Studies
have associated the manifestations of SLE or NPSLE with vitamin D deficiency. It has been shown that hypovitamino-
sis D can lead to cognition deficits and cerebral hypoperfusion in patients with NPSLE. In this review article, we will
address the main features related to vitamin D supplementation or serum vitamin D levels with neuropsychiatric
manifestations, either in patients or in animal models of NPSLE.
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Background

Systemic lupus erythematosus (SLE) is an autoimmune
disease characterized by the production of autoantibod-
ies and chronic inflammation. It can affect various organs
and systems, such as the central nervous system (CNS)
and/or the peripheral nervous system (PNS). When these
are compromised, the consequent syndrome is known
as neuropsychiatric lupus (NPSLE) [1, 2]. NPSLE is the
second leading cause of morbidity and mortality in SLE
patients [7]. Some of the observed clinical features are
headache, mood disorder, seizures and psychosis [3].

Vitamin D (vit-D) low levels are frequently identified in
autoimmune diseases, such as rheumatoid arthritis, type
1 diabetes mellitus and SLE [4-6]. In animal models of
SLE, some studies have demonstrated that vit-D supple-
mentation improves important outcomes like proteinu-
ria, arthritis, skin lesions and survival [7, 8].

Vit-D, which acts in the immunomodulation of the
innate and adaptive immune response, has also been
investigated as an alternative therapy to control or mini-
mize the clinical manifestations of SLE. Studies published
in recent years demonstrated the importance of vit-D,
not only in bone and calcium metabolism, but also in the
regulation of the immune system, and in other tissues,
such as the brain [9-11]. Furthermore, the deficiency
of vit-D has been associated with the severity of clinical
manifestations in patients with SLE [10, 11].

> System affected: NPSLE

In this review, we examined studies related to hypovi-
taminosis D in patients with SLE and neuropsychiatric
manifestations, as well as data regarding to vitamin D
supplementation in animal models of NPSLE.

Materials and methods

PubMed, SciELO, and Embase databases were searched
for articles published from 1984 to 2022, using the follow-
ing terms and combinations: “systemic lupus erythema-
tosus’, “neuropsychiatric systemic lupus erythematosus’,
“vitamin D and systemic lupus erythematosus’, “vitamin
D and neuropsychiatric systemic lupus erythematosus”.
The article inclusion criteria were: complete articles on
the pathophysiology of SLE and NPSLE, as well as origi-
nal articles that evaluated vitamin D supplementation
or vitamin D levels in animal models or patients with
NPSLE. The exclusion criteria for articles were: themes
unrelated to the research objectives, articles whose full
versions were unavailable, articles with repeat informa-
tion and articles not published in English and/or Portu-
guese (Fig. 1).

Neuropsychiatric lupus

Neuropsychiatric symptoms can range from relatively
mild or non-specific manifestations to more severe
complications. The heterogeneity and non-specificity of
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Fig. 1 Schematic model of the information search strategy. "3 Full articles excluded for not being related to the topic of this article, articles
with repeated information or articles not published in English and/or Portuguese

clinical symptoms tend to make the diagnosis difficult
[3, 12, 13]. Different mechanisms have been associated
with NPSLE, like blood—brain barrier (BBB) disruption,
autoantibody production, proinflammatory cytokines
and premature atherosclerosis. Throughout the disease
course, both CNS and PNS can be affected; symptoma-
tology in the CNS generally is divided into focal and dif-
fuse manifestations. Focal manifestations can be partially
characterized by the presence of autoantibodies targeting
membrane phospholipids on the blood vessels endothe-
lial cells in the CNS. While diffuse symptoms appear
to be related to the inflammation triggered by different
mediators, some of them are associated with the leakage
of the BBB [3, 12].

Cohen and colleagues [14] performed a brain histopa-
thology post-mortem study in NPSLE patients, with the
majority of the lesions found in the cerebral cortex. In
their study, micro and macroinfarction, microthrombi
and vasculitis were more frequently found in NPSLE

individuals; with microthrombi being exclusively found
in NPSLE. It was noticed that in NPSLE and individuals
with SLE vasculitis was found alongside diffuse vasculop-
athy, but focal vasculopathy was present in SLE and also
in control patients. Deposits of complement components
Clq and C4d, and the terminal complement complex
C5B-9, were present in the cerebral blood vessels of both
NPSLE and SLE patients. The accumulation of antibodies
in small vessels could be what leads to the activation of
the complement pathway, followed by endothelial injury
and formation of microthrombi [14]. Leukocyte aggluti-
nation and accelerated atherosclerosis contribute to the
thrombosis process in patients with NPSLE, and this
process is involved in the pathophysiology of the disease
[15]. Thrombosis can cause several complications to the
patient, including focal cerebral ischemia and intracranial
vascular embolism [16]. Animal models of NPSLE also
demonstrate signs of depression, anxiety, cognitive defi-
cits and brain IgG deposits [3, 17-20].
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Table 1 Neuropsychiatric syndromes observed in patients with
Systemic Lupus Erythematosus

Central nervous system Peripheral nervous system

Aseptic meningitis Acute inflammatory demy-
elinating polyradiculoneu-

ropathy
Cerebrovascular disease (Guillain—Barre syndrome)
Demyelinating syndrome Autonomic disorder

Headache (including migraine
and benign intracranial hypertension)

Myasthenia gravis

Movement disorder (chorea) Cranial neuropathy

Myelopathy Plexopathy
Seizure disorders Polyneuropathy
Acute confusional state

Anxiety disorder

Cognitive dysfunction

Mood disorder

Psychosis

Adapted from LIANG et al. [21]

The American College of Rheumatology (ACR) clas-
sified 19 neuropsychiatric manifestations (Table 1) and
recommended diagnostic methods, such as laboratory
and image tests, aiming to simplify clinical cases identi-
fication and scientific research [21, 22]. NPSLE shows a
higher prevalence of 91% when non-specific symptoms
are included in the diagnosis, such as anxiety and head-
ache, compared to the 46% prevalence described with-
out them [23]. This wide variation would be associated
with several factors such as population type and char-
acteristics, the patient symptoms severity, study model,
etc. [2]. Cognitive impairment, acute confused state
and peripheral neuropathy would be symptoms mani-
fested in a few SLE patients, 1 to 5%. Myelitis, aseptic
meningitis and face or members involuntary move-
ments are extremely rare to occur [1]. The difficulty
presented in the identification and diagnosis remains
an obstacle to establishing a clinical pattern, despite the
NPSLE guidelines. It is still a major challenge without
robust diagnostic tests.

Cognitive disorder (CD) is defined as a significant
deficit in any of the cognitive domains of simple and
complex attention, reasoning, executive function,
memory, visual-spatial processing, language, and psy-
chomotor speed. Other factors which have been associ-
ated with CD in SLE include depression status, longer
disease duration, regular glucocorticoid use and the
presence of anti-neuronal and anti-phospholipid anti-
bodies (aPLs), neuronal loss or dysfunction, and vit-D
deficiency [24].
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Depression and cognitive dysfunction are the most
common psychiatric manifestations in SLE and were
found to be present and associated in newly diagnosed
SLE patients. Whether they are associated with lupus
activity or medications, or are a consequence of the
stress of living with a chronic disease remains debat-
able [25]. The signs of CD are often subtle and screen-
ing tools have been validated for the diagnosis. To date,
there are no consensus guidelines for the treatment of
CD in SLE [24].

PNS involvement in patients with SLE is the biggest
cause of morbidity. Despite its substantial potential to
impact a patient’s condition, PNS involvement in SLE
has not been comprehensively characterized in terms
of severity, clinical associations, and electrophysiologi-
cal findings. Prevalence of PNS in SLE occurs more fre-
quently in SLE patients with high disease activity and
CNS involvement, reaching approximately 8% of SLE
patients [26-28].

Common PNS manifestations are chronic inflamma-
tory demyelinating polyneuropathy, Guillain—Barré,
peripheral neuropathy associated with vasculitis. There
is a predilection for asymmetric and lower extremi-
ties involvement, especially peroneal, medium and sural
nerves. The pathogenesis is still poorly understood.
However, several factors have been identified, includ-
ing vasculitis affecting small blood vessels, the presence
of immune complex deposits, and lesions caused by the
overproduction of antibodies or hyperactivity of B-lym-
phocytes [26, 29, 30].

Despite this standardized nomenclature by the ACR,
the attribution of neuropsychiatric events to SLE is chal-
lenging. For correct diagnostic characterization, attri-
bution algorithms were created, which contribute to a
better characterization of the disease. Such algorithms
can be translated into a probability score to determine
the strength of the relationship (i.e., attribution) between
a given neuropsychiatric event occurring and the under-
lying SLE [31-33].

The algorithm proposed by Hanly is based on three
simple rules, which take into account the temporal rela-
tionship between the neuropsychiatric event and the
SLE diagnosis, the type of neuropsychiatric event and a
comprehensive list of exclusions/associations according
to ACR nomenclature. Bortoluzzi et al. [34] added a new
item to the algorithm and proposed assigning a numeri-
cal score to each selected item and its corresponding sub-
title, generating a global score that varies from 0 to 10,
where the higher the global score, the greater the prob-
ability whether the neuropsychiatric event can be attrib-
uted to SLE [34].
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Fig. 2 Vitamin D metabolism, activation and immunomodulatory effects. Vitamin D3 (cholecalciferol) can be obtained from food intake

or by synthesis in the skin of 7-dehydroxycholesterol in response to ultraviolet (UV) light also emitted by sunlight. In the liver, hydroxylation occurs
by 25-hydroxylase, forming 25-hydroxyvitamin D3 (25(OH)D3). In the kidneys, 1a-hydroxylase acts in the hydroxylation of 25(OH)D3 to the most
biologically active form of vitamin D, 1,25-dihydroxyvitamin D3 (1,25(0H)2D3). Both 1,25(0H)2D3 and 25(0OH)D3 are immunomodulators by binding
to a vitamin D receptor (VDR) present in the nucleus of almost all immune cells. Its immunomodulatory effects include inhibition of monocyte
differentiation into dendritic cells, B cell proliferation, plasma cell differentiation and antibody production. The vitamin also induces the activation
of natural killer (NK) cells
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Fig. 3 In NPSLE, the disruption of the blood-brain barrier allows the passage of cells from the immune system and molecules to the brain. Vitamin
D is able to reduce free radicals in the brain environment providing neuronal survival. It is also able to reduce IgG deposits and ensure apoptotic

signaling by immune system cells

Vitamin D
Vitamin D is a steroid hormone that can be found in
several forms, being vitamin D3 (cholecalciferol) and
vitamin D2 (ergocalciferol) the main types found. Chole-
calciferol is formed in the skin through exposure to
sunlight or ultraviolet light (Fig. 3), as well as nutrient
sources such as fatty fish. Ergocalciferol is obtained from
the ingestion of plant-based food. There are some known
limitations for the synthesis of this vitamin, such as age,
skin pigmentation, use of sunscreen and clothing [35, 36].
This steroid is widely known for its participation in
the calcium metabolism [10]. In recent years, some non-
classical functions of vit-D have been reported, such as
effects on cell proliferation and differentiation, as well
as immunoregulatory actions, resulting in the ability to
maintain tolerance and promote protective immunity.
Both antigen-presenting cells (macrophages and den-
dritic cells) and T and B cells have the necessary machin-
ery to synthesize and respond to 1,25(OH)2D [37].
Evidence suggests that vit-D has a regulatory role in
the innate and adaptive immune systems. This molecule
can contribute to hematopoiesis, assist in the antimi-
crobial response or even decrease the antigen presenta-
tion by monocytes, the latter probably having a role in

maintaining immune tolerance [38, 39]. It also aids in
inhibiting the differentiation and maturation of dendritic
cells (DC). When mature, DCs present the antigen to T
cells, facilitating an immune response against that anti-
gen. When immature, antigen presentation facilitates
self-tolerance [10]. In addition to inducing the activa-
tion of Treg cells and natural killer cells (NK), it increases
apoptosis induced by dendritic cells and T lymphocytes
(Fig. 2) [40]. In addition, vit-D inhibits proliferation and
blocks B cell differentiation and immunoglobulin secre-
tion [41, 42]. It also suppresses T cell proliferation and
assists in inhibiting the production of inflammatory
cytokines such as IL-1, IL-6, IL-17 and IL-21 and TNFa,
increasing the production of anti-inflammatory cytokines
such as IL-10 [10, 43, 44].

The main source of vit-D biosynthesis is exposure to
sunlight. Vit-D deficiency is a consequence of low expo-
sure to sunlight and has been associated with several
physiological complications [4]. Due to the photosen-
sitivity caused by SLE, sunlight becomes a trigger for
patients with this disease [45]. Vit-D deficiency is com-
mon in SLE patients [4]. In addition, researchers have
found an association between low levels of vitamin D and
cognitive dysfunction in diseases such as multiple sclero-
sis, Alzheimer’s and SLE [9, 46-48].
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Vitamin D and central or peripheral nervous
system

Vitamin D expresses metabolites that are able to cross
the BBB. In the human brain and in murines, vitamin D
receptor (VDR) proteins are also expressed in different
regions such as the cerebellum, thalamus, hypothalamus,
basal ganglia, hippocampus, olfactory system and the
temporal, orbital and cingulate cortices [49-51]. In some
brain cells, VDR is co-localized with la-hydroxylase
enzymes. With this, there is a local conversion of vit-D to
its active form (1,25 (OH)2D3 [50, 52]. Also, VDR expres-
sion in the cortex and hippocampus suggests a potential
involvement of vit-D in cognition [53].

Vit-D supports brain function by contributing to the
physiology of transmission and connectivity of neural
circuits that are involved in reward-dependent locomo-
tor and emotional behavior and cognition [54]. Evidence
indicates an association between low serum levels of
vit-D and different autoimmune and neurological dis-
eases, as well as neuromuscular disorders and increased
sensitivity to pain [55-58]. Researchers suggest the par-
ticipation of vit-D in the regulatory mechanisms of the
sleep—wake cycle, demonstrating that the reduction of
this vitamin may be associated with sleep disorders [59,
60], as well as the perception of painful stimuli [61, 62].

This vitamin plays an important role in promoting neu-
ron survival. It may suppress oxidative pathways in the
brain by decreasing the formation of oxygen free radi-
cals [63]. Studies show the immunomodulatory effects of
vit-D in the brain (Fig. 3). Such effects can be observed
on neurotrophic function, neuroprotection and neuro-
immunomodulation in vitro, positive regulation of the
synthesis of nerve growth factor and neurotropin 3. Fur-
thermore, it inhibits the expression of class II proteins of
the major histocompatibility complex (MHC II) and sen-
sitizes inflammatory cells to apoptotic signals [64, 65]. In
addition to these properties, 1,25(0OH)2D3 is capable of
regulating intraneuronal calcium homeostasis through
voltage-gated calcium channels, in addition to obtain-
ing antioxidant effects with neuroprotective properties
against glutamate toxicity [64, 66].

Vit-D has also been shown to be involved in remyeli-
nation in immune-mediated diseases of the central nerv-
ous system (CNS), such as multiple sclerosis (MS). The
metabolism of vit-D present in the CNS participates in
myelination and can be influenced by external factors
such as diet, sun exposure or vit-D supplementation [67].

Vitamin D and NPSLE

Vit-D deficiency has been linked to cognitive dysfunc-
tion in lupus patients [68], as well as being associated
with the neuropsychiatric manifestations of lupus [69]
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(Table 2). Studies on the effects of vit-D on NPSLE are
scarce. A study carried out with MRL/lpr mice sup-
plemented with 2 pg/kg/day once a day for four weeks
demonstrated beneficial effects of supplementation. The
findings revealed an improvement in the animals’ cog-
nition, as well as an increase in VDR expression in the
hippocampus [70]. Our group also carried out a study
to verify the effects of vitamin D supplementation (2 pg/
kg once a day on alternate days for 180 days) in the hip-
pocampus of BALB/c mice with pristane-induced lupus.
Our findings revealed a positive correlation between
levels of IgG deposits and VDR expression in the hip-
pocampus [18]. Also, there is evidence in the litera-
ture that vit-D can delay cell infiltration in the choroid
plexus and decrease markers suggestive of cognitive
decline in MRL/lpr mice [71].

Similar to those findings in animal models, a wors-
ening of cognitive function was identified in humans
with NPSLE and 25(OH)D3 deficiency [48, 68]. Sul-
tana and colleagues [69] suggest, from their findings in
patients, that NPSLE is associated with reduced vit-D
binding protein expression in patients’ serum. Fur-
thermore, the authors suggest that hypovitaminosis D
precedes the progression of cerebral hypoperfusion in
NPSLE patients and that vit-D may have prophylactic
implications [69].

Hypovitaminosis D is common in patients with SLE
and NPSLE, dosage adjustment must be made for each
patient taking into account their clinical history and
metabolism capacity. Although vit-D supplementa-
tion brings numerous benefits to the body and brain,
including neuroprotection and neuroimmunomodu-
lation, as well as improving cognition, high doses can
be harmful, becoming toxic. The most common symp-
toms of vit-D toxicity are gastrointestinal disorders like
anorexia, diarrhea, constipation, nausea, and vomiting.
After a few days or weeks, other symptoms may appear,
such as bone pain, drowsiness, continuous headaches,
irregular heartbeat, loss of appetite, muscle and joint
pain, frequent urination, especially at night, excessive
thirst, weakness, nervousness and itching, and kidney
stones [72].

Jones, in his review of vit-D doses and toxicity, con-
cluded that plasma vit-D concentration is a good bio-
marker of toxicity. The author indicates that the threshold
for toxic symptoms is approximately 750 nmol/L [73].
Although there are no reports on the effects of high doses
in patients with NPSLE, a study carried out with patients
with multiple sclerosis reveals that high doses of vit-D
can be harmful to the CNS, promoting the worsening of
demyelination [74].
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Conclusion

There is a growing scientific interest about the immu-
nomodulatory properties of vit-D in the brain, with new
articles being published in recent years in the field of
NPSLE. With this review, we concatenated those studies
to show that vit-D seems to have a positive association
with cognitive function and beneficial effects on neu-
ropsychiatric manifestations. Nonetheless, we believe
that more studies are needed to dig deep into the ques-
tions that remain unanswered, specially about the effects
of vit-D on both the central and the peripheral nervous
system, either in human patients or animal models.

Abbreviations

1,25(0H)2D3  1,25-Dihydroxyvitamin D3

25(0H)D3 25-Hydroxyvitamin D3

ACR American College of Rheumatology

cD Cognitive disorder

CIDP Chronic inflammatory demyelinating polyneuropathy
CNS Central nervous system

DC Dendritic cells

ECs Endothelial cells

MS Multiple sclerosis

NK Natural killer cells

NMO Neuromyelitis optica

NPSLE Neuropsychiatric lupus

MHC Major histocompatibility complex

PNS Peripheral nervous system

PRES Posterior reversible encephalopathy syndrome
SFN Small fiber neuropathy

SLE Systemic lupus erythematosus

VDR Vitamin D receptor

Vit-D Vitamin D
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