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Abstract: Vitamin D, called “the sunshine vitamin” is essential for the good functioning of
the human body. Vitamin D generates its principal effects via the vitamin D receptor (VDR),
a specific zinc-finger nuclear receptor, located primarily in the nuclei of target cells. VDR is
present in most tissues and cells in the body such as in the: digestive system, cardiovascular
system, immune system. This receptor represents the key to the understanding of vitamin D
non-skeletal effects. Recently, some data were published on the correlation between vitamin
D levels and sepsis, indicating a prevalence of vitamin D deficiency of approximately 61.6%
in sepsis patients and of 74% in patients admitted to intensive care units (ICU). Vitamin D
deficiency in critically ill patients is associated with infection and sepsis, and this association
is based on the relation between vitamin D and inflammatory cytokine. Vitamin D, via VDR
influences the secretion of cytokines and antimicrobial peptides. Practically, vitamin D acts as
an immunomodulator stimulating the differentiation of cells of the innate immune system and,
regulating T and B cell proliferation. The data clearly show predominant effects of vitamin D
on the adaptive immune function. Vitamin D modulates the T cell phenotype specially that of
CD4+ helper T cells (Th1, Th2, as well as Th17 sub-grups). The amplitude of the response
to vitamin D depends on a cell’s state of activation, as the number of VDR in inactive cells is
low, but may increase five times after activation It was found that the intestinal expression of
VDR regulates the host’s microbiome andmediates the anti-inflammatory effects of probiotics.
A low level of vitamin D in ICU patients is demonstrated and has many causes. The rapid
correction of this deficiency by administering very high doses of vitamin D is possible without
causing adverse effects like hypercalcemia or hypercalciuria. Vitamin D is more than just a
vitamin. It has clear effects on the immune system, in particular in patients with autoimmune
diseases and critically ill. Currently, the majority of data strongly support the association,
between low vitamin D levels and sepsis rather than a causal relation. Vitamin D is emerging
as a promising and relatively safe nutrient for developing new preventive strategies and
adjuvant treatments of diseases, caused by impaired immune-homeostasis. In addition, its
supplmentation is very easy and safe.
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Introduction

Vitamin D, called “the sunshine vitamin” is essential for the good functioning of the human
body. Vitamin D can be obtained from the diet or from nutritive supplements and is produced
by the skin. The most important forms of vitamin D are vitamin D2 and vitamin D3, both
biologically inactive.

The deficiency of vitamin D has an estimated prevalence of around 20%–100% in the
population, higher among the elderly [1], and is a major public healthcare problem.

The Roles of Vitamin D

Vitamin D, after being activated, has multiple roles, including hormonal non-hormonal,
genomic and non-genomic functions. In the last years vitamin D non-hormonal and
non-skeletal effects have been analyzed. Vitamin D exerts its genomic effects via the vitamin
D receptor (VDR), a specific zinc-finger nuclear receptor of the superfamily of steroid/thyroid
hormone receptors, located primarily in the nuclei of target cells. VDR is present in most
cells and tissues of the body, including: the digestive system, the cardiovascular system, the
immune system. This receptor acts as a transcription factor. VDR regulates the expression
of many genes (more than 1000 genes), therefore approximately 3% of the human genome is
affected by vitamin D, directly or indirectly. The serum level of vitamin D and its function are
strongly related to VDR expression and function. Moreover, the correlation between vitamin
D and different diseases is proven to be linked to VDR expression and function. For example,
type 2 diabetes mellitus and Crohn’s disease are associated with the polymorphism of the
VDR gene [1–11].

Therefore VDR represents the key to the understanding of vitamin D non-skeletal effects.
The correlation between sepsis and vitamin D levels, as well as the correlation between

cognitive impairment and vitamin D levels, especially Alzheimer’s disease or delirium during
hospitalization, are very interesting [1].

Vitamin D and Sepsis

In the past 3–5 years, some data were published in regards to the correlation between
vitamin D levels and sepsis, indicating decreased serum level of vitamin D in septic patients,
although some data are contradictory, probably due to the fact that this correlation has been
documented only recently, and thus more data are required to confirm it.

A recent study reported that, the prevalence of vitamin D deficiency was approximately
61.6% in sepsis patients [6]. Moreover, 74% of the patients admitted to intensive care units
ICU presented a decrease of the vitamin D serum level [8], and a higher percentage of
critically ill patients, corresponding to 81.5%–99% had vitamin D deficiency or insufficiency.
These studies revealed many other consequences of vitamin D deficiency. The most
significant and indirect correlation were found between the serum level of vitamin D3 and
prolonged time of stay in ICU or hospital, infection, acute kidney injury and mortality,
especially in older patients. Moreover, the plasmatic level of vitamin D was significantly lower
in non-survivor sepsis patients when compared to survivor sepsis patients. It seems that
the consumption of vitamin D supplements might be helpful in decreasing the prevalence
of infection, sepsis, and mortality caused by vitamin D deficiency, especially in older age.
The correlation between vitamin D deficiency and severe infections and sepsis is based on
the fact that vitamin D is an important mediator in the immune system [6]. Zhou W and
his team have proven that a lower level of vitamin D can be a biomarker of sepsis risk in
Caucasians, and Africans patients, but it does not appear to be associated with sepsis death
(p > 0.05) [9].
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Zapatero found an association between severe vitamin D deficiency andmortality as well
as renal acute dysfunction in critically ill patients. In addition, he identified the cut-off point of
the serum level of vitamin D that predicts mortality in critically ill patients, which corresponds
to a concentration lower than 10.9 ng/mL [8]. In another study, 90-day mortality did not differ
among critically ill patients with or without vitamin D deficiency [12].

Vitamin D deficiency in critically ill patients is associated with infection and sepsis, and
this association is based on the interaction between vitamin D and the immune system [13].

Vitamin D and the Immune System

The immune system’s response to infections is a very complex process in which multiple
cell types and multiple soluble factors, such as cytokines, chemokines and hormones
participate [14–29]. Vitamin D is involved both in the innate and in the adaptive immune
responses to viral and bacterial infections [14]. Moreover, (VDR) is present in several
cells of the immune system, for example macrophages, dendritic cells, and T and B cells,
and it influences their functions [15]. The medical literature has shown a long time ago a
connection between the serum level of vitamin D and the serum concentrations of different
pro-inflammatory cytokines. A study on an infant population found a negative correlation
between the levels of vitamin D and those of pro-inflammatory cytokines, so that, the
treatment of vitamin D deficiency in premature babies, resulted in a decrease of the serum
concentrations of the pro-inflammatory cytokines: interleukin-6 (IL-6) and tumor necrosis
factor α (TNF-α), regardless of the doses of vitamin D used [15].

Vitamin D has immunosuppressive effects by reducing the prolonged inflammatory
response of the host [17]. These effects, considered non-genomic, explain the link between
a low vitamin D level and many autoimmune diseases [15]. Practically, vitamin D acts
as an immunomodulator stimulating cell differentiation within the innate immune system,
such as the differentiation of monocytes [18,19]. Therefore, vitamin D, via VDR influences
the secretion of cytokines or antimicrobial peptides (AMPs) such as cathelicidins and
interleukins [18,20,21].

Cathelicidins are antimicrobial substances that act by disrupting foreign-cells
membranes. The only identified human cathelicidin is the antimicrobial protein-18
(hCAP18) present in the granules of neutrophils, and produced and secreted by monocytes,
macrophages, epithelial cells, and other cell types. There is a direct relation between
the serum level of vitamin D and the levels of cathelicidin in fact, low vitamin D levels
are associated with reduced production of hCAP18 by macrophages in critically ill patients.
Low hCAP18 levels in patients admitted to ICU, especially in the first day of admission are
associated with an increased risk of 90-day mortality [18].

For many years, it has been known that vitamin D is a suppressor of the proliferation of
mitogen-activated lymphocytes [20]. Initial studies (Bhalla, 1983), showed the role of vitamin
D as a regulator of T and B cell proliferation, with predominant effects on the adaptive immune
function, involving the modulation of T cell phenotype, specially that of CD4+ helper T cells
(T helper1-Th1 and T helper 2-Th2 sub-grups) [22,23]. VDR can act as a selective inhibitor
of the Th1 pathway, so vitamin D decreases the expression of Th1 cytokines: IL-1, IL-6,
IL-2, interferon γ (IFNγ), TNFα [23,28]. Data regarding the Th2 pathway are controversial:
in general, vitamin D promotes the expression of Th2 cytokines, with increases of IL-3,
IL-4, IL-5, IL-10) [23,28]. The CD4+ T cell line includes also cell secreting IL-17 (Th17).
Similar to Th1 and Th2, Th17 cells carry out specific immune functions, important for the
response to extracellular bacteria, such as Klebsiella spp. [25,26]. The inhibition of IL-17
production by Th17 cells occurs through a direct mechanism, but vitamin D can indirectly
inhibit the proliferation and maturation of Th17 [23]; this interaction between vitamin D and
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Th17 cells should be thoroughly investigated in future studies because the immune response
to Klebsiella is very important in critically ill patients. In addition to its effects on Th cells,
vitamin Dmay also act on CD8+ cytotoxic T cells (which express relatively high levels of VDR).
In conclusion, vitamin D can influence the adaptive immunity by promoting the suppression
T cells [24].

Different studies, analyzed the effect of vitamin D on some pro-inflammatory cytokines
were showing in general a decrease in the expression of these molecules under the influence
of vitamin D. The amplitude of the response depends on the cell’s state of activation, as the
number of VDR in inactive cells is low, but it may increase five times after cell activation [28].
This activation produces direct and indirect effects, on the evolution of diseases involving
immunological mechanism such as; diabetes mellitus, Crohn’s disease, multiple sclerosis,
psoriasis, cardiovascular diseases, cancer, various eye diseases, cognitive impairment and
very interestingly, on the evolution of critically ill septic patients [29–34].

An important category of patients comprises ICU patients with trauma. An increased
inflammatory response can be observed in patients with traumas [30]. The role of vitamin
D as an immunomodulator suggests the administration of vitamin D, alone or along with
other substances, such as vitamin C, may influence the evolution of polytrauma patients.
Large doses of Vitamin D possibly with vitamin C could be beneficial for ICU patients,
although, more research should be conducted on this topic.

Vitamin D and the Microbiome

The gut microbiome hasmetabolic functions; there are complex interactions between immune
and microbial factors on one hand and the host genetic factors on the other. This strongly
suggests the essential role of the microbiome in the development and evolution of metabolic
conditions. The interaction between the gut microbiome and VDR signals affects the host’s
responses and inflammation. It was found that intestinal expression of VDR regulates the
host’s microbiome and mediates the anti-inflammatory effects of probiotics [11,31–38].

In the gut, there are the Paneth cells, which are specialized intestinal epithelial cells,
located at the bottom of the ileal crypts. These cells are characterized by granules that contain
AMPs—α-defensins, lysozyme, and secretory phospholipase A2. Paneth cells produce the
cytokine IL-17. A recent study demonstrated that Paneth cells are a site of origin of intestinal
inflammation via IL-17, because IL-17 has a role in acute inflammation and can participate in
fast amplifying responses to systemic inflammatory changes. Because of the above, Paneth
cells play a key role in innate immune responses [11,31–38].

VDR regulation of Paneth cells’ function is not clearly known, but several studies have
identified vitamin D as a potent stimulator of autophagy, the link between VDR, autophagy,
and Paneth cell being important for intestinal inflammation. Cathelicidin is a mediator of
autophagy, and has direct antimicrobial activity. The serum level of vitamin D is related to
the composition and function of the intestinal microbiome, because intestinal epithelial VDR
induces dysbiosis through its actions on the autophagy [35].

Recent studies demonstrated that probiotic treatment could increase VDR expression
and VDR activity in the host and the secretion of cathelicidin. VDR decrease can diminish
the protective role of probiotics [36]. Vitamin D, activation of VDR plays a fundamental role
in intestinal homeostasis, through its effects on autophagy, Paneth cells, and the intestinal
microbiota itself. Thismechanismmay also be involved in other autoimmune diseases [36,39],
and is important for critically ill patients. According to recent data the role of vitamin D in
the evolution of critically ill patients, can be explained by its effect on cathelicidin, which is
extremely sensitive to vitamin D supplements [40]. There is evidences for critically ill patients,
including those with mechanical ventilation suggesting that supplementation with vitamin D

https://doi.org/10.35995/ceacr2010001


Cent. Eur. Ann. Clin. Res. 2020, 2(1), 1; 10.35995/ceacr2010001 5

may decrease susceptibility or enhance recovery to infections such as influenza, recurrent
pneumonia and tuberculosis [41].

In the end, a low level of vitamin D in ICU patients is a proven fact with many causes,
such as preexisting deficiency (before ICU admission), pathophysiological mechanisms of
sepsis (decrease of the activity of 1alpha hydrolase via cytokines), as well as patient’s
care procedures (dialysis and plasma exchange). The rapid correction of this deficiency by
administering very high doses of vitamin D is possible without causing adverse effects like
hypercalcemia or hypercalciuria [42–44].

Two ongoing studies, performed by the same team analyze the effects of a loading dose
of 540,000 IU cholecalciferol, followed by 4000 IU or a placebo, daily; they are specifically;

- VITdAL-ICU a randomized, double-blind, placebo-controlled, single-center trial including
492 critically ill patients with vitamin D deficiency (25(OH)D ≤ 20 ng/mL) and

- VITDALIZE a randomized, placebo-controlled, double-blind, multicenter, international
trial, including 2400 adult patients with severe vitamin D deficiency.

The second study uses and improved method is being conducted on a higher number of
patients therefore the results will be more detailed and accurate. First reports show that the
huge loading dose is not toxic, further results will be published in the near future [43,44].

Conclusion

Vitamin D is more than just a vitamin. It clearly influences the function of the immune system,
in particular in critically ill patients. Currently, the majority of data strongly support association
of low Vitamin D levels and sepsis, rather than a causal relation. Vitamin D is emerging as
a promising and relatively safe nutrient for the development of new preventive strategies
and adjuvant treatments of diseases, caused by impaired immune-homeostasis. In addition,
vitamin D supplementation is very easy and safe.
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