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Abstract

worldwide.

Severe infections frequently require admission to the intensive care unit and cause life-threatening complications
in critically ill patients. In this setting, severe infections are acknowledged as prerequisites for the development of sep-
sis, whose pathophysiology implies a dysregulated host response to pathogens, leading to disability and mortality

Vitamin D is a secosteroid hormone that plays a pivotal role to maintain immune system homeostasis, which

is of paramount importance to resolve infection and modulate the burden of sepsis. Specifically, vitamin D deficiency
has been widely reported in critically ill patients and represents a risk factor for the development of severe infec-
tions, sepsis and worse clinical outcomes. Several studies have demonstrated the feasibility, safety and effectiveness
of vitamin D supplementation strategies to improve vitamin D body content, but conflictual results support its benefit
in general populations of critically ill patients. In contrast, small randomised clinical trials reported that vitamin D
supplementation may improve host-defence to pathogen invasion via the production of cathelicidin and specific
cytokines. Nonetheless, no large scale investigations have been designed to specifically assess the impact of vitamin
D supplementation on the outcome of critically ill septic patients admitted to the intensive care unit.
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Background

Sepsis is a leading cause of disability and mortality
worldwide, thus representing a global challenge and a
research priority for clinicians and health care systems
[1]. The pathophysiology of sepsis implies a dysregu-
lated host response to severe infection leading to multi-
organ dysfunction and worse clinical outcomes [2]. The
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2021 Surviving Sepsis Campaign guidelines [3] recom-
mended the timely implementation of several inter-
ventions with the aim to lighten the burden of sepsis,
which include early patient recognition, identification
and effective control of the infective source, appropri-
ate antimicrobial therapy and adequate multi-organ
support. However, no therapies directly targeting the
immune system dysfunction [4—8] have been suggested
beyond the systemic administration of corticosteroids
in specific clinical settings [9-13].

In this context, an increasing amount of research
revealed the theoretic role of vitamin D to restore the
immune system homeostasis and potentially limiting the
consequences of inflammatory dysregulation [14-16].
Vitamin D is a secosteroid hormone, whose metabo-
lism relies on diet, sun exposure, and liver and kidney
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functions, being altered by acute or chronic diseases
affecting these organs [15]. Epidemiologic reports high-
lighted the wide diffusion of vitamin D deficiency in the
community [17, 18] and its large prevalence (about 70%)
among critically ill patients admitted to the intensive care
unit (ICU) [19], for whom it represents a risk factor for
the development of severe infections, sepsis and worse
clinical outcomes [20-23]. In order to overcome these
issues, several researches have demonstrated the feasi-
bility and safety of vitamin D supplementation in critical
care, which was shown effective to improve vitamin D
body content [24, 25]. However, controversial results do
not support its benefit on patient prognosis [26—29].

In this narrative review, we report the epidemiology of
infections in ICU patients and describe the pathophysi-
ology of sepsis. Moreover, we discuss the physiology of
vitamin D, the clinical implications of vitamin D defi-
ciency and the effect of vitamin D supplementation in
critically ill patients with severe infections and sepsis.
Finally, we provide an overview of ongoing clinical inves-
tigations in this field.

Main text

Severe infection, host response and sepsis

Epidemiology of infections and sepsis in ICU

Severe infections are leading causes of admission to the
ICU and represent frequent complications during the
ICU stay, being acknowledged as prerequisites for the
development of sepsis [30]. Vincent et al. designed a 24-h
point prevalence study involving 1150 centres in 88 coun-
tries with the aim to report the prevalence of infections in
critically ill patients admitted to the ICU. Among 15,202
patients included, 8135 (54%) had suspected or proven
infections, 1760 (22%) of whom were acquired in the ICU
and represented a predictor of higher mortality compared
with the community-acquired ones. Pathogen identifica-
tion was reported in 5259 (65%) patients and was char-
acterised by gram-negative bacteria (3540 patients, 67%),
gram-positive bacteria (1946 patients, 37%), fungi (864
patients, 16%), viruses (196 patients, 3.7%) and parasites
(43 patients, 0.8%). In comparison with previous inves-
tigations, this study reported an increasing rate of infec-
tions, which was 45% in 1992 (the EPIC I study [31]) and
51% in 2007 (the EPIC II study [32]). This finding was
explained by the authors as possibly due to improve-
ment in surveillance programmes for the early diagnosis
of infection in ICU patients. Unfortunately, this study did
not provide specific information on the epidemiologic
and clinical characteristics of sepsis, that was reported
on a large scale by the ICON study in 2012 [33]. In this
paper, Vincent et al. included 10,069 patients from 730
centres in 84 countries and found that sepsis was diag-
nosed in 2973 (20.5%) patients on admission or during
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the ICU stay [33, 34]. In comparison with the SOAP
study in 2002 [35], the proportion of patients with sepsis
was slightly higher in the ICON study (29.6% vs 31.9%,
p=0.03) and characterised by increased disease severity
(SAPS 1II score 41.9 +18.2 vs. 36.5+17.1; SOFA scores on
admission 6.3+4.3 vs. 5.1+3.8, maximum SOFA scores
during the ICU stay 7.8+4.8 vs. 6.6+4.4, all p<0.001),
although the adjusted odds of ICU mortality was lower
[OR 0.45 (0.35-0.59), p<0.001] [36]. Over the last dec-
ade, the reported incidence of sepsis is increasing [37],
likely due to the ageing population and greater recogni-
tion, but the true incidence remains unknown [2].

Inflammatory system dysfunction and sepsis

Sepsis results from the dysregulated inflammatory
response to pathogens invading sterile organs or alter-
ing microbiota homeostasis with shift from symbiosis
to dysbiosis [38]. Pathogen-associated molecular pat-
terns (PAMPs) and danger-associated molecular pat-
terns (DAMPs) are recognised by specific receptors (e.g.
the toll-like receptor, TLR), whose activation induces
multiple intracellular pathways leading to the expres-
sion of specific genes, which codify for inflammatory
(e.g. cytokines) and metabolic molecules (e.g. hormones)
[5]. The physiological rationale of immune activation
triggered by pathogen recognition aims to control such
a microbial threat and is counterbalanced by immuno-
suppressive pathways, in order to limit tissue damage.
In this setting, sepsis occurs when the balance between
immune activation and immune suppression is lost, and
causes both metabolic derangements and organ dysfunc-
tion [2]. Traditionally, immune activation was considered
the early stage of inflammation and implied the release of
tumour necrosis factor-a (TNF-a), several interleukins
(e.g. IL-1pB, IL-2, IL-6, IL-8) and interferon-y (IFN-y). In
contrast, immune suppression was considered the late
stage of inflammation and was mediated by the release of
specific molecules (e.g. IL-10). However, recent evidence
demonstrated that immune activation and immune sup-
pression coexist during the whole inflammatory response
process [39] and no specific therapies have been dem-
onstrated effective to improve the immune system dys-
function [4-8]. In this setting, an increasing amount of
research have shed light on the potential of vitamin D
to mitigate hyperinflammation as well as foster host
defence towards infections via the enhanced production
of cathelicidins.

Physiology of vitamin D

Metabolism

The vitamin D family includes several lipophilic hor-
mones characterised by a secosteroid structure [40],
among those vitamin D, (ergocalciferol) and vitamin
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D, (cholecalciferol) exert the most biologically power-
ful activity. The intake of vitamin D, comes mostly from
diet (e.g. vegetables), while vitamin D, is mostly pro-
duced in the skin by the reaction with solar ultraviolet
B radiation, although it is contained in few aliments
(e.g. animal-based food like fatty fish and egg) [41]. For
these reasons, vitamin D production is influenced by
sun exposure (e.g. season, latitude, clothing), diet and
age (skin structure change with dermis reduction) [16].

Vitamin D is turned by the 25-hydroxylase of the
liver (cytochrome p450, CYP2R1—endoplasmic reticu-
lum) into the 25-hydroxyvitamin D [25(OH)D, calcid-
iol], which is further converted by the la-hydroxylase
(cytochrome p450, CYP27B1- mitochondria) of the
renal tubular cells into the most biologically active
1,25-dihydroxyvitamin D [1,25(OH),D, calcitriol] [41].
Of note, the la-hydroxylase has been identified in sev-
eral extra-renal tissues (e.g. immune and inflammatory
cells), where it is supposed to contribute to intracrine
and paracrine regulation pathways [42]. Vitamin D cir-
culates into the bloodstream predominantly carried by
the glycoprotein vitamin D binding protein (VDBP)
[43] in a very stable complex. In contrast, free and
albumin-bound compounds roughly accounts for the
10% of circulating vitamin D and are considered rap-
idly available for biological functions [44]. Although the
1,25-dihydroxyvitamin D is the most biologically active
form of this hormone [45], the 25-dihydroxyvitamin D
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is characterised by greater blood level (1000 times) and
longer half-life (4 h vs 2—3 weeks, respectively) [46].

Pathophysiologic implications

Vitamin D is characterised by several pleiotropic activi-
ties beyond the calcium/phosphate balance (classical
metabolic pathway), which include microbial clearance,
immunomodulation of innate and adaptive responses
[47], anti-tumour and cardiovascular homeostasis [15].
Over the last decades, an increasing amount of evidence
has reported an association between vitamin D status
alterations and inflammatory diseases [16, 48]. Specifi-
cally, 1,25(0OH),D influences both innate (pathogen rec-
ognition and antigen presentation) and adaptive (T and
B lymphocyte function) inflammatory pathways (Fig. 1)
via the nuclear vitamin D receptor (nVDR), that acts as a
transcription factor modulating inflammatory cells acti-
vation, differentiation and production of cytokines [16].
The 1,25(OH),D reduces the production of proinflamma-
tory cytokines (IL-12, IFN- vy, IL-6, IL-8, TNF-a, IL-17,
IL-9), increases the production of anti-inflammatory
cytokines (IL-4, IL-5 and IL-10), enhances the differen-
tiation of T regulatory cells, tolerogenic dendritic cells
and monocytes to macrophages [16, 49-52]. Moreover,
the 1,25(OH),D inhibits the COX-2 transcription [53].
Similarly, the 1,25(0OH),D exerts inhibitory effects on
B-cells proliferation, differentiation to plasma cells, and
immunoglobulin production, while it induces apoptosis
of these cells [16, 54—57], thus implying a role for vitamin

Immunologic role of Vitamin D in severe infections and sepsis
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D to promote immune tolerance [48]. Also, the 1,25
(OH),D exerts non-genomic effects via the membrane
vitamin D receptor (mVDR), thus modulating intracel-
lular signalling pathways [16]. In severe infections and
sepsis, the Toll-like receptors (TLRs) play roles of para-
mount importance to early recognise and rapidly respond
to pathogen invasion via the activation of several inflam-
matory pathways [58]. The activation of the TLRs influ-
ences the production of immunological peptides that are
actively involved in the host response to infection, like
cathelicidins [59]. Specifically, cathelicidins are antimi-
crobial peptides forming o-helices that have been iden-
tified in many mammalian species, whose C-terminal
domain has antimicrobial properties by both disrupting
pathogen membrane and improving immune cell signal-
ling [60]. In humans, the sole cathelicidin found was the
hCAP18, which was isolated in neutrophils, monocytes,
lymphocytes and epithelial cells at the barrier level [24].
The C-terminal domain of the hCAP18, the LL-37, was
demonstrated to exert potent broad-spectrum antimi-
crobial activities against viruses and bacteria [61-64]. In
critically ill patients with sepsis, the 25-hydroxyvitamin
D blood concentration was demonstrated to be directly
associated with LL-37 [65]. Pre-clinical investigations
showed that airway epithelial cells express both the VDR
and the la-hydroxylase [61], thus inducing the produc-
tion of antimicrobial peptides like cathelicidin and defen-
sin 4.

Vitamin D status alterations

The 25(OH)D is the major circulating vitamin D
metabolite [66] and its concentration has been widely
used to assess the vitamin D status. Specifically, the
Institute of Medicine [67] graded individual vitamin D
status as:

— Sufficiency: 25(0OH)D > 30 ng/ml
— Insufficiency: 25(OH)D =21-29 ng/ml
— Deficiency: 25(OH)D <20 ng/ml

In this context, a cut-off of 25(0OH)D <12 ng/ml is con-
sidered the threshold for severe vitamin D deficiency [68]
and a post-hoc analysis of the VITdAL-ICU trial [26]
reported lower hospital mortality among critically with
severe vitamin D deficiency who received vitamin D sup-
plementation compared with placebo. The results of the
VITdAL-ICU trial [26] will be discussed further on this
manuscript.

The vitamin D deficiency is widely diffused among West-
ern communities (40% of the subjects) [17, 18, 46], and
seems to be prevalent in lower-middle income countries
according to spare evidence [69], although the global epi-
demiology of this condition has never been investigated.
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A comprehensive analysis of risk factors for vitamin
D deficiency was presented elsewhere [15]. Critically ill
patients represent a subgroup of the population particu-
larly vulnerable to vitamin D deficiency, which has been
reported in 40-70% of patients at the admission to the
ICU [19]. In this setting, vitamin D deficiency is com-
monly diagnosed in patients with infection and sepsis,
although the nature of this association is poorly under-
stood and does not imply causation.

Severe infections and sepsis

In severe hospitalised patients, vitamin D deficiency
represents a risk factor for the development of sepsis
and a predictor of higher mortality [70-73]. Specifi-
cally, Moromizato et al. [74] observed that the 25(OH)D
blood levels <15 ng/mL before hospital admission were
predictive for the risk of sepsis and 90-day mortality in
3386 patients. In 2016, De Pascale et al. [75] conducted
an observational study including 107 critically ill adults
with sepsis reported Vitamin D deficiency in 93.5% of the
patients, of which 53.3% showed extremely low 25(OH)
D bloodstream concentration (<7 ng/mL) [75]. Specifi-
cally, extremely low 25(OH)D bloodstream concentra-
tion and higher mean SAPS 2 score were independent
predictors of sepsis-related mortality. Moreover, patients
with extremely low 25(OH)D bloodstream concentration
had a higher rate of microbiologically confirmed infec-
tions (80.7% vs 58%, p=0.02) and a lower percentage of
microbiological eradication (35.3% vs 68%, p 0.03) com-
pared with those with 25(OH)D >7 ng/ml [75]. Further-
more, patients with extremely low 25(OH)D bloodstream
concentration required a longer duration of mechanical
ventilation when affected by pneumonia, and vasopres-
sor administration for septic shock, in comparison with
those with compared with those with 25(OH)D >7 ng/ml
[75]. In 2018, Zhou et al. conducted a systematic review
and a meta-analysis [76] of 24 studies to explore the asso-
ciation between vitamin D levels and sepsis. The authors
found that the vitamin D level was lower in patients with
sepsis compared to those without sepsis, but vitamin D
deficiency had no significant association with sepsis-
related death. Conversely, a recent systematic review
and meta-analysis [77] of 8 studies (1736 patients) found
that lower 25(OH)D levels were independently associ-
ated with a higher risk of mortality in patients with sepsis
(adjusted relative risk: 1.93, p <0.001). Subgroup analyses
showed that only severe vitamin D deficiency, defined as
25(0OH)D <10 ng/ml, was significantly associated with
increased risk of death in sepsis, while this relationship
was not reproduced for higher 25(OH)D level [77]. Fur-
ther research is warranted to clarify whether vitamin D
deficiency is involved in the pathophysiology of severe
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infections and sepsis or should be acknowledged as a
marker of patient severity.

Coronavirus disease-19

The coronavirus disease 19 (COVID-19) is a severe
clinical condition caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), whose patho-
physiology has not been completely understood and
mostly relies on the immune system dysfunction caused
by the SARS-CoV-2 infection [78].

In this context, an observational study on 191,779
patients found that SARS-CoV-2 positivity was higher
among patients with vitamin D deficiency and inversely
associated with circulating 25(OH)D levels, indepen-
dently of latitude, ethnicity, age and sex [79]. A possible
explanation of these findings relies on the immunomodu-
lating function of vitamin D, especially for what concerns
hyperinflammatory cytokines like TNE, whose soluble
receptor was demonstrated as an independent predictor
of 30-day mortality in COVID-19 patients [80]. Never-
theless, the pathophysiological implication of vitamin D
deficiency in COVID-19 patients remains unknown and
warrants to be clarified by future investigations.

Rationale and clinical evidence of vitamin D
supplementation in ICU

Vitamin D compounds are available for enteral, parenteral
and intramuscular routes of administration. Enteral for-
mulations have been widely used in clinical trials, being
characterised by ease of administration and large vitamin
D bioavailability. Specifically, some studies reported a
greater increase of 25-dihydroxyvitamin D blood level in
patients who received oral formulations, compared with
those who received the same dose of vitamin D-based
compound by intramuscular administration [81]. Par-
enteral and intramuscular administrations of vitamin
D-based compounds should be indicated for patients with
malabsorption due to enteral diseases, gastrointestinal
bypass surgery and medications that reduce lipid absorp-
tion. In clinical practice, vitamin D, and vitamin D, repre-
sent the most widely used isoforms of this molecule and
may plausibly be considered “native vitamin D”. Although
both compounds are characterised by low stability in
moist air [82], vitamin D, administration was associated
with a greater increase of 25-hydroxyvitamin D blood
level, compared to vitamin D, [83]. In recent years, sev-
eral vitamin D analogues have been manufactured with
the aim to produce specific compounds with enhanced
pharmacokinetic and pharmacodynamic properties.
As an example, paricalcitol does not require enzymatic
activation, doxercalciferol has a prolonged half-life and
maxacalcitrol specifically acts on non-classical vitamin
D-associated pathways [84, 85]. However, the effect of
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these drugs on vitamin D status and patient clinical out-
comes has never been tested in large-scale investigations.

Vitamin D supplementation is feasible, safe and effec-
tive to improve body content of this compound within
a few days in critically ill patients admitted to the ICU
[24, 25]. Several observational studies reported an
association between vitamin D supplementation and
improved clinical outcomes in hospitalised patients
with severe infection [86, 87]. A recent meta-analysis
pooling the results of 9 randomised controlled trials
on 1867 critically ill patients [88] found no benefit of
vitamin D supplementation on the 28-day mortality
compared with placebo (20.4% vs 21.7%, respectively).
In contrast, Menger et al. [89] conduced a larger sys-
tematic review and meta-analysis on 2449 critically
ill patients from 16 randomised controlled trials and
found lower mortality in critically ill patients who
received vitamin D supplementation. However, both
systematic reviews and meta-analyses had impor-
tant limitations that hampered the generalizability of
results, mostly due to the wide degree of inhomogene-
ity among the studies included. The only two large scale
clinical investigations were the VITdAL-ICU [26] and
the VIOLET [27] trials (Table 1), whose specific peculi-
arities warrant to be discussed in detail.

The VITdAL-ICU trial [26] was conducted in 5 ICUs
of an Austrian hospital and enrolled 475 critically ill
patients with vitamin D deficiency, who were randomised
to receive oral vitamin D supplementation (vitamin Dy
loading dose of 540,000 IU, followed by monthly main-
tenance dose of 90,000 IU for 5 months) or placebo. In
patients receiving vitamin D supplementation the defi-
ciency status improved within 7 days from the inclusion
and remained stable for the 28 days afterwards respect to
the placebo. Although Vitamin D supplementation had
no effect on patient clinical outcomes, a subgroup anal-
ysis including patients with severe vitamin D deficiency
[25(OH)D levels<12 ng/mL)] showed that vitamin D
supplementation reduced the risk of hospital mortality
compared with placebo (28.6% vs 46.1%, respectively). In
the light of this finding, the VIOLET trial [27] enrolled
1358 severe patients with vitamin D deficiency from 44
hospitals in the United States, who were randomised to
receive enteral vitamin D supplementation (vitamin Dy
loading dose of 540,000 IU, administered even before
ICU admission and not followed by maintenance dose) or
placebo. Although vitamin D status improved in patients
who received vitamin D supplementation compared with
placebo, this intervention had no impact on patient clini-
cal outcomes. Accordingly, this study was stopped for
futility after the first interim analysis. Unfortunately, the
prevalence of sepsis in the VITdAL-ICU [26] and VIO-
LET [27] trials was low (7.7% and 33.3%), thus impairing



Page 6 of 10

(2024) 4:4

Cutuli et al. J Anesth Analg Crit Care

JUBWISSASSY ainjieq uebiQ pale|a.-sisdas YHOS :SUOIDIAGIGQY

£ Kep 01 dn papiodal

uolssalboid
35e3SIP 10} 510108}
Aslpue 61-aInOD =1

V4054 159461y ay3 pue 0gaoe|ld  -IOPOW-01-P|Il YUM

2W02IN0 dUI|95eq UDaMI] SA YT 1SE|9Y3 Ul piem
Arewd ay1 ioy paJe|d9p 10U V405 Aloreuid SNI000°00S |eJousb 01 paniwipe [06)
92UalalIp ON s15das/SUONDYUI B19NSS -sa1 au1 Ut abueyd £ uiweyn je1Q siuaned 3npy 8l¢ 120Z—020¢  eunusbiy ‘sanusd /| CC0C e 1o IueLey

ogaoe|d
SA

9U0odINO N1 000°00¢ 61-dINOD 219A3s O}

Arewud a1 oy paiepap 10U AeIS  :UONEISIUIWPE [0D0) S1RISPOW YUM
92UsIalIp ON s15das/SUONDYUI 3IANSS [edsoy Jo Lpbua -oud £ uiwen [eio siuaned npy ovc 0¢oc lizeig'senusd 7 [6¢] LT (e 39 eIy

Jw/bu 0z s [9A9)

poo|q g UIWeUA

-AXOIPAY-GZ Yim pue

ogaoe|d NDI 3Y1 Ul pabeuew

0hEE ~ SIS SA 90 01 pawaap ‘Ainful

ElVewilale) -das/5uondajul 2I9AS SN 000°0FS :uoll  Bun| 1o y1esp oy sio}

Arewnd ayy 1oy Jusenaid -easiulWpe [020104d  -DBYSH | < YUM UYlIM
92UsIalIp ON 1M syusied [edIpaly - 31ed Aljeliow Aep-06 € UlWelA eloiug syusned ynpy 8/01 8L0c-£10¢ VSN 'SUD Y [£7] 610T 213 9pUID

Jw/Bus Qg Jo

0g=28|d [9A91PO0Ig A

SA UlueliA

SYIUOW G 10J N] 000'06  -AXOIPAY-GZ Yum pue

UOISSIWIPE 1B 948 ~ SIS Alyruow Aq pamoj|oy ysy

ElVewilale) -das/5UoNd9JUI 2I9ASS SN 000°0kS :uon ZKe1s D 4o Yyibus)
Arewnd ay3 1oy 1u3jenraid Aels  -ensiulwdpe j0>010id  pa1dadxe ‘syusned |1 [o7]
9DUI3IP ON 24om siuaiied [ed1bing |eudsoy Jo yibua €Q UIWELA [e21U  A][BD1LD SUYM 1 NPY Sy GLOZ-ZL0Z euIsNY ‘2uad 3|buls #7107 '[e 18 uliwy

sjuaned

j0 uonedjgnd
}nsaJi ulepyy so1isiIdRIRYD SjUslled awodno A1ewnd uolnuaAIRU| eLalUd UoISNPU|  JaquinN  uoneanp Apnis says Apnis Jo aeak ‘saoyiny

syuaiied pasijendsoy ul uopeluawaddns @ UiLBNA UO S|ell} [eDIUID PasILOpUeRS djeds-9bieT | ajqelL



Cutuli et al. J Anesth Analg Crit Care (2024) 4:4

to evaluation of the effect of vitamin D supplementation
in this patient population.

During the COVID-19 pandemic, Murai et al. [29]
investigated the effect of vitamin D, supplementation
(single dose: 200,000 IU) vs placebo in 240 hospitalised
patients (most of whom were not critically ill) with mod-
erate to severe COVID-19 from 2 centres and found
no difference of hospital length of stay between study
groups. In this setting, Mariani et al. [90] randomised 218
hospitalised patients with mild-to-moderate COVID-
19 and risk factors for disease progression from 17 cen-
tres to receive vitamin D; (single dose: 500,000 IU) vs
placebo and found no difference in terms of respiratory
SOFA score changes between the baseline and the high-
est value within the following 7 days. In both of these
studies, the increase of vitamin D blood levels in patients
who received vitamin D supplementation compared to
placebo did not correspond to any improvement of sec-
ondary outcomes as ICU admission, need for mechanical
ventilation, and hospital mortality.

In contrast, Leaf et al. randomised 67 critically ill
patients with sepsis to receive 2 pg of intravenous calci-
triol or placebo [28], with the aim to investigate whether
vitamin D supplementation may improve cathelicidin
blood levels within 24 h (primary outcome), increase
1,25-dihydroxyvitamin D blood level within 6 h, influ-
ence cytokines mRNA expression and cytokines levels
into the bloodstream within 24 h and reduce urinary
markers of kidney injury within 48 h (secondary out-
comes). Although vitamin D blood levels increased in
patients who received vitamin D supplementation, it
was only associated with an increase of cathelicidin and
IL-10 mRNA expression within 24 h compared with pla-
cebo. Vitamin D supplementation was not associated
with 28-day, ICU and hospital mortality compared with
placebo, whereas this trial was not powered to assess
these outcomes. Moreover, Quraishi et al. randomised 30
critically ill septic patients to receive enteral vitamin D,
400,000 IU versus of vitamin D4 200,000 IU versus pla-
cebo. They found that the administration of higher doses
of vitamin Dj led to an improvement of 25(OH)D body
content and bioavailability at day 5, which corresponded
with a concomitant increase of LL-37 [24].

Future directions

The VITDALIZE study (NCT03188796) [66] is an inter-
national (Austria, Germany, Belgium, Switzerland and
UK), multicentre (more than 30 sites), placebo-con-
trolled, double-blind, phase 3 randomised trial, that has
started in 2017 and aims to include 2400 adult critically
ill patients with severe vitamin D deficiency, within the
first 72 h of ICU admission. Patients randomised in the
treatment group receive vitamin D5 540,000 IU at the
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enrolment, followed by 4000 IU daily for 90 days. The
primary outcome of the study is 28-day mortality, while
the development of infections requiring antibiotics at day
90 is accounted among other secondary outcomes (e.g.
progression of organ dysfunction, hospital, ICU, 90-day
and 1-year mortality).

Conversely, there are no researches recorded in Clini-
calTrial.gov currently ongoing with the aim to assess
the effect of vitamin D supplementation to prevent the
development of infection or sepsis as well as improve the
outcome of critically ill patients suffering from these con-
ditions. Due to the clinical relevance of vitamin D defi-
ciency and the potential of vitamin D supplementation to
improve the outcome of critically ill patients with severe
infections and sepsis, future multicentre clinical trials
in this context appear clinically justified and urgently
advocated.

Conclusion

Severe infections and sepsis are widely diagnosed in ICU
patients, for whom vitamin D deficiency is frequent and
associated with the development of these conditions.
Vitamin D was demonstrated to modulate the immune
system and vitamin D deficiency may represent a target
for future therapy, in order to control infection and ame-
liorate inflammatory dysfunction and sepsis. Although
small randomised clinical trials demonstrated a benefit
of vitamin D supplementation to improve immunologic
features of in critically ill septic patients, no large scale
randomised controlled trials have been designed to spe-
cifically assess the effect of this therapy on patient-related
clinical outcomes. Accordingly, future high-quality
research is urgently advocated in this field.
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