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SYNOPSIS 
 

Sponsor- 
 

Investigator 

Univ.-Prof. Dr. Harald Dobnig 
 

Department of Internal Medicine 
 

Division of Endocrinology and Nuclear Medicine 

Medical University of Graz 

Tel.: +43/316/385-80252 
 

Email: harald.dobnig@medunigraz.at 

 
 
Title 

 

Correction of vitamin D deficiency in critically ill patients: a 

randomized, double-blind, placebo-controlled trial (“VITDAL@ICU”) 

Background Low   vitamin   D   status   is   associated   with   increased   mortality, 
 

cardiovascular events, diabetes, hypertension and impaired function of 

the immune and musculoskeletal system in cross-sectional and 

prospective cohort studies. Given that most critically ill patients are 

vitamin D deficient, treatment with sufficiently high doses of vitamin D may 

represent a promising and inexpensive intervention option. To date, no 

clinical trial has prospectively evaluated clinical outcomes in patients 

treated with vitamin D in an intensive care setting. 

Objectives/ 
 

Outcome 

measures 

Primary endpoint 
 

- hospital stay 

Secondary endpoints 

- ICU stay 
 

- mortality in ICU, in hospital, at day 28 and at 6 months 
 

- percentage of patients with 25(OH)D ≥ 30 ng/ml at day 7 
 

- laboratory parameters including serum calcium, 25(OH)D at days 0,3,7 

and 28 (if the patient is still hospitalised) 

- duration of mechanical ventilation 
 

- cardiac function (NT-proBNP levels, days on catecholamine support) 
 

- TISS 28 scores during ICU stay 

Study design Randomized, placebo-controlled, double-blind, single centre study 

Project 
 

schedule 

Study related 
 

Planned start of recruitment: April 2010 

Active enrolment period: 24 months 

Subject related 

Total study duration for each patient will be 28 days with a follow up 

mailto:harald.dobnig@medunigraz.at
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 telephone visit at 6 months. Thus total study duration will be 30 months. 

Study 
 

population 

Adult patients admitted to medical, surgical and neurological intensive 
 

care units of the university hospital of Graz, Austria 

Trial site Medical University of Graz, Austria 

Sample size 480 patients (240 in each group) 

Inclusion 
 

criteria 

- Age ≥18 years 
 

- expected ICU stay ≥48 hours 
 

- vitamin D deficiency: 25(OH)D ≤ 20 ng/ml 

Exclusion 
 

criteria 

- hypercalcaemia (total calcium >2.65 OR ion. calcium >1.35 mmol/l) 
 

- severely impaired gastrointestinal motility (ileus, residual gastric volume 
 

> 400 ml) 
 

- known history of recent kidney stones (≤ 1 year) 
 

- known granulomatous diseases (tuberculosis, sarcoidosis) 
 

- pregnancy/lactation 
 

- not suitable for other reasons (living abroad etc.) 

Study 
 

procedures 

Screening for vitamin D deficiency immediately after admission to ICU, 
 

randomisation, application of first study drug as soon as inclusion and 

exclusion criteria are available (day 0) 

Study related 
 

investigations 

Day 0, 3 ,7 and 28 if feasible: 
 

Most parameters (i.e. standard blood chemistry including serum creatinine 

and albumin levels, serum calcium, phosphate, magnesium, CRP, PCT, 

NT-pro BNP levels and urinary calcium, 25(OH)D, 1,25(OH)2D, PTH,  

bone turnover markers) will be measured immediately. Other parameters 

such as IL-6 and cathelicidin levels may be measured at the end of the 

study from frozen blood specimens. 

Information on SAPS II and TISS 28 scores of participants as well as vital 

status and morbidity will be derived from source data within the medical 

documentation system at the hospital (MEDOCS). In case of patient 

discharge from the hospital, vital status will be assessed by a telephone 

visit at days 28 and month 6. 

Investigational 
 

product 

Intervention: cholecalciferol (trade name: Oleovit ® D3) 
 

Manufacturer: Fresenius Kabi Austria GmbH 

Study 
 

treatment 

Investigational product: cholecalciferol 
 

Comparator drug: Placebo identical in colour, smell and texture 
 

Dose: one single dose of 540.000 IU vitamin D dissolved in a volume of 
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herbal oil of 45 ml OR same volume of oil (placebo). This loading dose 

regimen will be followed by monthly doses of 90.000 IU D (corresponding 

to 3000 IU/day) or respective placebo up to month 6. 

Route of administration: enteral via nasogastric tube (ICU setting) or oral 

(if possible) 

Duration of treatment: 5 months 
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Introduction 
 

Objective 
 

The primary objective of this study is to investigate whether oral high-dose 
vitamin D supplementation is beneficial for vitamin D deficient, critically ill patients 
and whether the length of hospital stay is affected. 

 

 
 

Background and current status of research 
 

Cutaneous synthesis is the main source of vitamin D as opposed to only small 
quantities coming from oral intake. Thus, homebound, hospitalised and elderly 
individuals are prone to develop vitamin D insufficiency but in many instances a low 
vitamin D status is found in healthy individuals as well. According to our own and 
international observations, prevalence of vitamin D deficiency and insufficiency is 
especially high in patients at intensive care units [1, 2]. Insufficient vitamin D levels 
could affect critically ill patients in various ways [3]. 

Hundreds of genes with vitamin D receptor response elements directly or 
indirectly influence cell cycling, cell proliferation, differentiation and apoptosis 
suggesting a much more widespread function than previously thought [4]. The 
vitamin D receptor (VDR) is almost ubiquitously expressed, and the vast majority of 
cells respond to 1,25(OH)D2 exposure. VDR-deficient mice develop high renin 
hypertension, cardiac hypertrophy, and show increased thrombogenicity among other 
phenotypes. Vitamin D deficiency in humans is associated with an increased 
prevalence of a multitude of diseases [5]. 

 
Vitamin D and glucose metabolism 

 

Glucose metabolism is impaired in many critically ill patients and is often 
aggravated by parenteral feeding, infections and/or pre-existent diabetes. 
Contributing mechanisms are elevated hepatic glucose production and dysregulated 
peripheral glucose uptake accompanied by insulin resistance [6]. This well- 
appreciated phenomenon was named “diabetes of injury” or “stress diabetes” [7, 8]. 

Vitamin D seems to act favourably on glycemic control [9] and a recent trial 
has shown that baseline 25(OH)D was inversely correlated to the 10-year risk of 
incident hyperglycemia [10]. These findings were confirmed by a recent Finnish study 
showing an inverse association between baseline 25(OH)D and 17-year risk of type 2 
diabetes [11]. Moreover, glycemic control in diabetic subjects varies throughout the 
year, with lower HbA1c concentrations occurring in summer [12]. Whether vitamin D 
influences insulin resistance, secretion or both still has to be elucidated by performing 
glucose clamp studies. 

 
Vitamin D and cardiovascular aspects 

 

A growing body of data suggests that low vitamin D levels may 
adversely affect cardiovascular health. For many cardiovascular events, seasonal 
variability with peak incidence in the winter months is proven. This may be 
attributable at least in part to declining body stores of vitamin D beginning with 
September [13]. Recently, there have been several case reports about severe 
cardiomyopathy caused by vitamin D deficiency, especially in dark-skinned children 
who had low vitamin D levels [14]. 
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The heart is an important target organ for vitamin D, both on a genomic and 
nongenomic level. Myocytes express the vitamin D receptor and several models of 
hypertension in animal studies have shown that vitamin D treatment is able to 
prevent cardiac hypertrophy [15, 16]. Vitamin D seems to inhibit activation of the 
cardiac renin-angiotensin system as well as the expression of genes involved in the 
development of myocardial hypertrophy. There is accumulating evidence that vitamin 
D deficiency may be an important factor in the development of congestive heart 
failure and sudden cardiac death [17]. 

In chronic hemodialysis patients, vitamin D supplementation has been 
associated with reduction of cardiac hypertrophy and a reduction of QT dispersion 
[18], the latter being considered a major risk factor for sudden cardiac death. 

 
A recent study from our group has reported a negative correlation of 25(OH)D 

levels with NT-pro-BNP levels, New York Heart Association functional classes and 
impaired left ventricular function [17]. Furthermore, hazard ratios for death 
attributable to heart failure and sudden cardiac death were 2.84 and 5.05, 
respectively, when patients with 25(OH)D <25ng/ml were compared with those 
having serum levels of 25(OH)D >75 ng/ml [17]. The anti-inflammatory properties of 
vitamin D also appear to play a role in congestive heart failure, as studied in a recent 
interventional trial [19]. In animal models, vitamin D deficiency was proven to be 
associated with developing myocardial hypertrophy and fibrosis with aberrant cardiac 
contractility and relaxation [15, 16]. 

 
Moreover, vitamin D deficiency can raise parathyroid hormone secretion, which in 
turn may increase insulin resistance and be associated with the development of 
diabetes, hypertension and inflammation. 

 
In summary, vitamin D seems to exert a multitude of different effects all working in 
concert to protect the vascular and cardiac system by influencing various hierarchical 
levels of biologic response. 

 
Vitamin D and mortality 

 

Several studies from our group have recently reported associations between 
low baseline 25(OH)D levels and adverse cardiovascular outcomes, stroke, 
increased cancer and all-cause mortality in a large prospective cohort of patients at 
increased cardiovascular risk [20-25]. In these studies, all-cause mortality was 
independently related to low 25(OH)D as well as to low 1,25(OH)2D levels regardless 
of average physical activity levels and degree of present comorbidities. 

In a recent study that analyzed data of more than 16.000 patients on 
hemodialysis, oral supplementation with vitamin D was found to improve overall 
survival. In this study, type 2 diabetes was the cause for end-stage renal disease in 
almost a third of the patients [26]. 
Interestingly, a recent meta-analysis including trials mainly designed to investigate 
the effects of vitamin D on bone mass development or fracture occurrence 
demonstrated a significant reduction in all-cause mortality with doses of vitamin D 
that today are thought to be inadequately small [27]. 

 
Vitamin D and infection 

 

Most cells of the immune system express the vitamin D receptor [5]. Vitamin D acts 
on immune function, both on adaptive and innate immunity. It enables macrophages 
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to respond to and kill bacterial and viral organisms and exerts an influence on 
epidermal keratinocytes to respond to disruption of barrier function [28]. 
Antimicrobial peptides such as cathelicidins contribute to initial defense of the airway 
system against inhaled pathogens. Recent studies have shown that the hormonally 
active form of vitamin D3, 1,25(OH)2D upregulates antimicrobial gene expression in 
several established cell lines. Interestingly, treatment of normal human bronchial 
epithelial cells with 1,25(OH)2D resulted in a 10-fold up-regulation of cathelicidin 
mRNA levels after 12 hours [29]. In a recent study, the association between 25(OH)D 
levels and occurrence of upper respiratory tract infection was examined in a large 
cross-sectional sample that represented the entire US population [30]. Individuals 
had multivariate adjusted OR of between 1.24 (95%CI 1.07-1.43) to 1.36 (1.01-1.84) 
depending on whether they had serum 25(OH)D levels between 10 to 30 ng/ml or 
<10 ng/ml respectively. 
Vitamin D has also been implicated to induce endogenous antimicrobial peptides in 
the epithelium of the gastro-intestinal tract through induction of LL-37, an important 
cathelicidin of the large intestine. These enterocyte-derived antimicrobial peptides are 
secreted into a thin film overlying the luminal surface of the intestine, forming an 
antimicrobial barrier that discourages the successful attachment and growth of 
microbes within the lumen [31]. 
It is well known that maintenance of an intact epidermal and epithelial barrier function 
is of special clinical concern in critically ill patients because these patients are at high 
risk of developing nosocomial infections of the respiratory and gastrointestinal tract 
that often lead to septicaemia. 
In summary, based on the presented data we hypothesize that increasing 25(OH)D 
levels will help critically ill patients to better fight nosocomial infections or even allow 
to prevent an outbreak of infection. 

 
Vitamin D and clinical aspects of patients at the ICU 

 

Vitamin D deficiency is a highly prevalent condition affecting approximately 
30% to 50% of the general population and up to 90% of critically ill patients [2, 32]. 
Similar percentages of patients with low vitamin D status could be substantiated at 
our general internal wards (median 25(OH)D level of 16 ng/ml) as well as at intensive 
care units (median 25(OH)D level of 13.2 ng/ml) (unpublished data). 

The daily amount of vitamin D recommended for parenteral nutrition is 
approximately 200 IU . However, even a dose of 600 IU can be considered too low 
for patients with established vitamin D deficiency in order to establish a normal 
25(OH)D status. Such patients first require a loading dose to saturate adipose tissue 
stores throughout the body if one intends to restore serum 25(OH)D quickly. At a 
second step higher than currently used daily doses of vitamin D3 should be given to 
patients to guarantee adequately high serum concentration and thus substrate 
concentration for the many cell types metabolizing 25(OH)D. 

Of utmost interest to the proposal of this study is a previous report where 
hypocalcemia and elevated PTH levels were found to be important determinants of 
elevated morbidity and mortality in patients at ICU [33]. In addition, vitamin D 
deficiency can contribute to the development of hypophosphatemia which is also a 
highly frequent condition encountered in the critically ill, affecting 30-45% of all 
patients [34, 35]. Hypophosphatemia also has been associated with adverse 
outcomes in several studies [34]. 

We propose that a potential least common denominator of all the described 
findings (hyperparathyroidism, hypocalcemia, hypophophatemia) is a low vitamin D 
status that could be causally linked to the observed increase in mortality of ICU 
patients. 
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Muscle wasting is another clinical consequence of vitamin D deficiency, which 
increases the risk for prolonged mechanical ventilation and causes difficulties during 
the weaning process. Severe vitamin D deficiency is associated with myopathy, 
decreased muscle strength and an increased risk for falls [5]. In randomized 
controlled trials, low-dose vitamin D supplementation was shown to affect muscle 
strength in elderly patients with vitamin D deficiency [36] and decreased the 
frequency of falls [36-38]. Vitamin D treatment possibly via genomic and non- 
genomic effects leads to better muscle contraction and performance which could be 
of potential interest for the patient in the intensive care setting. 

 
Justification of high-dose vitamin D3 intervention 

 

The longer half-life of 25(OH)D following oral cholecalciferol supplementation allows 
for larger doses to be administered because they are a practical alternative to 
frequent daily dosing. Large loading doses of vitamin D3 have been shown to rapidly 
and safely normalize 25(OH)D levels in elderly patients with vitamin D deficiency 
(defined as below 20ng/ml) [39]. Smaller doses of vitamin D3 are similarly effective 
but require a much longer period until a plateau of 25(OH)D levels can be reached. 

 
A loading dose of 500.000 IU of vitamin D raised 25(OH)D levels from 14 ng/ml to 40 
ng/ml four weeks after administration [40]. Thereafter, levels declined to mean levels 
below 30ng/ml over the next 8 months. The best treatment regimen in that study 
consisted of a loading dose of 500.000 IU at baseline which was followed by the 
administration of 90.000 IU per month (corresponding to 3000 IU/day) for 8 more 
months. Even when giving such a loading dose to patients with 25(OH)D levels 
>20ng/ml, maximum mean 25(OH)D levels did not rise above 56 ng/ml. There was 
no safety issue in the reported study and serum calcium values were all within the 
reference range. 
Several other studies have also assessed the effects of large intermittent doses 
between 300.000 and 600.000 IU of vitamin D and found them to be safe [41-43]. 
Vieth has recently reviewed the issue of “vitamin D toxicity” and concluded that only 
prolonged intakes of vitamin D at doses of >10.000 to 40.000 IU/day and 25(OH)D 
levels >200 ng/ml were shown to be associated with hypercalcemia [44]. 

 

 
 
 

Outcome Variables 
 

Because of restricted financial and personal resources, we chose to rather determine 
surrogate parameters that can easily be collected and that reflect overall health 
status, cardiac performance, or episodes with infections rather than more specific 
outcome related variables which may be more examiner-dependent and/or costly to 
obtain (i.e. cardiac ultrasound). 

 
Primary endpoint 
- hospital length of stay 

Secondary endpoints 
- ICU stay 
- overall mortality in ICU, in hospital, at day 28 and at 6 months 
- percentage of patients with 25(OH)D ≥ 30 ng/ml at day 7 
- calcium; phosphorus; 25(OH)D; 1,25(OH)D; PTH; urinary calcium at days 0,3,7,28 

(if feasable) 
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- CRP- and PCT-levels TISS 28 scores during ICU stay 
- duration of mechanical ventilation 
- cardiac function (NT-proBNP levels, days on catecholamine support) 

 

 
 

Methods of procedure 
 

Serum 25(OH)D will be measured in patients admitted to the intensive care unit (day 
1) and fulfilling the inclusion criteria. Patients in the cardiothoracic surgery unit may 
be asked for informed consent preoperatively if ICU stay is anticipated to last for 48 
hours as for example after double valve replacement surgery. After the patient has 
been informed about the trial and written informed consent obtained, a screening 
number will be assigned to the patient in ascending order. 
For patients not currently able to give informed consent, the enrolment procedure will 
be discussed with the Ethical Committee of our institution before commencement of 
the trial. In view of the safety of vitamin D loading dose regimens, we anticipate that 
inclusion of patients unable to sign informed consent will be granted until the patient 
is able to provide informed consent. At this stage, the patient can decline further 
study participation and will not be considered in the analysis. 
Following inclusion, each patient will receive either an oral cholecalciferol loading 
dose of 540.000 IU or placebo in matching volumes. 

 
Individuals will be randomised to vitamin D or placebo using a web-based 
randomisation tool (http://www.randomizer.at). 
Routine care will be provided for each patient. Trial-related activities will not interfere 
with regular patient care. 

 
Statistical aspects/Power analysis/Sample size calculation 
We based our sample size calculation on data for hospital stay (starting at ICU 
admittance) in 2008 for critically ill patients who had stayed ≥ 48h on the concerned 
intensive care units (medical, cardiothoracic, neurologic intensive care unit, coronary 
care unit). 
Using the Mann-Whitney U-Test and a logarithmic model for sample size calculation, 
a group size of 234 is needed to show a reduction of 2 days (equivalent to 14%) of 
the primary study outcome (based on hospital stay of 14 days, a standard deviation 
of 7 days, alpha of 0.05 and statistical power of 0.80). 
Only few patients are expected to withdraw consent and thus drop-out of the study, 
so approximately 240 patients will need to be enrolled in each group. 

 

 
 

Study design 

 Prospective, double-blind, randomized, placebo-controlled trial 

 Trial site: several ICUs Medical University Graz 

 Study population: patients admitted to the participating ICUs 

 Intervention: high-dose vitamin D3 (cholecalciferol) or placebo 
 

Study duration 
The active treatment period for each patient will be 7 days with an optional follow-up 
at day 28 and with a follow up telephone visit at 6 months. Total recruitment period 
will last for approximately 24 months. Thus total study duration will be 30 months. 
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Inclusion criteria 

 age ≥18 years 

 expected ICU stay ≥ 48 hours 

 vitamin D deficiency: 25(OH)D ≤ 20 ng/ml 
 

Exclusion criteria 

 hypercalcemia (total calcium >2.65 mmol/l OR ionized calcium >1.35 mmol/l) 

 severely impaired gastrointestinal function (ileus, residual gastric volume > 400 ml) 

 known granulomatous diseases (tuberculosis, sarcoidosis) 

 known history of recent kidney stones (≤1 year) 

 pregnancy/lactation 

 patients not deemed suitable for study participation (i.e.  psychiatric  disease, 
prisoner status, living abroad/remote from the clinic, moribund condition at 
screening) 

 
Women of childbearing age – pregnancy tests 
Women  of  childbearing  age  are  only  allowed  to  participate  in  this  trial  when 
pregnancy has been excluded by testing. 

 
Ethical aspects 
Vitamin D treatment is simple, safe and inexpensive. The importance of treatment 
with sufficiently high doses of cholecalciferol has been undervalued for the longest 
time. Based on what is known already, vitamin D affects the cardiovascular system, 
glucose metabolism, immunocompetent cell systems, the musculoskeletal system 
and regulates cell cycle. 

 
So far, no randomized controlled trial has explored the potential of vitamin D 
treatment for decreasing adverse outcomes related to cardiovascular disease and 
overall health in ICU patients. Despite the high prevalence of vitamin D deficiency in 
critically ill patients, no interventional trial has so far been performed in this setting. 

 
Data safety review 
We  aim  to  have  a  data  safety  review  meeting  after  1  year  or  100  patients. 
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Version 2.0, 10.11.2010 

Addition of personal variant for 6 – month – follow-up 

(including assessment of falls and fractures) and data safety 

review 
 

 
 

6 – Month – Follow-Up 
 

 Variant A (ca. 80%): follow-up by telephone, CRF Month 6 

 Variant B (ca. 20%): personal follow-up 
o Blood sample as on day 0,3,7,28 
o Timed Up & Go - Test 
o DXA with bone mineral density and body composition, radiation dose: 

approx. 10 µSievert 

o CRF Month 6 
 

Data safety review 
A first data safety review will be performed after 100 patients, a second after 250 
patients. 
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Version 3.0, 17.8.2012 

Addition of 24-month follow-up 
 
 
 
 

24 – Month – Follow-Up 
 

 Variant A (ca. 80%): follow-up by telephone, CRF Month 24 

 Variant B (ca. 20%): personal follow-up 
o Blood sample as on day 0,3,7,28 
o Timed Up & Go - Test 
o DXA with bone mineral density and body composition, radiation dose: 

approx. 10 µSievert 

o CRF Month 24 


































