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Abstract

The relationship of vitamin D3 with the duration of mechanical ventilation and mortality is
still unknown. Therefore, this study aimed to determine the effect of using high-dose vitamin
D on the duration of mechanical ventilation among the patients admitted to the intensive care
unit. The current double-blinded clinical trial was performed on 44 mechanically ventilated,
adult patients. Using permuted block randomization, the patients were recruited in intervention
and placebo arms. In the placebo group, four patients were excluded due to death before 72
h. The vitamin D level was measured in both groups on entrance and 7% day of the study. The
intervention and placebo groups received intramuscular injection of 300000 IU vitamin D and
identical placebo, respectively. SOFA and CPIS score were evaluated daily for 7 days and on
14" and 28™ days of the study. Also duration of mechanical ventilation and mortality rate were
recorded. Fourteen males and 8 females were recruited in the intervention group, as well as
13 males and 5 females in the control group. There was no significant difference in baseline
characteristics of the patients including gender and age. The mean duration of the mechanical
ventilation was 17.63 £ 14 days in the intervention group versus 27.72 + 22.48 days in the
control group (p = 0.06). Mortality rate in control and intervention groups was 61.1% versus
36.3% (p = 0.00), respectively. Administration of high-dose vitamin D could reduce mortality
in mechanically ventilated patients. Despite decrease of 10 days in duration of mechanical
ventilation, the difference was not statistically significant. Larger studies are recommended.
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Introduction

Vitamin D is a fat-soluble vitamin, which
is produced in the skin by UV radiation or
supplied through diet. The association between
vitamin D deficiency and increased risk of
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mortality has been indicated in non-critical
patients (1-3). Since the first report of the
vitamin D deficiency among the critically ill
patients, in 2009, the high prevalence of its
deficiency in the ICU patients, between 50 to
100 percent, has been shown in several studies
(4-7).

In critically ill patients, the clinical outcome
of vitamin D deficiency and role of its
supplementation is not clear. One study reported
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that the vitamin D deficiency is directly related
to the severity of the disease and the mortality
rate, but it may not lead to prolonged duration
of ICU stay, increased incidence of renal
failure and sepsis (8-10). Contrary to these
studies, many investigations reported that the
vitamin D deficiency has a close relationship
with prolonged hospitalization in the ICUs,
re-admission, sepsis, and mortality (11-13).
Some studies also exhibited that vitamin D
deficiency could also increase the risk of
respiratory failure (10, 14).

Despite some studies done on the role of
vitamin D in critically ill patients, there have
been no controlled studies which evaluate the
role of vitamin D in duration of mechanical
ventilation. So, the main goal of the current
study was to determine the effect of vitamin
D supplementation on duration of mechanical
ventilation among ICU patients.

Experimental

The present single-centre double-blinded
clinical trial was conducted on the patients
admitted in the ICU of Imam Hussein Hospital
after approval by the Deputy of Research of
Shahid Beheshti University of Medical Sciences,
Tehran, Iran. The sample size was estimated to
be 44 according to previous studies and the
equation for calculating the sample size (15).
The patients were selected using convenient
sampling method according to inclusion criteria
and then divided into two groups, intervention
and placebo, in 1:1 ratio by permuted block
randomization. The participants in this study
were recruited from adult (age between 18
and 65 years) mechanically ventilated patients.
Exclusion criteria were refusal of the legal
guardian of the patient to participate in the
study, the patient’s death in less than 72 h after
enrolling in the study, renal dysfunction (GFR <
30 mL/min), and the onset of dialysis during the
study, vitamin D supplementation in the last 15
days, hypo/hyper-calcemia (adjusted calcium
less than 8 mg/dL or above 10), liver failure
(Child-Pough stage C), parathyroid dysfunction,
CPIS (Clinical Pulmonary Infection Score) >6,
INR > 1.5, platelet < 80,000 and hemodynamic
disturbances (MAP less than 60 mmHg in three
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consecutive hours). Five mL venous blood was
obtained on first day of mechanical ventilation,
for determination of 25-OH vitamin D level.
Then, the patients in intervention and placebo
groups received intramuscular injection of
300,000 IU vitamin D and identical placebo,
respectively. Both drug and identical placebo
were prepared by Daroupakhsh Pharmaceutical
Company, Tehran, Iran. Nurses and physicians
were blinded to study groups.

For all recruited patients, Acute Physiologic
and Chronic Health Evaluation II (APACHE
II) score was determined on the entrance to
the study. Sequential Organ Failure Assessment
(SOFA) score and Clinical Pulmonary Infection
Score (CPIS) were assessed on daily basis
until 7 days and then on 14" and 28" day of
the study. Vitamin D level was measured on
the 7" day of the study. Moreover, the level of
consciousness (using Glascow Coma Scale),
duration of mechanical ventilation, length of
ICU stay, and 28 day mortality were recorded
in the pre-designed form for each patient.
Data were analyzed by SPSS software version
24 using Chi-square, independent t-test, and
repeated measures ANOVA and Wilcoxon test.
Kolmogorov- Smirnov was used to check the
normal distribution of the data. Mann-Whitney
test was applied for non-parametric data.
Otherwise, the independent t-test was used.

Results

Totally, 44 patients were enrolled in the
study, of which four were excluded from the
study due to the death in less than 72 h who were
in the control group. The remaining 40 patients
included 27 males and 13 females (14 males
and 8 females in the intervention group). There
was no significant difference in gender between
the two groups according to Chi-square test (p
= 0.55). The mean age was 52 + 22.1 and 56 +
22.1 years in the intervention and control group,
respectively (p = 0.55). In addition, there were
no statistically significant differences among
baseline characteristics of the patients in two
arms of the study (Table 1).

Measurement of vitamin D levels on seventh
day of the study showed an increase from 8.43
+ 6.80 to 10.48 = 9.80 ng/dL in the intervention
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Table 1. Baseline characteristics of the patients in control and intervention arms of the study.

Groups
Variables p-value
Control (n = 18) Intervention (n = 22)

Age (year) 56 +22.1 52 +22.1 0.55
Male gender (No.) 13 14 0.55
SOFA score baseline 6.6 +1.29 6.04 + 0.95 0.85
CPIS score baseline 34+1.6 3.13+£0.99 0.76
APACH 11 19.77 £ 4.57 18.81 +4 0.49
VIT D (ng/dL)

Patients with vitamin D deficiency 11.35+18.23 8.43+6.8 0.98

(<30 ng/dL)

group and decrease from 11.35+ 18.23to 11.16
+ 18.22 ng/dL in the control group, but the
difference between two groups did not reach to
a significant level (p = 0.29).

Duration of mechanical ventilation and
length of hospital stay were 27.72 + 22.48 vs.
17.63 + 14.00 (»p = 0.06) and 19.50 £+ 12.20
vs. 28.72 + 23.58 (p = 0.06) in control and
intervention arms of the study, respectively.
In addition, mortality rate in control and
intervention group was 61.1% versus 36.3% (p
= 0.00), respectively. Data are shown in Table
2.

The repeated measures ANOVA was used
to evaluate the time effect that showed no
significant difference in inter- and intra-group
results in terms of SOFA scale in none of the
situations (p = 0.13, p = 0.14). In addition,
analysing daily changes in SOFA score compared
to the baseline using repeated measures ANOVA
showed no significant changes in the control
group. However, this comparison revealed a
significant decrease on the 5%, 6, and 7" day of

the study in intervention group (p-values equal
to 0.012, 0.006 and 0.002, respectively). Data
are shown in Figure 1.

Changes in CPIS score over time were
shown in Figure 2. Analysing daily changes in
CPIS compared to the baseline using repeated
measures ANOVA, showed that the mean score
increased significantly in the control group
(p-values were 0.47, 0.10, 0.00, 0.01, 0.00,
0.00 and 0.00, respectively), however, same
analyses in the intervention group did not reach
significant level. Despite different pattern of
changes in two arms of the study, incidence
of culture positive bacterial infections of
respiratory tract did not show statistically
significant difference (p = 0.74).

Discussion

The results of the study showed that the
mean days of mechanical ventilation decreased
from 27 to 17 days in vitamin D group, but it
did not reach statistical significance. Maybe the

Table 2. Comparison of the mean duration of hospitalization, duration of mechanical ventilation and mortality of the patients in two

groups.
Group
p-value
Control (n = 18) Intervention (n = 22)
Mechanical ventilation (days) 27.72 £22.48 17.63 £ 14 0.06
Length of ICU stay (days) 28.72 +£23.58 19.5+£12.2 0.06
Mortality (%) 11 (61.1) 8(36.3) 0.00
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Figure 1. The changes in the mean SOFA scores in two groups over time.

vitamin D deficiency could be one of the several
culprits in the dependence on the ventilator and
may prolong the time of weaning from the
ventilator. In a study Quraishi et al., measured
plasma 25-hydroxyvitamin D levels in critically
ill surgical patients on ICU admission and
concluded that 25-hydroxyvitamin D levels
were inversely associated with the duration of
respiratory support (16).

Another interesting finding of current study
was effect of high dose vitamin D on all-
cause mortality of the patients. Our results
revealed that the number of survived patients
was significantly higher in the intervention

group than in the control. Therefore, high-dose
vitamin D injections can increase the survival
rate of the patients.

The adequate vitamin D levels are necessary
to regulate the function of the immune system,
and its deficiency leads to an impairment of
immune function. This could led to increased
risk of infections, particularly ventilator-
associated pneumonia, systemic inflammation,
and multiple organ dysfunction syndromes
which could increase mortality rate and length
of ICU stay (17, 18).

The results of vitamin D supplementation
are controversial. In a study Aygencel et al.
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Figure 2. The changes in the mean CPIS scores in two groups over time.
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reported that the mortality rate was significantly
higher in the vitamin D insufficient group
compared to the vitamin D sufficient group but
vitamin D deficiency in this study was not an
independent risk factor for mortality (19). In
another study, Putzu et al. revealed that vitamin
D administration, in critically ill patients, could
decrease the mortality without significant
adverse events. In addition, Miroliaee, et al.,
showed that vitamin D supplementation, in
patients with ventilator associated pneumonia,
can significantly reduce the procalcitonin
(20). Also, our results revealed that vitamin
D supplementation could decrease mortality
rate and ICU length of stay. In contrast to our
results, Langlois et al., in a systematic review
concluded that Vitamin D administration does
not improve clinical outcomes (7).

In our study despite one injection of 300,000
units vitamin D by IM rout, 25-OH vitamin
D level did not increased significantly 7 days
after administration. Amrein ef al. showed that
taking high oral doses in patients with vitamin
D deficiency could improve its blood level
within 2 days. In this study, 540000 units of oral
medication were administered to the patients in
the intervention group, which was more than
the dose of our study. Unlike our results, they
found an improved level of vitamin D above
25 ng/dL that did not match the results of this
study. However, the effect of its improvement
on the prognosis of patients was not evaluated
(21). In another study Gorman et al. revealed
that in subjects receiving a single high dose IM
injection of vitamin D, serum 25-OH vitamin
D levels increased at 3, 4, and 24 weeks post-
injection, peaking at 4 weeks. This finding is
in concordance with our results, which showed
no increase in serum vitamin D level one week
post-injection (22).

Conclusion

This study showed that administration of
high-dose vitamin D could be effective in
reducing the duration of mechanical ventilation,
the duration of hospitalization, and mortality
rate in the ICU patients. Further studies with
larger sample size and multi-centre design are
required to support these conclusions.

1071

Vitamin D in Mechanical Ventilation

Acknowledgment

The researchers would like to express
their gratitude to the Deputy of Research of
the Shahid Beheshti University of Medical
Sciences, Tehran, Iran and the staff in the
intensive care unit of Imam Hussein Hospital.

References

(1) Bjelakovic G, Gluud LL, Nikolova D, Whitfield
K, Wetterslev J, Simonetti RG, Bjelakovic M and
Gluud C. Vitamin D supplementation for prevention
of mortality in adults. Cochrane Database Syst. Rev.
(2014) CD007470.

Dobnig H, Pilz S, Scharnagl H, Renner W, Seelhorst

U, Wellnitz B, Kinkeldei J, Boehm BO, Weihrauch G

and Maerz W. Independent association of low serum

25-hydroxyvitamin d and 1,25-dihydroxyvitamin d

levels with all-cause and cardiovascular mortality.

Arch. Intern. Med. (2008) 168: 1340-9.

Zittermann A, lodice S, Pilz S, Grant WB, Bagnardi

V and Gandini S. Vitamin D deficiency and mortality

risk in the general population: a meta-analysis of

prospective cohort studies. Am. J. Clin. Nutr. (2012)

95: 91-100.

Lee P, Eisman JA and Center JR. Vitamin D deficiency

in critically ill patients. N. Engl. J. Med. (2009) 360:

1912-4.

Azim A, Ahmed A, Yadav S, Baronia AK, Gurjar M,

Godbole MM, Poddar B and Singh RK. Prevalence

of vitamin D deficiency in critically ill patients and

its influence on outcome: experience from a tertiary

care centre in North India (an observational study). J.

Intensive Care (2013) 1: 14.

Sauneuf B, Brunet J, Lucidarme O and du Cheyron D.

Prevalence and risk factors of vitamin D deficiency in

critically ill patients. Inflamm. Allergy Drug Targets

(2013) 12: 223-9.

Langlois PL, Szwec C, D'Aragon F, Heyland DK and

Manzanares W. Vitamin D supplementation in the

critically ill: A systematic review and meta-analysis.

Clin. Nutr. (2018) 37: 1238-46.

Perron RM and Lee P. Efficacy of high-dose vitamin D

supplementation in the critically ill patients. Inflamm.

Allergy Drug Targets (2013) 12: 273-81.

Braun AB, Litonjua AA, Moromizato T, Gibbons FK,

Giovannucci E and Christopher KB. Association of

low serum 25-hydroxyvitamin D levels and acute

kidney injury in the critically ill. Crit. Care Med.

(2012) 40: 3170-9.

(10) Moromizato T, Litonjua AA, Braun AB, Gibbons FK,
Giovannucci E and Christopher KB. Association of
low serum 25-hydroxyvitamin D levels and sepsis in
the critically ill. Crit. Care Med. (2014) 42: 97-107.

(11) McNally JD, Menon K, Chakraborty P, Fisher L,
Williams KA, Al-Dirbashi OY, Doherty DR and

2

3)

“4)

)

(6)

0

®)

©



Miri MM et al. / IIPR (2019), 18 (2): 1067-1072

Canadian Critical Care Trials Group. The association
of vitamin D status with pediatric critical illness.
Pediatrics (2012) 130: 429-36.

(12) Kempker JA, Han JE, Tangpricha V, Ziegler TR
and Martin GS. Vitamin D and sepsis: An emerging
relationship. Dermatoendocrinol. (2012) 4: 101-8.

(13) Kempker JA, West KG, Kempker RR, Siwamogsatham
O, Alvarez JA, Tangpricha V, Ziegler TR and Martin
GS. Vitamin D status and the risk for hospital-acquired
infections in critically ill adults: a prospective cohort
study. PLoS One (2015) 10: e0122136.

(14) Thickett DR, Moromizato T, Litonjua AA, Amrein K,
Quraishi SA, Lee-Sarwar KA, Mogensen KM, Purtle
SW, Gibbons FK, Camargo CA Jr, Giovannucci E
and Christopher KB. Association between prehospital
vitamin D status and incident acute respiratory failure
in critically ill patients: a retrospective cohort study.
BMJ Open Respir. Res. (2015) 2: e000074.

(15)Han JE, Jones JL, Tangpricha V, Brown MA, Brown
LAS, Hao L, Hebbar G, Lee MJ, Liu S, Ziegler TR
and Martin GS. High Dose Vitamin D administration
in ventilated intensive care unit patients: a pilot double
blind randomized controlled trial. J. Clin. Transl.
Endocrinol. (2016) 4: 59-65.

(16) Quraishi SA, McCarthy C, Blum L, Cobb JP and
Camargo CA Jr. Plasma 25-Hydroxyvitamin D levels
at initiation of care and duration of mechanical
ventilation in critically ill surgical patients. JPEN J.
Parenter. Enteral. Nutr. (2016) 40: 273-8.

(17)Jeng L, Yamshchikov AV, Judd SE, Blumberg HM,
Martin GS, Ziegler TR and Tangpricha V. Alterations

in vitamin D status and anti-microbial peptide levels in
patients in the intensive care unit with sepsis. J. Transl.
Med. (2009) 7: 28.

(18) Baeke F, Takiishi T, Korf H, Gysemans C and Mathieu
C. Vitamin D: modulator of the immune system. Curr:
Opin. Pharmacol. (2010) 10: 482-96.

(19) Aygencel G, Turkoglu M, Tuncel AF, Candir BA,
Bildaci YD and Pasaoglu H. Is vitamin D insufficiency
associated with mortality of critically ill patients? Crit.
Care Res. Pract. (2013) 2013: 856747.

(20) Miroliaece AE, Salamzadeh J, Shokouhi S, Fatemi A,
Ardehali SH, Hajiesmaeili M and Sahraei Z. Effect
of vitamin D supplementation on procalcitonin as
prognostic biomarker in patients with ventilator
associated pneumonia complicated with vitamin D
deficiency. Iran. J. Pharm. Res. (2017) 16: 1254-63.

(21) Amrein K, Sourij H, Wagner G, Holl A, Pieber TR,
Smolle KH, Stojakovic T, Schnedl C and Dobnig
H. Short-term effects of high-dose oral vitamin
D3 in critically ill vitamin D deficient patients: a
randomized, double-blind, placebo-controlled pilot
study. Crit. Care. (2011) 15: R104.

(22) Gorman S, Zafirau MZ, Lim EM, Clarke MW,
Dhamrait G, Fleury N, Walsh JP, Kaufmann M,
Jones G and Lucas RM. High-dose intramuscular
vitamin D provides long-lasting moderate increases
in serum 25-hydroxvitamin D levels and shorter-term
changes in plasma Calcium. J. A0AC Int. (2017) 100:
1337-44.

This article is available online at http://www.ijpr.ir

1072





