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Abstract

Randomized controlled trials (RCTs) have reported conflicting outcomes with the use of vitamin D in
critically ill patients. With reporting of newer RCTs, we conducted this updated meta-analysis. Electronic
databases were searched for RCTs comparing vitamin D with placebo in critically ill patients admitted to the
intensive care unit (ICU). A random-effects meta-analysis was used to calculate the risk ratio (RR) and
standardized mean difference (SMD) with a 95% confidence interval (CI). Eleven RCTs with a total of 2,187
patients (vitamin D: n = 1,120; placebo: n = 1,067) were included. Vitamin D when compared to placebo was
associated with the decreased duration of mechanical ventilation (SMD = -0.50; 95% CI = [-0.97, -0.03]; p =
0.04) and ICU stay (SMD = -0.60; 95% CI = [-1.03, -0.16]; p = 0.007) without any difference in the mortality
(RR =0.85;95% CI =[0.68, 1.04]; p = 0.12) and length of hospital stay (SMD =-0.21; 95% CI = (-0.51, 0.09); p =
0.18]. Subgroup analysis showed that parenteral vitamin D may reduce the risk of mortality (RR = 0.54; 95%
CI=10.35, 0.83], p = 0.005). Vitamin D supplementation in critically ill patients decreases the duration of
mechanical ventilation and ICU stay. Further studies should identify specific groups of patients who will
derive the most benefit from vitamin D supplementation.

Categories: Internal Medicine, Medical Education
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Introduction And Background

Vitamin D deficiency is commonly noted in critically ill patients and has been shown to be associated with
worse clinical outcomes. Studies have shown that vitamin D deficiency is associated with increased risk for
respiratory infections, increased length of stay, and mortality [1-3]. Apart from its role in bone and calcium
metabolism, vitamin D works as an immuno-modulator, decreases inflammatory cytokines, and may have a
role in lung protection [4,5]. Vitamin D supplementation has been shown to be beneficial in many non-
critical care settings like colon cancer and inflammatory bowel disease [6-8].

Randomized controlled trials (RCTs) assessing the role of vitamin D in critically ill patients had shown
conflicting results [9-12]. Some trials suggested possible benefits in mortality, while others suggested
decreased intensive care unit (ICU) stay. Current guidelines do not suggest routine measurement of vitamin
D levels or its supplementation in critically ill patients. Previous meta-analyses have also shown variable
results regarding the role of vitamin D supplementation; some of the major limitations of those meta-
analyses were smaller study sample sizes and a limited number of included studies [13-15]. One of the
recently published and the largest RCT till date, the VIOLET trial, showed a numerical increase in the
mortality in patients receiving vitamin D supplementation compared to placebo [16]. With the reporting of
newer RCTs and concern for worse outcomes with vitamin D supplementation, we performed this updated
meta-analysis to evaluate the role of vitamin D in critically ill patients.

Review
Materials and methods

Search Strategy

We searched MEDLINE, Embase, and Cochrane databases for all the RCTs published until October 31, 2020.
We used search terms like “Vitamin D,” “cholecalciferol,” “critically ill patients,” and “intensive care unit” in
different combinations. Studies that involve RCTs of adult human subjects reporting clinical outcomes in
critically ill/ICU patients who were treated with vitamin D versus a placebo arm and those that report at least
one clinical endpoint based on the treatment approach were included. The main exclusion criteria were non-
randomized study designs.

Data Collection
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Two reviewers (SS and SS) independently screened the study reports for eligibility, assessed the risk of bias,
and collected data from each eligible study. Any differences between the two reviewers were resolved with
consensus after discussion with the third reviewer (AR). From the eligible RCTs, data on study characteristics
like study design, year of publication, inclusion and exclusion criteria, sample size, follow-up period,
baseline patient characteristics, treatment data, and clinical outcomes at the longest available follow-up
were obtained. Subgroups were made based on the route of vitamin D administration: enteral or parenteral
route. The outcomes of interest were mortality, duration of mechanical ventilation, ICU stay, and hospital
stay.

Study Analysis

This meta-analysis was conducted following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [17]. We used Cochrane Review Manager, version 5.4 (Cochrane,
London, United Kingdom), for study analysis [18]. Mean and standard deviations were extrapolated from
median and range using the statistical method outlined by Hozo et al. [19]. For dichotomous clinical data,
pooled risk ratio (RR) and 95% confidence interval (CI) were calculated using the random-effects models with
the Mantel-Haenszel method. For continuous variables, we computed standardized mean difference (SMD)
with 95% CI using the inverse variance method. A p-value of 0.05 or less was considered statistically
significant. Study heterogeneity was assessed by calculating I-squared statistic; heterogeneity was

considered significant in the case of 12> 50%. Sensitivity analysis was performed by excluding each trial
from the final analysis. Forest plots were generated to demonstrate the relative effect size of vitamin D
supplementation versus placebo for individual clinical endpoints.

Results

The initial search yielded 1,267 studies out of which 11 RCTs were identified [9-12,16,20-25]. Figure I shows
the PRISMA flow diagram for search strategy. Data for one of the trials was accessed using an abstract [22]. A
total of 2,187 patients with 1,120 in the vitamin D arm and 1,067 in the placebo arm were included in the
final analysis. The mean duration of follow-up was two months for all the trials except one which was until
hospital/ICU stay [23]. The mean age of the study population was 58 years, and 61% of the study population
were men. Vitamin D formulation was enteral (oral or via feeding tube) in six studies; parenteral
(intravenous or intramuscular) in four studies, and both in one study. Baseline vitamin D levels were
assessed in six studies. Among the 11 studies, six studies included patients admitted with any medical cause
requiring ICU level of care, three studies included sepsis/septic shock patients, one study with only neuro-
critical care patients, and one study included patients exclusively with ventilator-associated pneumonia.
Table 7 shows the important characteristics of included trials.
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FIGURE 1: PRISMA flow diagram

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Source: References [9-12,16,20-25].

Records excluded
(n=575)

Full-text articles excluded, with
reasons (n = 77)
Biomarker studies
No study results or full texts
Different diseases or conditions

2022 Singh et al. Cureus 14(4): €24625. DOI 10.7759/cureus.24625

3of 11


https://assets.cureus.com/uploads/figure/file/332284/lightbox_8b044150902e11ec95af5ba4f4cd16c5-Supp-1_ccexpress.png

Cureus

Study
(year)

Amrein et
al.
(2011) [10]

Leaf et al.
(2014) [21]

Amrein et
al.
(2014) [9]

Quraishi et
al.
(2015) [12]

Han et al.
(2016) [11]

Miroliaee
etal.
(2017) [20]

Ding et al.
(2017) [22]

Karsy et
al.
(2019) [25]

Hasanloei
etal.
(2019) [23]

Miri et al.
(2019) [24]

Ginde et
al.
(2019) [16]

Total N
(Vit
D/Control)

12/13

36/31

237/238

20/10

20/10

24/22

29/28

134/133

48/24

22/18

538/540

A
( ins) Male (%) Follow
(:/lit (vit u
D/Control) +
D/Control)
61.1/64.1 75177 28 days
68/58 61/48 28 days
1
63.9/65.3  65/65.1 8
days
63/65 60/60 30 days
56.4 & 55.6 &
84 days
68.1/64.8  72.7/60
57.8/56.5  66.6/59.1 28 days
NA NA 28 days
52.9/55.1 58.2/55.6 30 days
Till
50 & 70.8 & )
hospital
44.4/48.7  45.8/50
stay
52/56 63.6/72.2 28 days
56.5/54.6  57.4/55.9 90 days

Major inclusion criteria

ICU stay > 48 hours & 25(0OH)D
level < 20 ng/ml

Severe sepsis or septic shock

ICU stay > 48 hours & 25(0OH)D <
20 ng/ml

ICU admission for new-onset
sepsis

Admitted to ICU & expected to be
on mechanical ventilation for at
least 72 hours

Diagnosed with ventilator-
associated pneumonia

Sepsis, severe sepsis, & 25(0OH)D
<30 pg/L

Admission to the neuro-critical
care, expected ICU stay = 48
hours & 25(0OH)D < 20 ng/ml

Mechanical ventilation = 48 hours
and ICU stay = 7 days & 25(0OH)D
10-30 ng/ml

On mechanical ventilation

Risk factors for ICU admission &
25(0OH)D < 20 ng/ml

TABLE 1: Characteristics of the studies included in the meta-analysis

Vitamin D dosing/formulation

PO 540,000 IU of vitamin D3

IV calcitriol 2 mcg

PO loading dose of 540,000 IU of

vitamin D3; then 90,000 IU/month x 5
months of oral vitamin D3

PO 200,000 or 400,000 IU vitamin D3

PO 250,000/500,000 IU vitamin D3

IM Vitamin D 300,000 units

Inj IM 300,000 IU vitamin D3

PO 540,000 IU of vitamin D3

PO 50,000 IU daily for 6 days & IM
300,000 IU cholecalciferol

IM vitamin D 300,000 1U

PO 540,000 IU of vitamin D3

RECTIFY: RandomizEd Clinical Trlal oF hYpovitaminosis D; VIOLET: Early high-dose vitamin D3 for critically ill, vitamin D-deficient patients; VITdAL-ICU:
Effect of high-dose vitamin D3 on hospital length of stay in critically ill patients with vitamin D deficiency; Vit D: Vitamin D group; ICU: Intensive care unit;
25(0OH)D: 25-Hydroxyvitamin D level; NA: Not available; PO: Per-oral; IU: International units; IV: Intravenous; IM: Intramuscular; Inj: Injection.

Source: References [9-12,16,20-25].

Eleven studies reported mortality with a total of 534 deaths (vitamin D group: n = 260 and placebo group: n
=274) out of the 2,187 patients. Compared to placebo, vitamin D supplementation was associated with a
decrease in mortality, but the difference was statistically not significant (RR = 0.85; 95% CI =[0.68, 1.04]; p =

0.12) (Figure 2). No significant heterogeneity was noted in the analysis (I2 =24%). Six trials reported the
duration of mechanical ventilation, and nine trials reported the length of ICU stay. Vitamin D
supplementation was associated with decreased duration of mechanical ventilation (SMD = -0.50; 95% CI =
[-0.97, -0.03]; p = 0.04) and length of ICU stay (SMD = -0.60; 95% CI = [-1.03, -0.16]; p = 0.007) when

compared to placebo (Figures 3, 4). The results were associated with significant heterogeneity of 12 = 81% for

mechanical ventilation and 1% = 89% for ICU stay. Seven trials reported the length of hospital stay. Compared
to placebo, vitamin D was associated with a similar length of hospital stay (SMD = -0.21; 95% CI =[-0.51,

0.09]; p = 0.18) (Figure 5). The results were associated with significant heterogeneity of 12 = 83%.
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Vitamin D Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Amin, 2019 3 48 5§ 24 23% 0.30[0.08,1.15] i
Amrein, 2011 6 12 6 13 59% 1.08 [0.48, 2.45] T
Ding, 2017 3 29 5 28 24% 0.58 [0.15, 2.20] A
Han, 2016 5 20 2 10 20% 1.25[0.29,5.35) e P —
Leaf, 2014 ] 36 7 31 4.2% 0.74 [0.28, 1.96] —
Miri, 2019 8 22 1 18 83% 0.60[0.31,1.16] e 4
Miroliaee, 2017 5 24 11 22 51% 0.42[017,1.01] EE—
Quraishi, 2015 5 0 3 10 28% 0.83[0.25, 2.80) i
Karsy, 2019 1 134 13 133 65% 0.84[0.39,1.81] = T
Ginde, 2019 125 538 109 540 30.2% 1150092, 1.44] -
Amrein, 2014 83 237 102 238 302% 0.82[0.65,1.03] &
Total (95% Cl) 1120 1067 100.0% 0.85[0.68, 1.04]
Total events 260 274
Heterogeneity: Tau®= 0.03; Chi*= 13.19,df=10 (P = 0.21); F= 24% k + T t {
i H 0.01 01 1 10 100
Testfor overall effect Z=1.55 (F=012) Favours [Vitamin D] Favours [Placebo)
FIGURE 2: Forest plot showing the risk ratio for mortality
Source: References [9-12,16,20-25].
Vitamin D Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD_Total Mean SD Total Weight V. Random, 95% CI V. Random, 95% CI
Amin, 2019 20.2 97 48 306 49 24 174% -1.2211.75,-089 =
Amrein, 2011 8.4 34 12 10 54 13 138% -0.13F0.81, 0.66) e
Ding, 2017 1.7 12 29 28 13 28 17.2% -0.87 11.41,-0.32) e
Han, 2016 131 98 20 20 15 10 139% -0.57 [1.35,0.20) e
Miri. 2019 176 14 22 227 225 18 16.0% -0.27 [0.90,0.35) e
Amrein, 2014 7 132 237 7173 238 NT% 0.00[0.18,0.48) 3
Total (95% CI) 368 331 1000%  -0.50[.0.97,.0,03 <>
Heterogeneily: Tau™= 0.26; Chi* = 25.66, df= 5 (P=0.0001); "= 81% 5 Ry ) H
Testlor overalleffect Z=2.10 (P= 0.04) Favours [Vitamin D] Favours [Placebo)

FIGURE 3: Forest plot showing the standard mean difference for the
duration of mechanical ventilation

Source: References [9-12,16,20-25].

or Subgrou
Amin, 2019
Amrein, 2011
Ding, 2017
Han, 2016
Leaf, 2014
Miri, 2019
Qurzishi, 2015
Karsy, 2019
Amrein, 2014

Total (95% Ci)

Vitamin D Placebo
Mean__ SD_Total Mean

353 167 48 402
M5 46 12 95
55 A1 9 67
158 117 20 <]

8 33 3% 13
195 122 22 287
52 24 20 115
64 08 13 54
96 301 237 101

558

Std. Mean Difference
SD_Total Weipht IV, Random, 95% CI

66 24 11.7%
58 13 95%
49 28 11.7%
14 10 97%
25 3 114%
236 18 108%
23 10 78%
6.4 133 135%
257 238 137%
505 100.0%

Helerogeneity. Tau®= 0.35; Chi* = 69.87, df= 8 (P < 0.00001); = 89%
Test for overall effect Z = 2,68 (P= 0.007)

Stdl. Mean Difference
V. Random, 95% CI

-0.98 1.49,-0.46)

0.371042,1.16)
-0.26 -0.78,0.26]
-055[1.33,022)
-1.67 12.23,-1.11)
-05011.13,014)
-2501-362,-1.55)

0.121-012,0.38)
+0.02-0.20,0.18)

-0.60[-1.03,-0.16]

g

>

Favours [Vitamin D] Favours [Placebo]

FIGURE 4: Forest plot showing the standard mean difference for the ICU
stay

Source: References [9-12,16,20-25].
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Vitamin D Placebo Std. Mean Difference Std. Mean Difference
Mean SD Total Mean SD Total Weight IV, Random, 95% Ci IV, Randlom, 95% C1
Amrein, 2011 18 169 12 19 187 13 900% -0.05[-0.84,0.73]

Han, 2016 212 126 20 3% 18 10 87%  -0.86[1.77,-016)
Leaf, 2014 2 38 36 21 38 31 143% 0.26 [-0.22,0.74)
Quraishi, 2015 139 28 20 228 38 10 60% -2.74-381,-1.68)
Karsy, 2019 109 156 134 91 79 133 197% 0.15-0.10,0.39)
Ginde, 2019 91 92 406 104 11 418 215% +0.13[0.26,0.01)
Amrein, 2014 2041 300 237 18.3 257 238 208% 0.03[-0.15,0.21)
Total (95% CI) 865 853 100.0%  -0.21[-0.51,0.09]

Heterogeneity. Tau = 0.11; Chi*= 35.68, df=6 (P < 0.00001), "= 83% y ¥ t

I 0 1 p
Teslfor overall effect Z= 1.35 (P=10.18) Favours [Vitamin D] Favours [Placebo)

FIGURE 5: Forest plot showing the standard mean difference for the
hospital stay

Source: References [9-12,16,20-25].

Subgroup analysis was performed based on the route of administration (enteral or parenteral). More than
85% of patients were included in the enteral subgroup. The oral route of vitamin D administration was
associated with the reduced length of ICU stay (SMD =-0.51; 95% CI = [-1.01, -0.00]; p = 0.05) without any
difference in mortality, duration of mechanical ventilation, or length of hospital stay. Vitamin D
supplementation via the parenteral route was associated with decreased risk of mortality (RR = 0.54; 95% CI
=[0.35, 0.83]; p = 0.005), duration of mechanical ventilation (SMD = -0.77; 95% CI =[-0.1.26, -0.28]; p =
0.002), and length of ICU stay (SMD = -0.86; 95% CI = [-1.49, -0.22]; p = 0.008) without any difference in the
length of hospital stay when compared to placebo (Figures 6-9). Table 2 shows sensitivity analysis by
excluding each trial from the final analysis. Exclusion of the VIOLET trial shows a significant reduction in
the risk of mortality in the vitamin D group compared to placebo.

VitaminD  Placeto Risk Ratlo Risk Ratlo
Studyor Subgroup__Events_Tolal Events Total Welght WV, Random, 95%Cl M-H, Random, 95% CI

2.14.1 Oral

Amrein, 2011 6 12 6 13 55%  108(048,245) —t—

Han, 7016 5 0 2 10 18%  125[029,53%) _—
Hasanloel, 2019 2 a5 3 17%  0.40[009,1.96) —

Quraishi, 2016 § 20 3 10 27%  082[025280) —_—

Karsy, 2019 1 134 13 133 6.2% 084 [0.39,1.81] e

Ginde, 2019 125 538 109 540 31.1% 1.15(092,1.44] -

Amrein. 2014 83 237 107 238 311%  082(0851.03 -

Subtelal (95% Cly 985 968 80.2% 0.96 [0.82,1.12] 4

Total events 237 240

Helerogenelty. Tau"= 0.00; Ch= 6.03,01= § (P=042), F=0%

Testfor overall effect Z=0.53 (P = 0.60)

2.4.2 Paremteral

Bing, 2017 3o 5 2 22%  058[015,220) R

Hasanloei, 2019 120 5 24 08% 020003150 = —————rt—

Leat, 2014 6 36 T 31 0%  074[028,1.90) —_—

Miri, 2019 8 22 A1 18 78%  06O[031,146] —

Miroliaee, 2017 § w1 2 48%  0420017.1.01) —

Subtotal (95% Cly 135 123 19.8% 0.54 [0.35,0.83] ’

Total gvents 23 30

Heterogeneily Tau*= 000, Chi*= 173, 0= 4 (P=079),F=0%

Testfor overall effect Z= 2,78 (P = 0.005)

Total (95% CI) 1120 1091 100.0% 0.85[0.69, 1.04) L

Tolal events 260 279

Heterogeneily: Tau?= 002, Ch= 1371, df= 11 (P = 0.26) = 20% ko n r =
Testfor overall efect 7= 1.58 (P = 0.11) s

Testfor subaroup differences: Chi*= 599, df=1 ¢ = 0,01, F = §3.3% e T e

FIGURE 6: Subgroup analysis forest plot for mortality

Source: References [9-12,16,20-25].

2022 Singh et al. Cureus 14(4): €24625. DOI 10.7759/cureus.24625

6 of 11


https://assets.cureus.com/uploads/figure/file/339962/lightbox_1bedac10c8a611ec949737475bd2da29-article_river_be9853609afd11ec8917c193296afc0f-Figure-5.png
https://assets.cureus.com/uploads/figure/file/339965/lightbox_be2ab900c8a611ec89ffe5eacf28dc1d-article_river_de989df09afd11ecb3f67fd8ad54aeba-Figure-6.png

Vitamin D Placebo Std. Mean Difference
Study or Subgrou Mean  SD Total Mean SD Total Weight IV, Random, 95% CI
2.4.10ral
Amrein, 2011 94 34 12 10 54 13 124% -0.1310.91, 0.66)
Han, 2016 131 98 20 20 15 10 125% -0.57 1.35,0.20]
Hasanloei, 2019 196 89 24 306 49 24 139% -1.51 [-2.15,-0.96)

Amrein, 2014 T 132 237 T 173 238 179%
Subtetal (95% Cly 293 285 56.8%
Heterogeneily. Tau®"= 0.45, Chi*= 20.62, df= 3 (P=0.0001).F = 85%
Teatfor overall effect Z=1.43(P=0.1%)

0.00[-0.18,0.18]
053 [-1.26, 0.20]

24.2Parenteral

Ding, 2017 17 1.2 29 28 13 28 149%
Hasanioei, 2019 208 107 24 306 49 24 142%
Miri, 2019 176 14 22 227 228 18 144%
Subtolal (95% Cly 75 0 43.2%
Heterogeneity. Tau"= 0.10; Chi*= 4.07,dr=2 (P= 0.13),I"= 1%
Testfor overall eflect Z= 310 (P = 0.002)

-0.87 11.41,-0.32]
“1.18 [1.77,-0.54]

Total (95% CI) 368 355 100.0%
Heterogeneity: Tau"= 0.34; Chi= 35.96, o= § (P <0.00001); = 83%
Testfor overall effect Z= 253 (P=0.01)

Testfor subaroup difierences: Chi* = 0.29, df= 1 (P=0.59). '=0%

0.63[-1.12,-0.14)

Std. Mean Dilference
V. Random, 85% €I

4

2 4
Favours Vitamin D) Favours [Placebo)

FIGURE 7: Subgroup analysis forest plot for the duration of mechanical

ventilation

Source: References [9-12,16,20-25].

Testfor overalleflect Z= 3.04 (P = 0.002)
Testfor subaroup diferences: Chi*= 0.70.¢1=1 (P=0.40), "= 0%

Vitamin D Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SO Total Mean SD Total Welght IV, Random, 95% CI IV, Random, 95% CI
2.3.10ral
Amrein, 2011 15 46 12 95 58 13 68% 0.37 [0.42,1.16) 5 L
Han, 2016 158 117 20 23 14 10 89% -0.55 1.33,022) S
Hasanloei, 2019 36.3 131 24 403 66 24 99% =1.23[-1.85,-061) —
Quraishi. 2015 §2 24 20 NS 23 10 T2% -259[-3.62,-1.59) e
Karsy, 2019 64 98 134 54 64 133 120% 012[0.12,0.36) T=
Amrein, 2014 96 300 237 101 257 238 123% -0.02 [-0.20,0.16) I
Subletal (35% C1) 447 428 592%  .051(-1.01,.0.00] -
Helerogeneity; Tau® = 0.30; Chi* = 41.60, o =5 (P < 0.00001);I* = 68%
Testfor overalleffect Z= 1,98 (P= 0.05)
2.3.2 Parenteral
Ding, 2017 55 41 20 67 49 28 106% -0.26 [-0.79,0.26) =T
Hasanlogi, 2019 343 199 24 403 66 24 104% -1.00[-1.60,-0.39) T
Leaf, 2014 8 33 36 13 25 31 103% =1.672.23,-1.11) T
Miri, 2019 195 122 22 287 236 18 98% -0.50 [1.13,0.19) e §
Subtotal (95% C1) 111 101 40.8%  .086[-149,.0.22] -
Helerogeneity: Tau® = 0.33; Chi*=14.50, 6f= 3 (P = 0.002); "= 79%
Testfor ovenalleflect Z= 264 (P = 0.008)
Total (85% CI) 558 529 100.0%  .0.66[-1.09,.0.24] >
Helerogeneity; Tau™ = 0.36; Chi"= 78.45, df= 9 (P < 0.00001);I" = 89% 4

- ] 4
Favours [Vitamin D] Favours [Placabo)

FIGURE 8: Subgroup analysis forest plot for the length of ICU stay

Source: References [9-12,16,20-25].

Std. Mean Difference
v, Random, 95% €1

Experimental Control Sid. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight WV, Random, 95% CI|
2.2.10ral

Ameein, 2011 18 169 12 19 187 13 90% -0.05 084,073
Han, 2016 212 126 20 3% 19 10 87%  -096(1.77.-016)
Quraishi, 2015 13.9 28 20 228 38 10 6O%  -2T41381,-168
Karsy, 2019 109 156 134 81 79 133 197% 015[0.10,0.39)
Ginde, 2019 91 92 4086 104 11 418 N5% -0.13 10.26,0.01)
Amrein, 2014 201 301 237 183 257 238 208% 003[0.15,021)
Subtotal (95% 1 a2 857% 0.2 [.0.63,0.04)

Hnlnronesnow. u’u’: 0.11; Chi*=33.95, ¢=5 (P < 0.00001); = 85%
Testfor ovarall effect: Z= 1.72 (P = 0.08)

2.2.2 Parenteral

Leaf, 2014 22 38 3B 21 38 3 143% 0.26 10.22,0.74)
Sublotal (35% C1) 36 M 143% 0.26 [-0.22,0.74]
Heterogeneity. Not applicable

Testfor overall effect Z= 1.06 (P = 0.29)

Total (95% C1) 865 853 100.0% -0.21[-0.51,009]

Heterogeneity, Tau”= 0.11; Chi"= 35,68, df=6 (P <000001), "= 83%
Testfor ovarall effect: Z=1.35(P = 0.18)
Test for suboroup differences: Chi*= 3.43. df= 1 (P = 0.06). I'= 70.56%

-4

-z []
Favours (Vitamin D] Fawours [Placebe]

FIGURE 9: Subgroup analysis forest plot for the length of hospital stay

Source: References [9-12,16,20-25].
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Trials Mortality Duration of mechanical ventilation Length of ICU stay Length of hospital stay
(RR) (SMD) (SMD) (SMD)
0.85[0.68,

Final Outcome 1 04][ -0.50 [-0.97, -0.03] -0.60 [-1.03, -0.16] -0.21 [-0.51, 0.09]

Trials excluded

Amrein et al. BRIl 0.57 [-1.11, 0.03] 0.70 [-1.17, 0.24] 0.23 [-0.56, 0.09)]

(2011) [10] 1.03] ’ T ’ T ' R
0.84 [0.67,

Leaf et al. (2014)[21] 1.06] NA -0.43 [-0.81, -0.04] -0.29 [-0.63, 0.04]

’ 0.82 [0.65,

Amrein et al. (2014)[9] 1.0 -0.66 [-1.07, -0.26] -0.71[-1.29, -0.13] -0.35[-0.77, 0.08]

Quraishi et al. 0.83[0.66, NA 0.42[0.81,-0.03] 0.02 [0.20, 0.16]

(2015) [12] 1.05] ' T ' R
0.83[0.66,

Han et al. (2016) [11] 1.04] -0.49 [-1.03, 0.04] -0.60 [-1.07, -0.14] -0.13[-0.43, 0.18]

Miroliaee et al. 0.90 [0.75,

NA NA NA

(2017) [20] 1.08]

. 0.85[0.68,

Ding et al. (2017) [22] 1.06] -0.43 [-0.94, 0.09] -0.65 [-1.14, -0.16] NA
0.83[0.66,

Karsy et al. (2019) [25] 1.05] NA -0.72 [-1.27,-0.18] -0.33[-0.70, 0.05]

. 0.89[0.73,
Hasanloei (2019) [23] 107] -0.33[-0.71, 0.05] -0.54 [-1.00, -0.09] NA
» 0.88[0.71,
Miri et al. (2019) [24] 1.06] -0.55 [-1.11, 0.01] -0.61[-1.09, -0.14] NA
) 0.77 [0.64,
Ginde et al. (2019) [16] 0.93] NA NA -0.32[-0.77, 0.12]

TABLE 2: Sensitivity analyses after excluding individual studies

RECTIFY: RandomizEd Clinical Trlal oF hYpovitaminosis D; VIOLET: Early high-dose vitamin D3 for critically ill vitamin D-deficient patients; VITdAL-ICU:
Effect of high-dose vitamin D3 on hospital length of stay in critically ill patients with vitamin D deficiency; ICU: Intensive care unit; RR: Risk ratio; SMD:
Standard mean difference.

Source: References [9-12,16,20-25].

Discussion

In this present meta-analysis of 2,187 patients from 11 RCTs, we evaluated the role of vitamin D
supplementation in critically ill patients. The main findings are that vitamin D supplementation in critically
ill patients was associated with reduced duration of mechanical ventilation and ICU stay. There was no
significant difference noted in mortality and length of hospital stay. The parenteral route of vitamin D
administration was associated with a reduction in the risk of mortality, duration of mechanical ventilation,
and ICU stays as noted in the sub-group analysis of limited patients.

Increased incidence of vitamin D deficiency has been shown to be associated with critically ill patients with
some studies reporting a prevalence close to 80% (1-3, 26-28). Vitamin D plays an important role in
inflammatory pathways [4]. It inhibits various inflammatory cytokines such as IL-1 a, IL-1B, tumor necrosis
factor (TNF)-a and affects T-lymphocyte differentiation by inhibiting IL-12 release from dendritic cells [29].
Decreased vitamin D levels are associated with a lower level of cathelicidin peptide that acts against
infectious agents and has been associated with worse outcomes [30,31]. Several retrospective and
prospective studies have reported that reduced levels of vitamin D were associated with increased mortality
among critically ill patients [32-35]. Critically ill patients with sepsis, acute kidney injury, and other medical
conditions have worse outcomes when they have concomitant vitamin D deficiency [32,36,37]. Increased rate
of infection, ICU length of stay, duration of mechanical ventilation, and hospital stay along with increased
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health-care costs have been associated with vitamin D deficiency in critically ill patients [38,39].

So far, RCTs have been inconclusive regarding vitamin D supplementation in critically ill patients. Earlier
trials had several limitations including variability among the trials in terms of dosages of vitamin D, route of
administration, and the limited number of patients included. The VITdAL-ICU (vitamin D deficiency in
critically ill patients) trial was one of the first large-scale trials, which looked at two different vitamin D
deficiency groups (25(0OH)D <20 ng/ml and <12 ng/ml). They found no overall difference in the six-month
mortality but did find statistically significant mortality reduction in the subgroup analysis of the severely
deficient vitamin D group (<12 ng/ml) [9]. However, the VIOLET trial failed to show any mortality

benefits [19]. Important differences between the VITdAL-ICU and the VIOLET trial include the inclusion of
patients early in the course of critical illness, using a vitamin D cutoff of <20 ng/ml and not providing
additional vitamin D supplementation in the VIOLET trial. Our largest meta-analysis failed to show any
mortality benefits, but unlike the VIOLET trial, we found a non-significant trend toward decreased mortality
in the vitamin D group. Interestingly, sensitivity analysis after excluding the VIOLET trial shows a reduction
in mortality with vitamin D supplementation. In our subgroup analysis, parenteral vitamin D
supplementation showed significant mortality benefits; however, this subgroup involves less than 15% of
the total study population, and none of the major trials (VITdAL-ICU or VIOLET) were included.

Our meta-analysis shows vitamin D supplementation reduces the duration of mechanical ventilation and
ICU stay in critically ill patients, though the results are associated with significant heterogeneity. These
results are important as both the long duration of mechanical ventilation and ICU stay are associated with
increased long-term morbidity and mortality [40,41]. Additional sensitivity and subgroup analyses show a
reduction in mechanical ventilation duration mainly in the parenteral subgroup, while the reduction in
length of ICU stay is noted in both routes of vitamin D supplementation. The VIOLET trial was not included
in these analyses as the length of ICU stay was not reported in the trial and only a small portion of patients
in the trial had post-randomization mechanical ventilation.

When compared to previous meta-analyses [13-15], this updated analysis has some major differences. First,
our study has a much larger population; second, many newer and more diverse clinical trials are included in
this analysis, and finally, our results demonstrate benefits in terms of the duration of mechanical ventilation
and ICU stay. Currently, two large-scale RCTs are ongoing, which will further improve the evidence
regarding the role of vitamin D in critically ill patients [42,43].

Conclusions

Vitamin D supplementation in critically ill patients decreases the duration of mechanical ventilation and the
length of ICU stay. Vitamin D may reduce mortality in specific groups of critically ill patients. Our study has
some important limitations. Despite including 11 trials, we still have a small population of patients in this
study. There are many disparities among the trials in terms of dose and route of vitamin D supplementation,
checking vitamin D levels in some trials, outcomes reported, and duration of follow-up. We included a very
diverse population of critically ill patients like patients with neuro-critical illness, sepsis, ventilator-
associated pneumonia, and trauma patients. All these differences led to significant heterogeneity among
trials. Nevertheless, the results of this study are important and are hypothesis-generating regarding the
duration of mechanical ventilation and ICU stay and the role of parenteral vitamin D

supplementation. Further large-scale RCTs are needed to identify specific groups of critically ill patients who
will most likely benefit from vitamin D supplementation.
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