Research Article
E-ISSN : 3048-1368

Volume 43, Issue No. 02. 2026
P-ISSN : 3048-1376

01

EFFECT OF VITAMIN D SUPPLEMENTATION ON CLINICAL
OUTCOMES IN CRITICALLY ILL ADULTS: A SYSTEMATIC
REVIEW AND META-ANALYSIS OF RANDOMIZED
CONTROLLED TRIALS WITH SUBGROUP ANALYSIS BY
BASELINE VITAMIN D STATUS

!Inri Eunike Sigarlaki, > Salmawati Maryati

1.2 Departement of Clinical Nutrition, Prof. Dr. W. Z. Johannes Regional General

Hospital, Kupang, East Nusa Tenggara, Indonesia

Corresponding Email : sigarlakiinri@gmail.com

Article History :

Received date :2026/01/15
Revised date :2026/02/04
Accepted date : 2026/03/09
Published date :2026/04/22

[©Xexsl

Copyright: © 2024 by the
authors. Submitted for possible
open access publication under
the terms and conditions of the
Creative Commons Attribution
(BY NC) license
(https.//creativecommons.org/lic
enses/by-nc/4.0/).

E-ISSN :

‘ ISSN 3048-1368

P-ISSN

773048 136000
| ISSN 3048-1376

3048 137007

Introduction: Vitamin D deficiency is highly prevalent among
critically ill patients and has been associated with increased
morbidity and mortality. Despite strong biological plausibility and
supportive observational data, randomized controlled trials (RCTs)
evaluating vitamin D supplementation in this population have
yielded inconsistent results. This study aimed to systematically
evaluate the effect of vitamin D supplementation on clinical
outcomes, particularly mortality, in critically ill adult patients.
Methods: A systematic review and meta-analysis of RCTs was
conducted in accordance with PRISMA guidelines. Electronic
databases (PubMed, Scopus, ScienceDirect, and Cochrane) were
searched for studies published between January 2015 and
December 2025. Eligible studies included RCTs involving adult
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critically ill ICU patients receiving vitamin D supplementation
compared with placebo. The primary outcome was all-cause
mortality. Secondary outcomes included ICU length of stay,
hospital length of stay, and duration of mechanical ventilation.
Pooled risk ratios (RRs) with 95% confidence intervals (Cls) were
calculated using a random-effects model. Risk of bias was
assessed using the Cochrane RoB 2 tool. Results: Five RCTs
comprising 1,736 critically ill patients (871 in the intervention
group and 865 in the control group) were included. Vitamin D
supplementation was associated with a no statistically significant
difference in mortality between groups (RR 0.74; 95% CI 0.53—
1.05; p = 0.09). Substantial heterogeneity was observed (I* =
71.1%, p = 0.008), with a wide prediction interval (0.28-1.96).
Larger trials demonstrated neutral effects, whereas smaller studies
reported more pronounced benefits, suggesting a potential small-
study effect. Secondary outcomes were inconsistently reported and
showed variable findings, precluding quantitative synthesis.
Discussion: The findings suggest that vitamin D supplementation
does not provide a consistent mortality benefit in unselected
critically ill populations. The observed heterogeneity, variation in
study design, and potential influence of small-study effects
contribute to the uncertainty of the overall estimate. While
biological plausibility and subgroup signals indicate possible
benefit in selected patients, current evidence remains insufficient
to support routine use for mortality reduction. Conclusion:
Vitamin D supplementation in critically ill adult patients was
associated with a non-significant trend toward reduced mortality,
with substantial heterogeneity across studies. Routine use of high-

dose vitamin D for mortality reduction cannot be recommended
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based on current evidence. Further large-scale, well-designed trials

focusing on clearly defined subgroups are needed.

Keywords: Vitamin D; critical illness; intensive care unit;

mortality; randomized controlled trial; meta-analysis
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Vitamin D deficiency is highly prevalent among critically ill patients and has
been consistently associated with increased morbidity and mortality. Observational
studies have reported that low serum 25-hydroxyvitamin D [25(OH)D] levels are
linked to adverse clinical outcomes, including prolonged intensive care unit (ICU)
stay, increased risk of infection, and higher mortality rates.> The biological
plausibility of these findings is supported by the role of vitamin D in modulating both
innate and adaptive immune responses, regulating inflammatory pathways, and
maintaining endothelial and epithelial integrity.>*

Vitamin D deficiency may contribute to worse outcomes in critically ill
patients through several interconnected pathophysiological mechanisms. At the
immune level, vitamin D plays a crucial role in enhancing innate immunity by
inducing antimicrobial peptides such as cathelicidin (LL-37) and defensins, which are
essential for pathogen clearance.* In parallel, vitamin D modulates the adaptive
immune response by suppressing excessive proinflammatory cytokine production,
including interleukin-6 (IL-6) and tumour necrosis factor-alpha (TNF-a), thereby
potentially reducing the risk of cytokine-mediated tissue damage.’ Additionally,
vitamin D is involved in maintaining endothelial integrity and regulating the renin—
angiotensin—aldosterone system (RAAS), both of which are critical in the
pathogenesis of sepsis, acute respiratory distress syndrome (ARDS), and multiorgan
dysfunction.®” Deficiency in vitamin D may therefore exacerbate systemic
inflammation, increase vascular permeability, and impair host defence mechanisms,
ultimately contributing to disease severity and poorer clinical outcomes in critically
ill patients.

In critically ill patients, several factors contribute to vitamin D deficiency,
including reduced sunlight exposure, impaired hepatic and renal hydroxylation, fluid
resuscitation—related hemodilution, and increased metabolic consumption during

systemic inflammation. These mechanisms have led to the hypothesis that vitamin D
4

The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without
permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved



Research Article Volume 43, Issue No. 02. 2026
E-ISSN : 3048-1368 P-ISSN : 3048-1376

supplementation may improve clinical outcomes in this population, particularly in
patients with severe deficiency.®

Despite strong observational evidence, randomized controlled trials (RCTs)
evaluating vitamin D supplementation in critically ill patients have yielded
inconsistent results. Early trials suggested potential benefits in selected subgroups,
particularly among patients with severe vitamin D deficiency.” However, larger and
more recent trials, such as the VIOLET study, failed to demonstrate a significant
reduction in mortality or other clinically relevant outcomes with high-dose vitamin D
supplementation.'® These conflicting findings raise important questions regarding the
true clinical effectiveness of vitamin D supplementation and the potential role of
baseline vitamin D status as an effect modifier.

Furthermore, smaller RCTs have frequently reported more favourable
outcomes compared to larger trials, suggesting the possibility of small-study effects
or methodological heterogeneity influencing the observed results. Variations in study
design, dosing regimens, timing of administration, and patient populations further
complicate the interpretation of existing evidence.!!

Given these inconsistencies, a comprehensive synthesis of current RCT
evidence is necessary to clarify the role of vitamin D supplementation in critically ill
patients. Therefore, this study aims to systematically review and synthesize
randomized controlled trials evaluating the effect of vitamin D supplementation on

clinical outcomes, particularly all-cause mortality, in critically ill adult patients.

Study Design

This study was conducted as a systematic review and meta-analysis of
randomized controlled trials (RCTs) to evaluate the effect of vitamin D
supplementation on clinical outcomes in critically ill adult patients. The study design
and reporting were performed in accordance with the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) guidelines.'> A comprehensive
5
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and structured approach was applied to identify, select, and synthesize relevant
studies. The review process included predefined eligibility criteria, systematic
literature search, independent screening, and standardized data extraction.

Only randomized controlled trials were included to ensure a high level of
evidence and minimize bias associated with observational studies. The primary
outcome of interest was all-cause mortality, including 28-day, 90-day, or in-hospital
mortality, depending on the definitions used in the included studies. Secondary
outcomes included ICU length of stay, hospital length of stay, and duration of
mechanical ventilation. Studies without sufficient data for quantitative synthesis were
included in qualitative analysis where appropriate.

Search Strategy

A comprehensive literature search was conducted to identify relevant
randomized controlled trials evaluating the effect of vitamin D supplementation on
clinical outcomes in critically ill adult patients. The search was performed in multiple
electronic databases, including Cochrane Central Register of Controlled Trials
(CENTRAL), PubMed, ScienceDirect, and Scopus covering studies published from
January 2015 to December 2025.

The search strategy combined controlled vocabulary (e.g., MeSH terms) and
free-text keywords related to vitamin D and critical illness. The following key terms
were used: “vitamin D”, “cholecalciferol”, ‘“ergocalciferol”, “critical illness”,
“intensive care unit”, “ICU”, “sepsis”, and “randomized controlled trial”. Boolean
operators (“AND”, “OR”) were applied to refine the search, and filters were used to
limit results to human studies and randomized controlled trials.

In addition to database searching, the reference lists of relevant articles and
previous systematic reviews were manually screened to identify additional eligible
studies. Grey literature and ongoing trials were also reviewed through clinical trial
registries; however, studies without available outcome data were not included in the
quantitative synthesis. The search process and study selection were conducted in

accordance with PRISMA guidelines to ensure transparency and reproducibility.'?
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Inclusion and Exclusion Criteria

Studies were considered eligible for inclusion if they met the following
criteria: (1) randomized controlled trials (RCTs); (2) involved adult patients (>18
years) who were critically ill and admitted to an intensive care unit (ICU); (3)
evaluated vitamin D supplementation as the primary intervention, including
cholecalciferol or ergocalciferol administered via any route and dosage; and (4)
reported clinically relevant outcomes, particularly all-cause mortality, including 28-
day, 90-day, or in-hospital mortality. Studies that reported additional outcomes such
as ICU length of stay, hospital length of stay, and duration of mechanical ventilation
were also considered, provided that mortality data were available.

Studies were excluded if they met any of the following criteria: (1) non-
randomized studies, including observational studies, cohort studies, case—control
studies, reviews, or trial emulation analyses; (2) studies involving pediatric
populations or non-critically ill patients; (3) studies conducted in non-ICU settings or
focusing on prevention rather than treatment of critical illness (e.g., studies assessing
ICU admission as an outcome in non-ICU patients); (4) trials in which vitamin D was
administered in combination with other interventions (e.g., vitamin C or other
supplements), making it impossible to isolate the independent effect of vitamin D;
and (5) studies that did not report extractable clinical outcome data relevant for
quantitative synthesis, such as trials reporting only biochemical or immunological
markers without clinical endpoints.

In addition, studies with insufficient numerical data for effect size calculation,
as well as ongoing trials or studies with unpublished results, were excluded from the
meta-analysis but could be described narratively in the systematic review.

Data Extraction

Data extraction was performed independently by two reviewers using a

standardized data collection form. Extracted information included study

characteristics (first author, year of publication, study design, and sample size),
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intervention details (form of vitamin D, dosage, route, timing, and duration), and
comparator characteristics (placebo or standard care).

Outcome data were extracted for all-cause mortality as the primary outcome.
Secondary outcomes included ICU length of stay, hospital length of stay, and duration
of mechanical ventilation. Dichotomous outcomes were extracted as event counts,
while continuous outcomes were recorded as means with standard deviations when
available. Studies reporting medians and interquartile ranges were documented but
were not pooled when transformation was not feasible.

When available, additional variables such as baseline serum 25-
hydroxyvitamin D [25(OH)D] levels and illness severity scores (e.g., SOFA) were
also extracted. However, due to inconsistent reporting across studies, these variables
were not included in quantitative synthesis and were considered qualitatively in the
interpretation of findings. Discrepancies between reviewers were resolved through
discussion and consensus.

Risk of Bias Assessment

The risk of bias of the included studies was assessed independently by two
reviewers using the Cochrane Risk of Bias tool for randomized controlled trials (RoB
2).13 This tool evaluates potential sources of bias across several domains, including
bias arising from the randomization process, deviations from intended interventions,
missing outcome data, measurement of outcomes, and selection of the reported
results.

Each domain was judged as “low risk,” “some concerns,” or “high risk” of
bias according to the RoB 2 guidelines.!* An overall risk of bias judgment was then
assigned to each study based on the highest level of risk identified across the
domains. Particular attention was given to allocation concealment, blinding of
participants and outcome assessors, completeness of outcome data, and consistency
between reported outcomes and study protocols.

Given that several included trials were small and single-center studies,
additional consideration was given to potential sources of bias such as baseline

8
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imbalances, selective outcome reporting, and deviations from the intended
intervention. Studies with unclear or insufficient reporting were classified
conservatively as having “some concerns” to avoid overestimation of study quality.

Any disagreements between reviewers were resolved through discussion until
consensus was reached. When necessary, the full text of the original article was re-
examined to clarify unclear methodological details before assigning the final
judgment. The results of the risk-of-bias assessment were presented narratively and
summarized in tabular and graphical form to support interpretation of the overall
findings."?

Statistical Analysis

Quantitative synthesis was performed for outcomes reported by at least two
studies with sufficient numerical data. The primary outcome, all-cause mortality, was
analyzed using pooled risk ratios (RRs) with 95% confidence intervals (Cls). A
random-effects model (DerSimonian and Laird method) was applied due to expected
clinical and methodological heterogeneity. Statistical heterogeneity was assessed
using the I? statistic and chi-square test.

Planned subgroup analyses included evaluation based on baseline vitamin D
status; however, these analyses could not be performed due to inconsistent reporting
across studies. Instead, exploratory subgroup analysis based on study size (larger vs
smaller trials) was conducted to assess potential sources of heterogeneity. Sensitivity
analysis was performed by excluding smaller studies with potential methodological
limitations to evaluate the robustness of the pooled estimates.

Quantitative synthesis of continuous outcomes was not performed due to
heterogeneity in reporting formats and insufficient comparable data across studies.
Assessment of publication bias using funnel plots or Egger’s regression test was not
performed due to the limited number of included studies (<10). All statistical analyses
were conducted using appropriate meta-analysis software, and a two-sided p-value

<0.05 was considered statistically significant.
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Study Selection

A comprehensive literature search identified a total of 66 records from
electronic databases, including PubMed, Scopus, ScienceDirect, and Cochrane
CENTRAL. After removal of duplicates, 39 studies remained for title and abstract
screening. Of these, 24 articles were excluded based on predefined eligibility criteria.
The full texts of 15 potentially relevant studies were then assessed, resulting in a final
inclusion of five randomized controlled trials (RCTs) for qualitative and quantitative
synthesis. The study selection process is illustrated in the PRISMA flow diagram
(Figure 1).

The included studies comprised a total of 1736 critically ill adult patients
admitted to the intensive care unit (ICU). The characteristics of the included trials are
summarized in Table 1. Two large multicenter RCTs, VIOLET (2019) and VITdAL-
ICU (2014), accounted for the majority of participants, while the remaining studies
were smaller single-center trials with sample sizes ranging from approximately 30 to
120 patients.

All included studies evaluated vitamin D supplementation compared with
placebo. The intervention regimens varied across studies, with most trials
administering high-dose vitamin Ds as a single bolus (e.g., 300,000 - 540,000 1U),
while one study employed a loading dose followed by maintenance therapy. The route
of administration included enteral and intramuscular delivery.

The study populations were heterogeneous, including patients with sepsis,
ventilator-associated pneumonia (VAP), and general critically ill ICU populations.
Baseline vitamin D deficiency was reported in most studies, although the definition
and severity thresholds varied. Mortality outcomes were reported in all included
trials, although the timing differed, including 28-day, 90-day, or in-hospital mortality.
Secondary outcomes such as ICU length of stay and duration of mechanical

ventilation were also variably reported.

10
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Overall, while the included studies were similar in design as randomized
controlled trials, there was notable variability in patient populations, vitamin D
dosing strategies, and outcome definitions, indicating potential clinical heterogeneity

across studies.

Identification of studies via databases and registers

é Records identified from*: Records removed before

i PubMed (n = 21) screening:

= Cochrane (n=11) | Duplicate records removed
< ScienceDirect (n= 19) (n=27)

T Scopus (n=15)

— v
Record d Records excluded**
E'ggs Screene: — Review article (n = 19)
(n=39) Study protocol (n = 5)

!

Reports sought for retrieval

Reports not retrieved

¥

g (n=15) (n=2)
'
: !
[*]
n
Reports assessed for eligibility . Repl\j)gs; eT::Iaur?teodljtgom e data
n=13) S ENCET)
A
h-]
g Studies included in review
S (n=5)

Figure 1. PRISMA 2020 flow diagram; study selection process'?

Study Characteristics
A total of five RCTs were included in this study, comprising critically ill adult

patients admitted to the ICU. The detailed characteristics of the included studies are
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presented in Table 1. The included trials varied considerably in terms of sample size,

study design, and patient populations. Two large multicenter RCTs, VIOLET (2019)'°

and VITdAL-ICU (2014)°, accounted for the majority of participants, while the

remaining three studies (Bhattacharyya et al., 2021'%; Miroliaee et al., 2017'5; and

Sistanizad et al., 2021'¢) were smaller single-center trials with relatively limited

sample sizes.

Table 1. Summary characteristics of included randomized controlled trials

Characteristic

Value

Number of studies (participants) 5 (n=1,736)

Study design

Population

Geographical distribution
Sample size (range)
Mean/median age (reported
range)

Sex distribution

Baseline vitamin D status

Intervention type

Dosing regimens

Route of administration

Comparator

Randomized controlled trials

Critically ill adult patients (ICU), including
sepsis, VAP, and general ICU populations

Europe (2), Asia (3)

30 — 1,078 participants

~55 — 74 years

Predominantly male in most studies

Deficiency or insufficiency in all included

studies

High-dose vitamin Ds (cholecalciferol or

calcifediol)

Single high-dose bolus (300,000-540,000 IU)

or loading dose with maintenance

Oral/enteral ~ (majority), intramuscular (2

studies)

Placebo

12
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Primary outcome assessed Mortality (28-day, 90-day, hospital, or 6-month)

Length of stay, duration of mechanical

Secondary outcomes ventilation, inflammatory and biochemical
markers
Follow-up duration 28 days to 6 months

All studies evaluated vitamin D supplementation compared with placebo in
critically ill patients. The intervention regimens differed across trials, with most
studies administering high-dose vitamin D3 as a single bolus (ranging from 300,000
IU to 540,000 IU), while one study used a loading dose followed by maintenance
supplementation. The route of administration also varied, including enteral and
intramuscular delivery. The study populations were heterogeneous. Some trials
focused on general critically ill patients with vitamin D deficiency, whereas others
included specific subgroups such as patients with sepsis or ventilator-associated
pneumonia (VAP). Baseline vitamin D deficiency was reported in most studies,
although the definition and severity thresholds were not uniform.

All included studies reported mortality outcomes, although the timing
differed, including 28-day, 90-day, or in-hospital mortality. Secondary outcomes such
as ICU length of stay, hospital length of stay, and duration of mechanical ventilation
were also variably reported across studies. Baseline vitamin D status and illness
severity variables were inconsistently reported across the included trials. Although
most studies enrolled patients with vitamin D deficiency, the definition and reporting
of baseline 25-hydroxyvitamin D [25(OH)D] levels varied, and only a limited number
of trials provided detailed quantitative data suitable for synthesis. Similarly, illness
severity scores, such as the Sequential Organ Failure Assessment (SOFA), were not
uniformly reported across studies. Due to this heterogeneity and incomplete

reporting, these variables could not be quantitatively pooled and were therefore not

13
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included in formal subgroup or meta-regression analyses. Nevertheless, available data
were considered qualitatively in the interpretation of findings, particularly regarding
the potential influence of baseline vitamin D deficiency on treatment effects. Overall,
despite similarities in study design, there was notable clinical heterogeneity among
the included trials in terms of patient characteristics, intervention strategies, and

outcome definitions.

14
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Table 2. Study Characteristic

Sample Size Compar-  Primary Secondary
No Author (Year) Title Population Intervention
(n) ison Outcome Outcomes
National Heart, Critically ill
Lung, and Blood Early High-Dose Vitamin Ds adult patients 1059 (531 Single enteral high- 90-dav all
- ay a -
1 Institute PETAL for Critically Ill, Vitamin D— with vitamin D intervention, dose vitamin Ds Placebo i Not reported
cause mortalit
Clinical Trials Deficient Patients (VIOLET) deficiency (<20 528 control) (540,000 IU) Y
Network (2019)!° ng/mL)
Effect of High-Dose Vitamin High-dose vitamin Ds: ICU mortality,
. Critically ill .
. Ds on Hospital Length of . 475 (237 loading dose 540,000 . 28-day
Amrein et al. adult patients Hospital
2 Stay in Critically Ill Patients intervention, IU followed by Placebo ‘ mortality, 6-
(2015)° o ' with vitamin D mortality
With Vitamin D Deficiency dofici 238 control) monthly 90,000 IU for month
eficiency
(VITdAL-ICU Trial) 5 months mortality
Subgroup:
Effect of Early . . . . .
o o Adult critically 126 (63 Single high-dose patients with
Bhattacharyya et Administration of Vitamin D . o . o 90-day all- o
3 o ) ill patients with intervention, vitamin Ds (540,000 Placebo ~ vitamin D
al. (2021)" on Clinical Outcome in cause mortality
- ‘ ‘ sepsis 63 control)  IU bolus) deficiency
Critically Ill Sepsis Patients
(<12 ng/mL)
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Sample Size Compar-  Primary Secondary
No Author (Year) Title Population Intervention
(n) ison Outcome Outcomes
Adult ICU
Effect of Vitamin D . .
patients with
o Administration on CRP and ‘ 46 (24 Single intramuscular
Miroliaee et al. ' ~ ventilator- ' ‘ ' o 28-day
4 Interleukin-6 as Prognostic ‘ intervention, high-dose vitamin D Placebo ‘ IL-6, CRP
(2017)" . . . associated mortality
Biomarkers in Ventilator- ) 22 control) (300,000 IU)
_ . pneumonia
Associated Pneumonia
(VAP)
High-Dose Vitamin D Critically ill ICU length of Total
ota
Improves Total Serum adult ICU 30 (16 Single intramuscular stay, duration
Sistanizad et al. o ' ‘ ' ‘ ' o ' antioxidant
5 Antioxidant Capacity and patients on intervention, high-dose vitamin D  Placebo of mechanical ‘
(2021)¢ o | - capacity
ICU Outcome in Critically I1l mechanical 14 control) (300,000 IU) ventilation, 28- (TAC)
Patients ventilation day mortality
16
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Risk of Bias

The risk of bias assessment of the included studies is summarized in Figure 2. Overall, one
study (VIOLET, 2019)!° was judged to have a low risk of bias across all domains, while the
remaining studies demonstrated some concerns in at least one domain. Regarding the randomization
process (Domain 1), most studies adequately described random sequence generation; however,
some concerns were identified in smaller trials due to limited reporting of allocation concealment
and baseline comparability. Bias related to the timing of identification and recruitment of
participants (Domain 1b) was generally low across all studies.

For deviations from intended interventions (Domain 2), the majority of studies were
assessed as low risk, reflecting appropriate adherence to randomized allocation and, in most cases,
adequate blinding procedures. Similarly, bias due to missing outcome data (Domain 3) was
generally low, although one study showed some concerns due to incomplete follow-up data.
Outcome measurement (Domain 4) was considered low risk across all studies, as the primary
outcome of interest, mortality, is an objective endpoint that is unlikely to be influenced by
measurement bias.

Risk of bias domains
Di | btb | D2 | D3 | Da | D5 |[oOveral

VIOLET Study (2019)

® & & ®
VITdAL Study (2015) . . . .
© & & @
© ® © @

Study

Bhattacharyya et al. (2021)

Miroliaee et al. (2017)

Sistanizad et al. (2021) @ . . @

® ®
© O
© O
® O
© @

Domains: Judgement
D1 : Bias arising from the randomization process. _
D1b: Bias arising from the timing of identification ® Hion

and recruitment of Individual participants in -
relation to timing of randomization.
D2 : Bias due to deviations from intended intervention. . Low
D3 : Bias due to missing outcome data.
D4 : Bias in measurement of the outcome.
D5 : Bias in selection of the reported result.

Some concerns

Figure 2. Risk of bias assessment using the RoB 2 tool'?
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In contrast, bias in the selection of the reported results (Domain 5) raised some concerns in
several studies, particularly those in which mortality was not the primary outcome and reporting
may have been influenced by selective emphasis on secondary or exploratory endpoints. Overall,
while the largest multicenter trial demonstrated a low risk of bias, smaller single-center studies were
more likely to exhibit methodological limitations, contributing to an overall assessment of some
concerns or high risk of bias in the evidence base. These findings suggest that the pooled results
should be interpreted with caution, particularly given the potential influence of smaller studies with
less robust methodological rigor.

Primary Otucome: Mortality

A total of five randomized controlled trials comprising 1,736 critically ill patients (871 in
the vitamin D group and 865 in the control group) were included in the mortality analysis. Across
individual studies, the effect estimates varied across studies, with some trials suggesting lower
mortality in the vitamin D group, while others demonstrated neutral or non-significant effects,
except for the VIOLET trial, which showed a non-significant increase in mortality risk.

Using a random-effects model, vitamin D supplementation was associated with a non-
significant reduction in mortality compared with placebo (risk ratio [RR] 0.74; 95% confidence
interval [CI] 0.53—1.05; p = 0.09). Despite the overall direction of effect favoring the intervention,

the confidence interval crossed unity, indicating the absence of a statistically significant benefit.

Experimental Control Risk Ratio Risk Ratio
Study Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
VIOLET Study 2019 125 531 109 528 28.4% 1.14[0.91;1.43] T
VITdAL Study 2015 67 237 84 238 27.1% 0.80[0.61;1.04] ——
Bhattacharyya et al. 2021 23 63 30 63 21.9% 0.77[0.51;1.16) —m—
Miroliaee et al. 2017 5 24 11 22 101% 0.42[0.17;1.01] L
Sistanizad et al. 2021 5 16 12 14 12.4% 0.36[0.17; 0.78] B
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Test for overall effect: Z = -1.70 (P = 0.0884) 0.2 0.5 1 2 5

Figure 3. Forest plot of randomized controlled trials evaluating the effect of vitamin D

supplementation on mortality in critically ill patients
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Substantial heterogeneity was observed among the included studies (I*> = 71.1%, p = 0.008),
indicating considerable variability in effect estimates beyond chance. The prediction interval was
wide (0.28-1.96), suggesting that the true effect in different clinical settings could range from a
clinically meaningful reduction to a potential increase in mortality risk. This level of heterogeneity
suggests that the included studies may not be estimating a single common treatment effect, limiting
the interpretability of the pooled estimate.

Notably, larger trials with lower risk of bias, particularly the VIOLET and VITdAL studies,
contributed the greatest statistical weight and demonstrated neutral or non-significant effects. In
contrast, smaller trials with fewer participants tended to report larger effect sizes favoring vitamin D
supplementation. This pattern suggests a potential small-study effect and highlights the influence of
study size and methodological quality on pooled estimates. Overall, while vitamin D
supplementation showed directionally lower point estimates in several studies; however, the overall
evidence remains inconclusive due to lack of statistical significance and substantial heterogeneity.
Secondary Outcomes

Secondary outcomes across the included studies were reported heterogeneously and
included length of stay in the intensive care unit (ICU), duration of mechanical ventilation, and
changes in inflammatory and biochemical markers. Regarding clinical outcomes, two studies
evaluated ICU or hospital length of stay. The VITdAL trial reported no significant difference in
hospital length of stay between the vitamin D and placebo groups.’ Similarly, Bhattacharyya et al.
found no significant reduction in ICU or hospital length of stay following early high-dose vitamin D
administration.'* In contrast, Miroliaee et al. and Sistanizad et al. reported shorter ICU length of
stay in the vitamin D group; however, these findings were derived from smaller studies with limited
sample sizes.!>!¢

The duration of mechanical ventilation was assessed in a limited number of studies.
Sistanizad et al. observed a reduction in ventilation duration in patients receiving vitamin D
supplementation compared to controls.!® However, this outcome was not consistently reported
across the larger trials, limiting comparability. Biomarker outcomes were variably reported.

Miroliaee et al. demonstrated significant reductions in inflammatory markers, including interleukin-
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6 (IL-6) and C-reactive protein (CRP), in the vitamin D group.!> Additionally, Sistanizad et al.
found a significant increase in total antioxidant capacity (TAC) in the intervention group.'®
Secondary outcomes were inconsistently reported and demonstrated variable findings across
studies, precluding quantitative synthesis.
Subgroup Analysis

Subgroup analysis was performed based on study size to explore potential sources of
heterogeneity. Trials were categorized into larger randomized controlled trials (VIOLET and
VITdAL) and smaller trials (Bhattacharyya et al., Miroliaee et al. and Sistanizad et al.). In the
subgroup of larger trials, vitamin D supplementation did not demonstrate a reduction in mortality,
with effect estimates close to the null. In contrast, smaller trials consistently showed a greater
reduction in mortality, with more pronounced effect sizes favoring vitamin D. These findings
suggest that study size may influence the observed treatment effect, with smaller studies tending to
report larger benefits. However, due to the limited number of studies within each subgroup, formal
statistical comparison between subgroups was not performed. Subgroup analysis based on baseline
vitamin D status could not be performed due to inconsistent reporting across studies. Meta-
regression was not performed due to the limited number of included studies.
Sensitivity Analysis

A sensitivity analysis was performed by excluding smaller trials with limited sample sizes to
evaluate the robustness of the pooled estimate. Following exclusion, the overall effect estimate
shifted toward the null, with attenuation of the treatment effect compared with the primary analysis.
The direction of the effect remained consistent; however, the confidence interval continued to cross
unity, indicating the absence of a statistically significant benefit.

These findings suggest that the observed reduction in mortality in the primary analysis may
be partially influenced by smaller studies reporting larger effect sizes, rather than reflecting a
consistent treatment effect across all studies. Assessment of publication bias using funnel plot or
Egger’s test was not performed due to the limited number of included studies (<10), in accordance

with recommended methodological guidance.

20

The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved



Research Article Volume 43, Issue No. 02. 2026
E-ISSN : 3048-1368 P-ISSN : 3048-1376

Interpretation of Results

The present meta-analysis suggests that vitamin D supplementation was associated with no
statistically significant association with reduced mortality, although point estimates in several
studies favored the intervention. Although the pooled effect estimate favored the intervention, the
overall association did not reach statistical significance, indicating that the currently available
randomized evidence does not support a clear mortality benefit. This finding is broadly consistent
with the results of the largest included trials. In the VIOLET trial, early high-dose vitamin Ds did
not reduce 90-day mortality compared with placebo (23.5% vs 20.6%).!° Similarly, the VITdAL-
ICU trial found no significant reduction in hospital mortality or 6-month mortality in the overall
study population, despite a numerical trend favoring vitamin D.’

At the same time, the pooled direction of effect should not be dismissed as entirely neutral,
because several smaller trials consistently showed point estimates favoring vitamin D
supplementation. Bhattacharyya et al. reported lower 90-day mortality in the intervention arm than
in the placebo arm, although the difference was not statistically significant.!* Miroliaee et al.
observed a significantly lower 28-day mortality in the vitamin D group than in the placebo group,
based on a very small sample.'® Likewise, Sistanizad et al. reported markedly lower mortality in the
intervention group, but this finding was derived from a very small single-center trial with
substantial event imbalance between groups.'® Taken together, these findings suggest that the
overall result is better interpreted as inconclusive rather than definitively negative: the current
evidence does not demonstrate a statistically proven survival advantage, but neither does it fully
exclude the possibility of benefit in selected patients.

Another important aspect of the findings is the presence of substantial between-study
heterogeneity, which implies that the included trials may not be estimating a single common
treatment effect. This heterogeneity is clinically plausible, given the marked differences in patient
populations, baseline vitamin D status, route and timing of administration, and outcome definitions

across studies. In this context, the absence of statistical significance in the pooled analysis should
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not be interpreted as proof of no biological effect, but rather as evidence that any effect is likely to
be context-dependent and not consistently reproducible across all critically ill populations. Overall,
the most balanced interpretation is that vitamin D supplementation does not currently have
sufficient evidence to justify routine use for mortality reduction in unselected critically ill adults,
while the observed signal toward benefit warrants further investigation in more clearly defined
subgroups.”-1%:14-16
Why the Effect Was Not Statistically Significant

Several factors may explain why vitamin D supplementation did not produce a statistically
significant mortality benefit in the present meta-analysis. First, the largest and methodologically
strongest trials showed neutral results.”! When the most influential studies are neutral, smaller
positive studies are usually insufficient to shift the pooled estimate to statistical significance.

Second, the included trials were clinically heterogeneous. The study populations ranged
from general critically ill ICU patients to more specific groups such as patients with sepsis or
ventilator-associated pneumonia. The timing of vitamin D administration also differed substantially,
from very early administration after admission to later supplementation during ongoing critical
illness. In addition, treatment regimens varied across studies, including enteral versus intramuscular
administration and single bolus dosing versus loading plus maintenance strategies. Such variability
reduces comparability across studies and increases between-study heterogeneity, making it less
likely that a consistent pooled treatment effect will emerge.®!%-14-16

Third, a true effect of vitamin D may depend on baseline deficiency severity, and this may
have been diluted in the pooled analysis. In the VITdAL-ICU trial, a reduction in hospital mortality
was observed only in the predefined subgroup with severe vitamin D deficiency, whereas no
significant benefit was found in the overall population.” Similarly, Bhattacharyya et al. reported a
trend toward lower 90-day mortality in patients with severe deficiency, although the subgroup result
did not reach statistical significance.'* This raises the possibility that supplementation may benefit
only selected patients with profound deficiency, while showing little or no effect in broader ICU

populations.
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Fourth, vitamin D may influence intermediate biological processes without translating into
measurable survival benefit. Some smaller studies found favorable changes in inflammatory or
oxidative stress markers after supplementation. Miroliaee et al. reported reduced IL-6 levels and
lower short-term mortality in patients with ventilator-associated pneumonia, while Sistanizad et al.
observed improved total antioxidant capacity together with better ICU outcomes.!>!® However,
improvement in surrogate markers does not necessarily produce a detectable effect on mortality,
particularly in critically ill patients whose outcomes are determined by multiple interacting factors
such as severity of illness, infection burden, organ dysfunction, and comorbidities.

Finally, several smaller trials may have been underpowered for mortality endpoints.
Bhattacharyya et al. explicitly designed their study around ICU length of stay rather than mortality,
and the sample size was limited.!* The same limitation applies to other small single-center trials
included in this review. As a result, although some of these studies showed point estimates favoring
vitamin D, their precision was limited and their results were not stable enough to overcome the
neutral findings of larger trials.

Taken together, the lack of statistical significance in this meta-analysis likely reflects not a
single explanation but a combination of factors: neutral results in the largest trials, important
heterogeneity in populations and interventions, possible effect restriction to severely deficient
subgroups, and inadequate power of smaller studies to detect mortality differences.”!%!4-16
Small-Study Effect

An important pattern observed in this meta-analysis is the discrepancy between effect
estimates reported by smaller trials and those from larger, more methodologically robust studies.
Smaller studies consistently demonstrated larger effect sizes favoring vitamin D supplementation,
whereas larger trials such as VIOLET and VITdAL showed neutral results.>!°

This pattern is characteristic of a small-study effect, a phenomenon in which smaller studies
tend to report more extreme treatment effects compared to larger trials. Several factors may
contribute to this observation. First, small studies are more susceptible to random error, leading to
wider variability and occasionally exaggerated effect estimates. Second, methodological limitations,

such as incomplete allocation concealment, deviations from intention-to-treat analysis, or selective
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outcome reporting, are more common in small single-center trials and may bias results toward
apparent benefit.

In the present analysis, the influence of small-study effects is supported by sensitivity
analysis, where exclusion of smaller trials attenuated the pooled effect size toward the null.
Furthermore, some of the smaller studies included had design features that may have amplified
treatment effects. For example, in the study by Sistanizad et al., patients who died early after
enrollment were excluded from analysis, which may have introduced post-randomization bias.'®
Similarly, Miroliaee et al. reported a large mortality reduction in a very small cohort, increasing the
likelihood of overestimation. '

Taken together, these findings suggest that the apparent signal toward mortality reduction
may be partly driven by small, less precise studies rather than a consistent treatment effect across all
levels of evidence. This highlights the importance of weighting conclusions toward larger, well-
conducted trials when interpreting meta-analytic results.

Comparison with Previous Studies

Some earlier studies suggested that vitamin D supplementation may reduce mortality in
critically ill patients, particularly in those with severe deficiency. However, these findings were
often driven by smaller trials or subgroup analyses and were not consistently confirmed in larger,
high-quality RCTs. This discrepancy mirrors the pattern observed in the present study, where the
overall effect estimate is influenced by smaller studies reporting larger benefits. Subgroup analyses
from the VITdAL-ICU trial suggested a mortality benefit in patients with severe deficiency,
although this was not observed in the overall population. Similar trends have been reported in other
trials, but the evidence remains inconsistent and underpowered for definitive conclusions.’

Compared with previous reviews, the present analysis reinforces the growing consensus that
vitamin D supplementation does not provide a consistent mortality benefit in unselected critically ill
populations. At the same time, any potential benefit may be limited to specific subgroups, such as
patients with severe vitamin D deficiency; however, this remains a hypothesis-generating
observation, as subgroup analyses based on baseline vitamin D status could not be performed due to

inconsistent reporting across studies. Overall, the findings of this study align with the broader
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literature in demonstrating a lack of robust mortality benefit, while also emphasizing the
heterogeneity and uncertainty that continue to characterize this field.!”
Clinical Implications

The findings of this meta-analysis have important implications for clinical practice. Based
on the current evidence, routine high-dose vitamin D supplementation cannot be recommended for
the purpose of reducing mortality in critically ill patients. The absence of consistent benefit in large,
well-conducted randomized trials, combined with the influence of smaller studies on pooled
estimates, suggests that the overall effect is uncertain and not sufficiently robust to support
widespread implementation.'%!8

However, these results should not be interpreted as evidence that vitamin D has no role in
critical care. Given its established safety profile and biological plausibility, vitamin D
supplementation may be considered on an individual basis, particularly in patients with documented
deficiency, although evidence for outcome benefit remains uncertain. Current evidence suggests
that any potential clinical benefit is likely to be context-dependent, rather than universally
applicable across all critically ill populations.'®!”

Importantly, clinicians should avoid extrapolating improvements in surrogate outcomes,
such as inflammatory markers or antioxidant capacity, to meaningful clinical endpoints such as
survival. While several studies demonstrated favorable effects on biological markers, these changes
have not translated into consistent reductions in mortality, highlighting the need for cautious
interpretation of such findings. In practice, vitamin D supplementation in critically ill patients
should therefore be individualized, taking into account baseline vitamin D status, overall nutritional
needs, and clinical context, rather than applied as a routine therapeutic strategy for outcome
improvement.'”!?

Limitations

Several limitations of this study should be acknowledged. First, the number of included

randomized controlled trials was relatively small, limiting the statistical power of the meta-analysis

and reducing the ability to perform more robust subgroup analyses. In particular, the small number

of studies precluded formal assessment of publication bias, which may have influenced the
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observed effect estimates. Second, there was substantial clinical and methodological heterogeneity
among the included trials. Differences in patient populations (e.g., general ICU patients, sepsis, and
ventilator-associated pneumonia), baseline vitamin D status, dosing regimens, route of
administration, and timing of intervention may have contributed to variability in treatment effects.
This heterogeneity limits the comparability of studies and complicates the interpretation of pooled
results.

Third, several included trials had relatively small sample sizes and were conducted in single-
center settings. These studies are more prone to bias and random error, and their inclusion may have
introduced a small-study effect, potentially inflating the observed treatment benefit. Although
sensitivity analysis was performed to address this issue, the overall findings remained sensitive to
the inclusion of these smaller trials. Fourth, outcome definitions were not fully standardized across
studies. Mortality was reported at different time points (e.g., 28-day, 90-day, or hospital mortality),
and secondary outcomes such as length of stay and duration of mechanical ventilation were
inconsistently reported. This variability may have further contributed to heterogeneity and limited
the ability to perform pooled analyses for secondary outcomes.

Finally, although most studies included patients with vitamin D deficiency, the severity of
deficiency and threshold definitions varied, and individual patient-level data were not available. As
a result, this analysis could not adequately explore whether specific subgroups, such as patients with

severe deficiency, derive greater benefit from supplementation.

In this meta-analysis of randomized controlled trials, vitamin D supplementation in critically
ill adult patients was not associated with a statistically significant reduction in mortality. Although
point estimates in several studies favored the intervention, the overall effect was inconsistent and
accompanied by substantial heterogeneity, limiting the reliability of the pooled estimate.

These findings do not support the routine use of high-dose vitamin D supplementation for

mortality reduction in unselected critically ill populations. The observed variability in treatment
26
The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved



Research Article Volume 43, Issue No. 02. 2026
E-ISSN : 3048-1368 P-ISSN : 3048-1376

effects and the influence of smaller trials suggest that any potential benefit may be context-
dependent rather than universal.

Future research should focus on well-designed, adequately powered randomized trials
targeting clearly defined patient subgroups, particularly those with severe vitamin D deficiency, and
should aim to standardize intervention strategies and outcome measures to reduce heterogeneity and

improve interpretability.
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