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Purpose: Deficiency in vitamin D is associated with adverse outcomes in several health conditions. However, the specific impact of
vitamin D levels on mortality in acute kidney injury (AKI) patients remains inadequately explored. This study aims to investigate the
association between serum vitamin D concentrations and mortality risk in critically ill patients diagnosed with AKI. We hypothesize
that severe vitamin D deficiency is associated with an increased risk of 90-day all-cause mortality in these patients.

Patients and Methods: This study retrospectively enrolled 259 adult AKI patients admitted to the intensive care unit (ICU) at The Fifth
Clinical Medical College of Henan University of Chinese Medicine (Zhengzhou People’s Hospital) between July 2021 and June 2023.
Based on 25-hydroxyvitamin D (25-OHD) levels, they were categorized into 4 groups: severe deficiency (<10 ng/mL), deficiency (10-20
ng/mL), insufficiency (20-30 ng/mL), and sufficiency (>30 ng/mL). Multivariate survival analysis using Cox’s regression model was used
to analyze the impact of vitamin D concentrations on the 90-day all-cause mortality risk after controlling for potential confounders.
Results: The 90-day all-cause mortality rate was the highest in patients with severe deficiency (50.8%), followed by those with
deficiency (35.0%), insufficiency (23.9%), and sufficiency (12.2%). Multivariate Cox regression showed that compared with suffi-
ciency, severe deficiency (HR=3.34, 95% CI: 1.14-9.77; P=0.03) was independently associated with a higher risk of 90-day all-cause
mortality, but deficiency and insufficiency were not significantly associated with 90-day all-cause mortality risk.

Conclusion: Severe vitamin D deficiency (<10 ng/mL) significantly increases the risk of mortality in AKI patients, underlining the
need for monitoring and potentially supplementing vitamin D in this population.
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Introduction

Acute kidney injury (AKI) encompasses a diverse range of conditions characterized by a sudden decline in glomerular
filtration rate (GFR), an increase in serum creatinine concentration (SCC), or reduced urine output (oliguria).! This
condition affects over 50% of critically ill patients worldwide, leading to higher mortality rates, longer hospital stays, and
a greater risk of long-term complications.”> Moreover, AKI survivors are particularly vulnerable to progressive kidney
function decline and the onset of end-stage renal disease.’® Therefore, identifying risk factors for mortality among AKI
patients is essential for improving their outcomes.

Vitamin D is widely recognized for its role in calcium and phosphate metabolism, but its effects extend far beyond
bone health.” In AKI, the kidneys’ diminished capacity to produce calcitriol exacerbates the detrimental consequences of
vitamin D deficiency.'®"" Vitamin D receptors are present in renal tissues, indicating its direct influence on kidney
function. Several mechanisms link vitamin D deficiency to the development of AKI, including the upregulation of the
renin—angiotensin—aldosterone system, increased renal vascular renin expression, and immune system dysregulation. This
deficiency may worsen renal vascular health, hinder recovery from renal ischemia-reperfusion injury (IRI), and accelerate
the progression from AKI to chronic kidney disease (CKD).'?
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Vitamin D deficiency affects more than 20% of the population and has emerged as a serious public health concern.'?
Among critically ill patients, the prevalence of vitamin D deficiency is even higher, with studies showing that 40%—70%
of these patients have insufficient vitamin D levels.'* Furthermore, Cameron et al reported that serum 1.25(0H),D levels
were significantly lower in critically ill patients with AKI than those than those without AKI (54 vs 41 pmol/L),
significantly contributing to worse clinical outcomes.'”> Evidence suggests that critically ill patients with vitamin
D deficiency are more likely to develop AKI and require renal replacement therapy (RRT) compared to those with
adequate vitamin D levels.'®'®!7 Despite these findings, the relationship between vitamin D status and mortality in AKI
patients remains underexplored.'®

This research aims to assess the association of serum vitamin D concentrations with 90-day all-cause mortality among
critically ill patients with AKI. The 90-day period was selected as it captures both immediate and delayed effects of AKI
and is a commonly used timeframe in similar research,'*?° facilitating consistent comparisons.

Materials and Methods

Patients

This research involved a retrospective analysis of all adult patients (=18 years) diagnosed with AKI in our ICU from
July 2021 to June 2023. We used the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines for AKI
diagnosis, which define AKI based on an increase in serum creatinine by >0.3 mg/dL within 48 hours or an increase to
>1.5 times baseline within the prior 7 days, or urine output <0.5 mL/kg/h for 6 hours.”' Exclusion criteria included
pregnant women, and individuals with conditions such as malabsorption, hyperparathyroidism, hyperthyroidism, chronic
renal failure, or granulomatous disorders. Patients undergoing antiepileptic or antiretroviral treatment, those taking
vitamin D supplements, or medications affecting bone metabolism (eg, bisphosphonates) were also excluded from the
study.

The Ethical Committee of The Fifth Clinical Medical College of Henan University of Chinese Medicine (Zhengzhou
People’s Hospital) (approval number: 2023016) reviewed and approved this study. All procedures involving human
subjects adhered to the 1964 Declaration of Helsinki and its subsequent amendments or equivalent ethical standards.
Given the retrospective nature of the study, informed consent was waived by the Ethical Committee of The Fifth Clinical
Medical College of Henan University of Chinese Medicine (Zhengzhou People’s Hospital). All data were stored securely,
and confidentiality was maintained throughout the study.

Data Collection

Patient data were collected from electronic medical records. A standardized medical record abstraction form was developed
to systematically collect patients’ baseline characteristics within 24 hours of ICU admission, including demographic data
(age, gender, body mass index [BMI]), reasons for admittance to the ICU, comorbidities, Acute Physiology and Chronic
Health Evaluation II (APACHE II) scores, Sequential Organ Failure Assessment (SOFA) scores, KDIGO stage, and
laboratory results such as 25-hydroxyvitamin D (25-OHD), serum calcium, albumin, creatinine, and parathyroid hormone
(PTH) levels. Medical charts were reviewed by two individual researchers, and discrepancies between researchers were
adjudicated by means of consensus. All collected data were anonymized to maintain patient confidentiality.

The 25-OHD levels were quantified using the radioimmunoassay kit (Liaison; DiaSorin, Shanghai, China). Patients
were categorized into four groups based on the Endocrine Society guidelines for vitamin D levels: severe deficiency
(<10 ng/mL), deficiency (10-20 ng/mL), insufficiency (20-30 ng/mL), and sufficiency (>30 ng/mL).*

The primary outcome measured was 90-day all-cause mortality. Survival outcomes were obtained from medical
records or through telephone interviews as needed. Secondary outcome was the recovery kidney function, which was
assessed comparing the discharge and baseline creatinine and categorized as full recovery (within 20% above baseline
creatinine), 20%-60% above baseline creatinine, or greater than 60% above baseline creatinine. Baseline creatinine was
defined as the last available measurement from 365 to 7 days before hospital admission. Where baseline creatinine was
not available, hospital admission creatinine was used as baseline. Discharge creatinine was the last measurement before
hospital discharge.

5154 "o International Journal of General Medicine 2024:17
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Shen et al

Statistical Analysis

A one-way design with four groups was employed to assess whether differences exist among the group proportions. The
comparison was conducted using a likelihood ratio chi-square test with three degrees of freedom. A sample size of 45
patients per group was determined to provide over 80% power, with an alpha level of 5%, to detect 90-day mortality rates
of 50%, 35%, 25%, and 20%.

Normally distributed variables were presented as mean + standard deviation (SD) and analyzed using one-way
analysis of variance (ANOVA), followed by post hoc Tukey’s Honestly Significant Difference (HSD) testing to
determine pairwise differences between groups. Non-normally distributed variables were described as medians with
interquartile ranges and assessed using the Kruskal-Wallis test, followed by post-hoc Dunn’s multiple comparison test.
Categorical variables were reported as percentages and compared using either Pearson’s chi-square test or Fisher’s exact
test. The association between vitamin D levels and 90-day all-cause mortality risk was evaluated using multivariate Cox
regression, controlling for potential confounding factors including age, gender, BMI, primary reason for admittance to
the ICU, sepsis at admission to ICU, mechanical ventilation, comorbidities, APACHE II scores, SOFA scores, KDIGO
stage, serum calcium, serum albumin, serum creatinine, and PTH levels. For missing laboratory values or clinical data,
we employed multiple imputation methods where applicable to minimize potential bias. All analyses were two-sided, and
significance was set at a P value less than 0.05.

Statistical analyses were conducted using SPSS version 20.0 for Windows (IBM Corp., Armonk, NY). The custom
scripts for multivariate Cox regression and post-hoc testing is available upon request. Additionally, all statistical methods
adhered to established guidelines for handling clinical datasets, with detailed coding available to ensure transparency.

Results

The flowchart of study population selection was shown in Figure 1. From July 2021 to June 2023, a total of 423 patients
diagnosed with AKI in our ICU were recorded. After excluding 164 patients, the remaining 259 patients were included in
the analysis and categorized based on their vitamin D status. Severe vitamin D deficiency was observed in 63 patients
(24.3%), deficiency in 80 patients (30.9%), insufficiency in 67 patients (25.9%), and sufficient levels in 49 patients
(18.9%). Table 1 presents the baseline demographics and clinical profiles of these groups. Significant differences were

Patients diagnosed with AKI in our ICU from July 2021 to June 2023

(N=423)
Excluded patients (N=164)
® Have severe comorbidities (N=81)
) ®  Receiving antiretroviral treatment (N=28)
®  Taking vitamin D supplements (N=31)
®  Other criteria (N=24)

A4
Patients eligible for study (N=259)

l A A 4

Severe deficiency (<10 ng/mL) Deficiency (10-20 ng/mL) Insufficiency (20-30 ng/mL) Sufficiency (>30 ng/mL)
N=63 N=80 N=67 N=49

Figure | Flowchart of study population selection.
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Table | Patients’ Baseline Demographics and Clinical Characteristics

Vitamin D category P value
Severe Deficiency Deficiency Insufficiency Sufficiency
(25-OHD (25-OHD (25-OHD (25-OHD
<10 ng/mL) 10-20 ng/mL) | 20-30 ng/mL) | >30 ng/mL)
N 63 (24.3%) 80 (30.9%) 67 (25.9%) 49 (18.9%)
Age (years) 56.3+4.0 55.3+4.5 55.1%£3.7 55.2+53 0.35
Gender 0.17
Male 40 (63.5%) 49 (61.3%) 52 (77.6%) 32 (65.3%)
Female 23 (36.5%) 31 (38.8%) 15 (22.4%) 17 (34.7%)
BMI (kg/m?) 23.943.1 24.7+3.3 24.4+3.0 24.3+3.1 0.45
Primary reason for admittance to the ICU 0.86
Medical 46 (73.0%) 62 (77.5%) 51 (76.1%) 40 (81.6%)
Respiratory 19 (30.2%) 25 (31.3%) 19 (28.4%) 13 (26.5%)
Circulatory 12 (19.0%) 9 (11.3%) 7 (10.4%) 9 (18.4%)
CNS 3 (4.8%) 8 (10.0%) Il (16.4%) 7 (14.3%)
Infection 8 (12.7%) 14 (17.5%) 6 (9.0%) 3 (6.1%)
Gastrointestinal 4 (6.4%) 6 (7.5%) 8 (11.9%) 8 (16.3%)
Surgical 10 (15.9%) Il (13.8%) 12 (17.9%) 5 (10.2%)
Trauma 7 (11.1%) 7 (8.8%) 4 (6.0%) 4 (8.2%)
Sepsis at admission to ICU 44 (69.8%) 51 (63.7%) 39 (58.2%) 34 (69.4%) 0.48
Need of mechanical ventilation (%) 24 (38.1%) 27 (33.8%) 23 (34.3%) 16 (32.7%) 0.93
Comorbidities
Hypertension 28 (44.4%) 34 (42.5%) 21 (31.3%) 14 (28.6%) 0.18
Diabetes 25 (34.7%) 19 (28.4%) 23 (28.7%) 13 (20.6%) 0.42
CVD 22 (34.9%) 24 (30.0%) 13 (19.4%) 6 (12.2%) 0.02
COPD 13 (20.6%) 14 (17.5%) 5 (7.5%) 3 (6.1%) 0.04
Malignant tumor 6 (9.5%) 8 (10.0%) 4 (6.0%) 3 (6.1%) 0.75
APACHE Il score 21.6+4.5 19.0+4.4 17.7£5.0 17.1£4.1 <0.01
SOFA score 6.4%1.6 5.6x1.8 5.6x1.7 43+1.4 <0.01
KDIGO stage 0.07
Stage | 17 (27.0%) 21 (26.3%) 27 (40.3%) 19 (38.8%)
Stage |l 14 (22.2%) 32 (40.0%) 19 (28.4%) 13 (26.5%)
Stage IlI 32 (50.8%) 27 (33.8%) 21 (31.3%) 17 (34.7%)
25-OHD (ng/mL) 6.51.6 14.5+2.8 24.4+2.6 35.4+2.6 <0.01
Serum calcium (mg/dl) 9.0£1.8 89+1.9 8.8£1.8 9.0+1.8 0.90
Serum albumin (g/dl) 3.240.3 3.240.3 3.2+0.3 32403 0.82
Serum creatinine (mg/dl)
Baseline 1.2%0.1 1.10.1 1.1£0.2 0.9+£0.2 <0.01
Peak 2.1£0.6 1.8+0.4 1.5+0.4 1.40.1 <0.01
ICU discharge 1.00.1 0.9+0.1 0.9+0.2 0.8+0.2 <0.01
PTH (pg/mL) 51.6+6.8 50.9+6.4 49.245.9 48.445.1 0.02

Abbreviations: BMI, body mass index; CVD, cardiovascular diseases; COPD, Chronic obstructive pulmonary disease; ICU, intensive care unit; APACHE II,
Acute Physiology and Chronic Health Evaluation Il; SOFA, Sequential Organ Failure Assessment; KDIGO, The Kidney Disease, Improving Global Outcomes;
25-OHD, 25-hydroxyvitamin D; PTH, parathyroid hormone.

found in APACHE II scores, SOFA scores, 25-OHD levels, and PTH levels (all P<0.05, Figure 2), while no significant
differences were noted in age, sex, BMI, admission diagnosis, sepsis occurrence, calcium, and albumin.

Within the 90-day follow-up period, 82 patients (31.7%) died. The mortality rate over 90 days was highest in
the severe vitamin D deficiency group (50.8%), followed by the deficiency group (35.0%), insufficiency group
(23.9%), and sufficiency group (12.2%). Kaplan-Meier survival analysis (Figure 3) showed that patients with
severe vitamin D deficiency had a significantly higher risk of 90-day all-cause mortality compared to those with
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Figure 2 Box plots of 25-OHD levels (A), PTH levels (B), APACHE Il scores (C), and SOFA scores (D) across different vitamin D groups. *P <0.05 vs 25-OHD

10-20; #P <0.05 vs 25-OHD 20-30; AP<0.05 vs 25-OHD >30.
Abbreviations: 25-OHD, 25-hydroxyvitamin D; PTH, parathyroid hormone; APACHE II, Acute Physiology and Chronic Health Evaluation Il; SOFA, Sequential Organ

Failure Assessment.

sufficient levels (HR=5.75, 95% CI: 2.40-13.76; P<0.01), as did those with vitamin D deficiency (HR=3.25, 95%
CI: 1.35-7.85; P =0.01).

Multivariate Cox regression analysis (Table 2) identified severe vitamin D deficiency (HR=3.34, 95% CI: 1.14-9.77,
P=0.03) as a significant predictor of increased 90-day all-cause mortality risk. However, vitamin D deficiency and
insufficiency did not significantly impact the 90-day all-cause mortality risk. Additionally, higher APACHE II scores
(HR=1.07, 95% CI: 1.01-1.13; P=0.03) and SOFA scores (HR=1.22, 95% CI: 1.04-1.43; P=0.02), and KDIGO stage III
(HR=2.11, 95% CI: 1.14-3.93; P=0.02) were associated with an elevated risk of 90-day mortality.

The proportions of renal function recovery for each group are presented in Figure 4. The data show that the
proportion of full recovery is significantly lower in patients with severe vitamin deficiency (65.1%) compared to those
with sufficient levels (91.8%) and insufficient levels (82.1%) (P < 0.01).
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Figure 3 Kaplan-Meier survival curves comparing 90-day mortality across vitamin D groups in critically ill patients with acute kidney injury.

Discussion
AKI is a prevalent and multifaceted condition seen in critically ill patients. This study found that in critically ill

patients with AKI, severe vitamin D deficiency was significantly associated with a higher risk of 90-day all-cause

mortality.
Table 2 Univariate and Multivariate Cox Regression Analysis to Evaluate the Association Between Vitamin
D Levels and 90-Day Mortality in Critically Il Patients with Acute Kidney Injury
Univariate Analysis Multivariate Analysis
RR 95% CI P value RR 95% Cl | P value

Vitamin D groups

Sufficiency Reference Reference

Insufficiency 2.10 0.82-5.40 0.12 1.41 0.51-3.87 0.51

Deficiency 3.25 1.35-7.85 0.01 231 0.87-6.11 0.07

Severe Deficiency 5.75 2.40-13.76 | <0.0I 3.34 1.14-9.77 0.03
Age 0.97 0.92-1.01 0.16 0.96 0.91-1.01 0.11
Gender

Male Reference Reference

Female I.13 0.72-1.78 0.60 1.17 0.72-1.92 0.52
BMI 0.96 0.90-1.03 0.25 0.96 0.89-1.04 0.29
Primary reason for admittance to the ICU

Medical Reference Reference

Surgical 0.78 0.40-1.51 0.46 0.71 0.35-1.45 0.35

Trauma 0.8l 0.35-1.87 0.62 0.8l 0.33-2.00 0.65
Sepsis at admission to ICU 1.03 0.65-1.62 0.91 0.94 0.58-1.51 0.80
Need of mechanical ventilation 0.86 0.54-1.37 0.52 0.89 0.54-1.46 0.64
Comorbidities

Hypertension 0.76 0.47-1.22 0.26 0.85 0.52-1.39 0.52

Diabetes 1.12 0.70-1.81 0.63 0.89 0.52-1.53 0.67

CvD 0.58 0.33-1.01 0.05 0.95 0.57-1.59 0.85

COPD 0.95 0.49-1.83 0.87 0.82 0.42-1.57 0.54

Malignant tumor 0.75 0.33-1.72 0.49 |.44 0.67-3.09 0.35

(Continued)
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Table 2 (Continued).

Univariate Analysis Multivariate Analysis
RR 95% CI P value RR 95% Cl | P value

APACHE Il score 1.14 1.08-1.19 <0.01 1.07 1.0I-1.13 0.03
SOFA score 1.37 1.22-1.55 <0.01 1.22 1.04-1.43 0.02
KDIGO stage

Stage | Reference Reference

Stage Il 1.77 0.83-3.75 0.14 1.47 0.74-2.90 0.27

Stage Il 251 1.27-4.95 <0.01 2.11 1.14-3.93 0.02
Serum calcium 0.93 0.82-1.04 0.21 0.88 0.77-1.01 0.07
Serum albumin 0.95 0.47-1.95 0.89 1.01 0.47-2.16 0.99
Serum creatinine 0.30 0.07-1.20 0.09 0.48 0.08-2.77 0.41
PTH 1.02 0.98-1.05 0.35 1.00 0.96-1.04 0.91

Abbreviations: BMI, body mass index; CVD, cardiovascular diseases; COPD, Chronic obstructive pulmonary disease; ICU, intensive care
unit; APACHE I, Acute Physiology and Chronic Health Evaluation Il; SOFA, Sequential Organ Failure Assessment; KDIGO, The Kidney
Disease, Improving Global Outcomes; 25-OHD, 25-hydroxyvitamin D; PTH, parathyroid hormone.

Vitamin D deficiency plays a crucial role in renal recovery following AKI. It influences key biological processes
involved in renal function, such as immune regulation, endothelial stability, and calcium metabolism."> The
bidirectional relationship between vitamin D and renal health is evident—AKI impairs vitamin D metabolism by
reducing nephron function, specifically through decreased 1-alpha hydroxylase activity, which is responsible for
converting 25-hydroxyvitamin D into its active form.>> Conversely, vitamin D deficiency may impair renal recovery
mechanisms, including the renin-angiotensin-aldosterone system and renal vascular function.”* This deficiency can
exacerbate ischemia-reperfusion injury (IRI) and hinder the repair process, thereby reducing the likelihood of full
renal function recovery and potentially accelerating progression to CKD.*> Our study’s results, which show
a significantly lower renal recovery rate in patients with severe vitamin D deficiency, support this hypothesis.

EZ3 full recovery (within 20% above baseline creatinine)
& 20%-60% above baseline creatinine

100~ E3 greater than 60% above baseline creatinine

<10 10-20 20-30 >30
Vitamin D level (ng/ml)

Proportion of renal function recovery (%)

Figure 4 Association of vitamin D levels with renal function recovery.
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In the last decade, a number of studies have examined the possible association between low vitamin D levels
and mortality among critical patients, with contradictory results. Vijayan’s study found that vitamin D levels were
higher in non-survivors than survivors, however, on multivariate linear regression analysis, no association
between vitamin D levels and mortality in critically ill AKI patients after adjusting for age and APACHE II
score (B=0.29, 95% CI: 0.000—-0.009, P=0.069).2° This lack of statistical significance may be attributed to their
use of linear regression analysis, which may not accurately reflect the impact of severe vitamin D deficiency on
mortality. This method could overlook the nonlinear relationships and complexities involved in the association
between vitamin D levels and outcomes in critically ill patients. Leaf’s study did not give quantitative vitamin
D data. They divided AKI patients into different groups according to medium vitamin D concentrations and
concluded that no association exists between the serum vitamin D levels and all-cause mortality.”” Contrary to
these findings, Zapatero et al identified an independent association between serum 25-OHD levels and 28-day
mortality (OR=2.86, 95% CI: 1.05-7.86, P=0.04). The study highlighted a cut-off point of 10.9 ng/mL, which
closely aligns with the definition of severe vitamin D deficiency.”® This result supports the hypothesis that
a threshold effect exists, where extreme deficiency, rather than moderate deficiency, may play a crucial role in
mortality risk. Our findings further support this view, demonstrating that severe vitamin D deficiency, in contrast
to milder forms of deficiency, independently correlates with 90-day all-cause mortality. This association remains
significant even after adjusting for APACHE II, SOFA scores, and KDIGO stages, emphasizing the potential for
severe vitamin D deficiency to serve as a predictive marker for mortality in AKI patients.

Despite the significant findings, this study has certain limitations. One of the key challenges is the potential
presence of confounding factors that could have influenced the outcomes. In particular, variables such as
comorbid conditions and laboratory data may have affected the relationship between vitamin D levels and all-
cause mortality. To address these confounders, we employed multivariable Cox regression models to adjust for
their impact, thereby enhancing the accuracy and credibility of our results. However, residual confounding due to
unmeasured or unknown factors remains a possibility and should be considered when interpreting the findings. For
instance, serum Fibroblast Growth Factor 23 (FGF-23) was not measured in this study, which is a hormone
produced by osteocytes and osteoblasts that plays a critical role in phosphate and vitamin D metabolism. Elevated
FGF-23 levels might reflect disturbances in phosphate metabolism and could be a marker of adverse outcomes in
critically ill patients. Including FGF-23 measurements in future prospective research could provide additional
insights into its role and potential interactions with vitamin D levels and outcomes. Additionally, we did not
measure vitamin D levels after discharge, which limits our understanding of the long-term implications of vitamin
D deficiency in this patient group. Moreover, the single-center design and relatively small sample size limit the
generalizability of our results to other regions. Furthermore, we assessed all-cause mortality rather than cause-
specific death. While this provides a broad assessment of patient outcomes, it may obscure specific factors
contributing to mortality in different patient subgroups. To address the limitations of our study, including residual
confounding and sample size constraints, larger and multicenter studies are warranted. Such studies could
incorporate more comprehensive data collection methods, including more genetic and biomarkers as well as
cause-of-death data, to provide a clearer understanding of the relationship between vitamin D and AKI outcomes.
By addressing these gaps, future research can further substantiate the clinical relevance of vitamin D status in
managing AKI patients.

Conclusion

Severe vitamin D deficiency (25-OHD <10 ng/mL) is a strong predictor of 90-day all-cause mortality in AKI patients.
Although recommendations for vitamin D supplementation vary by country and age, all guidelines consistently agree that
serum 25-OHD levels below 10 ng/mL should be avoided at any age.?® Therefore, it is advised to supplement vitamin
D in AKI patients with deficiency, particularly severe deficiency. A combination of D3 (cholecalciferol) and calcifediol is
recommended, with D3 providing medium-term benefits due to its efficacy in raising serum 25-OHD levels, while
calcifediol offers an immediate effect.*
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To enhance clinical practice, regular assessment of vitamin D levels in AKI patients is essential to tailor supple-
mentation strategies effectively. Future research should focus on multicenter trials to explore optimal dosing regimens
and the impact of vitamin D supplementation on patient outcomes across diverse populations, addressing the limitations
identified in this study and bridging existing knowledge gaps.

Disclosure
The authors report no conflicts of interest in this work.
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