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Abstract 

Background: This study was designed to evaluate the impact of the 
active form of vitamin D on the progression of Acute Renal Failure 
(ARF) and the improvement of renal function markers. 
Methods: This single-center, randomized, parallel-group clinical trial 
was conducted in adult patients (>18 years) diagnosed with ARF 
according to KDIGO criteria. Exclusion criteria included a history of 
chronic kidney disease, kidney transplantation, primary parathyroid or 
granulomatous disease, symptomatic nephrolithiasis, pregnancy or 
breastfeeding, or recent vitamin D supplementation. Participants in the 
intervention group received oral active vitamin D (1,25-dihydroxy-
vitamin D) at a dose of 0.25 mg once daily, whereas the control group 
received routine care for ARF. Treatment continued for up to three 
months or until recovery. Analyses followed the intention-to-treat 
principle. Continuous variables were analyzed using repeated 
measures ANOVA, and categorical variables were compared using chi-
square or Student’s t-tests, with statistical significance set at P-
value<0.05. 
Results: Repeated measures showed a significant decrease in mean 
urea levels within each group over time (P-value=0.006), but no 
significant difference was found between groups (P-value=0.342). 
Similarly, creatinine levels decreased in both groups, but differences 
between groups were not statistically significant (P-value=0.511). 
Conclusion: The study found no strong evidence that oral active 
vitamin D improves recovery compared with routine treatment alone in 
patients with ARF. Larger trials with higher doses and longer follow-
up are needed to determine whether vitamin D supplementation could 
be beneficial. 
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Introduction 

Acute Renal Failure (ARF) is defined by an abrupt 
reduction in glomerular filtration rate (GFR), which results in 
the accumulation of nitrogenous waste products and marked 
disturbances in extracellular fluid volume, as well as in acid–
base and electrolyte homeostasis, typically developing within a 
short period. ARF is often asymptomatic and usually diagnosed 
through laboratory tests showing elevated plasma urea and 
creatinine levels 1. 

Globally, around 13.3 million people are diagnosed with 
kidney failure each year, with 85% residing in developing 
countries 2. In developed nations equipped with advanced 
medical infrastructure, ARF primarily affects the elderly and 
individuals with lower socioeconomic status 3, 4. Conversely, in 
other countries, kidney failure is predominantly attributed to 
limited access to trained healthcare professionals, diagnostic 
testing, adequate treatment facilities, and timely dialysis 5. 
Overall, individuals at elevated risk for ARF include older 
adults and those with comorbid conditions such as diabetes 
mellitus, heart failure, hepatic dysfunction, chronic kidney 
disease, hypotension, and bloodstream infections 6. 

ARF affects 5–30% of hospitalized patients and is 
associated with increased mortality (15–60%), prolonged 
hospital stays, higher treatment costs, and worsened outcomes 
in critically ill patients, with ICU mortality increasing by 35–
75%. Furthermore, ARF is associated with a heightened 
likelihood of chronic sequelae, including bone fractures 7-11. 

Vitamin D is essential for renal function and the regulation 
of immune responses. It undergoes initial hydroxylation in the 
liver to form 25-hydroxy vitamin D, followed by renal 
conversion to its biologically active form, 1,25-dihydroxy 
vitamin D (calcitriol). The biologically active form of vitamin 
D interacts with vitamin D receptors in target tissues, 
modulating immune responses by inhibiting T cell proliferation 
and reducing the secretion of pro-inflammatory cytokines, 
including transforming growth factor-beta (TGF-β) 12. Vitamin 
D deficiency is exceedingly common among critically ill 
patients, affecting approximately 60–100% of this population 
and has been linked to an increased risk of end-stage renal 
disease, acute kidney injury, and a greater requirement for renal 
replacement therapy (RRT) 13-16. 

Serum vitamin D levels are significantly lower in 
individuals with severely reduced GFR compared to those with 
normal renal function 17. Moreover, among ICU patients with 
vitamin D deficiency, an increased incidence of ARF and a 
greater need for RRT 10. 

Despite the apparent beneficial effects of vitamin D on 
kidney structure and function, clinical trials evaluating its 
impact on the progression, clinical outcomes, and laboratory 
parameters of ARF remain limited. A recent systematic review 
18 highlighted that although vitamin D is a promising 
biomarker and potential therapeutic agent for ARF, further 
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studies are necessary to establish standardized treatment 
protocols for vitamin D as an adjunctive therapy in ARF. 
Considering that the levels of biologically active vitamin D are 
markedly reduced in acute renal ARF, this study was designed 
to evaluate the impact of the active form of vitamin D on the 
progression of ARF and the improvement of renal function 
markers. 

Materials and Methods 
This single-blind, randomized clinical trial (RCT) was 

carried out on patients with ARF admitted to multiple wards of 
Imam Hossein Shahroud Hospital from November 2019 to 
November 2020. The study aimed to evaluate the therapeutic 
potential of the active form of vitamin D in the management of 
renal-type ARF. 

The study protocol was reviewed and approved by the 
Ethics Committee of Shahroud University of Medical Sciences 
under the number IR.SHMU.REC.1398.053 and was registered 
with the Iranian Registry of Clinical Trials (IRCT) under the 
number IRCT20181010041299N2. The study was conducted in 
accordance with the principles of the Declaration of Helsinki, 

with strict measures taken to ensure patient confidentiality 
throughout the study period. Written informed consent was 
obtained from all participants at the time of enrollment. 

The study population consisted of patients diagnosed with 
ARF according to KDIGO criteria who were admitted to 
general wards, the ICU, or the CCU. Inclusion criteria were: 
age over 18 years, diagnosis of ARF according to KDIGO 
criteria, failure of creatinine levels to return to normal within 
48 hours despite fluid replacement or presence of granular and 
epithelial casts, hospitalization in general wards, ICU, or CCU, 
ability to eat or have a nasogastric (NG) tube, no history of 
chronic kidney disease or kidney transplantation, no vitamin D 
supplementation in the previous 7 days, absence of active 
primary parathyroid disorders, ongoing granulomatous 
conditions, or symptomatic nephrolithiasis during the 
preceding three months, and not being pregnant or 
breastfeeding. Patients receiving cytochrome P450 inhibitor 
drugs and those with hemoglobin levels below 7 g/dL were 
excluded (Figure 1). Prior to study initiation, written informed 
consent was obtained from all participants, in strict accordance 
with the Declaration of Helsinki. 

 

 

Figure 1. Patient selection process flowchart 
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Eligible participants were randomly allocated to one of the 

study groups. Simple randomization was conducted using 
Random Allocation Software (version 1.0.0) to assign 
participants to either the intervention or control group. All 
patients who met the inclusion criteria were randomly allocated 
to one of the two study groups without the use of blocking. The 
practitioner received each allocation in numbered envelopes. 
This ensured that each participant had an equal chance of being 
allocated to either group. Patients were aware of their treatment 
allocation, but to minimize bias, each treatment group was 
assigned a code that only the internal resident (project 
manager) knew how to interpret. The statistical analyst and 
outcome assessors were blinded to group assignments by 
entering patients' data in SPSS using only treatment codes. 

Patient information was collected using a structured 
checklist comprising two parts. The first part recorded 
demographic characteristics—including age, sex, weight, 
height, education level, and place of residence—along with 
details on the etiology of ARF and factors potentially 
influencing renal function, such as alcohol consumption, 
prescription and over-the-counter medication use, and 
comorbidities, including hypertension, diabetes mellitus, and 
cardiovascular disease. 

The second part of the checklist comprised laboratory data, 
including blood urea, serum creatinine, and complete 
urinalysis. Baseline laboratory assessments were performed at 
study initiation, followed by daily measurements during 
hospitalization. After discharge, laboratory evaluations were 
conducted biweekly during the first month and monthly 
thereafter for up to three months. 

Blood urea and creatinine levels were measured to assess 
kidney function. Blood Urea Nitrogen (BUN), calculated by 
dividing measured urea by 2.14, is commonly used to express 
renal function. Since increased blood urea can result from 
various conditions—including pre-renal factors such as 
increased dietary protein intake, increased protein catabolism, 
gastrointestinal bleeding, renal disorders, and post-renal 

urinary tract obstruction—creatinine levels were also measured 
to determine the type of uremia (elevated blood urea). 

The sample size was determined for a parallel-group 
clinical trial comprising an intervention group and a control 
group 19. 

According to findings from a previous investigation 20, a 
sample size of 35 participants per group was calculated, with 
changes in mean blood urea designated as the primary 
outcome. The calculation assumed standard deviations of ±0.06 
and ±0.08, a type I error (α) of 0.05, a type II error (β) of 0.2 
(power=80%), and included an anticipated dropout rate of 
approximately 10%. 

Statistical analyses were conducted using SPSS software 
(version 16) following the intention-to-treat principle. The 
Kolmogorov-Smirnov test was employed to evaluate the 
normality of continuous data. Continuous variables are 
presented as mean±standard deviation (SD), whereas 
categorical variables are reported as frequencies and 
percentages. Chi-square and Fisher’s exact tests were applied 
for categorical comparisons, and repeated measures analysis 
was used to assess changes in quantitative variables over time. 
A P-value≤0.05 was considered statistically significant. 

Results 
The study enrolled 70 patients, equally distributed between 

35 men and 35 women. Regarding place of residence, 38 
participants (54.3%) lived in urban areas, while 32 (45.7%) 
resided in rural areas. The participants had a mean age of 
63.53±12.32 years. Table 1 summarizes the baseline 
characteristics of the study participants. Significant differences 
were observed between the two groups in terms of place of 
residence (P-value=0.016), age (P-value=0.049), and history of 
hypertension (P-value=0.039). Conversely, no significant 
differences were detected with respect to sex (P-value=0.473), 
occupation (P-value=0.114), smoking history (P-value=0.794), 
or history of diabetes (P-value=0.806). 

 

Table 1. Baseline characteristics of participants in the two treatment groups 

Characteristic 
Groups 

P-value 
Intervention Control 

Gender Man 19 16 0.473* Female 16 19 

Age ˂60 18 9 0.049* ≥60 17 26 

Location City 24 14 0.016* Village 11 21 

Occupation 

Employee 4 0 

0.114** 
Housewife 15 18 

Farmer/rancher 3 1 
self-employment 4 9 

Retired 9 7 

Smoking Yes 10 11 0.794* No 25 24 

Hypertension Yes 20 28 0.039* No 15 7 

Diabetes Yes 14 13 0.806* No 21 22 

Data are reported as the frequency for categorical variables. 
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* Chi-square test 

** Fisher's Exact test 

 

 
Repeated measurements of renal function laboratory 

indices over time demonstrated a statistically significant 
decrease in mean urea levels within each treatment group (P-
value=0.006) (Table 2). However, no significant differences 
between the groups were observed regarding changes in urea 

levels (P-value=0.342). Similarly, although mean creatinine 
levels decreased over time within each group, this change was 
not statistically significant (P-value=0.130), and no significant 
difference was found between the treatment groups concerning 
creatinine changes (P-value=0.511). 

 

Table 2. Mean measurements of urea and creatinine at different times 

Measurement step Urea Creatinine 
Intervention group Control group Intervention group Control group 

First visit 70±15.81 74.43±18.48 2.07±0.55 2.07±0.48 
Second visit 71.91±17 75.8±15.86 2.08±0.51 2.13±0.57 
Third visit 69.37±17 74.94±18.49 2.04±0.51 2.10±0.57 
Fourth visit 65.37±19.99 69.46±18.92 1.96±0.60 2.01±0.64 
Fifth visit 61.78±21.98 64.26±21.39 1.92±0.72 1.92±0.65 
Sixth visit 60.4±21.67 68.38±26.69 1.89±.67 2.04±0.95 
P-value* 0.342 0.511 

* Repeated measures test 

 

 
Given the significant differences in age and blood pressure 

between groups and their potential interaction effects on 
outcomes, a repeated measures analysis including these 
interaction terms was conducted. This analysis revealed no 
significant differences between the treatment groups. 

According to Table 3, the findings show that the subjects in 
the intervention group were hospitalized longer than the control 
group. In the intervention group, people were hospitalized for 
about 5 days on average, and in the control group, for about 
four days. However, the findings show no significant 
difference between the two treatment groups in terms of length 

of hospitalization (P-value=0.069). Also, the duration from 
treatment initiation to recovery was 80 days in the intervention 
group and 71 days in the control group, which also did not 
reach statistical significance (P-value=0.264). The findings of 
Table 4 represent that kidney disease has become chronic in 34 
subjects, of which 18 were in the intervention group and 16 in 
the control group. Also, of those whose disease was not 
chronic, 17 were in the intervention group, and 19 were in the 
control group. No significant difference was observed between 
the treatment groups with respect to chronicity (P-
value=0.632). 

 

 

Table 3. Comparison of treatment groups in terms of length of hospitalization and recovery 

Characteristic Group therapy P-value* 
Intervention group Control group 

Duration of hospitalization 5.23±3.8 3.97±1.1 0.069 
Duration of Recovery  80.18±17.9 71.85±25.2 0.264 

* Independent Sample T-Test 

 

Table 4. Comparison of treatment groups in terms of chronic kidney disease 

Characteristic Group therapy P-value* 
Intervention group Control group 

Chronic disease Yes 18 16 0.632 No 19 17 

* Chi-square test 
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Discussion 
In this study, the majority of patients were over 60 years, 

with a mean age of 63.53 years. Similarly, a study conducted in 
Massachusetts, USA, reported an average patient age of 62 
years 21. Previous studies have also confirmed that the 
incidence of ARF rises with advancing age 22, 23. Our findings 
align with these studies, which may be attributed to the fact that 
older age is a recognized risk factor for ARF 24, and diagnosis 
of ARF is more common in elderly populations. 

In the present study, the distribution of men and women 
was equal, and no significant differences were observed 
between the intervention and control groups with respect to 
sex. In contrast, Uchino et al. reported that acute renal failure is 
more prevalent in men than women 22. This discrepancy may 
be due to several factors: our study had a relatively small, 
single-center cohort, which may not reflect the general 
population; population-specific characteristics such as lifestyle 
or occupational exposures may have influenced gender 
distribution; and random variability due to limited sample size 
may also explain the equal ratio observed. 

Another factor that was examined in our study was the type 
of participants' occupation. Although the sex ratio was the 
same between the two groups, the number of homemakers was 
higher than the number of people with other occupations. This 
discrepancy between the findings may be due to the different 
sampling and design of the studies. In the studies conducted, 
we did not find any significant relationship between 
housekeeping and acute renal failure. There are hypotheses 
based on less exposure to sunlight in housekeepers and, 
following that, less vitamin D intake, exposure to detergents, 
and their relationship with kidney failure 25. This study can 
provide a basis for future occupational investigations into the 
cause of acute kidney failure. 

One of the factors studied in the present research was the 
residence of the participants. The results showed that there is a 
significant difference between the two groups in terms of 
residence. Besides, urbanites are recognized with ARF more 
than villagers. Urban lifestyle seems to affect the diagnosis of 
the disease, access to health facilities, and identifying this 
disease in the early stages. 

A high percentage of those surveyed had a history of 
smoking, hypertension, and diabetes. Therefore, it is expected 
that the risk of kidney disease in these people is high. In a study 
conducted in Massachusetts 21, the history of hypertension and 
then diabetes was higher among people with ARF than other 
diseases, which is consistent with this study. 

The present study results showed that more than half of the 
patients recovered in fewer than three months of treatment. 
Although the number of recovered people in the control group 
was higher than in the intervention group and the average time 
from the start of treatment to recovery was higher in the 
intervention group, no significant difference was observed 
between the two groups in terms of recovery time. Also, in 
terms of length of hospitalization, our findings reveal that the 
patients in the intervention group were hospitalized longer than 
those in the control group. However, the two groups did not 
differ significantly. Hence, the results of our study are 
consistent with a similar study carried out by Amrein et al. 26, 

who investigated the effect of high doses of vitamin D during 
hospitalization of critically ill patients with low vitamin D 
serum levels; no significant difference was observed between 
the patients regarding the length of hospitalization and recovery 
time. Despite the lack of significant correlation between the 
two groups, Amrein et al. concluded that the length of 
hospitalization increases at the cost of disease improvement in 
critically ill patients 26.  Although it was not observed in our 
study, we suggest that future studies investigate this 
relationship more closely. 

Findings of our study indicated that in about half of the 
subjects, renal failure was not treated for three months and 
remained chronic, and in this regard, no difference was 
observed between the two groups. In contrast to our findings, 
there are animal 27 and human 28 studies that have shown that 
progression of acute kidney injury to chronic injury is 
associated with vitamin D deficiency. In our study, the 
prescribed dose of active vitamin D (0.25 mg/day orally) may 
have been insufficient to fully compensate for vitamin D 
deficiency, which could explain the lack of significant 
differences between the intervention and control groups. 
Previous studies reporting beneficial renal effects often used 
higher doses or different routes of administration, and the 
limited response observed in our cohort suggests that a higher 
dose may be needed in future studies. Safety considerations, 
such as avoiding hypercalcemia, guided the conservative dose 
selection in this trial. 

The results of the study demonstrated that mean urea and 
creatinine levels decreased over time within each treatment 
group. However, no significant between-group differences 
were observed for changes in urea levels. In the study done in 
Malaysia, the findings explicated that serum creatinine 
remained unchanged until the end of the study 20.  Findings 
from the Indian study also showed that creatinine levels 
increased and urinary albumin decreased significantly. But it 
does not influence the GFR 29. Thus, our findings are 
inconsistent with these studies. It may be due to differences in 
study methodology, such as the medication dosage used and the 
intervals between measurements. Although studies conducted 
in this field on humans are few, the other two studies done on 
mice are also different from the current study results. In a study 
by Chen Zhu et al. 30 on mice, creatinine and urea levels were 
significantly lower in the vitamin D group at 18 and 24 hours 
after injection than in the control group. In addition, 
pathological renal damage has been significantly reduced in the 
vitamin D-treated group. Moreover, in the study of Lee et al., 
which was performed on mice, the results showed that the 
increased BUN and Cr levels were decreased following 
ischemic ARF on the first day after reperfusion. Also, it 
significantly reduced kidney histological damage 31. It seems 
that the evaluation of kidney function by determining GFR and 
possibly tissue biopsy is a more reliable measure than 
creatinine and urea in response to the effect of vitamin D, 
which was not investigated in this study. Because, according to 
a systematic review and meta-analysis 28, the microscopic and 
cellular-molecular changes are known and are more specific 
than the above serum factors, Since vitamin D and its analogs 
inhibit T cells and cytokines and subsequently reduce TGFB, 
earlier recovery from ARF was expected in the group treated 
with active vitamin D, but no significant difference was 
observed in this study between the two groups due to the low 
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sample size. Also, patients were hospitalized in the ward, 
indicating their stable health status. On the other hand, we 
concluded that the medication dosage was low. In a study by 
Braun et al 32, the findings revealed that people with vitamin D 
deficiency were more likely to develop kidney failure due to a 
defective immune system, susceptibility to sepsis, and the 
effects of the renin-angiotensin system (RAS). Moreover, 
preventing the improvement of ischemia-reperfusion injury is 
another cause of developing renal failure. In the study of 
Goncalves et al. 27 on rats, vitamin D deficiency was also 
considered one of the causes of the development of ARF due to 
ischemia and the development of chronic failure. In the study 
in Iran 33, the effect of active vitamin D deficiency in mice 
suffering from ARF due to ischemia was determined, and ARF 
was cured by administering vitamin D. At the end, it is 
preferable to increase the drug dosage in future studies. 

Conclusion: The findings indicate that, although creatinine 
and urea levels decreased in the study participants—suggesting 
a potential role of vitamin D in the management of ARF—its 
definitive therapeutic efficacy cannot be confirmed due to the 
absence of significant differences compared with routine 
treatment. Therefore, further studies with larger sample sizes 
are warranted to more conclusively determine the effectiveness 
of vitamin D in treating ARF. This study may serve as a 
foundation for future investigations into the etiology and 
management of the condition. 

Limitations: One of the limitations of the present study is 
the relatively small sample size, which may limit the accuracy 
in detecting the effects of vitamin D. Another limitation was 
that some patients did not return for scheduled follow-up visits, 
partly due to the concurrent COVID-19 outbreak and personal 
constraints. To minimize the impact of missed follow-ups, 
participants were contacted via phone or SMS reminders, 
flexible follow-up appointments were offered, and in some 
cases, laboratory tests were conducted at patients’ homes when 
feasible. Despite these measures, some data points were still 
missed, which we acknowledge as a limitation. Additionally, 
the lack of laboratory facilities to measure the active form of 
vitamin D at baseline limited our ability to stratify patients by 
vitamin D status. Future studies with larger sample sizes, 
longer follow-up periods, and higher doses of vitamin D are 
recommended to more accurately determine its role in treating 
ARF. 
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