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 Abstract 

Background: Acute Kidney Injury (AKI) is a critical medical condition 
associated with significant morbidity and mortality. Understanding its 
relationship with Vitamin D may provide insights into potential biomarkers and 
therapeutic targets. 
Objective: To evaluate the association between AKI severity and vitamin D 
levels in patients from Peshawar, Pakistan. 
Methods: This cross-sectional study was conducted at Lady Reading Hospital, 
Peshawar. Serum 25-hydroxyvitamin D was measured by 
electrochemiluminescence immunoassay, and serum creatinine by 
spectrophotometric techniques. Demographic and clinical data were collected 
through a structured questionnaire. Statistical analysis included one-way 
ANOVA, Pearson correlation, and binary logistic regression. A p-value <0.05 was 
considered statistically significant. 
Results: The mean age was 45.67 ± 16.45 years with male predominance 
(61.4%). Mean vitamin D level was 24.78 ± 8.23 ng/mL, and mean creatinine 
was 3.89 ± 1.45 mg/dL. Vitamin D levels decreased progressively with AKI 
severity: mild AKI (31.42 ± 7.84 ng/mL), moderate AKI (25.67 ± 6.91 
ng/mL), severe AKI (22.34 ± 5.67 ng/mL), and very severe AKI (19.76 ± 8.23 
ng/mL) (F = 12.456, p < 0.001). Pearson correlation showed a significant 
negative correlation between vitamin D and creatinine (r = -0.445, p < 0.001). 
Vitamin D deficiency (<20 ng/mL) was the strongest independent risk factor for 
severe AKI (creatinine >5 mg/dL) (OR = 7.07, 95% CI: 2.83-17.65, p < 
0.001). 
Conclusion: There is a strong inverse association between vitamin D levels and 
AKI severity. Vitamin D deficiency confers a 7-fold increased risk of severe AKI, 
highlighting its potential as a prognostic marker and therapeutic target. 
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INTRODUCTION
The kidneys are essential organs that maintain 
fluid and electrolyte balance, eliminate metabolic 
waste products, regulate blood pressure, and 
activate vitamin D.¹ Acute Kidney Injury (AKI), 

defined by KDIGO criteria as an increase in 
serum creatinine ≥0.3 mg/dL within 48 hours, an 
increase to ≥1.5 times baseline within 7 days, or 
urine output <0.5 mL/kg/h for 6 hours, affects 
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10-15% of hospitalized patients and over 50% of 
those in intensive care units.²⁻³ The 
pathophysiology involves decreased renal 
perfusion, tubular epithelial cell injury, 
endothelial dysfunction, and inflammatory 
cascades that compromise renal homeostasis.⁴ 
The consequences of AKI extend beyond the 
acute episode, with strong evidence linking it to 
increased risk of chronic kidney disease 
progression, cardiovascular events, and 
mortality.⁵ 
Vitamin D is a fat-soluble secosteroid hormone 
synthesized in the skin (80%) upon sunlight 
exposure or obtained from dietary sources 
(20%).⁶ It undergoes two hydroxylation steps to 
become biologically active: first in the liver to 25-
hydroxyvitamin D [25(OH)D], and then in the 
proximal convoluted tubules of the kidneys to 
the active hormone 1,25-dihydroxyvitamin D 
[1,25(OH)₂D] by the enzyme 1α-hydroxylase.⁷ 
This renal activation step is particularly 
vulnerable during AKI, as tubular injury impairs 
1α-hydroxylase activity and reduces calcitriol 
production.⁸ 
Beyond its classical role in calcium and 
phosphorus homeostasis, vitamin D exerts 
pleiotropic effects through vitamin D receptors 
expressed in nearly every tissue.⁹ These include 
modulation of innate and adaptive immunity, 
suppression of pro-inflammatory cytokines, 
regulation of the renin-angiotensin system, and 
protection against endothelial dysfunction.¹⁰ 
Experimental studies have demonstrated that 
vitamin D deficiency exacerbates ischemic and 
nephrotoxic kidney injury, while 
supplementation attenuates inflammation and 
fibrosis in animal models of AKI.¹¹ 
Previous studies examining the vitamin D-AKI 
relationship have yielded inconsistent results. 
Vijayan et al. reported higher 1,25(OH)₂D in 
non-survivors with AKI,¹² while Fayed et al. 
found reduced levels in AKI patients.¹³ A meta-
analysis by Zhang et al., including 12 studies with 
3,847 participants, found that lower vitamin D 
levels were associated with increased AKI risk 
(pooled OR = 1.82).¹⁴ Braun et al. suggested that 
25(OH)D <15 ng/mL predicts increased 30-day 
mortality.¹⁵ 

Given the high prevalence of vitamin D 
deficiency in Pakistan, estimated at approximately 
70% due to limited sun exposure from cultural 
practices, dietary patterns, and urban air 
pollution, understanding its relationship with 
AKI has public health significance. ¹⁶ No 
previous studies have examined this association 
in the Pakistani population. Therefore, this study 
aimed to evaluate the association between AKI 
severity and vitamin D levels in patients from 
Peshawar. 
 
MATERIALS AND METHODS 
This cross-sectional study was conducted at the 
Department of Nephrology, Lady Reading 
Hospital, Peshawar, Pakistan, from July to 
December 2024. The sample size was calculated 
using the prevalence formula n = Z²P(1-P)/e², 
with anticipated AKI prevalence of 15%³, 95% 
confidence level, and 5% margin of error, 
yielding a target of 158 patients, which provided 
80% power to detect moderate effect sizes. 
Consecutive sampling was employed to enroll 
patients aged ≥18 years with AKI per KDIGO 
who provided informed consent. Exclusion 
criteria were pre-existing CKD stage 3-5, disorders 
of vitamin D metabolism, medications affecting 
vitamin D (anticonvulsants, glucocorticoids), 
pregnancy, lactation, malignancy, or sepsis at 
enrollment. The study was approved by the 
Institutional Review Board 
(LRH/IRB/2024/156) and conducted per the 
Declaration of Helsinki. ¹⁷ Written informed 
consent was obtained from all participants. 
Demographic and clinical data were collected 
using a structured proforma. Blood samples were 
collected within 24 hours of AKI diagnosis. 
Serum 25-hydroxyvitamin D was measured by 
electrochemiluminescence immunoassay (Cobas 
6000, Roche Diagnostics) and interpreted per 
Endocrine Society guidelines¹⁸: deficiency (<20 
ng/mL), insufficiency (20-29 ng/mL), and 
sufficiency (30-50 ng/mL). Serum creatinine was 
measured by spectrophotometric techniques and 
categorized as mild (2-3 mg/dL), moderate (3-4 
mg/dL), severe (4-5 mg/dL), and very severe AKI 
(>5 mg/dL). Blood urea nitrogen (BUN) was 
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measured by the urease method. Standard quality 
control procedures were followed. 
Data were analyzed using SPSS version 25. 
Descriptive statistics were computed. One-way 
ANOVA compared mean vitamin D levels across 
AKI severity categories. Pearson correlation was 
used to assess relationships between continuous 
variables. Binary logistic regression identified 
independent risk factors for severe AKI 
(creatinine >5 mg/dL). A p-value <0.05 was 
considered statistically significant. 
 
RESULTS 
A total of 158 patients with Acute Kidney Injury 
were enrolled in the study. Table 1 presents the 

baseline demographic characteristics of the study 
population. The mean age of patients was 45.67 
± 16.45 years (range: 19-81 years). The 
distribution across age groups showed that most 
patients were in the 21-40 years age group 
(37.3%, n=59), followed by 61-80 years (31.7%, 
n=50), 41-60 years (29.7%, n=47), and 0-20 years 
(1.3%, n=2). Males constituted most patients 
(61.4%, n=97), while females represented 36.1% 
(n=57), and 2.5% (n=4) identified as other. A 
high proportion of patients (82.9%, n=131) had 
pre-existing comorbidities. Over half of the 
patients (56.3%, n=89) reported smoking 
exposure. 

 
Table 1. Baseline Demographic Characteristics of the Study Population (N = 158) 

Variable Category n (%) 

Age Group 

0–20 years 2 (1.3) 

21–40 years 59 (37.3) 

41–60 years 47 (29.7) 

61–80 years 50 (31.7) 

Gender 

Male 97 (61.4) 

Female 57 (36.1) 

Other 4 (2.5) 

Comorbidities 
Present 131 (82.9) 

None 27 (17.1) 

Smoking Exposure 
Yes 89 (56.3) 

No 69 (43.7) 

 
Table 2 presents the laboratory characteristics of 
study participants. The mean age was 45.67 ± 
16.45 years (median: 42, range: 19-81). The mean 

vitamin D level was 24.78 ± 8.23 ng/mL 
(median: 23.45, range: 5.30-42.20), indicating 
widespread vitamin D insufficiency in the study 
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population. The mean BUN level was 18.45 ± 
6.78 mg/dL (median: 16.32, range: 5.30-35.50), 

and the mean creatinine level was 3.89 ± 1.45 
mg/dL (median: 3.40, range: 2.10-9.00). 

 
Table 2. Laboratory Characteristics of Study Participants 

Parameter Mean ± SD Median Range 

Age (years) 45.67 ± 16.45 42 19–81 

Vitamin D (ng/mL) 24.78 ± 8.23 23.45 5.30–42.20 

BUN (mg/dL) 18.45 ± 6.78 16.32 5.30–35.50 

Creatinine (mg/dL) 3.89 ± 1.45 3.40 2.10–9.00 

 
The distribution of patients across AKI severity 
categories was as follows: mild AKI (creatinine 2-
3 mg/dL) included 35 patients (22.2%), 
moderate AKI (3-4 mg/dL) included 58 patients 
(36.7%), severe AKI (4-5 mg/dL) included 28 
patients (17.7%), and very severe AKI (>5 mg/dL) 
included 37 patients (23.4%). 
Table 3 shows vitamin D levels according to AKI 
severity. One-way ANOVA revealed a statistically 
significant difference in mean vitamin D levels 

across the four AKI severity categories (F = 
12.456, p < 0.001). A clear dose-response 
relationship was observed: as AKI severity 
increased, mean vitamin D levels progressively 
decreased. Patients with mild AKI had the 
highest mean vitamin D level (31.42 ± 7.84 
ng/mL), followed by those with moderate AKI 
(25.67 ± 6.91 ng/mL), severe AKI (22.34 ± 5.67 
ng/mL), and very severe AKI (19.76 ± 8.23 
ng/mL). 

 
Table 3. Vitamin D Levels According to AKI Severity 

AKI Severity n Mean Vitamin D ± SD (ng/mL) 

Mild AKI (2-3 mg/dL) 35 31.42 ± 7.84 

Moderate AKI (3-4 mg/dL) 58 25.67 ± 6.91 

Severe AKI (4-5 mg/dL) 28 22.34 ± 5.67 

Very Severe AKI (>5 mg/dL) 37 19.76 ± 8.23 

ANOVA Result: F = 12.456, p < 0.001 
 
Table 4 presents the correlation between vitamin 
D and renal function parameters. A statistically 
significant moderate negative correlation was 
found between vitamin D and creatinine (r = -
0.445, p < 0.001), indicating that as vitamin D 
levels decrease, creatinine levels increase, 
confirming the association between vitamin D 

deficiency and worsening renal function. This 
relationship was further supported by a weak 
negative correlation between vitamin D and BUN 
(r = -0.378, p < 0.001). A weak negative 
correlation was observed between age and 
vitamin D (r = -0.234, p = 0.003), indicating that 
older patients had significantly lower vitamin D 
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levels. As expected, BUN and creatinine showed 
a strong positive correlation (r = 0.678, p < 

0.001), validating the internal consistency of 
renal function markers. 

 
Table 4. Correlation Between Vitamin D and Renal Function 

Variables r P-Value  

Vitamin D vs Creatinine -0.445 <0.001 

Vitamin D vs BUN -0.378 <0.001 

Vitamin D vs Age -0.234 0.003 

BUN vs Creatinine 0.678 <0.001 

 
Table 5 shows the results of binary logistic 
regression analysis identifying independent risk 
factors for severe AKI (defined as creatinine >5 
mg/dL). Vitamin D deficiency (<20 ng/mL) 
emerged as the strongest independent predictor 
of severe AKI, with an odds ratio of 7.07 (95% 
CI: 2.83-17.65, p < 0.001). This indicates that 
patients with vitamin D deficiency have 7 times 
higher odds of developing severe AKI compared 
to those with normal vitamin D levels, after 
adjusting for all other risk factors in the model. 

Other significant independent risk factors 
included sepsis (OR = 4.79, 95% CI: 1.54-14.87, 
p = 0.007), multiple comorbidities (≥2) (OR = 
3.84, 95% CI: 1.68-8.79, p = 0.001), and age >60 
years (OR = 2.20, 95% CI: 1.01-4.80, p = 0.047). 
The model demonstrated excellent fit with a non-
significant Hosmer-Lemeshow test (χ² = 6.78, df = 
8, p = 0.560), indicating no significant difference 
between observed and predicted outcomes. The 
model explained 37.8% of the variance in severe 
AKI (Nagelkerke R² = 0.378) and achieved 78.5% 
overall classification accuracy. 

 
Table 5. Logistic Regression Analysis for Severe AKI 

Variable Odds Ratio 95% CI p-value 

Vitamin D deficiency (<20 ng/mL) 7.07 2.83–17.65 <0.001 

Age >60 years 2.20 1.01–4.80 0.047 

Multiple comorbidities (≥2) 3.84 1.68–8.79 0.001 

Sepsis 4.79 1.54–14.87 0.007 

 
DISCUSSION 
This study demonstrates a strong, statistically 
significant inverse association between vitamin D 
levels and AKI severity in a cohort of 158 patients 
from Peshawar, Pakistan. The key finding that 
vitamin D deficiency confers a 7-fold increased 

risk of severe AKI has important implications for 
understanding AKI pathophysiology and 
identifying potential therapeutic targets in this 
population. 
The study population showed male 
predominance (61.4%) with a mean age of 45.67 
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years, consistent with previous epidemiological 
studies. Hounkpatin et al. documented that 
males are at higher risk for AKI due to greater 
muscle mass resulting in higher creatinine 
release, increased prevalence of risk factors such 
as smoking, and poorer health-seeking behaviors. 
¹⁹ Our finding of 56.3% smoking exposure 
supports this observation. The high prevalence of 
pre-existing comorbidities (82.9%) underscores 
the multifactorial etiology of AKI. The significant 
association between multiple comorbidities and 
severe AKI (OR = 3.84) aligns with James et al.'s 
meta-analysis, demonstrating that the 
combination of diabetes and hypertension 
substantially increases AKI risk beyond either 
condition alone.²⁰ 
The mean vitamin D level of 24.78 ± 8.23 ng/mL 
indicates widespread insufficiency in our study 
population. This finding is consistent with 
Sheikh et al.'s report that vitamin D deficiency 
affects approximately 70% of the Pakistani 
population, attributed to limited sun exposure 
due to cultural practices of modest clothing, 
dietary patterns low in vitamin D-rich foods, and 
urban air pollution reducing ultraviolet B 
penetration.¹⁶ The significant negative 
correlation between age and vitamin D levels (r = 
-0.234, p = 0.003) reflects the well-documented 
age-related decline in cutaneous vitamin D 
synthesis, as 7-dehydrocholesterol concentrations 
in skin decrease with aging.¹⁸ 
The primary finding of a graded inverse 
association between vitamin D and AKI severity 
is robust. One-way ANOVA revealed significant 
differences across AKI stages (F = 12.456, p < 
0.001), with a clear dose-response pattern: 
vitamin D decreased progressively from 31.42 
ng/mL in mild AKI to 19.76 ng/mL in very 
severe AKI. Pearson correlation confirmed a 
moderate negative correlation (r = -0.445, p < 
0.001), stronger than the r = -0.21 reported by Lai 
et al. in their study of 156 patients with hospital-
acquired AKI.²¹ This stronger correlation may 
reflect our wider range of AKI severity or 
differences in population characteristics. 
The identification of vitamin D deficiency as the 
strongest independent predictor of severe AKI 
(OR = 7.07) is particularly noteworthy. This odds 

ratio exceeds that of established risk factors, 
including sepsis (OR = 4.79) and multiple 
comorbidities (OR = 3.84). A meta-analysis by 
Zhang et al., including 12 studies with 3,847 
participants, found that lower vitamin D levels 
were associated with increased AKI risk (pooled 
OR = 1.82). ¹⁴ Our finding of a substantially 
higher odds ratio may reflect our focus on severe 
AKI as the outcome, whereas the meta-analysis 
included AKI of any severity. It may also reflect 
the high baseline prevalence of vitamin D 
deficiency in our population, making deficiency a 
more discriminating risk factor. 
The pathophysiological basis for this strong 
association involves multiple interconnected 
mechanisms. First, during AKI, ischemia and 
atrophy of proximal tubular cells directly impair 
1α-hydroxylase activity, reducing conversion of 
25(OH)D to active calcitriol.²² Pietrek et al. 
demonstrated that serum 25(OH)D decreases 
rapidly during oliguria, with a calculated half-life 
of 5.6 days, and remains low until renal function 
recovers.²³ This suggests that AKI itself may 
acutely exacerbate pre-existing vitamin D 
deficiency through impaired activation. 
Second, vitamin D has important renoprotective 
effects beyond mineral metabolism. The vitamin 
D receptor is expressed throughout the nephron, 
and calcitriol binding modulates expression of 
genes involved in inflammation, fibrosis, and 
apoptosis.²⁴ Cutuli et al. reviewed evidence that 
vitamin D regulates antimicrobial peptides such 
as cathelicidin, which plays a crucial role in 
defense against bacterial infections and may be 
particularly relevant in sepsis-associated AKI.²⁵ 
Wei and Christakos elucidated that 1,25(OH)₂D 
suppresses adaptive immunity by down-regulating 
pro-inflammatory Th1 and Th17 responses while 
promoting anti-inflammatory regulatory T cell 
pathways.²⁶ 
Third, vitamin D regulates the renin-angiotensin 
system by suppressing renin gene expression 
through a vitamin D response element in the 
renin gene promoter.²⁷ Liao et al. demonstrated 
that vitamin D deficiency leads to renin 
upregulation, angiotensin II overproduction, and 
subsequent renal vasoconstriction, hypertension, 
and pro-fibrotic effects.²⁸ This mechanism may 
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be particularly relevant in patients with 
underlying hypertension or diabetes. 
The identification of other independent risk 
factors aligns with established literature. Sepsis 
conferred a 4.79-fold increased risk, consistent 
with the well-documented link between systemic 
inflammation and AKI.²⁹ Multiple comorbidities 
conferred 3.84-fold increased risk, reflecting the 
vulnerable renal microenvironment characterized 
by chronic inflammation, endothelial 
dysfunction, and impaired autoregulation.²⁰ Age 
>60 years conferred a 2.20-fold increased risk, 
reflecting age-related decline in glomerular 
filtration rate and reduced renal reserve.³ 
 
Clinical Implications 
These findings have several important clinical 
implications for practice in Pakistan and similar 
settings. First, routine vitamin D screening 
should be considered in all patients presenting 
with AKI, particularly those with risk factors such 
as older age, multiple comorbidities, or sepsis. 
The strong association between deficiency and 
severe AKI suggests that vitamin D status could 
serve as a simple, cost-effective prognostic marker 
to identify high-risk patients requiring more 
intensive monitoring. 
Second, the 7-fold increased risk associated with 
deficiency raises the question of whether vitamin 
D supplementation could improve AKI 
outcomes. While our cross-sectional design 
cannot establish causality, the strong association, 
dose-response relationship, and biological 
plausibility provide rationale for randomized 
controlled trials. Several small studies have 
suggested potential benefits of vitamin D 
supplementation in critically ill patients, but 
dedicated trials in AKI are needed. ³⁰ 
Third, the high prevalence of vitamin D 
insufficiency (70.3% of our patients had levels 
<30 ng/mL) highlights the urgent need for public 
health interventions to address vitamin D 
deficiency in Pakistan. Strategies could include 
food fortification with vitamin D, 
supplementation programs for high-risk groups, 
and public education about safe sun exposure. 
 
 

Strengths and Limitations 
This study has several strengths, including the 
comprehensive statistical approach, the 
demonstration of a clear dose-response 
relationship, and the identification of a 
modifiable risk factor with a large effect size. 
However, several limitations should be 
acknowledged. The cross-sectional design 
precludes establishing causality. The single-center 
setting may limit generalizability to other 
populations. Consecutive sampling may 
introduce selection bias. We did not measure 
parathyroid hormone or fibroblast growth factor 
23, which may influence vitamin D metabolism. 
Vitamin D levels were measured at a single time 
point, which may not reflect long-term status. 
Despite these limitations, this study provides 
valuable data on the vitamin D-AKI association 
in a Pakistani population, an understudied 
demographic in this research area. 
 
CONCLUSION 
This study demonstrates a significant inverse 
association between vitamin D levels and AKI 
severity in patients from Peshawar, Pakistan. 
Vitamin D deficiency confers a 7-fold increased 
risk of severe AKI, highlighting its potential as 
both a prognostic marker and therapeutic target. 
The high prevalence of comorbidities and 
widespread vitamin D deficiency underscores the 
multifactorial nature of AKI in this population. 
Routine vitamin D screening and targeted 
supplementation in at-risk populations may 
improve renal outcomes. Future longitudinal 
studies and randomized trials are warranted to 
establish causality and evidence-based guidelines. 
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