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ABSTRACT 

Background: Vitamin D deficiency is a frequent metabolic disturbance in patients with chronic kidney disease (CKD) 
and contributes to mineral-bone disorder, cardiovascular risk, and poor disease outcomes. This study aimed to evaluate 
serum 25-hydroxyvitamin D [25(OH)D] concentrations among patients with renal failure compared with healthy 
controls in Gezira State, Sudan. 

Methods: A hospital-based cross-sectional case–control study was conducted at Gezira Hospital for Renal Diseases and 
Surgery, Wad Medani, Sudan, from December 2024 to October 2025. The study included 70 patients diagnosed with 
renal failure and 73 apparently healthy age- and sex-matched controls. Venous blood samples were collected and 
analyzed for serum 25(OH)D concentrations using a chemiluminescence immunoassay (CLIA) method. Data were 
analyzed using SPSS version 26.0, and comparisons between groups were performed using the independent-samples t-
test and chi-square test, with a p-value < 0.05 considered statistically significant. 
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Results: The mean serum vitamin D level among renal failure patients was significantly lower (9.7 ± 5.9 ng/mL) 
compared to controls (23.0 ± 7.3 ng/mL, p < 0.001). Most patients were older than 50 years (52.9%) and predominantly 
male (55.7%). Vitamin D deficiency was observed across all demographic and clinical subgroups of renal failure 
patients, with no significant variation by age, gender, residence, marital status, education level, duration of renal failure, 
or comorbidities (p > 0.05 for all). Although those taking vitamin D supplements exhibited slightly higher mean levels 
(11.12 ± 7.59 ng/mL) than non-supplemented patients (9.61 ± 5.84 ng/mL), the difference was not statistically 
significant (p = 0.587). 

Conclusion: Serum vitamin D levels were markedly reduced in patients with renal failure compared with healthy 
individuals, irrespective of demographic or clinical factors. These findings highlight the importance of routine 
assessment and supplementation of vitamin D as part of the comprehensive management of renal failure in Sudanese 
patients. 

Keywords: Vitamin D Deficiency; 25-Hydroxyvitamin D; Renal Failure; Chronic Kidney Disease; Sudan; 
Chemiluminescence Immunoassay; Case–Control Study; Micronutrient Deficiency. 

1 INTRODUCTION 

Renal failure and chronic kidney disease (CKD) are serious global public health issues that are linked to high rates of 
morbidity, mortality, and medical expenses. Vitamin D plays a major role in the disruption of immunological control, 
cardiovascular homeostasis, and mineral and bone metabolism, all of which are important aspects of the complicated 
pathophysiology of chronic kidney disease (CKD). In populations with chronic kidney disease (CKD), vitamin D 
deficiency is quite common and is known to be an independent risk factor for unfavorable outcomes, such as faster loss 
in renal function, cardiovascular events, and fracture risk [1,2,3]. 

Renal hydroxylation of 25-hydroxyvitamin D [25(OH)D] is essential for the synthesis of active vitamin D (1,25-
dihydroxyvitamin D) [4], and this process gradually deteriorates as glomerular filtration rate decreases [5-6]. Beyond 
its traditional function in maintaining calcium-phosphate homeostasis, vitamin D has pleiotropic effects, such as anti-
inflammatory, anti-fibrotic, and cardioprotective qualities, which are increasingly known to influence the course of 
chronic kidney disease (CKD) and its consequences [7-8]. According to recent research, low 25(OH)D levels may actively 
cause endothelial dysfunction, proteinuria, and tubulointerstitial damage by reducing renal oxidative stress and 
modifying the renin-angiotensin-aldosterone system [9-10]. 

Vitamin D deficiency affects 70% to 90% of people with chronic kidney disease (CKD) worldwide, and its severity 
frequently corresponds with the stage of the disease [11-12]. Its pathophysiology has been better understood, but 
therapy is still inconsistent, and recommendations for the best screening, supplementing methods, and goal levels differ, 
especially in settings with low resources [13-14]. Data on vitamin D status in renal patients is still limited in sub-Saharan 
Africa, where the prevalence of CKD is increasing and healthcare resources are frequently limited. Although studies 
from other sun-rich nations, like Saudi Arabia and India, have shown high rates of hypovitaminosis D among CKD 
patients, suggesting that environmental ultraviolet exposure alone is insufficient to maintain adequate levels in the 
context of renal impairment, the region's abundant sunlight may theoretically protect against deficiency [15-16]. 

Renal impairment may exacerbate vitamin D insufficiency even in areas with historically high sun exposure, according 
to a previous Sudanese study on diabetic patients that reported significantly lower serum 25(OH)D levels in individuals 
with nephropathy [17]. However, there is a crucial knowledge vacuum about the extent and causes of deficiency in this 
clinical population because a direct comparison between patients with renal failure and healthy controls has not been 
carried out in Sudan. 

Characterizing vitamin D status in renal failure is crucial for developing context-appropriate clinical guidelines because 
of Sudan's high CKD burden, nutritional vulnerabilities, and systemic healthcare issues. Therefore, the purpose of this 
study was to measure and compare serum 25(OH)D concentrations between patients with renal failure and age- and 
sex-matched healthy controls in Gezira State, Sudan, and to look for correlations with clinical and demographic factors. 
The results are meant to aid in the creation of focused screening and intervention plans to lessen vitamin D insufficiency 
and its aftereffects in kidney disease patients from Sudan. 

2 MATERIALS AND METHODS 

This was a hospital-based cross-sectional case–control study was conducted at Gezira Hospital for Renal Diseases and 
Surgery, Wad Medani, Sudan, between December 2024 and October 2025. The study compared serum 25(OH)D 
concentrations between renal failure patients (cases) and age- and sex-matched healthy individuals (controls). The 
study included 70 renal failure patients undergoing regular follow-up at the hospital’s nephrology unit and 73 
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apparently healthy controls without known renal or hepatic disease. Participants were adults aged between 20 and 70 
years. Exclusion criteria included pregnancy, use of vitamin D supplements, or medications affecting vitamin D 
metabolism such as corticosteroids or anticonvulsants. The sample size was calculated based on the formula for 
comparing two independent means, with a type I error (α) of 0.05 and power (1−β) of 80%. Substituting values yielded 
an estimated minimum of 70 participants per group, ensuring adequate statistical power. Venous blood samples (5 mL) 
were collected under aseptic conditions and centrifuged at 3000 rpm for 10 minutes to obtain serum. Serum 25(OH)D 
concentration was measured using a chemiluminescence immunoassay (CLIA) method. Renal function was assessed by 
measuring serum creatinine and urea levels using an automated analyzer (Beckman Coulter AU480). Data were 
analyzed using SPSS version 26.0. Continuous variables were expressed as mean ± standard deviation (SD), and 
categorical data as frequency and percentage. Comparisons between groups were performed using the independent-
samples t-test for continuous variables and chi-square test for categorical variables. A p-value < 0.05 was considered 
statistically significant. Ethical approval was obtained from the Ethics Committee of the Faculty of Medical Laboratory 
Sciences, University of Gezira. Written informed consent was secured from all participants prior to data and sample 
collection. 

3 RESULTS 

As shown in Table 1, the study included 70 patients diagnosed with renal failure and 73 apparently healthy controls. 
Most patients (28.6%) were above 60 years of age, while the largest proportion of controls (27.4%) were between 51–
60 years, indicating a slightly older age distribution among cases. Males represented 55.7% of the renal failure group 
and 53.4% of controls, whereas females constituted 44.3% and 46.6%, respectively. 

Urban residents accounted for 68.6% of cases compared to 54.8% of controls, suggesting greater hospital access among 
urban populations. In contrast, a higher proportion of rural participants was observed among controls (45.2%). 
Regarding marital status, most renal failure patients were married (78.6%), compared with 58.9% among controls. 

Educational status varied notably: 65.7% of patients had no formal education compared with 20.5% of controls, while 
university education was more common among controls (45.2%) than cases (17.1%). These sociodemographic patterns 
may influence both health literacy and vitamin D deficiency risk, highlighting socioeconomic and educational disparities 
among individuals with renal failure. 

Table 1: Sociodemographic characteristics of renal failure patients and controls: 

Variable Category Case N= 70 Control N= 73 

Frequency Percent Frequency Percent 

Age 20 – 30 Year 12 17.1 12 16.4 

31 – 40 Year 7 10 15 20.5 

41 – 50 Year 14 20 15 20.5 

51 – 60 Year 17 24.3 20 27.4 

Above 60 Year 20 28.6 11 15.1 

Gender Male 39 55.7 39 53.4 

Female 31 44.3 34 46.6 

Residence Urban 48 68.6 40 54.8 

Rural 22 31.4 33 45.2 

Marital Status Single 15 21.4 30 41.1 

Married 55 78.6 43 58.9 

Education Level No formal education 46 65.7 15 20.5 

Primary education 1 1.4 5 6.8 

Secondary education 11 15.7 10 13.7 

University or higher 12 17.1 33 45.2 
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As presented in Table 2, the mean serum vitamin D concentration among patients with renal failure was markedly lower 
(9.7 ± 5.9 ng/mL) compared with the control group (23.0 ± 7.3 ng/mL). The difference between the two groups was 
statistically significant (p < 0.001). 

Table 2: Comparison of serum vitamin D levels between renal failure patients and healthy controls 

Study subjects  Mean Std. Deviation P. value 

Case (n= 70) 9.7 5.9 <0.001 

Control (n= 73) 23.0 7.3 

Table 3 presents the mean serum vitamin D levels among patients with renal failure according to demographic and 
clinical characteristics. The overall mean vitamin D concentration was 9.72 ± 5.93 ng/mL, indicating a general trend of 
vitamin D deficiency among participants. 

No statistically significant differences in serum vitamin D levels were observed across age groups (p = 0.128), gender 
(p = 0.250), place of residence (p = 0.617), marital status (p = 0.835), or educational level (p = 0.784). Although patients 
aged 41–50 years exhibited the highest mean value (13.18 ± 8.98 ng/mL), those above 60 years showed the lowest (7.95 
± 3.69 ng/mL). 

Similarly, the duration of renal failure was not significantly associated with vitamin D levels (p = 0.785). Patients with 
more than three years of renal failure had a slightly higher mean (10.57 ± 9.61 ng/mL) than those with shorter disease 
duration. The presence of comorbidities such as diabetes mellitus or hypertension also did not show significant 
variation in vitamin D status (p = 0.684). 

Although patients receiving vitamin D supplementation had somewhat higher mean values (11.12 ± 7.59 ng/mL) 
compared to non-supplemented individuals (9.61 ± 5.84 ng/mL), the difference was not statistically significant (p = 
0.587).  

Table 3: Serum Vitamin D Levels among Renal Failure Patients According to Demographic and Clinical 
Characteristics (N = 70) 

Variables Category N Mean (ng/mL) SD (ng/mL) P. value 

Age (years) 20 – 30 Year 12 8.63 3.83 0.128 

31 – 40 Year 7 10.39 5.22 

41 – 50 Year 14 13.18 8.98 

51 – 60 Year 17 9.45 5.82 

Above 60 Year 20 7.95 3.69 

Gender Male 39 10.45 5.68 0.250 

Female 31 8.80 6.19 

Residence Urban 48 9.49 6.25 0.617 

Rural 22 10.21 5.25 

Marital Status Single 15 9.52 3.16 0.835 

Married 55 9.77 6.50 

Education Level No formal education 46 9.57 6.45 0.784 

Primary 1 13.90 – 

Secondary 11 10.80 4.86 

University or higher 12 8.93 5.00 

Duration of Renal Failure <1 year 45 9.61 4.91 0.785 

1–3 years 10 8.94 2.44 
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>3 years 15 10.57 9.61 

Associated Disease Diabetes mellitus 15 9.91 5.63 0.684 

Hypertension 36 9.12 4.10 

Glomerulonephritis 1 15.30 – 

None 18 10.43 8.87 

Vitamin D Supplementation Yes 5 11.12 7.59 0.587 

No 65 9.61 5.84 

 

This is a correlation matrix showing the linear relationships between five medical variables in 70 subjects. The Pearson 
correlation coefficients range from -1 to 1. Only one statistically significant correlation was found: between Urea and 
Creatinine, which has a moderate negative correlation (r = -0.260, p = 0.030). All other variable pairs, such as Vitamin 
D with Age or Duration, show very weak correlations that are not statistically significant (p > 0.05), meaning no 
meaningful linear associations were detected in this sample. 

Table 3: Correlation of serum vitamin D levels and urea, creatinine, age and duration: 

 Age Duration Urea Creatinine 

Vitamin D Pearson Correlation -.149 .052 .036 .079 

Sig. (2-tailed) .218 .667 .770 .517 

N 70 70 70 70 

4 DISCUSSION 

This study examined the relationship between serum vitamin D levels and clinical, biochemical, and demographic 
characteristics in patients with renal failure as compared to healthy controls. The main conclusions were that patients 
with renal failure had significantly lower mean serum vitamin D levels than controls, and that most variables within the 
patient group did not significantly correlate with vitamin D levels, with the exception of a moderately inverse connection 
between urea and creatinine. 

Current studies on vitamin D metabolism in chronic kidney disease (CKD) are consistent with the significantly reduced 
blood vitamin D concentration in renal failure patients (9.7 ± 5.9 ng/mL) compared to healthy controls (23.0 ± 7.3 
ng/mL). Reduced 1α-hydroxylase activity in renal failure hinders the conversion of 25-hydroxyvitamin D to active 1,25-
dihydroxyvitamin D, and proteinuria can worsen deficiency by causing vitamin D-binding protein to be lost in the urine 
(18-19). According to current KDIGO criteria, which categorize levels <20 ng/mL as inadequate, the severe deficiency 
detected (mean <12 ng/mL) puts this cohort at substantial risk for CKD-mineral and bone disorder (CKD-MBD) (20). 

The lack of significant variation in vitamin D levels across demographic factors (age, gender, residence, and education) 
within the renal failure cohort indicates that disease-related metabolic dysregulation takes precedence over 
conventional sociodemographic determinants of nutritional status once renal failure is established (21). This result is 
in line with recent research demonstrating that vitamin D level and CKD stage have a stronger correlation than 
traditional risk variables (22). The idea that vitamin D deficiency is an early and enduring aspect of renal pathology 
rather than a result of disease progression is further supported by the lack of correlation with the length of the disease 
or comorbidities such diabetes and hypertension (23). 

Notably, in this sample, serum vitamin D did not significantly correlate with traditional renal function markers 
(creatinine, urea). This could be because the link between glomerular filtration rate and vitamin D metabolism becomes 
non-linear in established renal failure, and deficiencies can arise even in early-stage chronic kidney disease (CKD) (24). 
A number of current clinical realities may be reflected in the observed moderately negative correlation between urea 
and creatinine (r = -0.260, p=0.030). These realities include the variable effects of various CKD etiologies on these 
parameters, the influence of muscle mass and nutritional status (particularly affecting creatinine generation), or the 
impact of conservative kidney management strategies that differentially affect urea and creatinine levels (25-26). 
Although patients receiving vitamin D supplementation had somewhat higher mean values compared to non-
supplemented individuals. These findings suggest that vitamin D deficiency is common among renal failure patients 
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regardless of demographic or clinical characteristics, emphasizing the need for routine screening and supplementation 
in this population. 

Important social determinants of health in CKD populations are highlighted by the sociodemographic differences seen, 
especially the considerably lower educational attainment and distinct residence distribution among renal failure 
patients. According to recent studies, health literacy, which is impacted by educational attainment, has a major impact 
on CKD outcomes and self-management (27). In contrast, research demonstrating complicated regional differences in 
CKD care suggest that urban living in this situation may reflect diagnostic availability rather than protective 
characteristics (28). 

Despite the small sample size, the non-significant tendency toward greater vitamin D levels in supplemented patients 
is consistent with the ongoing discussions on the best ways to replenish vitamin D in CKD. Since response might vary 
and be impacted by variables such inflammation and genetic polymorphisms in vitamin D metabolism pathways, 
current guidelines advocate customized dose based on serial monitoring (29-30). Calls for more aggressive or 
customized regimens are supported by the slight difference seen here, which indicates that conventional supplements 
may not be sufficient for some patients (31). 

5 CONCLUSION 

In conclusion, this study demonstrates a severe and widespread deficiency of serum vitamin D in Sudanese patients 
with renal failure, which is independent of their demographic or clinical characteristics. The presence of renal failure 
appears to be the primary determinant of this deficiency. These findings highlight an urgent need to integrate routine 
screening for vitamin D status into the standard management protocol for all renal failure patients in this setting. 
Furthermore, the development and implementation of structured supplementation and management guidelines, 
potentially including the use of active vitamin D analogues in advanced CKD, are crucial to address this modifiable risk 
factor. Future longitudinal studies are warranted to investigate the impact of optimized vitamin D repletion on hard 
clinical endpoints such as fracture risk, cardiovascular events, and the progression of kidney disease in the Sudanese 
population. 
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