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Abstract 

Background:  
Vitamin D deficiency is common in chronic kidney disease (CKD) and may contribute to systemic inflammation; Indian 

hospital-based data remain limited. 

 

Objectives:  
To estimate the prevalence of serum Vitamin D deficiency in CKD and assess its association with C-reactive protein (CRP), 

interleukin-6 (IL-6), and erythrocyte sedimentation rate (ESR). 

 

Methods:  
This hospital-based cross-sectional study enrolled 100 adults (≥18 years) with CKD. Serum 25(OH)D was classified as 

deficient (<20 ng/mL), insufficient (20–30 ng/mL), or sufficient (>30 ng/mL). CRP, IL-6, and ESR were measured. Group 

comparisons used one-way ANOVA, and associations were tested using Pearson’s correlation; p < 0.05 was considered 

significant. 

 

Results:  
Mean age was 52.6 ± 12.4 years; 62% were men, and 68% had CKD stages 4–5. Vitamin D deficiency, insufficiency, and 

sufficiency were seen in 64%, 22%, and 14%, respectively. CRP and IL-6 were higher in the deficient group (9.4 ± 2.6 mg/L; 

12.1 ± 4.2 pg/mL) than the insufficient (6.8 ± 2.1 mg/L; 8.6 ± 3.1 pg/mL) and sufficient groups (5.2 ± 1.8 mg/L; 6.9 ± 2.4 

pg/mL) (p < 0.001 and p < 0.01). ESR was higher in deficient patients but not significantly so (p = 0.12). Vitamin D 

correlated negatively with CRP (r = –0.48, p < 0.001) and IL-6 (r = –0.42, p = 0.002); correlation with ESR was non-

significant (p = 0.12). 

 

Conclusion:  
Vitamin D deficiency was highly prevalent and was associated with elevated CRP and IL-6, suggesting a link between 

hypovitaminosis D and systemic inflammation in CKD. 

 

Recommendations:  
Routine Vitamin D screening and correction may be considered in CKD care; longitudinal and interventional studies are 

needed to clarify causality and optimal supplementation strategies. 
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Introduction 
Chronic kidney disease (CKD) is a major global health 

burden, affecting 10–15% of the adult population, and is 

associated with progressive renal dysfunction, heightened 

morbidity, and premature mortality [1]. Beyond the gradual 

decline in kidney function, CKD is characterized by a 

persistent pro-inflammatory state that contributes to 

accelerated atherosclerosis, cardiovascular disease, 

malnutrition, and reduced quality of life [2,3]. Identification 

of modifiable factors influencing this inflammatory milieu 

is therefore critical. 
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Vitamin D, long recognized for its role in calcium–

phosphate metabolism and skeletal health, has emerged as a 

pleiotropic hormone with wide-ranging effects on the 

immune and cardiovascular systems [4]. In CKD, Vitamin 

D deficiency is highly prevalent due to reduced renal 1-α 

hydroxylase activity, dietary restrictions, inadequate 

sunlight exposure, and urinary loss of Vitamin D–D-binding 

protein [1,4]. Hypovitaminosis D has been linked to elevated 

inflammatory biomarkers, including C-reactive protein 

(CRP) and interleukin-6 (IL-6), both of which are key 

mediators of endothelial dysfunction and cardiovascular risk 

[2,5]. 

Several observational studies have consistently shown a 

high prevalence of Vitamin D deficiency among CKD 

patients across different populations [3,5,6]. However, 

hospital-based data from India remain limited, particularly 

regarding the interplay between Vitamin D status and 

systemic inflammatory markers. Clarifying this relationship 

may provide valuable insights into the pathophysiological 

mechanisms driving inflammation in CKD and help develop 

preventive and therapeutic strategies targeting micronutrient 

deficiency. 

The present study was undertaken to evaluate the prevalence 

of Vitamin D deficiency among patients with CKD and to 

assess its association with inflammatory markers, including 

CRP, IL-6, and erythrocyte sedimentation rate (ESR), in a 

hospital-based setting. 

 

Materials and Methods 

Study Design and Setting 
This was a hospital-based, cross-sectional observational 

study conducted in the Department of General Medicine at 

Government Medical College and General Hospital, 

Suryapet, Telangana. The study was carried out over a 

period of six months, from January 2025 to June 2025. 

 

Sample Size 
The sample size of 100 participants was determined based 

on feasibility and evidence from previous hospital-based 

studies reporting a high prevalence of Vitamin D deficiency 

among patients with chronic kidney disease. Considering 

the cross-sectional design, limited study duration, and 

average patient inflow at the study centre, this sample size 

was considered adequate to assess associations between 

serum Vitamin D levels and inflammatory markers with 

acceptable statistical precision. 

 

 

 

Study Population 
A total of 100 patients with a confirmed diagnosis of chronic 

kidney disease (CKD) attending the nephrology and general 

medicine outpatient and inpatient services were enrolled in 

the study. Eligible participants were adults aged ≥18 years 

with CKD stages 3–5, diagnosed based on estimated 

glomerular filtration rate (eGFR) calculated using the CKD-

EPI formula. 

 

Inclusion Criteria 
Adults (≥18 years) with clinically and biochemically 

confirmed CKD stages 3–5. 

Patients are willing to provide informed consent. 

 

Exclusion Criteria 
Patients with acute kidney injury, active infections, chronic 

liver disease, or autoimmune disorders. 

Those on Vitamin D supplementation, calcium analogues, 

or immunosuppressive drugs within the past 3 months. 

Pregnant and lactating women. 

 

Data Collection 
Demographic details (age, sex), clinical history, and CKD 

staging were recorded. Venous blood samples were 

collected for estimation of serum 25-hydroxy Vitamin D 

[25(OH)D], C-reactive protein (CRP), interleukin-6 (IL-6), 

and erythrocyte sedimentation rate (ESR). 

Vitamin D measurement: Serum 25(OH)D levels were 

estimated using chemiluminescent immunoassay. 

Classification of Vitamin D status: Deficient (<20 ng/mL), 

Insufficient (20–30 ng/mL), and Sufficient (>30 ng/mL). 

Inflammatory markers: CRP was measured by high-

sensitivity immunoturbidimetry, IL-6 by enzyme-linked 

immunosorbent assay (ELISA), and ESR by the Westergren 

method. 

 

Bias and Confounding 
Efforts were made to minimise potential sources of bias in 

this study. Selection bias was reduced by consecutively 

enrolling all eligible CKD patients attending the hospital 

during the study period. Measurement bias was minimised 

by using standardised and validated laboratory assays for 

serum 25-hydroxyvitamin D, C-reactive protein, 

interleukin-6, and erythrocyte sedimentation rate. Data were 

collected using a structured proforma to limit information 

bias. To reduce confounding, patients with acute 

inflammatory conditions, autoimmune diseases, malignancy, 

or recent Vitamin D supplementation were excluded. 
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Ethical Considerations 
Ethical clearance was obtained from the Institutional Ethics 

Committee of Government Medical College, Suryapet. 

Written informed consent was obtained from all participants 

before enrollment. 

 

Statistical Analysis 
Data were analyzed using SPSS version 26. Continuous 

variables were expressed as mean ± standard deviation (SD), 

while categorical variables were presented as frequencies 

and percentages. Comparison of inflammatory marker levels 

across Vitamin D categories was performed using one-way 

ANOVA with post-hoc Tukey test. Pearson’s correlation 

coefficient was used to assess the relationship between 

serum Vitamin D levels and inflammatory markers. A p-

value <0.05 was considered statistically significant. 

 

Results 

Participant Flow 
During the study period, 128 patients with a provisional 

diagnosis of chronic kidney disease were screened for 

eligibility. Of these, 18 patients did not meet the inclusion 

criteria (CKD stage <3 or age <18 years), and 10 were 

excluded due to the presence of acute infection, autoimmune 

disease, or recent Vitamin D supplementation. The 

remaining 100 patients fulfilled the eligibility criteria and 

were enrolled in the study. As this was a cross-sectional 

study with a single-time-point assessment, all enrolled 

participants completed the evaluation and were included in 

the final analysis(Figure 1). 

 

 
Figure 1: Participant Flow Diagram 

 

A total of 100 patients with chronic kidney disease were 

included in the study. The mean age of the cohort was 52.6 

± 12.4 years, with a predominance of males (62%) compared 

to females (38%). Most patients (68%) were in advanced 

stages of CKD (stage 4–5), while 32% were in stage 3 (Table 

1). 
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Table 1. Baseline Characteristics of Study Population (N = 100) 
Characteristic Values 

Mean age (years) 52.6 ± 12.4 

Male (%) 62 

Female (%) 38 

CKD Stage 3 (%) 32 

CKD Stage 4–5 (%) 68 

 

Vitamin D assessment revealed that deficiency (<20 ng/mL) 

was highly prevalent, affecting 64% of patients. 

Insufficiency (20–30 ng/mL) was observed in 22%, and only 

14% had sufficient levels (>30 ng/mL). The mean Vitamin 

D concentration among the deficient group was 15.4 ± 3.8 

ng/mL, compared to 24.1 ± 2.7 ng/mL and 34.2 ± 3.1 ng/mL 

in the insufficient and sufficient groups, respectively (Table 

2). 

 

Table 2. Distribution of Vitamin D Status in CKD Patients 
Vitamin D Status n (%) Mean Vitamin D (ng/mL) 

Deficient (<20 ng/mL) 64 (64%) 15.4 ± 3.8 

Insufficient (20–30 ng/mL) 22 (22%) 24.1 ± 2.7 

Sufficient (>30 ng/mL) 14 (14%) 34.2 ± 3.1 

 

Analysis of inflammatory markers demonstrated that 

patients with Vitamin D deficiency had significantly 

elevated CRP (9.4 ± 2.6 mg/L) and IL-6 (12.1 ± 4.2 pg/mL) 

compared to those with insufficient (6.8 ± 2.1 mg/L; 8.6 ± 

3.1 pg/mL) and sufficient Vitamin D levels (5.2 ± 1.8 mg/L; 

6.9 ± 2.4 pg/mL). The differences were statistically 

significant for both CRP (p < 0.001) and IL-6 (p < 0.01). 

ESR values were higher in the deficient group but did not 

reach statistical significance (p = 0.12) (Table 3). 

 

 
 

 
Table 3. Inflammatory Markers by Vitamin D Status 

Parameter Deficient (n=64) 
Insufficient 

(n=22) 
Sufficient (n=14) p-value 

CRP (mg/L) 9.4 ± 2.6 6.8 ± 2.1 5.2 ± 1.8 <0.001 

IL-6 (pg/mL) 12.1 ± 4.2 8.6 ± 3.1 6.9 ± 2.4 <0.01 

ESR (mm/hr) 39.5 ± 10.3 35.2 ± 9.8 33.8 ± 8.9 0.12 

 

Correlation analysis revealed a strong negative correlation 

between serum Vitamin D levels and CRP (r = –0.48, p < 

0.001) as well as IL-6 (r = –0.42, p = 0.002). The association 

between Vitamin D and ESR was weaker and statistically 

non-significant (r = –0.16, p = 0.12) (Table 4). 

 

Table 4. Correlation of Vitamin D Levels with Inflammatory Markers 
Parameter Correlation Coefficient (r) p-value 

CRP –0.48 <0.001 

IL-6 –0.42 0.002 

ESR –0.16 0.12 

 

Discussion 
The present study demonstrated a high prevalence of 

Vitamin D deficiency (64%) among patients with chronic 

kidney disease, while only a small proportion (14%) had 

sufficient serum levels. This pattern is consistent with 

previously published evidence indicating that Vitamin D 
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deficiency is highly prevalent in CKD populations. Prior 

randomized and observational studies have shown that 

activation of Vitamin D receptors may reduce pro-

inflammatory cytokine expression and improve immune 

regulation in CKD, supporting the biological plausibility of 

these findings [7]. In addition, hypovitaminosis D has been 

reported to be almost universal in CKD due to impaired 

renal hydroxylation, altered metabolism, reduced sunlight 

exposure, and disease-related lifestyle factors [8]. 

A key finding of the study was the significant association 

between Vitamin D deficiency and elevated inflammatory 

markers, particularly C-reactive protein and interleukin-6. 

This observation aligns with recent clinical and review 

evidence suggesting that Vitamin D plays a modulatory role 

in systemic inflammation among CKD patients, although 

results from interventional trials remain variable [9]. Lower 

Vitamin D concentrations have also been associated with 

advanced CKD stages and increased inflammatory activity, 

further supporting a link between declining renal function 

and inflammatory burden [10]. 

The inverse correlation observed between Vitamin D levels 

and CRP and IL-6 reinforces the hypothesis that Vitamin D 

may exert anti-inflammatory effects. Similar associations 

have been documented across different age groups and 

clinical settings, indicating that the relationship between 

Vitamin D insufficiency and inflammation is not limited to 

CKD alone but extends to other chronic conditions as well 

[11]. Nevertheless, the literature also reflects ongoing 

debate, as some interventional studies have failed to 

demonstrate consistent anti-inflammatory benefits 

following Vitamin D supplementation, highlighting 

heterogeneity in study designs, dosing regimens, and patient 

characteristics [12]. 

In contrast, erythrocyte sedimentation rate did not differ 

significantly across Vitamin D categories. This finding may 

reflect the nonspecific nature of ESR in CKD, where factors 

such as anemia, altered plasma proteins, and multiple 

comorbidities limit its reliability as an inflammatory marker. 

Similar patterns have been reported in other CKD and 

pediatric populations, where ESR did not consistently 

correlate with inflammatory severity despite prevalent 

Vitamin D deficiency [13]. Mechanistic evidence further 

suggests that Vitamin D influences immune homeostasis 

through pathways involving dendritic cell regulation and 

immune precursor modulation, processes that are closely 

linked to systemic inflammation in CKD [14]. Moreover, 

low Vitamin D levels in advanced CKD and dialysis 

populations have been associated not only with 

inflammation but also with anemia and oxidative stress, 

underscoring the broader clinical implications of Vitamin D 

deficiency in this population [15]. 

 

Generalizability 
The findings of this single-center, hospital-based study 

conducted at Government Medical College, Suryapet, 

provide valuable insights into the prevalence of Vitamin D 

deficiency and its association with inflammatory markers in 

patients with CKD. However, the results should be 

interpreted with caution when extrapolated to the general 

CKD population, as the sample was limited to 100 patients 

over six months and may not capture seasonal or regional 

variations in Vitamin D status. Furthermore, lifestyle, 

nutritional, and genetic factors specific to this cohort may 

differ from other populations. While the observed 

associations between Vitamin D deficiency and elevated 

CRP and IL-6 are consistent with international evidence, 

multicentric studies with larger and more diverse patient 

populations are necessary to enhance external validity and 

confirm the broader applicability of these results. 

 

Conclusion 
This hospital-based study highlights the high prevalence of 

Vitamin D deficiency among patients with chronic kidney 

disease and its significant association with elevated 

inflammatory markers, particularly CRP and IL-6. The 

findings support the growing evidence that hypovitaminosis 

D contributes to the pro-inflammatory state in CKD, 

potentially influencing disease progression and 

cardiovascular risk. Although ESR showed no significant 

association, the consistent negative correlation between 

Vitamin D and CRP/IL-6 underscores its role as a 

modifiable factor. Routine assessment and timely correction 

of Vitamin D deficiency should be considered in CKD 

management. Future multicentric longitudinal studies are 

needed to validate these observations. 

 

Limitations 
The study has certain limitations. Being a single-center, 

cross-sectional design, it cannot establish causality between 

Vitamin D deficiency and inflammation in CKD. The 

relatively small sample size and short study duration may 

limit statistical power and preclude subgroup analysis across 

CKD stages. Seasonal variation in Vitamin D status was not 

assessed, and important modulators such as parathyroid 

hormone and fibroblast growth factor-23 were not measured. 

Hence, findings may not be fully generalizable to broader 

CKD populations. 
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Recommendations 
Routine screening of Vitamin D status should be integrated 

into the clinical management of chronic kidney disease 

patients, particularly those in advanced stages, given the 

strong association with systemic inflammation. Early 

correction of deficiency through tailored supplementation, 

dietary fortification, and lifestyle modification may help 

attenuate inflammatory burden and potentially improve 

renal and cardiovascular outcomes. Clinicians should 

individualize Vitamin D therapy based on the severity of 

deficiency, CKD stage, and comorbid conditions. Future 

multicentric, longitudinal, and randomized controlled trials 

in diverse populations are warranted to establish causality, 

determine optimal dosing regimens, and validate the long-

term benefits of Vitamin D supplementation. 

 

Acknowledgements 
The authors sincerely thank the Department of General 

Medicine, Government Medical College and General 

Hospital, Suryapet, for their continuous support and 

guidance during the study. We are grateful to the laboratory 

staff for their assistance in sample processing and 

biochemical analysis. Our appreciation extends to all the 

patients who willingly participated in this study. Their 

cooperation was invaluable in completing the research 

successfully. 

 

Abbreviations 
CKD – Chronic Kidney Disease 

CRP – C-Reactive Protein 

IL-6 – Interleukin-6 

ESR – Erythrocyte Sedimentation Rate 

PTH – Parathyroid Hormone 

FGF-23 – Fibroblast Growth Factor-23 

eGFR – Estimated Glomerular Filtration Rate 

ELISA – Enzyme-Linked Immunosorbent Assay 

SPSS – Statistical Package for the Social Sciences 

 

Source of funding 
The study had no funding.  

 

Conflicts of interest 
The Aauthor declares no conflict of interest. 

 

Data Availability 
Data available on request 

 

 
 

Author’s contribution 
PHK-Concept and design of the study, results interpretation, 

review of literature, and preparing the first draft of the 

manuscript. Statistical analysis and interpretation, revision 

of manuscript. ST -Concept and design of the study, results 

interpretation, review of literature, and preparation of the 

first draft of the manuscript. Statistical analysis and 

interpretation, SK-revision of manuscript.results 

interpretation, review of literature, and preparing the first 

draft of the manuscript. Statistical analysis and 

interpretation, revision of manuscript. 
 

Author Biography 
Dr. P. Harish Kumar, MBBS, MD, is an Assistant 

Professor in the Department of Forensic Medicine at 

Kurnool Medical College, Kurnool, Andhra Pradesh, India. 

His academic interests include medico-legal research, 

forensic toxicology, and the application of forensic 

medicine in public health. He has contributed to 

undergraduate teaching, research guidance, and community 

awareness programs related to medicolegal issues.ORCID 

iD: https://orcid.org/0009-0009-9677-1988 

Dr. Swarnalata Thangella, MBBS, MD, is an Assistant 

Professor in the Department of Biochemistry at Government 

Medical College, Suryapet, Telangana, India. Her research 

interests focus on clinical biochemistry, molecular markers, 

and the biochemical basis of chronic diseases. She is 

actively involved in academic teaching, laboratory research, 

and guiding medical students in clinical and biochemical 

investigations.ORCID iD: https://orcid.org/0009-0006-

8775-9846 

Dr. Sateesh Koppula, MBBS, MD, is an Assistant 

Professor in the Department of Biochemistry at Government 

Medical College, Suryapet, Telangana, India. His primary 

areas of interest are metabolic disorders, oxidative stress, 

and the role of micronutrients in chronic diseases. He has 

several publications in peer-reviewed journals and is 

committed to advancing clinical biochemistry through both 

research and teaching.ORCID iD:https://orcid.org/0009-

0004-4851-5940 

 

References 
1. Kim CS, Kim SW. Vitamin D and chronic kidney 

disease. Korean J Intern Med. 2014 Jul;29(4):416-

27. doi: 10.3904/kjim 2014.29.4.416. Epub 2014 

Jun 27. PMID: 25045287; PMCID: PMC4101586. 

https://doi.org/10.3904/kjim.2014.29.4.416  

2. Yin K, Agrawal DK. Vitamin D and inflammatory 

diseases. J Inflamm Res. 2014 May 29;7:69-87. 

Doi: 10.2147/JIR.S63898. PMID: 24971027; 

https://orcid.org/0009-0006-8775-9846
https://orcid.org/0009-0006-8775-9846


  

  
Student’s Journal of Health Research Africa 

e-ISSN: 2709-9997, p-ISSN: 3006-1059 
Vol.6 No. 9 (2025): September 2025 Issue 

 https://doi.org/10.51168/sjhrafrica.v6i9.2151 
Original Article 

 

Page | 7 Page | 7 

PMCID: PMC4070857. 

https://doi.org/10.2147/JIR.S63898  

3. Querfeld U. Vitamin D and inflammation. Pediatr 

Nephrol. 2013 Apr;28(4):605-10. doi: 

10.1007/s00467-012-2377-4. Epub 2012 Dec 13. 

PMID: 23239393. https://doi.org/10.1007/s00467-

012-2377-4  

4. Sterling KA, Eftekhari P, Girndt M, Kimmel PL, 

Raj DS. The immunoregulatory function of 

vitamin D: implications in chronic kidney disease. 

Nat Rev Nephrol. 2012 May 22;8(7):403-12. doi: 

10.1038/nrneph 2012.93. PMID: 22614789. 

https://doi.org/10.1038/nrneph.2012.93  

5. Rapa SF, Di Iorio BR, Campiglia P, Heidland A, 

Marzocco S. Inflammation and Oxidative Stress in 

Chronic Kidney Disease-Potential Therapeutic 

Role of Minerals, Vitamins and Plant-Derived 

Metabolites. Int J Mol Sci. 2019 Dec 30;21(1):263. 

doi: 10.3390/ijms21010263. PMID: 31906008; 

PMCID: PMC6981831. 

https://doi.org/10.3390/ijms21010263  

6. Kadatane SP, Satariano M, Massey M, Mongan K, 

Raina R. The Role of Inflammation in CKD. Cells. 

2023 Jun 7;12(12):1581. doi: 

10.3390/cells12121581. PMID: 37371050; 

PMCID: PMC10296717. 

https://doi.org/10.3390/cells12121581  

7. Mansouri L, Lundwall K, Moshfegh A, Jacobson 

SH, Lundahl J, Spaak J. Vitamin D receptor 

activation reduces inflammatory cytokines and 

plasma microRNAs in moderate chronic kidney 

disease - a randomized trial. BMC Nephrol. 2017 

May 16;18(1):161. doi: 10.1186/s12882-017-

0576-8. PMID: 28511692; PMCID: PMC5434555. 

https://doi.org/10.1186/s12882-017-0576-8  

8. Williams S, Malatesta K, Norris K. Vitamin D and 

chronic kidney disease. Ethn Dis. 2009 

Autumn;19(4 Suppl 5): S5-8-11. PMID: 20077598; 

PMCID: PMC2878736.  

9. Yeung WG, Toussaint ND, Badve SV. Vitamin D 

therapy in chronic kidney disease: a critical 

appraisal of clinical trial evidence. Clin Kidney J. 

2024 Jul 18;17(8):sfae227. doi: 

10.1093/ckj/sfae227. PMID: 39119524; PMCID: 

PMC11306979. 

https://doi.org/10.1093/ckj/sfae227 

10. Liu C, Li H. Correlation of the severity of chronic 

kidney disease with serum inflammation, 

osteoporosis, and vitamin D deficiency. Exp Ther 

Med. 2019 Jan;17(1):368-372. doi: 

10.3892/etm.2018.6916. Epub 2018 Nov 1. PMID: 

30651805; PMCID: PMC6307476. 

11. De Vita F, Lauretani F, Bauer J, Bautmans I, 

Shardell M, Cherubini A, et al. Relationship 

between vitamin D and inflammatory markers in 

older individuals. Age (Dordr). 2014;36(4):9694. 

doi: 10.1007/s11357-014-9694-4. Epub 2014 Aug 

3. PMID: 25086618; PMCID: PMC4150893. 

https://doi.org/10.1007/s11357-014-9694-4 

12. Zhao L, Zhu G, Wu L, Xie D. Effects of vitamin D 

on inflammatory state in patients with chronic 

kidney disease: A controversial issue. Ther Apher 

Dial. 2023 Jun;27(3):383-393. doi: 10.1111/1744-

9987.13949. Epub 2022 Nov 15. PMID: 36345919. 

https://doi.org/10.1111/1744-9987.13949 

13. Kalkwarf HJ, Denburg MR, Strife CF, Zemel BS, 

Foerster DL, Wetzsteon RJ, et al. Vitamin D 

deficiency is common in children and adolescents 

with chronic kidney disease. Kidney Int. 2012 

Apr;81(7):690-7. doi: 10.1038/ki.2011.431. Epub 

2011 Dec 28. PMID: 22205356; PMCID: 

PMC3634332. 

https://doi.org/10.1038/ki.2011.431 

14. Paul K, Franke S, Nadal J, Schmid M, Yilmaz A, 

Kretzschmar D, et al. GCKD study group. 

Inflammation, vitamin D, and dendritic cell 

precursors in chronic kidney disease. Clin Exp 

Immunol. 2016 Oct;186(1):86-95. doi: 

10.1111/cei. 12844. Epub 2016 Aug 16. PMID: 

27414487; PMCID: PMC5011369. 

https://doi.org/10.1111/cei.12844 

15. Zhang C, Wang J, Xie X, Sun D. Low serum 

vitamin D concentration is correlated with anemia, 

microinflammation, and oxidative stress in 

patients with peritoneal dialysis. J Transl Med. 

2021 Sep 27;19(1):411. doi: 10.1186/s12967-021-

03077-w. PMID: 34579742; PMCID: 

PMC8477502. https://doi.org/10.1186/s12967-

021-03077-w 

 

 

 
 



  

  
Student’s Journal of Health Research Africa 

e-ISSN: 2709-9997, p-ISSN: 3006-1059 
Vol.6 No. 9 (2025): September 2025 Issue 

 https://doi.org/10.51168/sjhrafrica.v6i9.2151 
Original Article 

 

Page | 8 Page | 8 

 
PUBLISHER DETAILS: 

 
 


