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Abstract 
Background: Vitamin D deficiency has a high percentage of incidence 

throughout the world. It is also associated with several chronic medical 

conditions. Vitamin D deficiency and anaemia previously has been found to be 

associated in various apparently healthy and diseased populations. Vitamin D 

has also been suggested to have an effect on erythropoiesis. Thus we aimed to 

investigate the link between vitamin D status and anaemia. Materials and 

Methods: A cross-sectional analysis in the period between July 2021 and 

March 2022 of subjects with documented concurrent levels of 25-

hydroxyvitamin-D and hemoglobin were evaluated. Vitamin D deficiency was 

defined as <30ng/ml    and anemia was defined as hemoglobin< 11g/dl. A total 

of 100 subjects were included in the analysis. Result: Anemia was present in 

48.3% of 25hydroxyvitamin D deficient subjects compared with 25% with 

normal 25-hydroxyvitamin D levels (p value=0.01). 25-hydroxyvitamin D-

deficient subjects had a lower mean Hb (10.778±1.97 vs. 11.677±1.70; 

p=0.03). Conclusion: The observation of the present study demonstrates an 

association of vitamin D deficiency and a greater risk of anemia. Future 

studies are warranted to examine whether vitamin D directly affects 

erythropoiesis. 

 
 

 

INTRODUCTION 
 

The role of vitamin D in health continues to be 

particularly associated with extra-skeletal functions, 

but in recent years an association between Vitamin 

D and anaemia has emerged, indicating the fact that 

there are potential roles of Vitamin D in iron 

homeostasis and erythropoiesis. The sequential 

hydroxylation of cholecalciferol in the liver and in 

the kidney is the essential physiology of vitamin D. 

This leads to the formation of 25-hydroxivitamin D 

(25[OH]D) and 1,25(OH)D in the liver and in the 

kidney respectively, the latter being the hormonally 

active form of vitamin.[1] To evaluate the total 

vitamin D level in the body serum 25(OH)D proves 

to be the best indicator as the metabolite is the main 

circulating form.[2]The higher incidence of vitamin 

D is associated with a number of serious diseases 

including heart disease, cancer and infections as this 

deficiency may have important implications for 

extra-skeletal health.[3-5]Vitamin D has also been 

found to have an important association with anaemia 

in recent years.[6,7]Anaemia is one of the major 

health concern globally due to its high prevalence 

and association with substantial morbidity and 

mortality.[8,9] About 2 billion people are suffering 

from this disease worldwide, estimated by the 

World Health Organisation (WHO) and 

approximately 50% of all anaemia cases are 

diagnosed as iron deficiency anaemia (IDA).[10,11] 

Anaemia is attributed by a decreased concentration 

of erythrocytes or Hb, which leads to an impaired 

oxygen transport throughout the body. Furthermore, 

it is related with a number of chronic conditions, 

including kidney disease and CVD.[12,13] Based on 

multifactorial etiology anaemia can be classified 

into different subtypes such as iron deficiency 

anaemia or anaemia of nutrient deficiency and 

anaemia of inflammation.[14]The association 

between vitamin D status and anaemia have been 

observed in several different studies but only 

including populations such as children, the elderly, 

and patients with chronic diseases or those with 

heart failure.[6,15-17] However, the relationship 

between anaemia and vitamin D status in the 

generally healthy adult population has not been well 

described.Previous studies have found that low 

vitamin D status had an association with anaemia 

risk in children, elderly population, patients with 

CKD and heart failure.[6,16,17,18] Vitamin D may have 
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favourable impact on anaemia, particularly anaemia 

of inflammation through its down-regulatory effects 

on inflammatory cytokines. The mechanism 

underlying this relationship between vitamin D 

status and anaemia with inflammation involves the 

antimicrobial peptide hepcidin, a hormone which is 

involved in the regulation of Fe recycling in the 

body that is induced by pro-inflammatory cytokines 

including IL-6.[19-21]Under chronic inflammatory 

conditions, Fe can become sequestered within the 

cells of the reticuloendothelial system and become 

unavailable for erythropoiesis, which may 

ultimately lead to anaemia.[22,23] The pathway which 

contributes to anaemia of inflammation is through 

depressed erythropoiesis and reduced red blood cell 

(RBC) lifespan.[24] Recently, vitamin D has been 

reported to lower inflammatory cytokines implicated 

in the pathophysiology of anaemia with 

inflammation, and suppress expression of hepcidin 

mRNA.[25,26] Thus, vitamin D may reduce the risk of 

anaemia through its anti-inflammatory effects.Taken 

together, previous epidemiological studies provide 

strong evidence for the link between vitamin D 

deficiency and anaemia. However, several of these 

studies are limited by their cross-sectional nature. 

Thus the present study aimed to examine the 

association between vitamin D status and anaemia in 

a generally healthy adult population. 

 

MATERIALS AND METHODS 

 

It was a case-controlled, cross sectional study. This 

study was carried out in the Department of 

Biochemistry, M.G.M. Medical College & LSK 

Hopsital, Kishanganj, Bihar, between July 2021 and 

March 2022. We selected total 100 samples, 

apparently are healthy adult subjects as controls 40 

and 60 patients having 25-Hydroxyvitamin D 

deficiency during the study period with age ranged 

between (30- 60) years. The data of Vitamin D3, 

serum iron levels, total iron binding capacity and 

transferring saturation in blood were measured. 

Anaemia was defined as an Hb level <11g/dL for 

both men and women. D25 deficiency was defined 

as a level <30 ng/ mL. Upon enrolment, participants 

completed questionnaires on demographic 

information, personal and family health history, 

existing health status, and medication and 

supplement use. 

Inclusion Criteria 

Case Group 

 All patients who were presented with 25-

Hydroxyvitamin D deficiency. 

 Patients aged between 30 to 60 years. 

Control Group 

 Apparently healthy adult population aged 

between 30 to 60 years. 

Exclusion Criteria  

Patients with a hospitalisation for acute or chronic 

disease within the previous year. 

 Patients with history of substance/drug abuse or 

alcoholism. 

 Patients having existing active malignant 

neoplasm. 

 Patients having history of malignancy. 

 Patients with uncontrolled or poorly controlled 

autoimmune, cardiovascular, endocrine, 

gastrointestinal, hematologic, infectious, 

inflammatory, musculoskeletal, neurologic, 

psychiatric or respiratory disease. 

Statistical Analysis 

Statistical analysis was performed using the 

Statistical Package for the Social Science for 

Windows (SPSS), version 20. Parametric and non-

parametric quantitative variables were expressed as 

mean ± standard variation (SD) of the mean, interval 

and median percentiles interval respectively. The 

chi-square test was applied for comparing 

qualitative variables. The independent Student’s t 

test was used to compare means between parametric 

variables. Any p value under 0.05 was considered 

statistically significant. 

 

RESULTS 

 

Total 100 samples apparently healthy were selected 

as study participants. Among them 60 patients were 

presented with 25-Hydroxyvitamin D deficiency and 

selected as control group. Remaining 40 patients 

who had a normal level of 25-Hydroxyvitamin D 

were selected as case group. The demographic and 

health status characteristics of study subjects are 

presented in Table 1. Study participants of case and 

control group were comparable in terms of age and 

sex. The mean age was 47.73 and 48.1 years 

respectively for case and control group with no 

significant difference (p value=0.848). 71.7% o case 

group and 72.5% of control group were female. 

Prevalence of anaemia was significantly higher 

(48.3%) in patients with 25-hydroxyvitamin D-

deficient subjects compared with 25% with normal 

25-hydroxyvitamin D levels (p<0.01). the mean 25-

hydroxyvitamin D level in case and control group 

was 11.806±0.70 and 36.412±4.46 ng/dL 

respectively with statistically significant difference 

(p value= 0.001). The mean haemoglobin level 

(10.788±1.97%) is significantly lower in patients 

with decreased concentration of 25-hydroxyvitamin 

D compared to patients (11.677±1.70%) with 

normal levels of 25-hydroxyvitamin D (p 

value=0.03). Statistically significant difference was 

observed among patients with normal 25-

hydroxyvitamin D levels and 25-hydroxyvitamin D 

deficient subjects in terms of serum iron, TIBC and 

transferring saturation levels (p value=<0.05). 
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Table 1: Demographic and Health Status Characteristics according to 25-Hydroxyvitamin D status 

Parameters 
Case Group (n=60) 

25-Hydroxyvitamin D=<30ng/dL 

Control Group (n=40)       

25-Hydroxyvitamin D=≥30ng/dL 
p value 

Age (years) 
Mean SD Mean SD 

0.848 
47.733 ±9.06 48.100 ±8.79 

Sex Frequency % Frequency %  

Male 17 28.3 11 27.5 Chi square -

0.0083 
p. value- 0.927 

Female 43 71.7 29 72.5 

Anaemia Frequency % Frequency %  

Present 29 48.3 10 25.0 Chi square -

5.492 
P. value- 0.01 

Absent 31 51.7 30 75.0 

Biochemical Parameters 

Hb% (gm/dL) 10.778 ±1.97 11.677 ±1.70 0.03 

25‑ (OH)D3 (ng/dL) 11.806 ±0.70 36.412 ±4.46 0.001 

Serum Iron (µg/dL) 69.235 ±15.71 75.912 ±13.75 0.002 

TIBC (µg/dL) 394.76 ±50.69 374.320 ±67.27 0.005 

Transferrin Saturation (%) 17.699 ±6.42 21.279 ±6.13 0.04 

 

Correlation between 25-hydroxyvitamin D levels and other biochemical parameters among case and control 

group is shown in Table 2. The obtained data indicated that 25-hydroxyvitamin D is associated with Hb% and 

serum iron level and inversely associated with TIBC. It has positive significant correlation with haemoglobin (p 

value=0.001), and iron level (p value=0.002) and inverse correlation with TIBC (p value=0.002) in patients with 

normal level of 25-hydroxyvitamin D. 

 

Table 2: Correlation between 25-Hydroxyvitamin D and other parameters 

Parameters Hb% Serum Iron TIBC Transferrin Saturation 

25-Hydroxyvitamin D=<30ng/dL 

(case) 
.421 .399 -.213 .332 

p value 0.001 0.002 0.002 0.009 

25-Hydroxyvitamin D=<30ng/dL 

(control) 
.069 .214 -.129 .217 

p value .321 .291 .428 .118 

 
DISCUSSION 

 

The present study indicates that 25-hydroxyvitamin 

D deficiency or insufficiency status was associated 

with and increased risk of anaemia. The prevalence 

of anaemia was significantly higher (48.3%) in 

patients with 25-hydroxyvitamin D deficiency 

compared to subjects (25%) with normal level of 

25-hydroxyvitamin D. The mean level of serum 

haemoglobin is significantly lower in patients with 

25-hydroxyvitamin D deficiency compared to contol 

group. Previous studies have showed an association 

between vitamin D3 level and an increased risk of 

iron deficiency anaemia among patients without any 

chronic kidney disease.[6,16] The mechanism behind 

this association is not known clearly. This could be 

a potential influence of vitamin d deficiency and an 

increased risk of reticulocytosis and iron deficiency 

anaemia.[7] The findings from the present study are 

consistent with the hypothesized mechanism behind 

the vitamin D and anaemia relationship. The 

deficiency of vitamin D has been recommended to 

have an effect on erythropoiesis including cellular 

proliferation and differentiation and it’s well 

documented role in the regulation of bone and 

mineral metabolism.[27,28] Secondly, it has been 

shown that vitamin D has influence on bone marrow 

function specially with the findings that levels of 

calcitriol are several hundred fold higher in bone 

marrow compared to  

 

Plasma.[29,30] It is established that vitamin D 

regulates the level of systemic cytokine production 

and reduces the inflammatory milieu which lead to 

anaemia of chronic disease or inflammation.[7] For 

instance, vitamin D has been found to impair 

cytokine release and possibly exerts a direct 

stimulatory effect on erythroid precursors, as its 

receptors are also seen in different non-renal target 

sites, like the bone marrow.[28] So it is definite that 

25(OH)D deficiency could lead to reduced local 

calcitriol production in the bone marrow which can 

limit erythropoiesis. These findings can be 

explained by the fact that calcitriol has a direct 

proliferative action on erythroid burst forming units 

and also up-regulates the expression of the 

erythropoietin receptor on erythroid progenitor 

cells.[31-33] So, the several non-calcemic actions of 

vitamin D appear to revolve around d the 

improvement of anaemia. Remarkably, it is evident 

from the previous population-based studies that the 

association between vitamin D and anaemia risk 

may vary in terms of the cause behind anaemia as 

well as the racial profile of the subjects.[15,34,35-37]Lee 

et al found that among Korean children, the lowest 

quartile of 25(OH)D was associated with increased 

odds of anaemia in females, but the effect was 

attenuated to non-significance after adjusting for 

iron deficiency.[34]In a cross-sectional study, 

conducted among 10,410 children and adolescents 

aged 1–21 years, Atkinson et al observed the 
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relationship between 25(OH)D deficiency and 

anaemia in a cohort of otherwise-healthy children, 

and also determined whether race was a modifying 

factor in this association.[15] The observations of 

their study suggested that 25(OH)D deficiency was 

associated with increased risk of anaemia in healthy 

children, but 25(OH)D-threshold levels for lower 

haemoglobin were lower in black children than 

white children. In a cross-sectional study conducted 

among 554 subjects aged above 17 years, Sim et al 

evaluated the prevalence of anaemia in those with 

vitamin D deficiency compared to those who had 

normal levels of the vitamin.[7] They found a 

statistically significant difference between the 

prevalence of anaemia in 25(OH)D-deficient 

subjects and its prevalence in those with normal 

25(OH)D levels. In addition, 25(OH) D-deficient 

subjects had lower mean haemoglobin and more 

prevalent use of ESA. Nevertheless, this study 

appears to be one of the pioneer works to investigate 

the relationship between vitamin D and anaemia by 

enrolling subjects without CKD and/or not on ESA. 

The observations of the previous studies confirm 

that changes in vitamin D metabolism are intricately 

related to iron deficiency, because heme-bound iron 

is essential in the hydroxylation process of vitamin 

D.[38,39] 

CONCLUSION 

Based on our findings at the end of the study we can 

conclude that vitamin D deficiency is associated 

with the risk of anaemia in apparently healthy 

populations. The analysis of our study suggests that 

low 25(OH)D level are strongly associated with 

lower levels of haemoglobin. Further longitudinal 

studies are essential to confirm the findings of our 

study and to establish the mechanisms behind 

theobserved relationship between 25(OH)D levels 

and anaemia. 

 

REFERENCES 
 
1. Lips P. Vitamin D physiology. Prog Biophys Mol Biol. 

2006;92:4–8.  

2. Zittermann A. Vitamin D in preventive medicine: are we 

ignoring the evidence? Br J Nutr. 2003;89:552–572. 
3. Kendrick J, Targher G, Smits G, et al. (2009) 25-

Hydroxyvitamin D deficiency is independently associated 

with cardiovascular disease in the Third National Health and 
Nutrition Examination Survey. Atherosclerosis 205, 255–

260.  

4.  Lappe JM, Travers-Gustafson D, Davies KM, et al. (2007) 

Vitamin D and calcium supplementation reduces cancer risk: 

results of a randomized trial. Am J Clin Nutr 85, 1586–1591.  

5.  Yamshchikov AV, Desai NS, Blumberg HM, et al. (2009) 
Vitamin D for treatment and prevention of infectious 

diseases: a systematic review of randomized controlled trials. 

Endocr Pract 15, 438–449.  
6.  Perlstein TS, Pande R, Berliner N, et al. (2011) Prevalence 

of 25-hydroxyvitamin D deficiency in subgroups of elderly 

persons with anaemia: association with anaemia of 
inflammation. Blood 117, 2800–2806. 

7.  Sim JJ, Lac PT, Liu IL, et al. (2010) Vitamin D deficiency 

and anaemia: a cross-sectional study. Ann Hematol 89, 447–
452. 

8. Anand I, McMurray JJ, Whitmore J, et al. Anemia and its 

relationship to clinical outcome in heart failure. Circulation. 

2004; 110:149–154.  
9. Zakai NA, Katz R, Hirsch C, et al. A prospective study of 

anemia status, hemoglobin concentration, and mortality in an 

elderly cohort: The Cardiovascular Health Study. Arch Intern 
Med. 2005; 165:2214–2220.  

10.  Zimmermann MB, Hurrell RF. Nutritional iron deficiency. 

Lancet. 2007;370:511–520.  
11.  Clark SF. Iron deficiency anemia: Diagnosis and 

management. Curr Opin Gastroenterol. 2009;25:122–128. 

12.  Robinson BE (2006) Epidemiology of chronic kidney 
disease and anaemia. J Am Med Dir Assoc 7, S3–S6.  

13.  Sarnak MJ, Tighiouart H, Manjunath G, et al. (2002) 

Anemia as a risk factor for cardiovascular disease in The 
Atherosclerosis Risk in Communities (ARIC) study. J Am 

Coll Cardiol 40, 27–33. 

14.  Ellen M. Smith and Vin Tangpricha, Vitamin D and 
Anemia: Insights into an Emerging Association, Curr Opin 

Endocrinol Diabetes Obes. 2015 December ; 22(6): 432–438. 

15.  Atkinson MA, Melamed ML, Kumar J, et al. (2014) Vitamin 
D, race, and risk for anaemia in children. J Pediatr 164, 153–

158.  

16.  Patel NM, Gutie ´rrez OM, Andress DL, et al. (2010) 

Vitamin D deficiency and anemia in early chronic kidney 

disease. Kidney Int 77, 715–720.  

17.  Zittermann A, Jungvogel A, Prokop S, et al. (2011) Vitamin 
D deficiency is an independent predictor of anemia in 

endstage heart failure. Clin Res Cardiol 100, 781–788. 

18.  Jin HJ, Lee JH, Kim MK. The prevalence of vitamin D 
deficiency in iron-deficient and normal children under the 

age of 24 months. Blood Res. 2013; 48:40–45. 

19.  Krause A, Neitz S, Ma ¨gert HJ, et al. (2000) LEAP-1, a 
novel highly disulfide-bonded human peptide, exhibits 

antimicrobial activity. FEBS Lett 480, 147–150.  

20.  Park CH, Valore EV, Waring AJ, et al. (2001) Hepcidin, a 
urinary antimicrobial peptide synthesized in the liver. J Biol 

Chem 276, 7806–7810.  

21.  Nemeth E, Rivera S, Gabayan V, et al. (2004) IL-6 mediates 
hypoferremia of inflammation by inducing the synthesis of 

the iron regulatory hormone hepcidin. J Clin Invest 113, 

1271–1276. 
22.  Weiss G & Goodnough LT (2005) Anemia of chronic 

disease. N Engl J Med 352, 1011–1023.  

23.  Roy CN & Andrew NC (2005) Anemia of inflammation: the 
hepcidin link. Curr Opin Hematol 12, 107–111. 

24.  Nemeth E, Ganz T. Anemia of inflammation. Hematol 

Oncol Clin North Am. 2014; 28:671– 681. vi. This review 
provides the reader with a comprehensive overview of 

anemia of inflammation. 

25.  Zughaier SM, Alvarez JA, Sloan JH, et al. (2014) The role 
of vitamin D in regulating the iron-hepcidin-ferroportin axis 

in monocytes. J Clin Transl Endocrinol 1, 19–25.  
26.  Bacchetta J, Zaritsky JJ, Sea JL, et al. (2014) Suppression of 

iron-regulatory hepcidin by vitamin D. J Am Soc Nephrol 

25, 564–572. 
27.  Arabi A, El Rassi R, Fuleihan GE. Hypovitaminosis D in 

developing countries—prevalence, risk factors and 

outcomes. Nature Reviews Endocrinology. 2010 Oct 
1;6(10):550-61.  

28.  Norman AW. From vitamin D to hormone D: fundamentals 

of the vitamin D endocrine system essential for good health. 
The American journal of clinical nutrition. 2008 Aug 

1;88(2):491S-9S. 

29.  Norman AW. Minireview – vitamin D receptor: new 
assignments for an already busy receptor. Endocrinology. 

2006;147:5542–5548. 

30.  Blazsek I, Farabos C, Quittet P, et al. Bone marrow stromal 
cell defects and 1α,25-dihydroxyvitamin D3 deficiency 

underlying human myeloid leukemias. Cancer Detect Prev. 

1996;20:31–42. 
31.  Saab G, Young DO, Gincherman Y, Giles K, Norwood K, 

Coyne DW. Prevalence of vitamin D deficiency and the 

safety and effectiveness of monthly ergocalciferol in 
hemodialysis patients. Nephron Clin Pract. 2007;105:c132–

c138. 



816 

 International Journal of Academic Medicine and Pharmacy (www.academicmed.org) 
ISSN (O): 2687-5365; ISSN (P): 2753-6556 

32.  Aucella F, Scalzulli RP, Gatta G, Vigilante M, Carella AM, 

Stallone C. Calcitriol increases burst-forming unit-erythroid 

proliferation in chronic renal failure: a synergistic effect with 
r-HuEpo. Nephron Clin Pract. 2003;95:c121–c127. 

33.  Alon DB, Chaimovitz C, Dvilansky A, et al. Novel role of 

1,25(OH)2D3 in induction of erythroid progenitor cell 
proliferation. Exp Hematol. 2002;30:403–409. 

34.   Lee JA, Hwang JS, Hwang IT, Kim DH, Seo JH, Lim JS. 

Low vitamin D levels are associated with both iron 
deficiency and anemia in children and adolescents. Pediatr 

Hematol Oncol. 2015;32:99–108. 

35.  Smith EM, Alvarez JA, Martin GS, Zughaier SM, Ziegler 
TR, Tangpricha V. Vitamin D deficiency is associated with 

anaemia among African Americans in a US cohort. Br J 

Nutr. 2015;113: 1732–1740.  

36.  Ganji V, Zhang X, Tangpricha V. Serum 25-hydroxyvitamin 

D concentrations and prevalence estimates of 

hypovitaminosis D in the U.S. population based on assay-
adjusted data. J Nutr. 2012;142:498–507.  

37.  Zakai NA, McClure LA, Prineas R, et al. Correlates of 

anemia in American blacks and whites: the REGARDS 
Renal Ancillary study. Am J Epidemiol. 2009;169:355–364. 

38.  Azizi-Soleiman F, Vafa M, Abiri B, Safavi M. Effects of 

iron on vitamin D metabolism: a systematic review. Int J 
Prev Med. 2016;7:126.  

39.  Jones G, Prosser DE, Kaufmann M. Cytochrome P450-

mediated metabolism of vitamin D. J Lipid Res. 2014;55:13–
31. 

 


