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Implication for health policy/practice/research/medical education:
In 110 ESRD patients who were on hemodialysis, we reported a significantly lower serum B12 levels, compared to 110 healthy 
individuals. The administration of vitamin B12 significantly improves serum B12 levels in our patients. Additionally, mean 
WBCs, RBCs, Hb and PLT counts were significantly increased. As such, vitamin B12 administration can improve renal anemia 
in ESRD patients receiving hemodialysis. Future research with a larger sample size and extended follow-up is encouraged. 
Please cite this paper as: Nahas ARMF, Al Zarzour RH, Abu Laila ASM, Tabash AM, Abu Mustafa AM, Allyan FM, Elregeb 
AM, Abou Teior EEM, Elnaem MH, Al-Shami AM. Effect of B12 supplementation on renal anemia among hemodialysis patients 
at El-Najar hospital, Gaza strip. J Renal Inj Prev. 2022; x(x): e32009. doi: 10.34172/jrip.2022.32009.

Introduction: Patients with end-stage renal disease (ESRD) are predisposed to nutritional 
deficiencies, resulting in vitamin B12 deficiency with negative hematologic consequences. 
Objective: This study aimed to investigate the impact of intramuscular B12 on renal anemia 
among ESRD patients receiving hemodialysis (HD) at El-Najar hospital, Gaza Strip. 
Patients and Methods: A case-control study conducted, which included 110 healthy controls 
and 110 HD patients who received B12 on a daily, weekly, and monthly basis over two months. 
Sociodemographics and current diseases were reported. Serum levels of serum B12, white 
blood cell (WBC), red blood cell (RBC), hemoglobin (Hb), mean corpuscular volume (MCV), 
and platelet (PLT) were recorded before and after treatment. Data analysis was conducted 
using SPSS. 
Results: Baseline serum B12 level was significantly lower in HD patients compared to controls 
(362.62 ± 166.40 versus 483.36 ± 115.07 ρg/mL, P < 0.001), which significantly improved after 
vitamin B12 treatment (639.08 ± 362.99 ρg/mL, P < 0.001). Additionally, mean WBCs, RBCs, 
Hb, and PLT levels were significantly increased after treatment (P < 0.001). Serum B12 level 
was positively and significantly (P < 0.001) correlated with levels of WBC (r = 0.45), RBC (r 
= 0.43), Hb (r = 0.39) and PLT (r = 0.51), and negatively correlated with MCV (r = -0.46, 
P < 0.001). 
Conclusion: Administration of vitamin B12 improves serum B12 levels in HD patients, which 
was associated with increased WBCs, RBCs, Hb, and PLT levels and decreased MCV levels. 
Treatment by vitamin B12 can improve HD patients’ renal anemia. Future studies with larger 
sample sizes and prolonged follow-up are advocated.
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Introduction
Anemia has long been recognized as a hallmark of 
chronic kidney disease (CKD), having a detrimental effect 
on hematopoiesis as a result of the imbalance between 
the later and expanded obliteration (1). Consequently, 
anemia affects end-stage renal disease (ESRD) patients, 
with a substantial impact on morbidity, mortality and a 
significant economic burden (2,3).

End-stage renal disease patients on dialysis are also more 
prone to nutritional deficiencies as a result of medication 
interactions, dietary restrictions, and malnutrition (4). 
Therefore, these patients are at increased risk of vitamin 
B12 deficiency (5), a coenzyme involved in the catabolism 
of methylmalonic acid and homocysteine (6). Around 20% 
of vitamin B12 in the blood is bound to transcobalamin, 
forming the natural dynamic structure that cells can take 
up. While CKD patients have increased transcobalamin 
levels, they have a reduced ability to absorb vitamin B12 
from food sources. In fact, the expanded trans-cobalamin 
loss in the urine and its reduced absorption in the 
proximal tubule results in lower plasma vitamin B12 in 
uremic patients (7).

Vitamin B12 deficiency has been linked to megaloblastic 
anemia and neurologic and cognitive consequences. 
Additionally, disruption of vitamin B12 homeostasis may 
be directly associated with cardiovascular risk and CKD 
progression (8). Moreover, ESRD patients on hemodialysis 
(HD) have also to face many symptoms such as tired-ness, 
muscle weakness, numbness, headache, joint-muscle 
pain and arrhythmia that might be linked to vitamin B12 
deficiency (9,10). Consequently, it is crucial to address 
the demand for vitamin B12 among CKD patients. 
Unfortunately, food sources of vitamin B12 contain high 
concentration of electrolytes, which are detrimental to 
dialysis patients, and then, relying on other vitamin B12 
supplements is essential (2).

Therefore, vitamin B12 supplementation is 
recommended for dialysis-dependent patients considering 
the crucial role of methylcobalamin, the active form of 
vitamin B12, in the metabolic pathways of homocysteine 
and the underlying risk of vitamin B12 deficiency among 
these patients (10). 

Objectives
We aimed in this study to determine serum vitamin B12 
level in HD patients and investigate the impact of vitamin 
B12 supplementation on improving renal anemia among 
these patients. We also aimed to assess the presence of 
common neurological symptoms; i.e., numbness, muscle 
weakness, tiredness in our sample.

Patients and Methods
This was a case-control study in which 110 healthy adult 
controls and the same number of ESRD adult patients 
on HD were included. HD patients were given intra-
muscular vitamin B12 over two months. One milligram 

daily doses were given in the first seven days, followed by 
1 mg once weekly for the next 4 weeks, and 1 mg at the end 
of the second month. Both groups were matched in age 
and gender. Patients diagnosed with ESRD on HD were 
recruited from the HD unit at Martyr Mohammed Youssef 
El-Najar in Gaza strip. The study was conducted between 
January 2020 and June 2020. Pregnant women, patients 
with hepatitis and those who had been taking vitamins 
were excluded from the study.

Data collection and specimens processing
Demographic data and medical history were obtained 
with an interview-based questionnaire. Blood pressure 
was measured, and blood samples were collected before 
HD sessions. About 6 ml of blood was obtained from 
each subject and divided into EDTA tubes (2 mL), and 
processed by an automatic counter for hemoglobin 
(Hb) concentration and other whole blood component 
concentrations (CELL-DYN Emerald). The other 4 ml 
was left in vacutainer plain tube to allow blood clotting. To 
ensure consistency of results, specimens were transferred 
to centrifuge tubes and centrifuged for 10 minutes at 
>10 000 relative centrifugal force before being tested for 
the presence of fibrin, red blood cells (RBCs), or other 
particulate matter. Alternatively, specimens were frozen 
and thawed and centrifuged specimens with a lipid layer 
on top were transferred to a sample cup or secondary tube. 
Precautions are taken to ensure that only the clarified 
specimen is transferred and not the lipemic material. The 
clarified specimens were then transferred to a sample 
cup or secondary tube for serum vitamin B12 testing, 
determined by the ARCHITECT i System.

Statistical analysis
The Statistical Package for the Social Sciences (SPSS) 
version 22.0 was conducted for data entry and analysis. All 
numeric variables were expressed as a mean and standard 
deviation. Results were analyzed by the paired T-test, 
followed by a chi-square test. P < 0.05 was considered 
statistically significant.

Results
Demographic characteristics of the study sample
Study sample (N = 220) equally encompassed case 
[males; n = 54 (48.6%), females; n = 56 (51.4%)] and 
control [males: n = 57 (51.4%); females: n = 53 (48.6%)] 
groups, with no significant difference (χ2 = 0.16, P = 0.69). 
Similarly, there was no significant difference (χ 2 = 0.09, 
P=0.96) between the two studied groups in age, which 
ranged from the early 20s to 94 years.

Disease characteristics of the study sample
No known comorbidities were reported in the control 
group. On the contrary, hypertension was the most 
common reported disease in the case group (n = 81,74%), 
with just 10% of the group (n = 11) being disease-free.
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Assessment of serum vitamin B12 levels among cases and 
controls
One-third of case group (32.7%) had low-vitamin B12 
serum level (M = 362.62 ± 166.40 ρg/mL), which was 
significantly lower (P < 0.001) compared to the control 
group (M = 483.36 ± 115.07 ρg/mL), whose vitamin B12 
levels was normal.

Vitamin B12 levels before and after treatment
We revealed a statistically significant difference (P < 
0.001) in serum levels of vitamin B12 before treatment (M 
= 362.62 ± 166.40 ρg/mL) and after treatment (M = 639.08 
± 362.99 ρg/mL), indicating a significant improvement in 
serum levels of vitamin B12 following treatment.

Change in values of WBCs, RBCs, hemoglobin, MCV, 
and PLT following vitamins B12 supplementation
As shown in Table 1, we reported statistically significant 
differences in white blood cells (WBCs), RBCs, Hb, mean 
corpuscular volume (MCV), and platelet (PLT) mean 
levels following treatment with vitamin B12.
We also reported significant positive correlations 
(P < 0.001) between mean serum vitamin B12 level and 
each of WBCs (r = 0.45), RBCs (r = 0.43), Hb level (r = 
0.39), and PLT counts (r = 0.51) in case group. Conversely, 
there was a significant negative correlation between serum 
vitamin B12 levels with MCV (r = -0.46, P < 0.001).

Assessment of numbness, muscle weakness and tiredness 
among case group
Unsurprisingly, we reported the presence of numbness, 
muscle weakness and tiredness in 36 patients in our case 
group whose vitamin B12 serum levels were low. However, 
all these symptoms disappear following treatment with 
vitamin B12 supplementation.

Discussion
Clinical data of HD patients in this study showed that the 
mean duration of HD was about seven years, which was 
consistent with earlier findings in HD patients in the Gaza 
Strip (11,12). The most common self-reported disorders 
among HD patients were hypertension and diabetes, 
corresponding to other previously published research 
(12,13). In fact, it is well-established that hypertension 

and diabetes contribute significantly to the advancement 
of renal failure (13,14). 

Compared to our study controls, we found a significant 
decreased baseline mean serum vitamin B12 level (362.62 
ρg/mL) in cases. This was similar to Heinz and colleagues’ 
trial among 650 dialysis patients (15), which reported a 
baseline mean serum vitamin B12 level of 350 ρg/mL. 
This finding, in fact, would indicate an increased risk of 
vitamin B12 insufficiency in dialysis patients as shown in 
a previous study by Rees and Shaw (16). Malnutrition with 
subsequent folic acid and vitamin B12 deficiency among 
CKD and ESRD patients is aggravated by several metabolic 
alterations, including acidosis, systemic inflammation and 
hormonal dysregulation, together with comorbidities and 
multidrug therapies. In addition, anorexia, gastroparesis, 
slow intestinal transit or diarrhea, increased gut mucosal 
permeability, and gut microbiota impairment may 
represent worsening factors (17). 

Patil and associates reported a high percentage (56%) 
of vitamin B12 deficiency among CKD patients (1). In 
our study; however, only 32.7% of case group had vitamin 
B12 deficiency, which was similar to the study by Stabler 
(9). Patients with ESRD are at higher risk for nutritional 
deficiencies due to medication interactions, dietary 
restrictions and malnutrition (18), that would precipitate 
vitamin B12 deficiency. Several studies revealed that 
vitamin B12 serum concentrations in HD patients were 
equivalent to or higher than the normal range in healthy 
people. (19-21). This finding was attributed to vitamin 
B12 larger molecular size and subsequent difficulty in 
being cleared during HD. It is noteworthy to state here 
that absence of vitamin B12 deficiency in ESRD patients 
does not translate into normal functioning of this vitamin, 
as functional vitamin B12 deficiency can be detected in 
uremic patients due to the increased loss of transcobalamin 
in the urine (22).

Furthermore, our treatment with vitamin B12 
supplementation improved mean serum level (639.08 ρg/
mL), which is similar to the study by Iqbal et al (23), who 
reported an improvement from 402 ρg/mL to 739 mg/
mL in mean serum vitamin B12 level following treatment 
with vitamin B12 in 17 ESRD patients. Treatment with 
vitamin B12 also increased the mean levels of hematologic 
parameters; i.e., Hb, RBCs, WBCs, and PLT however it 

Table 1. Parameters changes before and after vitamin B12 treatment

Parameter Before After t-value P value

WBCs (thousand/mm3) 6.25 ± 1.38 6.73 ± 0.877 5.74 0.001

RBCs (million/mm3) 4.04 ± 0.62 4.29 ± 0.36 6.55 0.001

Hb (g/dL) 12.23 ± 1.96 12.39 ± 1.41 2.73 0.001

MCV (fL) 89.95 ± 5.28 87.82 ± 2.12 -6.26 0.001

PLT (thousand/mm3) 316.95 ± 88.66 331.71 ± 63.11 5.289 0.001

Hb; haemoglobin, MCV; mean corpuscular volume, PLT; platelets, RBC; Red blood cell, WBC; white blood cell. 
Differences analysis was conducted using paired T-test, significant at P ≤ 0.05
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is accompanied by diminution of MCV mean values. A 
previous study established that vitamin B12 administration 
increased the mean level of Hb and improved anemia as 
well (24).

In the present study, neurological symptoms, i.e., 
numbness, muscle weakness and tiredness, were 
associated with vitamin B12 deficiency in the case 
group. Similar findings were observed in a study by 
Patil and colleagues among 50 CKD patients (1), since 
all these symptoms disappeared following our treatment 
with vitamin B12. Vitamin B12 is required for optimal 
nervous system function and acting as a cofactor in the 
formation of methionine from homocysteine. Methionine 
is vital for myelin sheath phospholipids methylation, in 
addition, methylcobalamin is required for synthesizing 
and maintaining myelin sheath; therefore, vitamin B12 
deficiency accounts for retarded myelination (25).

Conclusion
While further research is needed with probably larger 
sample sizes and extended time frame and follow-up, 
our study showed that baseline mean serum vitamin B12 
level was significantly lower in HD patients compared 
to controls, and vitamin B12 supplementation improved 
it. This resulted in elevation in WBCs, RBCs, Hb and 
PLT levels, as well as MCV level reduction. Notably, we 
believe that our study signifies that vitamin B12 deficiency 
should be addressed in ESRD patients receiving HD, while 
vitamin B12 supplementation may provide promising 
positive outcomes in the management of renal anemia 
among this group of population.

Limitations of the study 
Despite the fact that our intervention resulted in a 
significant improvement in the case group’s mean serum 
vitamin B12 level, our findings must be interpreted in 
light of the study’s limitations. First, this study lacks 
ferritin, transferrin saturation, erythropoietin, and folate 
measurements, which were not feasible due to financial 
constraints and laboratory limitations. Second, it has been 
shown that people with less education are less inclined to 
participate in studies, regardless of the study design. Both 
of these limitations would make it difficult to generalize 
our findings.

Acknowledgments
We would like to appreciatively thank all participating 
individuals/patients who generously agreed to partake in 
the current study.

Authors’ contribution 
Conceptualization, methodology, validation and data 
curation: ASMAL, AMT and EEAT; software, formal 
analysis and project administration: ASMAL and AMT; 
investigation, resources and writing—original draft 
preparation: ASMAL, AMT, AMAM, FMA, AME and 

EEAT; writing—review and editing: ARMFN, RHAZ, 
MHE and AMAS; supervision: ARMFN and EEAT; 
funding acquisition: ARMFN. All authors have read and 
agreed to the published version of the manuscript.

Conflicts of interest
The authors declare no conflict of interest. The funders 
had no role in the design of the study; in the collection, 
analyses, or interpretation of data; in the writing of the 
manuscript, or in the decision to publish the results.

Ethical issues
The study conducted in accordance with the tents of 
the Declaration of Helsinki. The study and its protocol 
were approved by the Palestinian Health Research 
Council (ethical approval number# PHRC/HC/822/20). 
Accordingly, each participant signed an informed consent 
form after being fully informed about the purpose of the 
study and assured for the confidentiality of the information 
obtained through the questionnaire and blood analysis. 

Funding/Support
This research was funded by International Islamic 
University Malaysia, grant number RC-RIGS20-006-0006.

References
1. Patil RG, Bhosle DG, Malik RA. Vitamin B12 deficiency in 

chronic kidney disease. IOSR J Dent Med Sci. 2016;15:22-5. 
doi: 10.9790/0853-1509032225.

2. Saifan C, Samarneh M, Shtaynberg N, Nasr R, El-Charabaty 
E, El-Sayegh S. Treatment of confirmed B12 deficiency in 
hemodialysis patients improves Epogen® requirements. Int 
J Nephrol Renovasc Dis. 2013;6:89-93. doi: 10.2147/ijnrd.
s44660.

3. Zha Y, Qian Q. Protein nutrition and malnutrition in CKD 
and ESRD. Nutrients. 2017;9:208. doi: 10.3390/nu9030208.

4. Arshadi Benekohal Z. Measurement of cyanide levels in 
chronic hemodialysis patients treated with vitamin B12 
supplementation with cyanocobalamin saline [theses]. 
Tabriz, Iran: Faculty of Pharmacy, Tabriz University of 
Medical Sciences; 2020. http://dspace.tbzmed.ac.ir:8080/
xmlui/handle/123456789/62659.

5. Green R, Allen LH, Bjørke-Monsen AL, Brito A, Guéant 
JL, Miller JW, et al. Vitamin B12 deficiency. Nat Rev Dis 
Primers. 2017;3:17040. doi: 10.1038/nrdp.2017.40.

6. Dandge VA, Variya D. Study of vitamin B12 deficiency in 
chronic kidney disease. Int J Adv Med. 2020;7:303-7.

7. González-Montaña JR, Escalera-Valente F, Alonso AJ, 
Lomillos JM, Robles R, Alonso ME. Relationship between 
vitamin b12 and cobalt metabolism in domestic ruminant: 
an update. Animals (Basel). 2020;10:1855. doi: 10.3390/
ani10101855.

8. Yu IC, Huang JY, Tsai YF. Symptom cluster among 
hemodialysis patients in Taiwan. Appl Nurs Res. 2012; 
25:190-6. doi: 10.1016/j.apnr.2010.11.002.

9. Stabler SP. Clinical practice. Vitamin B12 deficiency. N Engl 
J Med. 2013;368:149-60. doi: 10.1056/NEJMcp1113996.

10. Wolffenbuttel BHR, Wouters H, Heiner-Fokkema MR, van 

http://journalrip.com


            Journal of Renal Injury Prevention, Volume 11, Issue x, xx 2022http://journalrip.com                                  5

B12 effect on renal anemia

der Klauw MM. The many faces of cobalamin (vitamin 
b12) deficiency. Mayo Clin Proc Innov Qual Outcomes. 
2019;3:200-14. doi: 10.1016/j.mayocpiqo.2019.03.002.

11. Abo Shamala HM. Parathormone Calcium and Phosphorus 
Levels in Hemodialysis Patients at Al-Shifa Hospital Gaza-
Palestine [theses]. Palestine: Faculty of Science, The Islamic 
University-Gaza; 2008. Available from: https://iugspace.
iugaza.edu.ps/handle/20.500.12358/21972.

12. AbuTaha AJ. Homocysteine and Hematological Indices 
in Hemodialysis Patients at Al-Shifa Hospital Gaza 
Strip. Palestine: Faculty of Medicine, The Islamic 
University-Gaza; 2013. https://iugspace.iugaza.edu.ps/
handle/20.500.12358/21978.

13. Yuenyongchaiwat K, Vasinsarunkul P, Phongsukree 
P, Chaturattanachaiyaporn K, Tritanon O. Duration 
of hemodialysis associated with cardio-respiratory 
dysfunction and breathlessness: a multicenter study. PeerJ. 
2020;8:e10333. doi: 10.7717/peerj.10333.

14. Ganesh A, Lee K. Management of chronic kidney disease 
and end-stage renal disease in diabetes. UBC Med J. 
2011;3:13-6.

15. Heinz J, Kropf S, Domröse U, Westphal S, Borucki K, Luley 
C, et al. B vitamins and the risk of total mortality and 
cardiovascular disease in end-stage renal disease: results of 
a randomized controlled trial. Circulation. 2010;121:1432-
8. doi: 10.1161/circulationaha.109.904672.

16. Rees L, Shaw V. Nutrition in children with CRF and on 
dialysis. Pediatr Nephrol. 2007;22:1689-702. doi: 10.1007/
s00467-006-0279-z.

17. Rowland I, Gibson G, Heinken A, Scott K, Swann J, Thiele 
I, et al. Gut microbiota functions: metabolism of nutrients 
and other food components. Eur J Nutr. 2018;57:1-24. doi: 

10.1007/s00394-017-1445-8.
18. Clase CM, Ki V, Holden RM. Water-soluble vitamins in 

people with low glomerular filtration rate or on dialysis: a 
review. Semin Dial. 2013;26:546-67. doi: 10.1111/sdi.12099.

19. Chiu YW, Chang JM, Hwang SJ, Tsai JC, Chen HC. 
Pharmacological dose of vitamin B12 is as effective as 
low-dose folinic acid in correcting hyperhomocysteinemia 
of hemodialysis patients. Ren Fail. 2009;31:278-83. doi: 
10.1080/08860220902780010.

20. Fehrman-Ekholm I, Lotsander A, Logan K, Dunge D, Odar-
Cederlöf I, Kallner A. Concentrations of vitamin C, vitamin 
B12 and folic acid in patients treated with hemodialysis and 
on-line hemodiafiltration or hemofiltration. Scand J Urol 
Nephrol. 2008;42:74-80. doi: 10.1080/00365590701514266.

21. Obeid R, Kuhlmann M, Kirsch CM, Herrmann W. 
Cellular uptake of vitamin B12 in patients with chronic 
renal failure. Nephron Clin Pract. 2005;99:c42-8. doi: 
10.1159/000083132.

22. Capelli I, Cianciolo G, Gasperoni L, Zappulo F, Tondolo 
F, Cappuccilli M, et al. Folic acid and vitamin B12 
administration in CKD, why not? Nutrients. 2019;11:383. 
doi: 10.3390/nu11020383.

23. Iqbal N, Azar D, Yun YM, Ghausi O, Ix J, Fitzgerald RL. 
Serum methylmalonic acid and holotranscobalamin-II 
as markers for vitamin B12 deficiency in end-stage renal 
disease patients. Ann Clin Lab Sci. 2013;43:243-9. 

24. Langan RC, Goodbred AJ. Vitamin B12 deficiency: 
recognition and management. Am Fam Physician. 
2017;96:384-9.

25. Storm T, Emma F, Verroust PJ, Hertz JM, Nielsen R, 
Christensen EI. A patient with cubilin deficiency. N Engl J 
Med. 2011;364:89-91. doi: 10.1056/NEJMc1009804.

Copyright © 2022 The Author(s); Published by Nickan Research Institute. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.

http://journalrip.com

