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Abstract

Background: Anemia is a widespread hematological disorder characterized by reduced red
blood cell (RBC) count, hemoglobin concentration, or both. Among its various etiologies,
vitamin Bl2 deficiency plays a significant role, especially in populations with dietary
restrictions or malabsorption syndromes. This study evaluates the effects of vitamin B2
supplementation on RBC count and other hematological parameters in patients diagnosed with
anemia due to confirmed B12 deficiency.

Methods :4 prospective cohort of 200 patients was analyzed over 18 months, with RBC counts
and hemoglobin levels measured at baseline, 6 weeks, and 12 weeks post-supplementation of
intramuscular injections hydroxocobalamin, 1000 ug.

Results: The mean age was 45.3 = 12.4 years, with a female predominance (60%), at baseline,
the mean RBC count was 3.1 £ 0.5 x 10*12/L, which rose significantly to 3.8 + 0.4 x 10"12/L
at 6 weeks and 4.5 £ 0.3 x 10"12/L by 12 weeks (p<0.001). Hemoglobin levels increasing from
9.2+1.8¢g/dLto 11.5+ 1.2 g/dL at 6 weeks and 13.0 + 1.0 g/dL at 12 weeks (p<0.001).Mean
corpuscular volume (MCV) of 110.2 + 6.8 fL at baseline, normalized to 101.6 £ 5.9 fL at 6
weeks and 95.4 + 5.3 fL by 12 weeks (p<0.001).

Conclusion: Vitamin B12 supplementation is a corner stone in managing anemia due to B12
deficiency. Prompt diagnosis and treatment significantly improve RBC count, hemoglobin
levels, and patient-reported outcomes.

Introduction

Anemia, a condition characterized by insufficient red blood cell production or function, affects
over one-third of the global population and has substantial socioeconomic and health burdens
(1). It can result from diverse causes, including nutritional deficiencies, chronic diseases, and
genetic disorders. Among nutritional causes, vitamin B12 deficiency is particularly notable due
to its association with megaloblastic anemia and neurological complications (2).

Vitamin B12, or cobalamin, is vital for DNA synthesis, particularly in rapidly dividing cells
like erythroid progenitors in the bone marrow (3). Deficiency disrupts this process, leading to
ineffective erythropoiesis and macrocytosis. Common causes of deficiency include dietary
insufficiency—particularly ~among  vegetarians and vegans—pernicious anemia,
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gastrointestinal disorders such as celiac disease or Crohn's disease, and prolonged use of certain
medications like proton pump inhibitors or metformin (4).

Symptoms of vitamin B12 deficiency are varied, ranging from generalized fatigue and pallor
to more severe neurological manifestations, including paresthesia, ataxia, and cognitive
impairment. The hematological effects, however, are among the most clinically recognized,
with megaloblastic anemia being a hallmark (5). Early diagnosis and intervention are crucial
to prevent irreversible complications, yet diagnosis can be challenging due to overlapping
symptoms with other conditions and the variability of serum B12 levels (6).

Recent advances in diagnostic methodologies, such as serum methylmalonic acid and
homocysteine as adjunct markers, have improved the accuracy of diagnosing B12 deficiency
(7). Additionally, the growing understanding of the global prevalence of dietary insufficiency
highlights the importance of public health initiatives to address vitamin B12 deficiency in at-
risk populations (8,9).

This study aims to investigate the efficacy of vitamin B12 supplementation in improving
hematological parameters, specifically RBC count and hemoglobin levels, in patients with
anemia due to confirmed B12 deficiency. By delineating the patterns of hematological
recovery, the findings could provide valuable insights for clinicians in tailoring management
strategies.

Patients and Methods
Study Design and patients

Prospective cohort study was conducted at a tertiary care hospital in Babylon province from
April 2023 to October 2024 . A total of 200 patients aged 18—65 years diagnosed with anemia
due to confirmed vitamin B12 deficiency were enrolled. Exclusion criteria included patients
with anemia from other causes (iron deficiency or hemoglobinopathies), also patients with
recent blood transfusion, or coexisting severe chronic illnesses are excluded.

Diagnostic Criteria

Anemia was defined according to World Health Organization (WHO) standards: hemoglobin
levels <13 g/dL in men and <12 g/dL in women (10). Vitamin B12 deficiency was confirmed
with serum levels <200 pg/mL.(11) Additional diagnostic evaluations were done including
serum methylmalonic acid and homocysteine levels.

Methods

1. Vitamin B12 Measurement: Vitamin B12 levels were measured using a chemiluminescent
immunoassay (CLIA) on an automated analyzer. The assay relies on the competitive binding
principle, where labeled cobalamin competes with the patient's serum B12 for binding to
intrinsic factor-coated magnetic particles. After washing, chemiluminescent signals
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proportional to the B12 concentration were detected. Results below 200 pg/mL were
considered deficient.

2. Methylmalonic Acid (MMA): MMA levels were quantified using gas chromatography-
mass spectrometry (GC-MS). Serum samples were first extracted and derivatized to produce
methylmalonyl derivatives. The GC-MS system detected MMA levels with high sensitivity
and specificity. Elevated MMA (>0.4 umol/L) was considered indicative of functional vitamin
B12 deficiency.

3. Homocysteine: Total homocysteine levels were measured using high-performance liquid
chromatography (HPLC) with fluorescence detection. Serum homocysteine was reduced and
derivatized before separation by HPLC. Concentrations above 15 pmol/L were considered
elevated, suggestive of disrupted methionine metabolism due to B12 deficiency.

4. CBC: This was done by using autoanalyzer (Abacus Diatron company).

Intervention

Patients received intramuscular injections of hydroxocobalamin, 1000 pg (to provide good
therapeutic response in those with malabsorption and sever B12 deficiency ) , administered
weekly for the first 4 weeks, followed by monthly injections. Compliance was monitored
through hospital records.

Outcome Measures

Primary outcomes were changes in RBC count and hemoglobin levels, measured at baseline, 6
weeks, and 12 weeks post-supplementation. Secondary outcomes included mean corpuscular
volume (MCV) and patient-reported symptoms.

Statistical Analysis

Data were analyzed using SPSS software (version 26). Continuous variables were expressed
as mean = standard deviation (SD), and categorical variables as frequencies and percentages.
Paired t-tests and repeated-measures ANOVA were used to compare baseline and post-
intervention values. A p-value <0.05 was considered statistically significant.

Results

Baseline Characteristics

The cohort's mean age was 45.3 £ 12.4 years, with a female predominance (60%). Common
symptoms at presentation included fatigue (90%), pallor (85%), and glossitis (40%). Mean
baseline hemoglobin and RBC count were 9.2 + 1.8 g/dL and 3.1 £ 0.5 x 10"12/L, respectively.

Hematological Response to Vitamin B12 Supplementation

IIARD — International Institute of Academic Research and Development Page 21



http://www.iiardjournals.org/

International Journal of Medical Evaluation and Physical Report E-ISSN 2579-0498
P-ISSN 2695-2181 Vol 9. No. 1 2025 www.iiardjournals.org Online Version

Hematological Parameters(Tablel):

Patients exhibited significant hematological recovery post-vitamin B12 supplementation. At
baseline, the mean RBC count was 3.1 £ 0.5 x 10712/L, which rose significantly to 3.8 + 0.4
x 107M12/L at 6 weeks and 4.5 + 0.3 x 10"12/L by 12 weeks (p<0.001). Hemoglobin levels
increasing from 9.2 + 1.8 g/dL to 11.5 = 1.2 g/dL at 6 weeks and 13.0 + 1.0 g/dL at 12 weeks
(p<0.001). Additionally, macrocytosis, indicated by an elevated mean corpuscular volume
(MCV) of 110.2 + 6.8 fL at baseline, normalized to 101.6 + 5.9 fL at 6 weeks and 95.4 + 5.3
fL by 12 weeks (p<0.001).

Table 1. Hematological Parameters at Baseline, 6 Weeks, and 12 Weeks

Parameter Baseline 6 Weeks 12 Weeks | p-value
RBC Count (x10M2/L) | 3.1£0.5 38+04 |45+0.3 |<0.001
Hemoglobin (g/dL) 9.2+1.8 115+1.2 |13.0+£1.0|<0.001
MCV (fL) 110.2+6.8 | 101.6 £5.9 | 95.4 + 5.3 | <0.001

Symptom Resolution (Table 2):

Clinical symptoms associated with vitamin B12 deficiency showed marked improvement.
Fatigue, reported by 90% of patients at baseline, decreased to 50% at 6 weeks and 20% by 12
weeks. Pallor showed similar improvements, reducing from 85% at baseline to 55% at 6 weeks
and 25% at 12 weeks. Glossitis, present in 40% of patients initially, was resolved in most cases
by 12 weeks (10%).

Table 2. Symptoms Resolution Over Time

Symptom | Baseline (%) | 6 Weeks (%) | 12 Weeks (%)
Fatigue | 90 50 20
Pallor 85 55 25
Glossitis | 40 20 10

Biochemical Markers (Table 3):

Vitamin B12 supplementation led to significant improvements in serum B12 and related
biomarkers. Serum B12 levels increased from 150 £ 30 pg/mL at baseline to 450 + 50 pg/mL
at 12 weeks (p<0.001). Similarly, methylmalonic acid levels, elevated at baseline (0.56 + 0.15
umol/L), normalized to 0.22 + 0.08 umol/L by 12 weeks (p<0.001). Homocysteine levels, a
marker of impaired methionine metabolism, decreased from 19.4 + 4.2 umol/L at baseline to
9.1 £2.5 umol/L at 12 weeks (p<0.001).
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Table 3. Serum Biomarkers of Vitamin B12 Deficiency

Biomarker Baseline 12 Weeks | p-value

Serum B12 (pg/mL) 150 + 30 450 + 50 <0.001

Methylmalonic Acid (umol/L) | 0.56 £ 0.15 | 0.22 + 0.08 | <0.001

Homocysteine (umol/L) 194+42 [91+25 <0.001
Discussion

Vitamin B12 supplementation effectively increased RBC count and corrected hematological
abnormalities in patients with B12 deficiency anemia. The observed timeline of recovery aligns
with the physiological role of B12 in erythropoiesis and DNA synthesis (12).

According to our results, the majority of study participants were middle aged and older with
female preponderance ,this finding is not consistent with study from India , where vitamin B12
insufficiency was prevalent in male(2) size of the sample may explain this differences.

The significant improvements in RBC count, hemoglobin levels, and normalization of MCV
highlight the efficacy of B12 supplementation. These findings support its role as a corner stone
therapy for megaloblastic anemia, which are concordant with previous studies(13,14) .
Additionally, the rapid resolution of symptoms such as fatigue and pallor underscores the
clinical benefits of timely intervention (15).

Substantial improvement was also reflected in biochemical markers. The normalization of
methylmalonic acid and homocysteine levels supports the biochemical efficacy of
supplementation, as both markers are sensitive indicators of cellular B12 activity (16). This is
particularly important in differentiating B12 deficiency from other causes of anemia and
ensuring appropriate treatment (17).Numerous studies have examined the relationship between
vitamin B12 and homocysteine ,Premkumar et al. found that treating B12 deficiency lowers
homocysteine level and reducing the risk of thrombotic events (18).

Despite these positive outcomes, challenges remain. For instance, specific subgroups, such as
older adults and individuals with chronic gastrointestinal disorders, may experience delayed or
incomplete hematological recovery, necessitating prolonged or higher-dose supplementation
(19). Personalized treatment strategies considering comorbidities and baseline biochemical
profiles could enhance patient outcomes (20,21).

Conclusion

Vitamin B12 supplementation is a corner stone in managing anemia due to B12 deficiency.
Prompt diagnosis and treatment significantly improve RBC count, hemoglobin levels, and
patient-reported outcomes. Future studies should explore the long-term impact of B12
supplementation on neurological outcomes, as this aspect remains under-researched despite its
critical implications. Additionally, large-scale public health initiatives could address the rising
prevalence of dietary B12 deficiency, particularly in populations adhering to plant-based diets

IIARD — International Institute of Academic Research and Development Page 23



http://www.iiardjournals.org/

International Journal of Medical Evaluation and Physical Report E-ISSN 2579-0498
P-ISSN 2695-2181 Vol 9. No. 1 2025 www.iiardjournals.org Online Version

References

1. World Health Organization. Global prevalence of anemia 2011-2015. Geneva: WHO;
2017.

2. Agrawal AR ,Mair N, Mehta RS,Chakrapani AS, Gupta K.Srivastav Y .et al. Clinical
and Hematological characteristics of vitamin B12 Deficiency and Evaluation of the
Therapeutic Response to Vitamin B12 Supplementation. Cureus. 2024;16(12):
e76468.DOI 10.7759/cureus.76468

3. Green R, Allen LH, Bjagrke-Monsen AL, Brito A.Vitamin B12 deficiency. Nat Rev Dis
Primers. 2017;3:17040.

4. Shipton MJ, Thachil J. Vitamin B12 deficiency—A 21st century perspective. Clin Med
(Lond). 2015;15(2):145-50.

5. Devalia V, Hamilton MS, Molloy AM. Guidelines for the diagnosis and treatment of
cobalamin and folate disorders. Br J Haematol. 2014;166(4):496-513.

6. Carmel R. Subclinical cobalamin deficiency. Curr Opin Gastroenterol. 2012;28(2):151-
8.

7. Briani C, Dalla Torre C, Citton V, Manara R, Pompanin S, Binotto G, Adami F.
Cobalamin deficiency: clinical picture and radiological findings. Nutrients. 2013 Nov
15;5(11):4521-39.

8. O'Leary F, Samman S. Vitamin B12 in health and disease. Nutrients. 2010;2(3):299-
316.

9. Al-Maaroof ZW. Enhancing thromboembolism risk prediction through novel
biomarkers and inflammatory indicators. Journal of Applied Hematology.2024;15(4):p
313-318.

10. World Health Organization. Guideline on haemoglobin cutoffs to define anaemia in
individual and populations. Geneva: World Health Organization;2024,Licence: CC
BY-NC-SA 3.0 IGO

11. Stabler SP. Megaloblastic anemia.In: Goldman LS ,Schafer Al, eds.Goldman-Cecil
Medicine .26" ed.Elsevier ;2019:1069-1077.

12. Wolffenbuttel BH, Wouters HJ, Heiner-Fokkema MR, van der Klauw MM. The many
faces of cobalamin (vitamin B12) deficiency. Mayo clinic proceedings: innovations,
quality & outcomes. 2019 Jun 1;3(2):200-14.

13. Bhole CA,Ralot TK,Meena RI. A study of correlation between vitamin B12 deficiency
and its clinical ,haematological ,electrophysiological parameters. Int Med Sci
Educ.2014;1:187-94.

14. Suthar HN,Shah TN.Evaluation of Clinical Profile and Hematological Parameters of
Cases of Megaloblastic Anemia. Natl j community Med.2017;8:592-6

15. Andres E, Serraj K, Zhu J, et al. The pathophysiology of elevated vitamin B12 in
clinical practice. QJIM. 2013;106(6):505-15.

16. Herrmann W, Obeid R. Cobalamin deficiency. Subcell Biochem. 2012;56:301-22.

17. Moll R, Davis B. Iron, vitamin B12 and folate. Medicine. 2017 Apr 1;45(4):198-203.

18. Premkumar M. ,Gupta N,Singh T,Velpandian T:Vitamin B12-homocyteine interaction
and the efficacy of B12 therapy in relation to anemia and neurological disease in a
North Indian population.Int J Nutr Pharmacol Neurol Dis. 2012 ;2: 61-9

19. Nexo E, Hoffmann-Licke E. Holotranscobalamin, a marker of vitamin B12 status:
analytical aspects and clinical utility. Am J Clin Nutr. 2011;94(1):359S-65S.

IIARD — International Institute of Academic Research and Development Page 24



http://www.iiardjournals.org/

International Journal of Medical Evaluation and Physical Report E-ISSN 2579-0498
P-ISSN 2695-2181 Vol 9. No. 1 2025 www.iiardjournals.org Online Version

20. Green R, Allen LH, Bjgrke-Monsen AL, Brito A, Guéant JL, Miller JW,et al Vitamin
B12 deficiency. Nature reviews Disease primers. 2017 Jun 29;3(1):1-20.

21. Wang H, Li L, Qin LL, et al. High prevalence of vitamin B12 deficiency in Chinese
lacto-ovo vegetarians and vegans: a cross-sectional study. Br J Nutr. 2018;120(9):1031-
40.

IIARD — International Institute of Academic Research and Development Page 25



http://www.iiardjournals.org/

