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in true evaluation of vitamin B12 deficiency:
Relevance in current perspective
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Abstract
Objective Measurement of total vitamin B12 (vit B12) concentration raised concerns over early detection of
vit B12 deficiency due to its clinical unreliability. In this present article we aimed to assess the efficacy of holotranscobolamin (active vit B12) for true evaluation of vit B12 deficiency.
Methods This retrospective study included 100 participants referred for vit B12 assay. Serum total vit B12, active vit
B12 and homocysteine were estimated.
Results Our study showed 59% of the total participants with vit B12 deficiency (185 ± 64.62 pg/ml) and 18%
with hyper-cobalaminemia (1666.9 ± 367.13 pg/ml) based on their total vit B12 concentrations. A comparative
study on total vit B12 and active vit B12 was done which reflected a striking disparity in results. Active vit
B12 reported 28.8% patients with vit B12 deficiency (19.8 ± 17.48 pg/ml) and only 16.6% patients with hypercobalaminemia (224.14 ± 10 pg/ml). Active vit B12 appeared to be more sensitive (82.35% vs 65%) and specific
(46.6% vs. 43.8%) diagnostic marker compared to total vit B12. Pearson Correlation study indicated a strong
positive correlation (r = 0.695 at p < 0.01) hence justified use of the two methods.
Conclusion We claim that active vit B12 is a much more reliable biomarker than total vit B12 for early diagnosis of vit
B12 deficiency.
Keywords Transcobalamin, Haptocorrin, Holo-transcobalamin, Vitamin B12 deficiency, Homocysteine, Diagnostic
blind spot
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Introduction
Vit B12 is an essential water-soluble micronutrient necessary for all cells of human body. Since endogenous
synthesis does not occur in humans, they rely solely
upon its proper dietary intake, processing, and delivery
to the target tissues [1]. Dietary inadequacy and malabsorption of vit B12 have created a global disease burden including India [2, 3]. More often micronutrient
deficiency is observed in older population [4]. Emerging evidence indicated a significant upsurge of vit B12
deficiency in infants, school going children [5, 6], adolescents, pregnant women and women of reproductive
age [7, 8]. Vitamin D deficiency is perceived to prevent
vit B12 absorption causing vit B12 deficiency and there
is a significant positive correlation of vitamin D deficiency with vit B12 deficiency[9]. The current prevalence
of vitamin D deficiency is 70–80% in school going children [10] and 90–95% in pregnant women[11] which
might attribute to increased prevalence of vitamin B12
deficiency in them. Anemia caused by vit B12 deficiency
is quite common in women of reproductive age in India
which might lead to adverse perinatal outcome if timely
intervention is not taken[12, 13]. A large spectrum of
heterogeneous diseases[14] including irreversible neurological impairments[15], hematological disorders[16] and
autoimmune disorders[17]are associated with vit B12
deficiency.Vit B12 deficiency has been linked with some
tropical diseases in some studies but the potential role of
vitamin B12 in the pathogenesis of the diseases is yet to
be elucidated[18]. Growing trends of vegetarianism also
imparts to the ascending curve of vit B12 deficiency in
India[19]. There are some recent studies indicating the
fat mass and obesity associated (FTO) gene polymorphism as one of the causal factors with vit B12 deficiency
in obese persons who are considered to be the high candidates for type 2 diabetes [20]. Vitamin B12 deficiency
is reported in individuals who are on metformin [21]
and proton pump inhibitors for a prolonged period of
time[22]. Laboratory investigation of serum vit B12 level
is a routine practice for determining its deficiency. Raised
serum methylmalonic acid (MMA) and homocysteine
along with the reduced concentration of serum total vit
B12 are the cornerstones in diagnostic evaluation of vit
B12 deficiency [23], although the elevated concentrations of serum MMA and homocysteine are not always
trustworthy in terms of specificity. Some diseases like
renal impairment and folate/Vit B6 deficiency nonspecifically increase MMA [24] and homocysteine concentrations [25]. The unreliability of total vit B12 as diagnostic
marker for the correct assessment of its deficiency has
been reflected in several studies[26]. Low levels of
serum vit B12 is not always accompanied with vit B12
deficiency, 15-40% of the B12 deficient patients are not
truly deficient [27]. On the contrary normal levels of vit
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B12 with normal MMA/homocysteine cannot rule out
the possibilities of having vit B12 deficiency [28]. Even
asymptomatic patients with normal hematological profile
can have low serum vit B12 concentration. Measurement
of total transcobalamin (TC) sometimes leads to anomalies in test results [29]. It is a known fact that total vit B12
consists of 70–90% metabolically inert haptocorrin (HC)
bound B12 (HC-B12-transcobalamin) and 6–20% biologically active transcobalamin II (active B12)[30]. HCB12-transcobalamin estimation might be misleading,
since HC concentration is reported to be decreased in
pregnancy, aplastic anemia, and women with estrogen
therapy [31]. On the other hand, some clinical conditions
such as hypothyroidism, liver dysfunction and pernicious
anemia which elevate HC concentration leading to falsely
elevation of vit B12 level. Holo-TC appears to be an ideal
marker in diagnosing true vit B12 status especially when
total B12 assay shows subnormal or low results [32–34].
Cellular uptake of holo-TC bound fraction and its short
half-life period makes it a more clinically meaningful
marker than HC bound B12 for the early and reliable
diagnosis of vit B12 deficiency. The aim of this retrospective study is to assess the performance of active vit B12 in
comparison to total vit B12 for the correct diagnosis of
true vitB12 status of the body.

Methods
This is a retrospective study comprising data from a
total 100 patients who visited Ramakrishna Mission
Seva Pratishthan (RKMSP) hospital, a renowned general
hospital for masses in the heart of the city, for a period
of three months. The study was cleared by institutional
ethics committee (IEC) of the same hospital, before collecting any data. Demographic characteristics and test
results for total vit B12, active vit B12 and homocysteine
were obtained from the medical records of Biochemistry
Department of RKMSP hospital. Serum concentrations
of total vit B12 was estimated on immunoassay analyzer
(Cobas6000, Roche Diagnostics, Germany) by electro
chemiluminescence method, active vit B12 was determined on auto analyzer (Abbot, Architect, Germany)
by micro particle enzyme assay method and homocysteine was measured on biochemistry analyzer (Virtos
4600, Ortho Clinical Diagnostics, USA) by spectrophotometric method. The patients were divided into three
groups based on their total vit B12 concentration. Group
I: Elevated (Total vit B12 > 1000 pg ml) Group II: Sufficient (Total vit B12 = 300–946 pg/ml) and group III: Deficient (Total vit B12 < 300 pg/ml). Results were statistically
compared by mean and standard deviation (Mean ± SD)
with statistical software Graph pad prism 9.0. Pearson
Correlation test was carried out to assess the correlation
between total and active vit B12 by correlation coefficient. The results were evaluated to ascertain agreement
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Table 1 Demographic & Biochemical characteristics of the study
participants
Parameters
Age (M)
Age (F)
Total B12 (D)
Total B12 (H)
Total B12 (S)
Active B12 (D)
Active B12(H)
Active B12 (S)
Folate (D)
Folate (S)
Homocysteine (H)
Homocysteine (S)

n
55
45
59
18
23
17
3
80
24
76
42
58

(%)
55
45
59
18
23
17
3
80
24
76
42
58

Mean ± SD
54.43 ± 11.09 years
51.11 ± 9.48 years
185.62 ± 64.62 pg/ml
1666.90 ± 367.13 pg/ml
492.30 ± 198.68 pg/ml
19.81 ± 7.48 pg/ml
224.14 ± 10 pg/ml
107.70 ± 56.64 pg/ml
3.23 ± 1.04 ng/ml
10.77 ± 4.98 ng/ml
24.06 ± 11.77 µmol/L
11.87 ± 1.83 µmol/L

M = male, F = female, D = deficient, H = high, S = sufficient, n = number of
participants for each parameter

or disagreement between total and active vit B12 test
results for correct diagnosis of vit B12 deficiency, hypercobalaminemia and vit B12 adequacy in the study participants.The threshold values for total vit B12, active vit B12
and homocysteine were determined by their reference
range cited in the kit literatures. Reference ranges are as
follows:
Active vit B12: Deficient:<34 pg/ml, Sufficient:34–223
pg/ml, High:>223 pg/ml.
Total vit B12: Deficient:<300 pg/ml, Sufficient:300–946
pg/ml, High:>946 pg/ml.
Homocysteine: Deficient:<4 µmol/L, Sufficient:4–15
µmol/L, High:>15 µmol/L.

Results
There were 55% males with a mean age 54.43 ± 11.09
years and 45% females with a mean age 51.11 ± 9.48 years
in this study. 59% of the total participants showed vit
B12 deficiency (185 ± 64.62 pg/ml), 18% showed hypercobalaminemia (1666.9 ± 367.13 pg/ml) and 23% showed
vit B12 sufficiency (492.30 ± 198.68 pg/ml) based on their
total vit B12 concentrations. On the contrary, active vit
B12 concentration demonstrated only 17% patients were
deficient (19.81 ± 7.48 pg/ml), 3%with hyper-cobalaminemia (224.14 ± 10pg/ml) and 80% with sufficient vit B12
level (107.70 ± 56.64 pg/ml). Among all the subjects, 24
reported folate deficiencies (3.23 ± 1.04 ng/ml) whereas
folate concentration was sufficient (10.77 ± 4.98 ng/ml)
in 76% of the total participants. Hyper-homocysteinemia
(24.06 ± 11.77 µmol/L) and normo-homocysteinemia
(11.87 ± 1.83 µmol/L) were observed in 42% and 58% of
the study group participants respectively (Table 1).
18% (N = 18), 23% (N = 23) and 59% (N = 59) of the total
participants were included in group I or high vit B12
group (1666.9 ± 377.7 pg/ml), group II or sufficient vit B12
group (492.3 ± 198.6 pg/ml) and group III or deficient vit
B12 group (185 ± 64.6 pg/ml) respectively (Fig. 1). Serum
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active vit B12 concentrations were measured in each
group and results were compared with total vit B12 for
assessing hyper-cobalaminemia, vit B12 sufficiency and
deficiency (Fig. 1). 83.3% (N = 15 out of 18) participants
in group I showed hyper-cobalaminemia with raised total
vit B12 concentration (1600 ± 367.59 pg/ml) but their
active vit B12 concentration lied (155.01 ± 28.56 pg/ml)
within reference range (34–223 pg/ml). Only 3 participants out of 18 (16.6%) showed combined hyper-cobalaminemia with both elevated holo-TC (224.14 ± 10 pg/
ml) and total vit B12 concentration (> 2000 pg/ml) in this
group. Serum holo-TC (97.93 ± 50.31pg/ml) and total vit
B12 (492.3 ± 198.6 pg/ml) test results in group II participants were in complete agreement with each other indicating they had sufficient levels of both total and active
vit B12. A shocking disparity in test results was observed
in vit B12 deficient group (Group III).71.18% (42 participants out of 59) here had sufficient holo-TC (60 ± 19.5
pg/ml) but reduced total vit B12 (216.38 ± 46.49 pg/ml).
Combined vit B12 deficiency with reduced concentrations of both total vit B12 (109 ± 31.31pg/ml) and active
vit B12 (19.82 ± 7.49 pg/ml) was observed in only 28.81%
(17 participants out of 59) in the vit B12 deficient group.
Hyper-homocysteinemia (26.53 ± 16.53µmol/L) was
demonstrated in 82.35% (14 participantsout of 17) with
combined vit B12 deficiency, whereas normo-homocysteinemia (9.90 ± 1.65 µmol/L) was observed in 17.6% participants (3 out of 17) in group III. True B12 deficiency
was further corroborated with hyper-homocysteinemia
(26.53 + 16.53 µmol/L) in the patients (Fig. 1)
Concordance study with homocysteine showed high
sensitivity of active vit B12 than total vit B12 (82.35%
vs. 65%) but moderately high specificity was observed
(46.6%vs43.8%) between the two. Pearson Correlation study of total vit B12 with active vit B12 indicated
a strong positive correlation (r = 0.695, p < 0.01) between
total B12 and active B12 (Fig. 2), thereby justifying the
comparison of two methods for similar biochemical
assessments.

Discussion
Reduced or sub normal total vit B12 concentration does
not always clinically correlate with vit B12 deficiency
[35]. On the other hand, subclinical vit B12 deficiencies
sometimes not reflected in reduced total vit B12 concentration, it remains borderline low or within normal
reference range [36]. Active B12 or holo-TC appears as
a rescue to override the clinical dilemma associated with
total vit B12 testing. It has been claimed as a more reliable diagnostic marker for early detection of vit B12
deficiency due to its speedy cellular uptake and its short
half-life period as compared to total vit B12. The other
important attribute of active vit B12 which makes it
superior to total vit B12 in terms of diagnostic accuracy
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Fig. 1 Active B12 concentration in group I (H: High), group II (S: Sufficient) and group III (D: Deficient) participants.

is that malabsorption of intrinsic factor does not reduce
active vit B12 concentration. Our study is also in compliance with numerous studies indicating holo-TC as diagnostically more accurate marker in comparison to total
vit B12 due to its high sensitivity and specificity over total
vit B12 [37, 38].
In this study we did a comparison between total and
active vit B12 test results in various groups. Group II
(B12 sufficient group) participants were in compliance
with both vit B12 measurements, total and active respectively. But total B12 test results in group I and group III
were not in alliance with their active vit B12 test results.
Clinical history revealed only 16.6% (3 participant sout of
18) having clinical history of neuropathy were on vit B12
supplementation in group I and they showed raised concentrations of both active and total B12. Among the other
patients with elevated vit B12 concentration (groupI) 6
had CKD (not on supplementation), 5 had viral hepatitis and 4 patients developed malignancy induced anemia. Hyper-cobalaminemia in group I participants
without history of supplementation might be attributed
totheir elevated serum HC concentration which has been
reported to be elevated in several diseases including

kidney disease, chronic liver disease, hematological
malignancies [39–41]. Two possible hypotheses are there
for such elevation, firstly the leakage of holo-haptocorrin
in the circulation by the damaged hepatocytes in patients
with acute hepatitis.Secondly, reduced cellular clearance of holo-haptocorrin by the injured hepatic cells
causing false elevation of total vit B12 concentration.
We also observed a striking difference intotal and active
vit B12 test results in vit B12 deficient group (Group
III). 71.18% in group III showed vit B12 deficiency with
reduced total vit B12 concentration (216.38 ± 46.49 pg/
ml) without showing any signs or symptoms of clinical vit B12 deficiency.They were tested for active vit B12
which was observed to be in sufficient concentration
(60 ± 19.5 pg/ml) in the participants. Numerous studies
reported that reduced total vit B12 concentrations do
not always accompany with clinical B12 deficiency [42].
Only 28.81% patients in group III who had combined vit
B12 deficiency with reduced total and active vit B12 concentrations showed clinical manifestations of vit B12
deficiency. Vit B12 deficiency was further corroborated
with hyper-homocysteinemia (26.53 ± 16.53 µmol/L) in
82.35% (14 participants out of 17) with combined vit B12
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Fig. 2 Scatter plot between total B12 and active B12 showed a significant positive correlation at 0.01

deficiency in group III. But on a practical stand point
active vit B12 has still not gained much attention in a
country like India due to its high cost and limited availability despite having stupendous diagnostic accuracy.
Most of the laboratories in India still depend on total vit
B12 for detecting vit B12 deficiency which produces confusing test results, sometimes indicates vit B12 deficiency
in apparently healthy normal individuals without showing clinical manifestations [43]. Likewise, sometimes
yields false normal test values [44] in the patients with
clinical vit B12 deficiency. Hence clinical evaluation of
the patients along with vit B12 diagnostic reports should
be considered for accurate diagnosis of vit B12 deficiency.

Conclusion
We believe our study bears a significant relevance to the
clinicians, patients, and all other stake holders as it will
enable to create much awareness of adopting active vitamin B12 test for accurate diagnosis of vit B12 deficiency.
Limitations
The sample number in this study was limited for any validation as was the population type. The future study must
be applied to a wide range of population keeping in mind
any racial and ethnic variation with a larger sample size.

MMAis one of the most important biomarkers for the
confirmation of vitamin B12 deficiency which we could
not afford to test due to financial restraints.
Abbreviations
Vit B12	Vitamin B12
MMA	Methylmalonic acid
HC	Haptocorrin
TC	Transcobalamin
Acknowledgements
The authors acknowledge the support and cooperation extended by the
Secretary of RKMSP hospital, Revered Swami Nityakamananda. We are also
grateful to Prof. (Dr.) Debasis Maji and the Biochemistry department for
helping us conducting the study.
Authors’ contributions
RD designed, conceptualized, executed and prepared the manuscript. KS
wrote some sections of the manuscript and reviewed it.
Funding
No funding source was available for this work.
Data availability
The datasets used during the current study available from the corresponding
author on reasonable request.

Dastidar et al. BMC Research Notes

(2022) 15:329

Page 6 of 7

Declarations
Ethics approval and consent to participate
The study was cleared by institutional ethics committee (IEC) of the same
hospital, before collecting any data. Since it was a retrospective study, all
data were collected from the medical records of the patients, no separate
blood sample was collected for this particular study. Hence informed verbal
consents were taken from participants, no written consents were required.
Consent for publication
Not applicable.
Competing interests
Authors declare no conflict of interest for this study.

17.
18.
19.
20.

21.

Received: 1 July 2022 / Accepted: 28 September 2022
22.
23.
References
1. Azzini E, Raguzzini A, Polito A. A Brief Review on Vitamin B12 Deficiency Looking at Some Case Study Reports in Adults. Int J Mol Sci.
2021;22(18):9694–708.
2. Singla R, Garg A, Surana V, Aggarwal S, Gupta G, Singla S. Vitamin B12
Deficiency is Endemic in Indian Population: A Perspective from North India.
Indian J Endocrinol Metab. 2019 Mar-Apr;23(2):211–4.
3. Sundarakumar JS, Hameed SKH, Ravindranath V. Burden of vitamin D, Vitan
B12 and folic acid deficiencies in an aging rural Indian community. Front
Public Health. 2021;9:1–9.
4. Watson J, Lee M, Garcia-Casal MN. Consequences of Inadequate Intakes of
Vitamin A, Vitamin B12, Vitamin D, Calcium, Iron, and Folate in Older Persons.
CurrGeriatr Rep. 2018;7(2):103–13.
5. Gupta S, Haldar P, Singh A, Malhotra S, Kant S. Prevalence of serum cobalamin
and folate deficiency among children aged 6–59 months: A hospital-based
cross-sectional study from Northern India. J Family Med Prim Care. 2022
Mar;11(3):1063–9.
6. Kalyan B, Mittal M, Jain R. Compromised Vitamin B12 Status of Indian Infants
and Toddlers. Food Nutr Bull. 2020 Dec;41(4):430–7.
7. Sobowale OI, Khan MR, Roy AK, Raqib R, Ahmed F. Prevalence and Risk Factors of Vitamin B12 Deficiency among Pregnant Women in Rural Bangladesh.
Nutrients. 2022 May 10;14(10):1993–2006.
8. Obeid R, Eussen SJPM, Mommers M, Smits L, Thijs C. Imbalanced Folate
and Vitamin B12 in the Third Trimester of Pregnancy and its Association
with Birthweight and Child Growth up to 2 Years. Mol Nutr Food Res. 2022
Jan;66(2):e2100662.
9. Karabayir N, Teber BG, Dursun HK, Pehlivan LS. Is There An Association
Between Vitamin B12 Level and Vitamin D Status in Children? J PediatrHematol Oncol. 2022;Apr1(3):e677–81. 44(.
10. Mandlik R, Kajale N, Ekbote V, Patwardhan V, Khadilkar V, Chiplonkar S, Khadilkar A. Determinants of Vitamin D Status in Indian School-children. Indian J
Endocrinol Metab. 2018 Mar-Apr;22(2):244–248.
11. Jeyakumar A, Shinde V, Ravindran R. Pooled estimate of vitamin D deficiency
among pregnant women in India: a systematic review and meta-analysis.
Health PopulNutr. 2021 Jun;29(1):28. 40(.
12. Finkelstein JL, Fothergill A, Johnson CB, Guetterman HM, Bose B, Jabbar S,
et al. Anemia and Vitamin B-12 and Folate Status in Women of Reproductive Age in Southern India: Estimating Population-Based Risk of Neural Tube
Defects. Curr Dev Nutr. 2021 Apr;26(5):nzab069. 5(.
13. Finkelstein JL, Fothergill A, Krisher JT, Thomas T, Kurpad AV, Dwarkanath P.
Maternal vitamin B12 deficiency and perinatal outcomes in southern India.
PLoS One. 2021 Apr 6;16(4):e0248145.
14. Bruce HRW, Hanneke JCMW, Rebecca HF, Melanie MK. The Many Faces of
Cobalamin (Vitamin B12) Deficiency. Mayo Clin Proc Innov Qual Outcomes.
2019;03(02):200–21.
15. Nawaz A, Khattak NN, Khan MS, Nangyal H, Sabri S, Shakir M. Deficiency of
vitamin b12 and its relation with neurological disorders:a critical review.
JoBAZ. 2020;81(10):1–9.
16. Röhrig G, Gütgemann I, Kolb G, Leischker A. Clinical hematological symptoms
of vitamin B12 deficiency in old age: Summarized overview of this year’s
symposium of the Working Group “Anemia in the Aged” on the occasion of

24.
25.

26.

27.
28.
29.
30.
31.
32.

33.
34.
35.
36.
37.
38.
39.
40.

the annual conference of the German Geriatric Society (DGG) in Frankfurt. Z
GerontolGeriatr. 2018 Jun;51(4):446–452.
Aktaş H. Vitamin B12 and Vitamin D Levels in Patients with Autoimmune
Hypothyroidism and Their Correlation with Anti-Thyroid Peroxidase Antibodies. Med PrincPract. 2020;29(4):364–70.
Layden AJ, Täse K, Finkelstein JL. Neglected tropical diseases and vitamin
B12: a review of the current evidence. Trans R Soc Trop Med Hyg. 2018 Oct
1;112(10):423–435.
Naik S, Mahalle N, Bhide V. Identification of vitamin B12 deficiency in vegetarian Indians. Br J Nutr. 2018;119:629635.
Surendran S, Jayashri R, Drysdale L, Bodhini D, Lakshmipriya N, Shanthi
Rani CS, et al. Evidence for the association between FTO gene variants and
vitamin B12 concentrations in an Asian Indian population. Genes Nutr. 2019
Sep5;14:26.
Kim J, Ahn CW, Fang S, Lee HS, Park JS. Association between metformin dose
and vitamin B12 deficiency in patients with type 2 diabetes. Med (Baltim).
2019 Nov;98(46):e17918.
Miller JW. Proton P, Inhibitors. H2-Receptor Antagonists, Metformin, and
Vitamin B-12 Deficiency: Clinical Implications. Adv Nutr. 2018;9(4):511S–518S.
Lee SM, Oh J, Chun MR, Lee SY. Methylmalonic Acid and Homocysteine as
Indicators of Vitamin B12 Deficiency in Patients with Gastric Cancer after
Gastrectomy. Nutrients. 2019 Feb 21;11(2):450.
Ahmed MA, Nouria AI-S. Involvement in Methylmalonic Aciduria. Kidney Int
Rep. 2017;2(5):956–60.
Riphagen IJ, Minović I, Groothof D, Post A, Eggersdorfer ML, Kootstra-Ros JE,
et al. Methylmalonic acid, vitamin B12, renal function, and risk of all-cause
mortality in the general population: results from the prospective LifelinesMINUTHE study. BMC Med. 2020;18:380–8.
Campos AJ, Risch L, Nydegger U, Wiesner J, Vazquez Van Dyck M, Renz H, et
al. Diagnostic Accuracy of Holotranscobalamin, Vitamin B12, Methylmalonic
Acid, and Homocysteine in Detecting B12 Deficiency in a Large, Mixed
Patient Population. Dis Markers. 2020 Feb7;2020:7468506.
Andrzej G. Low Serum Vit B12 Level Does Not Mean Vit. B12 Deficiency –
Problems Related to the Diagnosis of Vitamin B12 Deficiency. Curr Eye Res.
2014;39(4):425–6.
Utku I, Mesut G, Erdal K. False elevations of vitamin B12 levels due to assay
errors in a patient with pernicious anemia. Blood Res. 2019;54(2):149–51.
Scarpa E, Candiotto L, Sartori R, Radossi P, Maschio N, Tagariello G. Undetected vitamin B12 deficiency due to false normal assay results. Blood
Transfus. 2013 Oct;11(4):627–9.
Refsum H, Johnston C, Guttormsen AB, Nexo E. Holotranscobalamin and total
transcobalamin in human plasma: determination, determinants, and reference values in healthy adults. Clin Chem. 2006;52:129–37.
Berenson AB, Rahman M. Effect of hormonal contraceptives on vitamin B12
level and the association of the latter with bone mineral density. Contraception. 2012 Nov;86(5):481–7.
Takaaki S, Masahiko K, Toshiaki O, Kenichi M, Tomomitsu M, Kenji O, et
al. Falsely Elevated Serum Vitamin B12 Levels Were Associated with the
Severity and Prognosis of Chronic Viral Liver Disease. Yonago Acta Med.
2017;60(1):31–9.
Bhuta P, Shah A, MuleyA. A study of anemia in hypothyroidism with reference
to vitamin B12 deficiency. Int J Adv Med. 2019 Oct;6(5):1667–71.
Joseph DB, Arun JN, Jeyaseelan L, Geethanjali FS. Assessing Diagnostic Accuracy of Serum Holotranscobalamin (Active-B12) in Comparison with Other
Markers of Vitamin B12 Deficiency. Ind J Clin Biochem. 2020;35(3):367–72.
Carmel R. Mild transcobalamin I (haptocorrin) deficiency and low serum
cobalamin concentrations. Clin Chem. 2003;49:1367–74.
Hamilton MS, Blackmore S, Lee A. Possible cause of false normal B-12 assays.
BMJ. 2006;333:654–5.
Das B, Bhatia SY, Pal BM. Comparison of Diagnostic Accuracy of Active B12
(Holotranscobalamin) and Total Vitamin B12 (Cobalamin) and Verification of
Active B12 Test. Ind J Med Biochem. 2020;24(1):25–31.
Nexo E, Hoffmann- L-E. Holotranscobalamin, a marker of vitamin B-12 status:
analytical aspects and clinical utility. Am J Clin Nutr. 2011;94(1):359S–65S.
Capelli I, Cianciolo G, Gasperoni L, Zappulo F, Tondolo F, Cappuccilli M, La
Manna G. Folic Acid and Vitamin B12 Administration in CKD, Why Not? Nutrients. 2019 Feb13;11(2):383.
Sugihara T, Koda M, Okamoto T, Miyoshi K, Matono T, Oyama K, et al.
Falsely Elevated Serum Vitamin B12 Levels Were Associated with the
Severity and Prognosis of Chronic Viral Liver Disease. Yonago Acta Med.
2017;Mar9;60(1):31–9.

Dastidar et al. BMC Research Notes

(2022) 15:329

41. Sasi S, Yassin M. A: A Rare Case of Acquired Hemolytic Anemia and Pancytopenia Secondary to Pernicious Anemia. Case Rep Oncol. 2020;13:783–8.
42. Shobha V, Tarey SD, Singh RG, Shetty P, Unni US, Srinivasan K, et al. Vitamin
B12 deficiency & levels of metabolites in an apparently normal urban south
Indian elderly population. Indian J Med Res. 2011;134:432439.
43. Singh S, Kumari R. Diagnostic Associations of Hypercobalaminemia in Indian
Population. Nat J Lab Med. 2020 October;9(4):BS04–6.
44. Elisabetta S, Laura C, Roberto S, Paolo R, Nilla M, Giuseppe T. Undetected
vitamin B12 deficiency due to false normal assay results. Blood Transfus.
2013;11(4):627–9.

Page 7 of 7

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

