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The reliable identification of vitamin B12 (B12) depletion, 
both severe and mild to severe, is an important issue for 
health outcomes at any age (1, 2). B12 deficiency has been 
linked to cognitive impairment, and even levels at the lower 
end of the normal range have been associated with 
Alzheimer disease, vascular dementia, and Parkinson disease 
(2). B12 supplementation (1 mg/day) is reported to correct 
the biochemical deficiency and to improve cognition in pa
tients with severe B12 deficiency at baseline (2). However, 
considering the methodological problems affecting the 
diagnostic specificity of current B12 assays, the need for sup
plementation may not be correctly evaluated if the identifi
cation of baseline depletion is unreliable.

From an examination of the literature, the assess
ment of thresholds of risk for identifying severe B12 defi
ciency is a challenging issue, reinforced by the wide array 
of thresholds reported by different authors and clinical 
practice guidelines. The UK National Institute for 
Health and Care Excellence (NICE) has released new re
commendations on the diagnosis and management of B12 
deficiency in subjects 16 years of age and older, updating 
the thresholds for identifying severe and mild to severe de
ficiency (3). NICE states that B12 testing should be per
formed in subjects at risk for B12 deficiency as listed in 
Table 1 (3). Pregnant women and newborns with altered 
levels of biomarkers of cobalamin metabolism detected 
by a newborn screening program should be added to 
this (Table 1) (1, 4). NICE recommends using either 
total B12 or holotranscobalamin (active B12) as the ini
tial test for suspected B12 deficiency and only the latter 

for testing pregnant women. This is less prone to inter
ferences in pregnancy and in breastfed newborns (4). In 
other populations, due to the absence of high-quality 
evidence, NICE clinical practice guidelines agree that 
total and active B12 may be interchangeable as the initial 
diagnostic test. Holotranscobalamin is reported to have 
a higher diagnostic sensitivity and accuracy for early de
tection of deficiency, both in mixed patient populations 
and hospitalized and older patients, and to be more use
ful in monitoring supplementation. However, few la
boratories offer measurement of holotranscobalamin, 
most likely because of the test’s cost and the limited lit
erature evidence replacing measurement of total B12 
with active B12. Recommending holotranscobalamin 
over total B12 testing would lead to a notable change 
in clinical practice and cost that would be difficult to 
justify without evidence of cost-effectiveness. 
Furthermore, holotranscobalamin testing does not 
eliminate the need for measuring methylmalonic acid 
levels if results of holotranscobalamin fall in the range 
25 to 70 pmol/L in subjects with symptoms or signs 
of B12 deficiency (3). The assignment of a consensus va
lue to the World Health Organization (WHO) 
International Standard (IS) code 03/178 for holotran
scobalamin may allow the comparison of population 
data and has offered the opportunity to boost the devel
opment of assay methodologies. An increase in labora
tory measurements of holotranscobalamin has been 
recently recorded across northern Europe, the UK, 
Canada, and Australia.

NICE suggested new thresholds for identifying severe 
and possible B12 deficiency with the premise that “in case 
of substantial local variation in total B12 or holotranscoba
lamin validated thresholds,” those set by the laboratory 
doing the testing should replace the recommended deci
sion levels (3). There are 2 main problems that laboratory 
professionals have to deal with to fulfill these recommen
dations. The first is the assessment of “local B12 thresh
olds,” because retrospective case series of laboratory data 
are often used to estimate reference ranges. Considering 
that total B12 measurements are usually performed as a 
screening test or to monitor supplementation, this may re
sult in overestimation of threshold levels. Prospective stud
ies excluding subjects undergoing supplementation or 
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using oral contraceptives and enrolling patients with signs 
and symptoms and/or abnormal hematological parameters 
may provide thresholds not suitable to identify an initial 
deficiency. Additionally, B12 deficiency is a rare condition, 
and recruiting a convenient sample size to allow a robust 
estimate of the threshold levels may be difficult. The se
cond problem is that the thresholds suggested by NICE 
may have been obtained by B12 assays having poor agree
ment with the assay of the local laboratory.

According to NICE, the level of 180 ng/L for total 
B12 (or 25 pmol/L for holotranscobalamin) has been 
proposed to identify absolute deficiency. Subjects with 
mild to severe depletion fall in the range of 180 to 
350 ng/L (25–70 pmol/L for holotranscobalamin), 
with those symptomatic or with altered methylmalonic 
acid levels requiring supplementation (3).

Notably, the threshold of 180 ng/L was derived by 
combining the total B12 results obtained from a cohort 
of subjects tested by 2 different total B12 assays routinely 
used 30 years ago: SimulTRAC-S kit (Becton Dickinson 
Immunodiagnostics) and Quantaphase kit (Bio-Rad 
Laboratories) (3). Therefore, the proposed thresholds 
may not be reliable for current assays considering that 
the new generations of total B12 methods are based on 
different reagents, calibrations, and techniques. 
Methodologically robust studies performed by more re
cent assays (i.e., AxSYM analyzer, Abbott) report a 

threshold for B12 deficiency of 244 ng/L (3). This value 
exhibits a statistically significant higher diagnostic speci
ficity vs the level of 180 ng/L [64% (95% confidence 
interval: 58–69) vs 53% (95% confidence interval: 
43–62)] (3). The upper reference level of 350 ng/L for 
a possible B12 deficiency has been derived using the 
Advia Centaur Xpi (Siemens) assay (3).

These thresholds have been recommended on the ba
sis that results obtained from the different assays are har
monized and provide an acceptable agreement in the 
classification of the patients’ B12 status. Unfortunately, 
the agreement between methods was reported to be 
poor before the release of the WHO IS 03/178. This ref
erence material has shown good commutability and is used 
to calibrate total B12 assays (5). Currently, no data are 
available on the comparison between results obtained 
from different methods, and, therefore, information is 
lacking on whether metrological traceability is followed 
and has improved the alignment of total B12 assays. Of 
note, these data are available for other vitamins with a 
similar crucial role for health outcomes such as folate.

Comparisons between laboratory methods are diffi
cult to implement and expensive, and, therefore, there 
are no data on the state of harmonization of total B12 re
sults conducted on different analytical platforms. The 
lack of traceability of the assays to the IS (currently 
the Cobas Roche assay is the only one calibrated to 
the WHO IS 03/178), the lack of harmonization be
tween results obtained from different analytical plat
forms, and the poor analytical performances of some 
methods impair the identification of the deficiency 
and may therefore impact patient outcomes.

In such a situation, aggregating data from external 
quality assessment (EQA) programs may be a valid ap
proach for evaluating the degree of harmonization of re
sults obtained from different assays and consequently for 
deciding whether thresholds must be adjusted for specif
ic methods. However, this approach implies that the 
EQA samples are commutable with clinical samples. 
The current literature reports that most EQA providers 
assume that control samples are likely to be commutable 
based on the preparation process, and only a few have 
conducted formal commutability assessment for some 
batches of materials (6). Aggregating data from providers 
declaring commutability cannot exclude the possibility 
that differences between methods may be due to the sub
optimal commutability of the control material, which 
may not have been fully evaluated according to the experi
mental protocol recommended by the International 
Federation of Clinical Chemistry working group for asses
sing commutability (6). Despite this limitation, if a for
mal commutability assessment has been conducted, 
EQA data might be used to characterize the agreement 
between methods in a situation like B12 where no alterna
tive data are available.

Table 1. Appropriate indications for B12 test 
requests according to NICE clinical practice 

guidelines (3).

Summary of the risk conditions

♦ Diet low in B12

♦ Family history of B12 deficiency

♦ Family history/presence of autoimmune disease

♦ Health conditions: atrophic gastritis, celiac disease

♦ Use of drugs such as colchicine, H2-receptor 

antagonists, metformin, phenobarbital, pregabalin, 

primidone, proton pump inhibitors, topiramate

♦ Recreational use of nitrous oxide

♦ Abdominal radiotherapy/surgery

♦ Signs of macrocytosis and anemia

♦ Unresponsiveness to iron treatment during 

pregnancy/breastfeeding

♦ Cognitive difficulties

♦ Optic nerve dysfunction

♦ Glossitis

♦ Neurological/mobility problems

♦ Unexplained fatigue
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For example, data from an Italian EQA program 
(Regional Coordination Center for Laboratory Medicine 
of Lombardy), performed in the 2023–2024 period 
and reporting the state of art of current assays, has shown 
that Abbott overestimates total B12 values by an average 
of approximately 7% vs Roche, approximately 16% vs 
Beckman, and approximately 18% vs Siemens. The thresh
old for a B12 deficiency of 244 ng/L reported by NICE for 
total B12 was obtained by using the AxSYM Abbott assay 
(3). To convert this result to those obtained by more recent 
immunoassays, we should first consider the relationship be
tween AxSYM and Architect assays declared by Abbott on 
serum samples (slope = 1.09; intercept =3.7) (7). 
Furthermore, EQA data may be used to estimate the rela
tionship between the Architect Abbott assay and Roche 
Cobas assay, and thereafter between the latter and all cur
rent assays, by considering the Roche assay as reference be
cause it is the only assay calibrated to the WHO IS 03/178. 
In contrast to B12, EQA data for holotranscobalamin are 
currently very limited due to the low use of this test.

Although the uncertainty due to variable commut
ability of EQA samples may affect the accuracy and 
precision of the estimates, in the absence of experimen
tal evidence from serum samples, the results on EQA 
samples may be sufficiently relevant to recommend 
the conversion of thresholds from the reference method 
(Roche) to other assays. Although NICE has released 
clear statements on the appropriateness of test requests 
and on the use of holotranscobalamin, the recom
mended thresholds need to be critically appraised. 
The complex clinical and laboratory issues related to 
the B12 thresholds are challenging and further stress 
the importance of working on the traceability of the as
says and the commutability of EQA materials. Clinical 
studies on the reevaluation of B12 threshold levels per
formed on an adequate population of patients with 
clinical evidence of B12 deficiency are highly needed, 
although undoubtedly difficult to conduct.
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