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ABSTRACT

Introduction: Based on a bibliographic review of the literature, a consensus of international experts has been
carried out on the use of vitamins B1, B6, B12, in their deficiencies, and in the peripheral neuropathy that may be
associated with them, to optimize the management of these conditions. Methods: Several questions
considered important and worthy of being addressed and clarified were raised, retaining nine of them for
further discussion to achieve consensus. Results: Forty one recommendations on the management of these
conditions have been proposed, with unanimity of the participants in the consensus. Conclusions: This has
been an attempt to clarify controversial points, assisting the clinician's attitude in current medical practice.

Keywords: Peripheral neuropathies; B vitamin deficiency; Expert consensus. (Source: MESH-NLM)

RESUMEN

Introduccidn: A partir de una revision bibliogréfica de la literatura se ha planeado y desarrollado un consenso
de expertos internacionales sobre la utilizacién de las vitaminas B1, B6, B12 en sus déficits y en la neuropatia
periférica que puede estar asociada a la misma, como tema que precia de esa aproximacion aclaratoria para
optimizar su manejo. Métodos: Se plantearon varias cuestiones de discusién que se consideraron importantes
y dignas de ser abordadas y aclaradas, conservando nueve de ellas para su discusién ulterior buscando el
consenso en tres rondas consecutivas. Resultados: Se han propuesto 41 recomendaciones sobre el manejo de
estas condiciones, con unanimidad por parte de los participantes en el consenso. Conclusiones: Con ellas se ha
intentado aclarar puntos oscuros o controvertidos, facilitando la actitud del clinico ante ellos en la practica
médicaactual.

Palabras clave: Deficiencia vitamina B1,B6,B12; Neuropatia periférica; Consenso de expertos.
(Fuente: DeCS- BIREME)
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INTRODUCTION

Peripheral neuropathy (PN) is one of the manifestations
of pathological conditions associated with a deficit of
neurotrophic B vitamins, namely B1, B6, B12 [1]. These
vitamins are neuroprotective, preventing, mitigating, or
delaying neurodegenerative processes and are widely
used worldwide. However, they are often perceived by
physicians and patients as dietary supplements rather
than drugs, which is simply a misconception that does
not do justice to these vital substances, not only for the
peripheral nervous system but also for the central
nervous system and other systemsand organs.

It is worth noting that their use, however common, has
not been preceded or followed by optimization and
rationalization, with scantand poor evidence regarding
this matter. The complexity of the topic, the imprecision
and heterogeneity of the terminology used, and its lack
of contextualization through rigorous conceptual
analysis have complicated the issue. Recently,
significant work has been published in this field,
notably increasing theoretical and practical
knowledge, constituting a solid foundation on which to
continue work. In light of this, after conducting a
systematic review of the existing literature to
encompass and update the issue, it was decided to
bring all that content to a consensus of experts to
develop and establish a series of recommendations
applicable to clinical practice, which until now has been
somewhat empirical.

METHODS

Consensus was chosen as the method to address the
issue, given the advantage of combining the general
background present in the literature, not always
abundant and of quality, with the knowledge and
personal experience of professionals well-versed in the
subject, in a dynamic and lively process of discussion
and agreementon certain fundamental aspects of it.

Expert Committee

The committee consists of seven members, all
recognized experts in the field. They have regularly
dealt with the dual problem of the clinical use of
neurotrophic B vitamins (B1, B6, B12) and PN
throughout their medical practice, with extensive
experience as clinicians, educators, and researchers.
Specialties represented include a diabetologist, an
endocrinologist, a physiatrist, a geriatrician, two
neurologists, and an orthopedist, from Chile, Colombia,
and Peru, as the work has focused on these countries.

Systematic Literature Review

As the bibliographic basis for this consensus, the
systematic literature review conducted in a previous
study was used ?. In the study of the literature for the
consensus, studies were prioritized logically based on
their quality and level of evidence, randomized
controlled trials (RCTs), systematic literature reviews,
with or without meta-analysis, and published
consensuses”*?,

The study field is the adult individual, considered as
such from 18 years of age. The members of the
consensus were also asked to provide any additional
studies and references that might be relevant in
addition to those mentioned. Throughout the
consensus process, secondary literature of interest has
been added whenever the delegates have deemed it
valuable. In this way, 12 additional articles were
annexed, which were also evaluated by two
independent reviewers (JC and PS), to assess their
quality and relevance according to the purpose of the
consensus. The value of the collected works as
bibliographic support for the consensus has been given
based on their type and category, quality, and level of
scientific evidence following a system based on the
guidelines of the AHCPR (Agency for Health Care Policy
and Research) and the Cochrane method". (Table 1).

Table 1. Levels of Evidence (NE, by its Spanish acronym) and Quality of Employed Works.

NE Characteristics
High evidence of the assertion or fact analyzed, based on consistent findings in
I (NIE) systematic reviews and meta-analyses (SRMA) or high-quality randomized trials (RCTs),
well-conducted, with low risk of bias, with high statistical power; consistent significant
findings (= 75%) in atleast two high-quality studies.
Pig. 102 |
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11 (NIIE)

111 (NIIE)

IV (NIVE)

Moderate evidence of the assertion or fact analyzed, based on the findings of
systematic reviews (SR) or controlled or cohort studies (CC), of moderate quality, with
risk of bias, limitations or low statistical power; consistent significant findings (= 75%) in
atleastone high-quality study and other low-quality studies.

Low evidence; observational descriptive level Ill studies, cross-sectional studies (CSS),
case series or reports (CR), or narrative review of the topic (NR); inconsistent findings;
low evidence of the assertion or fact analyzed; significant findings in one high-quality
study or consistent significant findings (= 75%) in low-quality studies.

Expert opinion or consensus (OC), clinical practice guidelines (CPG). Insufficient or
nonexistent evidence; significant findings in fewer than 3 low-quality studies or
inconsistent, uncertain, or inconclusive significant findings regardless of study quality,
ornostudiesonthe particular topic.

The reference numbers of the different cited works will
appear in the text within brackets [, followed by the
corresponding abbreviations for the type of work and
its level of evidence in parentheses. If there are multiple
works referred to in the point discussed, the overall level
of evidence granted by that conjunction will come after
enunciating the respective works, followed by a
semicolon. The recommendation grade of doing or not
doing has been stratified as strong, moderate, weak, or
not recommended (SR+, MR+, WR+, NR+, SR-, MR-, WR-,
NR-),

This consensus has relied, both in the formulation of the
questions and in the responses to them, on assertions
and data well-supported by reason and scientific
evidence, applicable and updated according to the
changes that have occurred over time in such evidence
regarding the topics addressed.

Questions to Address

From the literature review, 16 questions were proposed
that seemed pertinent and important initially. These
were outlined as guidance to ensure the inclusion and
discussion of the most prominent and unresolved
issues on the subject. These questions were modified,
combined, and reduced to 9 by the expert committeein
a plenary round where consensus was reached
unanimously on this aspect. Each primary question (Q)
carries behind it a series of considerations, points, or
specific secondary questions to be agreed upon
(Qn.1,2,3...), which could be addressed, modified,

I%\

added, or removed at any stage of the process if the
committee deemed it necessary. In drafting the
questionnaires, the MonkeySurvey™ system was
utilized.

Consensus Method

A quasi-anonymous Delphi iterative method was
followed in three rounds, either entirely or partially
online. The first round included multiple-choice, open-
ended qualitative questions, and "check-box" type
questions, using dichotomous responses and a Likert
scale, to gather information about the clinical practice
of the expert panel and to formulate proposals for
algorithms and recommendations to be included in the
consensus. Consensus was considered achieved when 4
or more panel members (> 57.1%) selected the same
option or voted "agreement" regarding a specific point,
with 4/7 representing weak consensus (57.1%), 5/7
(71.4%) moderate, 6/7 (85.7%) strong, and 7/7
unanimity (100%)".

Statements that promoted a "strong" or "unanimous"
consensus were maintained and used as resolutions or
recommendations, while those that obtained moderate
or weak consensus, or those on which there was no
consensus, were reconsidered and discussed in the next
round. In the second round, the refined and
consensualized questions from the first round and the
recommendations derived from the discussions were
addressed. In the third round, the analysis and
discussion of all points to be agreed upon were
concluded, and each conclusion was voted on by panel
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members using a dichotomous scale (yes or no,
agreement or disagreement).

Consensus Editing

As mentioned earlier, editing this work has been
important regarding the terminology and taxonomy of
the conditions treated in it. Extreme thoroughness and
rigor have been applied to these aspects since the exact
identification of what is being discussed and what is
meant by each conceptand term used are fundamental.
The expressions used were primarily in Spanish,
accompanied in certain cases by their English
equivalents. Words, abbreviations, and acronyms used
in Anglo-Saxon literature were inserted in the text when
their use and dissemination in that language are
customary, thusfacilitating universal understanding.

Another aspect standardized was the units in which
different parameters susceptible to measurement are
expressed, such as levels, cutoff points, and doses. They
were reported in the text using the most common units
in clinical practice and in the literature, but in some
cases, they were also converted and expressed in other
values that are also widely used in the everyday world.
Plasma levels of vitamin B1 were expressed in pg/I
(micrograms per liter), ng/ml (nanograms per milliliter)
for B6, and pg/ml (picograms per milliliter) for vitamin
B12, or pmol/l as recommended by the British Society
for Haematology Guidelines . (CPG, NIVE, WR+). The
conversion from pg/ml to pmol/l is 1 pg/ml = 0.7378
pmol/1®®, Vitamin B12 values will be given in both scales
since both are widely used to refer to the concentrations
ofthatsubstancein the performed tests.

Once the manuscript was drafted, the draft was sent to
all consensus members to obtain their final comments

and definitive approval for publication.

RESULTS

The questions developed and agreed upon throughout
the process, and all points generated from them, have
been answered, as mentioned, based on the exhaustive
analysis of the literature and the open discussion by the
consensus participants.
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The following will present and analyze these questions
one by one, the comments gathered from the
fundamental references used to support the consensus
or raised by the consensus members throughout the
process, which have constituted the basis of the
argumentation of the questions to be agreed upon, and
theresponse to these as positions taken and exportable
proposals, the consensual points, and the strength of
the consensusin each of them.

C1.- Does the deficiency of vitamins B1, B6, B12
cause peripheral neuropathy?

C1.1: PN is common in conditions associated with
deficiencies of vitamins B1, B6, B12. (Unanimity)."
(SRMA, NIIEE).

C1.2: The association between PN and deficiencies
of vitamins B1 and B6 is inconclusive. (Unanimity).
[11(SRMA, NIVE).

C1.3: PNis associated with low levels of vitamin B12
in plasma/serum. (Unanimity).

The evidence of this association is strong and is attested
in an SRMA®™ and a CSS", measuring deficiency solely
by vitamin B12 concentration (NIIEE; p = 0.003), or
associating its decrease with the elevation of blood
levels of methylmalonic acid (NIIEE; p = 0.005) or total
homocysteine (NIIEE; p <0.001)™.

C1.4: Vitamin B12 deficiency could be causally
related to PN. (Unanimity).

Low levels of vitamin B12 are significantly associated
(OR[95% Cl]: 1.51 [1.23-1.84]) with the development of
PN[1](SRMA, NIIEE).

C2.- What is considered a deficiency of vitamins B1,
B6,B12?

Someterminological clarifications to keep in mind:
"Deficit": Lack or shortage of something judged
necessary (Royal Spanish Academy - RAE, by its Spanish
acronym).

"Deficiency": It refers to the significant lack of a certain
substance oraset of them.

"Shortage" or "shortfall states": Same as deficiency.
“Insufficiency”: Levels of the substance in question do
not reach the necessary physiological values to
properly fulfill its function. Its severity will be in relation
to the magnitude of the deficit. Obviously,
"insufficiency” is less relevant and severe than
"deficiency.”

::(?E): |
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"Functional deficit": Levels are within normal range but
are not capable of fulfilling theirrole.

"Relative deficit": Levels are within normal range but are
not sufficientto meetincreased demands.

"Subclinical deficit": Biochemical deficit without clinical
translation (asymptomatic).

Often considered synonymous, but it is clear they are
not entirely so. Inappropriate use of terms can cause
confusion.

C2.1: Levels of B1, B6, B12 should be categorized as
normal, insufficient, and deficient. (Unanimity).
Following the criteria of the WHO expressed by different
authors"®, Denmark-Montecinos and Vasquez-Leiva”,
Langan and Goodbred ®, and Leishear et al. ", it is
recommended by consensus to categorize the situation
of these vitamins at these levels (15, 16, and 17 CSS and
18 NR; NIIEE).

C2.2: Serum B12 determination is sufficient to
diagnose normality or deficiency. (Unanimity).
Although diagnosing vitamin B12 deficiency rigorously
is improved by adding MMA determination to that of
the vitamin itself"®'?, (NR, NIVE), the determination of
B12aloneis sufficient for this [15] (CSS, NIVE).

C2.3: Plasma levels above 400 pg/ml (> 295 pmol/l)
are considered "normal" for vitamin B12, levels
between 200 and 400 pg/ml (148-295 pmol/l) are
considered "insufficient,” and levels below 200
pg/ml (< 148 pmol/l) are considered "deficient."
(Unanimity).

"Normal" levels of vitamin B12 are considered plasma
levels above 400 pg/ml in at least 2 measurements
separated by 4 months, with a stable or rising curve
(never descending), in a population whose diet
includes foods rich in vitamin B12 or supplements in
adequate doses periodically. A plasma level of 400
pg/ml of vitamin B12 is close to one-third of the hepatic
reserve threshold of health ? (SRMA, NIIEE) and
neuropathic alteration of peripheral nerves®?", (15 CSS
and 21 NR; NIVE).

C2.4: B1 deficiency is considered < 35 pg/l of
thiamine. (Unanimity).

C2.5: B6 deficiency is considered < 4.1 ng/l of
pyridoxal 5-phosphate. (Unanimity). [22] (CSS,
NIVE).

C3.-When is screening for deficiency of vitamins B1,
B6,B12recommended?

The measurement of plasma levels of these vitamins
could be recommended in Public Health as a marker of
the risk of deficiency of these in the general population,
taking into account on the positive side that these
states are not always symptomatic or easily
diagnosable by other means, and considering the cost-
benefit factor of it. Taking into account that the
analytical determination of the levels of these vitamins
is scarcely used in Latin America due to the limited
availability, affordability, and reliability of the analytical
tests, it would be advisable to recommend the
universalization, standardization, and quality control of
these.

Furthermore, in clinical practice, systematic
determination of vitamin B12 in asymptomatic
individuals is not recommended, although 50% of
patients with PN are asymptomatic, with a normal
blood count, without risk factors for deficiency, or
receiving oral supplements of vitamin B12 or folate
unless there is suspicion of discontinuation of that
supplementation.

C3.1: Measurement of plasma vitamin B12 levels is
suggested for the population at risk of deficiency,
when there is suspicion of risks and/or related
symptoms. (Unanimity).

Screening for vitamin B12 deficiency is strongly
recommended (SR+) in patients at risk of deficiency of
that vitamin. The prevalence of deficiency is 40.5%
between 65 and 99 years, compared to 17.9% between
22 and 63 years®. In diabetic patients, the prevalence
for values below 150 pg/ml has been up to 33% @,
Exogenous nutritional disorders such as strict vegan or
vegetarian diets, or endogenous disorders such as
bariatric surgery, or the use of drugs such as metformin
@26 (25 RST and 26 CC; NIIE), anticonvulsants, calcium
antagonists, 5-aminosalicylates, proton pump
inhibitors . (CC, NIIE), colchicine, and chemotherapy
require monitoring of vitamin B12 levels.
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It is recommended to measure serum cobalamin levels
in the presence of neurological symptoms such as pain,
paresthesia, numbness, motor coordination deficit,
memory or cognitive problems, personality changes,
high blood glucose, and peripheral trophic disorders,
regardless of the result of the blood count.

C3.2: Four possible scenarios should be considered:
cases of vitamin deficiency with/without symptoms
and cases with normal analytical values
with/without symptoms. (Unanimity).

The combination of the possibility of clinical symptoms
and the determination of the levels of these vitamins
allows for establishing diagnostic and therapeutic
guidelines. In symptomatic cases with deficient
analytical values, analytical control allows monitoring
the effectiveness of treatment. If the deficiency is
analytically evident but there are no symptoms, it
should be monitored to see if the levels are stable or
decreasing, in which case the cause, management, and
corresponding supplementation should be studied.
Symptoms may appear with normal concentrations of
these vitamins. In this situation, screening should be
based on clinical symptoms, opening a window of
opportunity for preventive interventions for the
physiopathological disorders that may be starting.

When concentrations of the vitamins are at normal
levels and there are no clinical symptomes, active follow-
up of the subject is not necessary except in those
subjects and situations that presenta blatantrisk.

C3.3: Screening for deficiency of vitamins B1, B6,
B12 is recommended primarily in patients over 60
years of age, diabetics, especially if treated with
metformin, post-bariatric surgery, and/or with
fragility fractures. (Unanimity).

Atthe age of 60, up to 15% of people have some vitamin
B12 deficiency, mostly secondary to gastritis and
associated disorders ®®. Diabetic patients, especially
those over 60, may present signs of neurological
dysfunction even if B12 levels are above 150 pmol/Il.
According to this, B12 levels between 200-542 pg/ml
(150-400 pmol/I) should be considered as "relative" B12
deficiency in older people with diabetes and managed
accordingly®. Diabetics treated with metformin exhibit
vitamin B12 levels below 200 pg/ml (150 pmol/l) and
between 200-300 pg/ml (150-400 pmol/l) in 24.5% and
34.5% of cases, respectively, a significantly higher
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percentage than among non-users of metformin
(17.3% and 22.6%, respectively; p <0.001) [26] (CC, NIIE).
Diabetic patients with specific risk factors for vitamin
B12 deficiency should be screened analytically annually
torule out that deficiency ©. (NR, NIVE).

Patients undergoing bariatric surgery are at high risk of
vitamin B deficiencies®® (NR, NIVE). Prior to surgery and
despite their obesity, 12-25% of patients already have a
deficiency in vitamin B12, 20% in folate, and 1-8% in
thiamine ©'32 (NR, NIIIC, NIVE). After surgery, and
depending largely on the technique used, vitamin B12
deficiencyisfoundin 30% of patients [29], with PN in 10-
33% of cases®?.

Low levels of vitamin B12 are associated with elevated
tHcy with decreased bone mass and increased bone
fragility. Older adults with these types of fractures
should be considered a risk group for vitamin B12
deficiency and therefore it is advisable to measure
plasma levels of this vitamin in these patients. In a series
of hip fractures > 65 years old, 90% of them showed
suboptimal orat-risk B12 levels [17](CSS, NIVE).

C3.4: Once the risk and/or deficiency are suspected,
screening should be done as early as possible.
(Unanimity).

Detection of these situations should be as early as
possible to implement preventive interventions for
incipient and potentially reversible peripheral nerve
alterations before reaching a point of no return in the
continuum of PN ©2,

C3.5: Additional analytical determinations may be
necessary. (Unanimity).

It should be noted that there is functional insufficiency
of cobalamin, common in the elderly and of unknown
cause, with normal B12 levels but elevated MMA or tHcy
levels®,

If possible, vitamin B12 and folic acid levels should be
measured in at-risk patients. If the vitamin B12 level is
close to its lower normal value, MMA determination
may also be performed. If folic acid is close to its lower
normal value, serum homocysteine can be requested to
identify specific deficiencies, which is clinically very
difficult, and provide appropriate specific
recommendations.

74
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Patients with persistently suboptimal cobalamin levels
should undergo tests to detect intrinsic factor antibody
titers[13,14,34] (13 CPG, 14and 34 NR; NIIE).

C4.- When should the prescription of vitamins B1,
B6,B12be considered?

C4.1:The administration of neurotrophic B vitamins
should be considered when there is a demonstrated
deficiency of them. (Unanimity).

It is obvious that the administration of neurotrophic B
vitamins should be considered when there is a
demonstrated deficiency of them, in an attempt to
correct or compensate for that deficiency [13,35] (13
CPG, NIVE, SR+ and 35 NR, NIVE). Low levels of vitamin
B12 are significantly associated with the development
of PN [1] (SRMA, NIIE), and therefore, normalization
should be attempted. Administration of vitamin B12 is
effective in correcting biochemical, hematological, and
clinical deficiencies in the short term [36-42] (36 and 37
RCT, 38 SRMA, 39SC,40CSS, 41 and 42 CPG; NIE).

C4.2: The administration of neurotrophic vitamins
should be considered in patients without clinical,
and/or neurophysiological, and/or morphometric
manifestations of PN, when biochemically
demonstrated deficiency levels are present.
(Unanimity).

In patients with biochemically demonstrated
subclinical vitamin B12 deficiency in two consecutive
tests, empirical treatment with 50 pg of oral
cyanocobalamin daily for 4 weeks can be administered
12, (CPG, NIVE, MR+).

C4.3: Supplementation with these vitamins should
be done in patients belonging to risk groups for
deficiency, with clinical and/or neurophysiological
and/or morphometric manifestations of PN, even if
the deficiency has not been biochemically
demonstrated. (Unanimity).

In a recent consensus, the administration of
neurotrophic B vitamins B1, B6, B12 in symptomatic
patients, with risk factors predisposing them to vitamin
deficiencies, even if such deficiencies have not been
demonstrated, was strongly recommended [8] (C,
NIVE).

C4.4: In populations at risk of deficiency of vitamins
B1, B6, B12 and/or PN, robust plasma levels
indicating good hepatic reserves capable of
obviating that deficiency are desirable.
(Unanimity).

Levels above 800 pg/ml would be robust and desirable
@7 (CS, NIIE), as they suggest that only one-third of the
hepatic reserve has been consumed, with another third
margin that would guarantee, despite the absence of
absorption, a cellular metabolism similar to that
existing when absorption is normal “”, before the
situation becomes symptomatic ?®., and before
reaching the minimum level of reserves compatible
with healtht”.

C4.5: In at-risk populations, if levels of B1, B6, B12
are close to their lower limit and deficiency cannot
be confirmed by other determinations, these
vitamins may be administered with close
monitoring. (Unanimity).

Sometimes, even if there is not yet a proper deficiency
of these vitamins but plasma levels are decreasing due
to insufficient intake and/or progressive reduction of
hepatic reserves, they may be indicated to prevent the
development of deficiency.

C4.6: The patient should be considered holistically,
complementing the administration of vitamins B1,
B6, B12 with other interventions as important as
rehabilitative treatment of PN. (Unanimity).

The combination of physical exercise with
pharmacological treatment has proven to be an
excellent adjunct, significantly improving the local and
general condition of patients with PN “%, (43 and 44
RCT, 45 and 46 SRMA; NIIE).

C5.- Can the administration of vitamins B1, B6, B12
benefit patients with deficiency of vitamins B1, B6,
B12and/orwith PN?

C5.1: The administration of vitamins B1,B6, B12 can
benefit patients with deficiency of vitamins B1, B6,
B12and/orwith PN. (Unanimity).

Treatment with vitamin B1 was associated with a
significant improvement in PN symptoms . (SRMA,
NIIE).
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Neurological imbalances caused by vitamin B6
deficiency are usually reversible with adequate
supplementation [1,47]1(1 SRMA, 47 SRMA; NIIE).
Regarding vitamin B12, there is ample literature
supporting this assertion with a high level of evidence
[7,36-42,48,49] (49 SRMA, 36 and 37 RCT, 7 and 38 SRMA,
39 SC, 40 and 48 ET, 41 and 42 CPG; NIE), and strong
recommendation for the administration of vitamin B12
inthese patients.

C5.2: Evidence shows that the combination of the
three neurotrophic B vitamins is therapeutically
effective. (Unanimity).

There is sufficient quality evidence to support this
statement [48,50-52] (50 RCT, 47 and 51 SRMA, 52 SC
and 48ET;NIE).

C5.3: The administration of vitamins B1, B6, B12
significantly benefits PN in diabetic patients.
(Unanimity).

Many of the studies cited previously regarding the
efficacy of administering these vitamins in PN were
conducted in diabetic patients [7,37,42,48-51] (49
SRMA, 37 and 50RCT, 7and 51 SRMA, 48 ET, 42 CPG; NIE).

C6.- What should be done in the following risk
groups: people with diabetes, people with
prediabetes, or older adults, in relation to the
deficiency of vitamins B1,B6,B12?

These patients are included by their own rightin the risk
groups mentioned above. The first thing to do in all of
them is, as mentioned, to objectify the levels of vitamin
B12 to confirm or rule out its deficiency and as a
possible collateral indicator of the deficiency of
vitamins B1 and Bé. If such deficiency is suspected, the
study and specific determination of the levels of these
vitamins and the corresponding management of the
specificsituation should be initiated.

C6.1: In view of the favorable effect of vitamin B12
administration and the high index of relative
deficiency of it in diabetic patients, it is reasonable
to recommend supplementation with vitamin B12
in all patients with diabetic neuropathy and vitamin
B12 levels below 542 pg/ml (400 pmol/l).
(Unanimity).

This consensus point was reached knowing that there
are studies showing that patients with type 1 or 2
diabetes mellitus have uptoa75%decreasein plasma
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thiamine levels [53] (SRMA, NIIC, NIVE), resultingin up to
40-70% of patients with diabetes mellitus having levels
below the norm and in diabetic patients with PN, the
level of vitamin B12 is below the norm in 64% of them
[54] (SRMA, NIVE), considering, as mentioned in
question 3, that this deficiency predisposes to PN,
taking 400 pg/ml (295 pmol/l) as the cutoff point for
"normality” in adults for that vitamin (C2 PC3) and the
favorable effect of its supplementation in diabetic
peripheral neuropathy (DPN) as seenin C5.3.

C6.2: Diabetic and prediabetic patients receiving
metformin should be closely monitored.
(Unanimity).

The American Diabetes Association (ADA) recommends
close monitoring of patients receiving metformin to
avoid vitamin B12 deficiency, especially given the high
risk that diabetics have of developing such deficiency
and PN, regardless of whether they take metformin or
not [55] (C, NIVE). Patients aged 50 or older, treated with
metformin for a minimum of 18 months, have two to
three times the risk of developing PN [56] (CC, NIIIE). The
relationship between metformin administration and
vitamin B12 deficiencyis wellknown [4,57-63] (4,57 and
58SRMA, 61,63 CC,59,60,62 ET; NIE).

C6.3:The metformin usage index (MUI) is suggested
as a tool to assess the risk of vitamin B12 deficiency.
(Unanimity).

There is a significant association between an MUl > 5
and a high risk of vitamin B12 deficiency (p < 0.01). The
highest risk was observed among patients with an MUI
> 15 (OR 6.74, 95% Cl 4.39-10.4) followed by patients
withan MUI > 10 (OR5.12,95% Cl 3.12-8.38). An MUl > 5
thus suggests a high risk of vitamin B12 deficiency [63]
(RCT, NIVE).

C6.4: In adults over 60 years of age, vitamin B12
levels should be maintained above 400 pg/ml (295
pmol/l). (Unanimity).

This figure is proposed as "normality" in C3.3. There is a
strong recommendation to supplement the vitamin in
cases of demonstrated deficiency (C4.1).

C7.-When should the administration of vitamins B1,
B6,B12beinitiated?

C7.1: Once the deficiency of vitamins B1, B6, B12 is
identified, treatment should be initiated early to try
to stop or at least delay the progression of the
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process, without waiting for the appearance of
symptoms. (Unanimity).

Once the vitamin B deficiency is identified, treatment
should be started, which is the first step in preventing
PN. Symptoms should not be awaited. The "clinical
silence" or phase without symptoms or signs is a major
issue in this matter. It is essential to shorten this period
asmuchas possible.

The onset of neuropathy is often insidious and
progresses very slowly over the years. Symptoms take
months to appear and develop, and a considerable
amount of time may pass until diagnosis, delaying the
initiation of treatment and missing the opportunity to
prevent or delay its progression. It is advisable for
treatment to start early in neuropathy or, if possible,
even before symptoms appear®. (C, NIVE). Up to 50% of
chronic sensory-motor polyneuropathies progress
silently,and only 20% of DPN cases present with pain, so
they should be diagnosed and treated as early as
possible in this asymptomatic phase, before their
evolution leads to more advanced stages and definitive
severe disorders ©*¢®. (65 SRMA and 66 C; NIVE).
Intervention in these early stages is the most important
gesture regarding PN since once the degenerative
process is underway, it tends to be irreversible, making
all measures that can alleviate or delay this situation
fundamental®. (SRMA, NIIE). Therefore, the earlier the
intervention, the greater the benefits for patients .

C7.2: In order to reduce the risk of neuropathy,
vitamin B12 should be administered if levels are
below 450 pg/ml (332 pmol/l). (Unanimity).

The threshold for developing nerve conduction
abnormalities is 450 pg/ml (332 pmol/I)*?", (15 ET and
21 SRMA; NIVE), and vitamin administration is necessary
long before reaching this level.

C8.- What route, dose (range/frequency), and
duration of treatment with vitamins B1, B6, B12
should be employed?

C8.1: They will depend on the patient's
requirements, magnitude and type of deficiency,
intensity of symptoms, possibility of reversibility of
the condition, and response to treatment.
(Unanimity).

The doses and duration of treatment should be
sufficient to optimize and maintain plasma levels and
reserves of these vitamins as much as possible. In

principle, the standard daily requirements of the
patient should be considered, bearing in mind that
those with symptomatic deficiency and depending on
the type of pathology may have higher requirements. It
should be defined whether the condition associated
with the deficiency and/or PNis transient or permanent,
and whether it affects the absorption pathway or not. If
it does not affect it, oral supplementation may be used,
at a dose sufficient to ensure absorption of 1.2 mg/day
of vitamin B1, 1.3 mg of vitamin B6 below 50 years old
and 1.7 mg/day in those older than that age, and 2.4 ug
of vitamin B12 perday*. (C, NIVE).

C8.2: Treatment of mild-moderate vitamin B12
deficiency ("insufficiency", 200-400 pg/ml or 148-
295 pmol/l) can be initiated orally with 500 to 1000
Hg per day, assessing the response after two months
and considering switching to IM route or evaluating
other possible causes of deficiency if concentrations
donotincreasessignificantly. (Unanimity).

To ensure absorption of those 2.4 ug of vitamin B12 per
day, and given the percentage absorbed of the orally
administered vitamin B12, the daily dose should be
around 500-1000 pg/day (0.5-1 mg/day). A daily dose of
only 250 pg of cyanocobalamin is not sufficient to
normalize B12 levels within a year®”. (RCT, NIIE). Based
on this and after analyzing and discussing the wide
variety of proposals in the literature, in light of the
committee members' experience, it was unanimously
agreed to accept the recommendation reached at the
Mexico City meetingin 2019, (C,NIVE).

If the deficiency does not improve with this regimen
after two months and vitamin B12 levels remain
suboptimal, the cause may be an absorption disorder, in
which case IM route should be used for vitamin
administration . (SRMA, NIVE). In the presence of
intrinsic factor antibodies, treatment should be for
perniciousanemia®’. (SRMA, NIVE).}

C8.3: In severe deficiencies ("deficiency,” < 200
pg/ml or < 148 pmol/l), or specific patient groups,
the recommended initial dose is 1000 pg IM once
daily for a week and then 1000 pg/week for 4-8
weeks until the deficiency is corrected. Once
compensated, the oral route may be considered for
maintenance treatment. (Unanimity).

This statement is based on the treatment of a specific
condition, pernicious anemia, characterized by severe
alteration ofthe enterohepaticcirculation of B12 dueto
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intrinsic factor deficiency. There are many other
conditions where the deficiency becomes severe but
recovers rapidly with oral supplementation or fewer
injections with higher doses. In general, regarding
parenteral supplementation of vitamin B12 in patients
with neurological involvement, 1000 pg (1 mg) of
cobalamin IM every other day is recommended until
improvement of symptoms is observed, followed by IM
injections of 1000 ug of cobalamin every two months.

C8.4:Vitamins B1, B6, B12 should be given via IM in
patients with altered, or suspected alteration, of the
oral route, and in those who require rapidly
increasing plasma levels. (Unanimity).

It is obvious that if there are absorption disorders of
these vitamins, the route of choice will be other than
oral. Intrinsic factor deficiencies also fall into this
indication.

In patients where it is necessary to safely and rapidly
increase vitamin levels, bypassing absorption and
bioavailability problems, the IM route is standard
1369 (CPG, NIVE). In clinical practice, treatment with
vitamin B12 often begins with injections once or twice a
week for 3 weeks, and when the patient shows
improvement, maintenance treatment is given orally
© (C, NIVE). If correcting the situation is urgent, the
parenteral route is the norm, particularly in four
scenarios:

Symptomaticor severe anemia (Hb <8 g/dl)
Contexts with neurological or neuropsychiatric
symptoms where a delay in correcting the deficiency
could lead to permanent sequelae.

Doubtsregarding treatment compliance

When there is absorption failure due to pernicious
anemia or blind intestinal loop, nosological entities in
which optimal absorption concentrations may not be
reached orally. However, thereis literature reporting the
efficacy of oral cyanocobalamin in cases of pernicious
anemia with a result similar to that of the parenteral
route®, (SR, NIIE).

C8.5: In the case of PN, initiate treatment with
between 1000 and 2000 pg per day of vitamin B12
orally or 1000 upg per day by
intramuscular/subcutaneous route for 7 days,
followed by 7 additional doses every other day for 2-
3 weeks, and then, when the patient shows
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improvement, maintenance treatment orally.
(Unanimity).

Patients with PN, especially if due to metabolic
disorders, the use of certain medications or drugs, or
nutritional deficiencies, should be treated with high
loading doses of neurotrophic B vitamins (B1,B6,B12) at
the beginning of pharmacological intervention,
followed by lower maintenance doses once neuropathy
symptoms are relieved ®, (C, NIVE). High doses of B
neurotrophic vitamins given for 4 weeks are more
effective than lower doses, reducing pain and other
clinical problems®.

In cases of PN, generally, if the level of vitamin B12 is
below 450 pg/ml (332 pmol/l), supplementation with
oral vitamin B12 (2000 pg/day) can beinitiated.

C8.6: Even with PN, if robust plasma levels of
vitamin B12 are present, there is no need to manage
it with this vitamin since clearly, the cause of the PN
must be something other than the deficiency of that
vitamin. (Unanimity).

It has been mentioned that for the participants in this
consensus, vitamin B12 levels above 800 pg/ml are
considered "robust" and desirable for the reasons
outlined in C4.4.These levels are far from the 450 pg/ml
thatinitiate the neuropathy process[15,21] (15 CSS and
21 SRMA; NIVE).

C8.7:Maintenance therapyisrecommendedin PN to
prevent recurrences, which may be required long-
termif deficiency, insufficiency, orrisk levels persist,
and if the cause of the deficiency is permanent.
(Unanimity).

Even in patients who experience symptom relief after a
few weeks of treatment, maintenance therapy is
advisable to prevent recurrences and may require long-
term treatment . (C, NIVE). The maintenance dose
ensures the concentration of the corresponding
vitaminsinthe mediumandlongterm.

C8.8: Long-term treatment should always be
monitored to ensure its effectiveness and safety.
(Unanimity).

People with vitamin B1, B6, B12 deficiencies should
undergo regular checks to assess the effectiveness of
treatmentand adjust doses as necessary®®. (C, NIVE).

::(?E): |

ORIGINAL PAPER



ORIGINAL PAPER

Vitamins B1, B6, B12

C8.9: Improvement of symptoms and long-term
safety profile are key criteria for adjusting the dose
and route of administration of neurotrophic B
vitamins, both for loading and maintenance doses.

(Unanimity).

Key criteria for adjusting the dose of neurotrophic B
vitamins, both for loading and maintenance doses, are
improvementin symptoms and long-term safety profile
®,(C,NIVE).

Thereis no needto adjust the dose of vitamin B1 in renal
or hepatic insufficiency®, nor are dose adjustments of
vitamin B12 required in patients with renal or hepatic
insufficiency. The estimated average requirement (EAR)
79 in pregnant women should be increased by 0.2

pg/day to cover fetal demands.

C8.10: At high doses, the efficacy of the oral route, if
intact, is similar to that of the IM route for the
administration of vitamin B12. (Unanimity).
This is widely reported in the literature
[13,20,38,39,71,72] (71 and 72 RCT, 20 RSM, 38 SRMA, 39
SC, 13 CPG; NIE), with a high degree of evidence.

C8.11: Sublingual, intranasal, or subcutaneous
routes may have some advantages, but more
studies are needed to obtain better evidence of this.
(Unanimity).

They may offer advantages in terms of immediacy of
bloodstream delivery, convenience, and apparent
safety, but there is a lack of literature support regarding

their efficacy, and studies are limited [68].

C9.- Can the stability of vitamins B1, B6, B12 in
injectable presentations change?

Knowing well the susceptibility of B vitamins in their
injectable form to degrade during their storage or
service life, especially if vitamin B12 is mixed with B1
and B6 [73], the following three recommendations have

been stated:

C9.1: Vitamin B12 is susceptible to photolytic,
hydrolytic, oxidative, and thermal degradation.

(Unanimity).

C€9.2: When vitamin B12 is mixed with B1 and B6 in
injectable form, it denatures. (Unanimity). €9.3:
Injectable presentations must implement measures
such as double-chamber galenic technologies that
guarantee the separation of vitamin B12 from the

othertwo vitamins B1 and B6. (Unanimity).

DISCUSSION

Given the limited efficacy of available means for
managing deficiencies of vitamins B1, B6, B12, and PN,
the optimization of the tools used remains an area of
significant unmet medical need. In this regard, an
attempt has been madetoreach aconsensus on various
key points of the topic by bringing together a series of
international Latin American experts for a global
update while keeping regional particularities in mind,
which may influence situations and actions in the field
under consideration. This does not mean that the
content of the consensus cannot be perfectly

applicablein otherregions.

Up to now, there is a lack of agreement regarding the
role of B neurotrophic vitamins in the world of PN, the
categorization of their deficiencies, the cutoff points
defining these categories, how to diagnose and
monitor these states, which patients require
supplementation and treatment, and when and at what
doses, duration, molecular form, and route of
administration they should be given. Recently, other
consensuses [8,9] or expert opinions [67] have been
conducted and published on B neurotrophic vitamins
and peripheral neuropathies, supporting views and
recommendations similar to those expressed here. The
work of Pinzon et al. [8] gathered 8 experts from Hong
Kong, India, Indonesia, Malaysia, the Philippines, South
Africa, Thailand, and the United Arab Emirates.
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They propose 7 basic recommendations on general
points and criteria, without specifying indications or
how to actin PN conditions. On the other hand, Ziegler
etal.[9] developed a consensus on diabetic neuropathy,
among 15 experts representing the European Union,
the United Kingdom, Eastern Europe, Russia, the Middle
East, Asia, and the United States. Latin America is
excluded from both works. The questionnaire of this
latter work is very comprehensive (179 questions) but
somewhat cumbersome. The arguments on which the
60 recommendations extracted, five aimed at the
diagnosis and treatment of ND in times of COVID, are
based are presented collaterally and not sufficiently
explained. Finally, the work of Calderén et al. [67],
although extremely useful and providing timely data
and reasons, is not a true consensus in its development.
However, no inconsistencies or glaring differences are
observed between these studies and the current
consensus.

As limitations, it should be noted the partial or total lack
of scientific evidence in many of the points of this topic,
both due to the few or no studies carried out on the
specific issue and due to the lack of generalizable
results from high-quality studies. Another limitation is
the great heterogeneity exhibited in the results of
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certain systematic reviews. Additionally, there are
statistical aspects related to the sensitivity and
specificity of the different available tests for the
analytical demonstration of deficiencies, with reference
cutoff points not universally agreed upon, and clinical-
biochemical scenarios whose interpretation and
linkage with neurological, cardiovascular, renal
outcomes, etc.,, among others, are the object of
evidence construction that must underlie the topic and
that underlies terms that are confusing and need to be
defined and thoroughly explained.

Finally, given the breadth of the topic, there are points
left for discussion beyond the established scope for
consensus.

CONCLUSION

Nine questions considered fundamental were
addressed at the beginning of the consensus process. In
these nine instances, a series of issues were discussed
and developed, which were considered worthy of
analysis, thus resulting in the expression of a consensus
comprising a total of 41 of these points and the
respective detailed recommendations for screening,
diagnosis, and management of deficiencies of vitamins
B,B6,B12inrelationto PNinclinical practice.
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