
How I treat

How I treat cobalamin (vitamin B12) deficiency
Ralph Carmel1

1Department of Medicine, New York Methodist Hospital, Brooklyn, and Weill Medical College, Cornell University, New York, NY

The challenges in medical management
of cobalamin deficiency lie in attention to
the unique pathophysiology that under-
lies cobalamin deficiency, more than in
the mechanics of therapy. The central
physiologic principles are that clinically
important deficiency is more likely to
occur (and progress) when intrinsic
factor–driven absorption fails than when
diet is poor and that most causes take
years to produce clinically obvious defi-
ciency. Transient defects have little clini-
cal impact. The key management prin-

ciple is the importance of follow-up, which
also requires knowing how the deficiency
arose. The virtues of these principles are
not always fully appreciated. Recent de-
velopments have made diagnosis and
management more difficult by diminish-
ing the ability to determine cobalamin
absorption status. Clinicians must also
grapple with premature medicalization of
isolated, mild biochemical changes that
added many asymptomatic cases of still
undetermined medical relevance to their
caseload, often expanded by inflated co-

balamin level criteria. The potential for
misattribution of cobalamin-unrelated pre-
sentations to nongermane cobalamin and
metabolite abnormalities has grown.
Pathophysiologically based management
requires systematic attention to each of
its individual components: correctly diag-
nosing cobalamin deficiency, reversing
it, defining its underlying cause, prevent-
ing relapse, managing the underlying dis-
order and its complications, and educat-
ing the patient. (Blood. 2008;112:
2214-2221)

Introduction

The discovery of a treatment for pernicious anemia (PA), a fatal
disease until 1926, earned Minot and Murphy a Nobel Prize. With
that advance, followed by identification of the defect in intrinsic
factor (IF) secretion that defines PA and then synthesis of cyanoco-
balamin, cobalamin deficiency became relatively easy to diagnose
and extremely easy to treat. It remained so until a decade ago.

Since the 1990s, a confluence of events and trends, some
salutary but others unfortunate, has made clinical management of
cobalamin deficiency more complex. Coming paradoxically at a
time of remarkable biochemical and molecular advances and
accessibility, the intimate linkage between the biochemical expres-
sions and the pathophysiologic determinants of cobalamin defi-
ciency frayed. These developments and their clinical consequences
need to be addressed.

This paper has 3 goals. The first section reviews the essentials of
pathophysiologically coherent management of cobalamin defi-
ciency in adults. Where relevant, diagnostic issues are included
because diagnosis is crucial to management, which has several
coequal components. The second section assesses recent changes
that have affected clinical care. The final section suggests ap-
proaches by clinicians to the influx of cases of subclinical
cobalamin deficiency, about which clinically relevant information
and consensus are lacking, and to preventive care.

Pathophysiologically based management of
the cobalamin-deficient patient

The clinical encounter

The adult patient typically comes to medical attention because of
symptoms related to anemia (such as fatigue), neurologic dysfunc-
tion (usually myelopathic or neuropathic, but occasionally also

cerebral or autonomic), and, rarely today, glossitis. Macrocytic
anemia is the most common clinical finding,1 with macrocytosis
preceding the anemia by months,2 but 13% to 27% of patients with
PA have little or no anemia,3,4 and unrelated microcytosis masks the
macrocytosis in 7% of anemic cases.5 A roughly inverse relation-
ship often exists between hematologic and neurologic deficits.6-8

Some medical encounters occur solely because of a known
predisposing gastrointestinal disease or, increasingly, an abnormal
biochemical finding.

Serum cobalamin levels less than 200 ng/L (� 148 pmol/L),
or less than 250 ng/L with some assays, are common, especially
among the elderly,9 but approximately 22% to 30% of them are
falsely low by both metabolic and clinical criteria,10,11 and most
of the rest are clinically innocent.9 Their accidental coexistence
with a suspected clinical finding can sometimes be miscon-
strued.12 The initial task is to document the clinical and
laboratory findings and prove their connection to cobalamin
deficiency. Metabolic tests, such as serum methylmalonic acid
(MMA) or plasma homocysteine, can be useful when the clinical
picture is equivocal but are sometimes unreliable them-
selves.10,11,13 All samples must be obtained before cobalamin
treatment effaces their value because cobalamin levels rise
immediately and metabolites improve several days later.14

Reversing cobalamin deficiency

Cobalamin deficiency rarely requires instant therapy. Several days’
delay to assure diagnostic certainty is acceptable even with neurologic
symptoms, but treatment should be started expeditiously for severe
neurologic symptoms with their risk of irreversibility (eg, extensive
sensory defects, gait disturbances, mental changes).

Cobalamin therapy details. Table 1 summarizes relevant
cobalamin details that provide physiologic context for discussions
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of doses and routes.1,15,16 I always begin with intramuscular
cobalamin to bypass potential barriers to immediate effectiveness.
A single injection, whether as an experimental 1- to 2-�g dose or
the more usual 1000-�g dose, suffices to correct the anemia. The
1000-�g dose also begins repletion of stores (up to 150 �g is
retained from that injection by most patients).1 Cyanocobalamin, a
pharmacologic preparation requiring conversion to metabolically
active cobalamins, is the form commonly available in the United
States, whereas hydroxocobalamin, which requires less frequent
injections,1,15 is preferred in parts of Europe. Methylcobalamin, a
light-sensitive form, is rarely used.

The toxicity of cobalamin is minimal, though not quite nonexist-
ent. Allergic reactions are rare but can be anaphylactic.17,18

Injections seem more allergenic than pills and hydroxocobalamin
may be more allergenic than cyanocobalamin, but reactions occur
with all cobalamin forms (or the preservative) and routes. Chang-
ing preparations may not always solve the problem, and reevalua-
tion under an allergist’s supervision is advisable. Desensitization,
antihistamines, and steroids have been tried with success.17,18

Depot injections, especially with hydroxocobalamin, sometimes
induce autoantibody complexes with transcobalamin II and high
cobalamin levels but no obvious clinical consequences. Whether
hidden adverse effects lurk in the escalation of often unnecessary
cobalamin use, especially with daily 1000-�g doses, is unknown.
However, 16% of intracellular cobalamin in steady users of high
doses was nonphysiologic cyanocobalamin, compared with 2% in
nonusers.19

Emergency treatment. Therapeutic urgency never precludes
starting a workup first. Even severe anemia does not require
immediate cobalamin injection. After all, the anemia evolved over
months, which allows compensatory increases in oxygen delivery.
The elderly often tolerate hemoglobin levels as low as 5 g/dL
surprisingly well while awaiting treatment.20 Conversely, if symp-
toms or cardiovascular risks are alarming, cobalamin will not

suffice because hematologic response takes time. Such patients
need immediate transfusion with packed red cells.

Transfusion should otherwise be avoided, unless dictated by
clinical, not numerical, considerations.20 Fluid overload is also
dangerous. However, 2 widely quoted reports from a single source
linking a unique 14% mortality with hypokalemia during cobal-
amin treatment for severe anemia21 reflect an association without
causation that should be laid to rest. Plasma potassium often falls
transiently when severe anemias respond to cobalamin (or iron),
but its clinical relevance has never been proven. I found no early
deaths in 101 severely anemic patients with PA who were not given
potassium.22

Initial therapeutic responses. Monitoring the response is
surprisingly often left undone. A complete response provides
ultimate confirmation of the diagnosis of cobalamin deficiency, and
a blunted response allows early detection of complications.

Despite an unexplained sense of energy described by some
patients in the first 24 hours, hematologic response only begins
several days later.1 The first objective landmark I rely on is the peak
reticulocyte count 1 week after starting treatment. Its briskness
should be proportional to the severity of the anemia. If reticulocyto-
sis appears blunted, an incorrect diagnosis may be responsible, but
I also obtain iron studies because coexisting iron deficiency is
frequently obscured before cobalamin is given.1,23 The final
hematologic landmark is that the blood count, including mean
corpuscular volume (MCV), should be completely normal by the
eighth week. A failure of homocysteine or MMA to normalize
during the first week suggests an incorrect diagnosis,14 unless renal
failure or other causes of metabolite elevation coexist. Cobalamin
and holo-transcobalamin II levels are uninformative because they
rise with cobalamin influx regardless of therapeutic effectiveness,
the extent varying only with the timing in relation to injection.

Neurologic improvement begins within the first week also and
is typically complete in 6 weeks to 3 months. Its course is not as

Table 1. Cobalamin numbers that are useful in understanding cobalamin physiology, depletion, and therapy in adults

Normal absorption Malabsorptive disease (eg, PA)

Estimated daily loss/requirement � 1 �g/day � 2 �g/day*

Recommended daily allowance 2.4 �g/day† Supplements are required

Average body stores of cobalamin � 2500 �g Depends on stage of depletion

Ratio of stores to daily losses 2500:1 � 1200:1‡

Amount (percentage) absorbed from a single oral dose of:§

1 �g 0.56 �g (56%) 0.01 �g (1.2%)

10 �g 1.6 �g (16%) 0.1 �g (1.2%)

50 �g 1.5 �g (3%) 0.6 �g (1.2%)

500 �g 9.7 �g (2%) 7.0 �g (1.3%)

1000 �g � 13 �g (1.3%) � 12 �g (1.2%)

Amount (percentage) retained from a single injection of:�
10 �g 9.7 �g (97%) Same as normal

100 �g 55 �g (55%) Same as normal

1000 �g 150 �g (15%) Same as normal

The data are summarized from the literature, especially from Chanarin1 and Berlin et al.16 However, individual variation is wide, both in normal persons and patients with
malabsorption.

*Daily losses presumably nearly double because of impaired reabsorption of biliary cobalamin in PA and other IF-related disorders (1.4 �g cobalamin is excreted in bile
daily, of which half is presumably reabsorbed). The near-doubling of daily losses helps explain why deficiency progresses relatively more rapidly in PA than in disorders where
IF-mediated reabsorption is preserved (eg, dietary insufficiency and, presumably, food-bound cobalamin malabsorption).

†IF-mediated absorption is only 50% to 60% of a small dose (ie, a normal meal). Thus, 2.4 �g should provide the daily 1-�g requirement but fails if the IF system does not
function.

‡This estimate applies at the onset of the malabsorptive process. As stores become depleted, daily losses also decrease, but these changes, including the ratios, have not
been quantitated.

§Based largely on data from Berlin et al.16 Note: (1) the reduced absorption rates in normal persons as oral doses escalate, (2) the constant 1.2% rate of nonspecific,
IF-free cobalamin diffusion across the gut (clearly evident in patients with PA), and (3) the convergence of amounts of cobalamin absorbed by normal and malabsorbing
persons the more oral doses exceed the capacity of IF.

�Mean data compiled from Chanarin1 and others. Variation among individuals is wide, however.
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predictable as hematologic response,1,4,7 but most studies show
little advantage of more intensive cobalamin treatment. Recovery
can be slow sometimes, but progression always calls for diagnostic
reassessment. Patients with delayed improvement should be of-
fered rehabilitative therapy, particularly for gait, urinary, or bowel
dysfunction. Residual disability, estimated to affect 6% of neuro-
logic patients,4 is the most feared outcome of cobalamin deficiency
and is likely to persist if still present after 6 to 12 months of
treatment. Irreversibility tends to be associated with more than
6 months of therapeutic delay,1,4 but its variability is unexplained.
Most attention has focused on high folate status because of possible
associations of adverse neurologic outcomes with folate therapy,1,24

but no consistent findings have emerged.

Finding the cause of the cobalamin deficiency

Cobalamin pathophysiology. The pathophysiology of cobalamin
differs in important ways from most other vitamins, such as
folate.25 The daily requirement is so small relative to stores (Table
1) that deficiency typically takes years to develop in adults and only
infrequently reaches the depletion point necessary for clinical
consequences. Cobalamin is also tightly chaperoned everywhere
by specific binding proteins and receptors that regulate how much
traverses gut and other cell membranes, how much is reabsorbed
after biliary secretion, and how much is retained by the body.26 As
long as specific absorption via IF remains intact, cobalamin
economy is usually maintained. Transport defects at other sites are
usually genetic and thus rare.

When IF is absent or its ileal uptake fails (“IF-related malabsorp-
tion,” in shorthand for either failure), absorption of both free and
food-bound cobalamin, as well as the daily reabsorption of
approximately 50% of the 1.4 �g of biliary cobalamin,26 fails
(Table 2). As long as malabsorption persists, deficiency progresses,
and clinical consequences may appear within “only” 2 to 5 years.

In more limited absorptive disorders, such as malabsorption
confined to food-bound cobalamin (FBCM),27 impaired cobal-
amin release from food limits but does not incapacitate the IF
system, which also presumably continues reabsorbing biliary
cobalamin. Some forms of FBCM remit after antibiotics.28,29

The rate of cobalamin depletion is unknown but is probably

many years slower than in IF-related disorders (Table 2). If the
underlying disorder is nonmalabsorptive, such as dietary insuffi-
ciency, clinical consequences are delayed even longer30,31

because absorption and reabsorption are intact and because
intake fluctuates. Only in rare disorders of cellular utilization do
consequences appear rapidly (Table 2).

Not surprisingly, most adults who come to medical attention
with clinically expressed cobalamin deficiency are those with
IF-related malabsorption. Savage et al32 reported that 94% of
patients with clinically expressed deficiency had IF-related malab-
sorption, such as PA or sprue; only 1% were vegetarians or had
(presumptive) FBCM.

Clinical evaluation of absorption. Based on the foregoing,
clinical signs of deficiency suggest IF-based malabsorption until
proven otherwise. However, management decisions must be provi-
sional until the disorder (which is often not PA) and its prognosis
are identified (Table 3). For nearly 50 years, the diagnostic search
began with the Schilling test, which not only identified abnormal
IF-related absorption but also distinguished between gastric and
intestinal defects. The underlying diseases themselves (eg, PA) are
often asymptomatic and could not be detected otherwise.1 An
abnormal Schilling test result also helps select the optimal final test
(eg, intestinal biopsy).

If the Schilling test result was normal, nonmalabsorptive disorders
could be considered; so could FBCM, which the Schilling test cannot
recognize but serves to rule out IF-related malabsorption as a diagnostic
prerequisite for FBCM.27,33 A modified absorption test, in which the test
dose of cobalamin is bound to food, was created specifically to identify
FBCM.33 However, because FBCM is relatively infrequently associated
with clinical deficiency,27,32-36 the test never became clinically
available,37 even though FBCM is the most common disorder of
cobalamin absorption and is associated with 30% to 50% of cases of
subclinical deficiency.27

Despite unwieldiness and occasionally uninterpretable results,
the standard Schilling test had served clinicians well. Beyond its
direct diagnostic benefits, an abnormal result strengthened the
diagnosis of cobalamin deficiency, whereas a normal result prompted
reevaluation of the diagnosis of deficiency itself. That being said, I
usually tested for IF antibody upon documenting cobalamin

Table 2. Pathophysiologic characteristics of disorders that cause cobalamin deficiency

Characteristics and
processes of cobalamin
handling

Loss of
intrinsic factor

(IF; ie, PA)

Intestinal inability to
absorb IF-bound

cobalamin (eg, sprue)

Impaired food-bound
cobalamin absorption

(eg, gastritis)

Poor dietary intake
of cobalamin

(eg, veganism)

Defective cellular metabolism
or uptake (eg, chronic N2O

toxicity)

Cobalamin intake Normal Normal Normal Low Normal

Absorption of free

cobalamin

Very low* Very low* Normal* Normal Normal except in

transcobalamin II deficiency

Absorption of food-bound

cobalamin

Very low Presumably very low Low Normal Normal except in

transcobalamin II deficiency

Daily losses of cobalamin† Increased Increased Presumably normal Normal Presumably normal

Likelihood of deficiency to

progress

Very high Usually high, but varies

with disorder

Usually low, but varies with

disorder

Usually low but

varies

Usually high

Progression time to

biochemical deficiency

� 2-5 years‡ � 2-5 years‡ Several years‡§ Several years‡§ Undetermined in most cases

but probably brief

Progression time to clinical

deficiency

2-5 years 2-5 years but may vary Many years to decades§ Many years to

decades§

Days, weeks, or months,

depending on disorder

*Absorption of free cobalamin (cobalamin ingested free, as in crystalline supplements) depends on IF and its ileal uptake. The retention of normal ability to absorb free
cobalamin differentiates food-bound cobalamin malabsorption from IF-based malabsorption (in which neither free nor food-bound cobalamin can be absorbed).

†The largest source of daily losses is the portion of biliary cobalamin not reabsorbed by IF.
‡Systematic data are not available, but biochemical expression (appearance of cobalamin and metabolite abnormalities) can precede clinical expression by a year or

more, presumably. The lag between biochemical and clinical expressions may be even greater in the more slowly progressive disorders.
§Progression is slower than in IF-related malabsorption and may extend beyond a decade, but systematic data are lacking. More rapid progression may occur when other

processes coexist.

2216 CARMEL BLOOD, 15 SEPTEMBER 2008 � VOLUME 112, NUMBER 6

For personal use only.on November 8, 2018. by guest  www.bloodjournal.orgFrom 

http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml


deficiency. IF antibody has sufficient specificity for PA (� 95% as
long as the blood is not drawn within a few days after injection) that
the Schilling test could be omitted sometimes.

However, IF antibody sensitivity is poor (50%-70%), making
the Schilling test necessary when antibody is absent. Serum gastrin
and pepsinogen I abnormalities can sometimes help because of
their high sensitivities for PA (90%-92%), but they lack specific-
ity.38 Even worse performance characteristics render parietal cell
antibody diagnostically unhelpful for PA. With the loss of the
Schilling test, I now combine the specific but insensitive IF
antibody test with the sensitive but nonspecific serum gastrin or
pepsinogen level in each cobalamin-deficient patient. None of these
tests, nor any other blood tests, help diagnose intestinal malabsorp-
tion, FBCM, or nonmalabsorptive causes. With the loss of the
Schilling test, each disorder must be pursued singly. The current
muddle is a major setback to rational management, especially with
the added burden of subclinical deficiency.37

Preventing relapse of cobalamin deficiency: maintenance
therapy

Maintenance regimens. Although I prefer injection in patients
with IF-based malabsorption, the route and schedule are less
important than a commitment to monitor closely. Whether given
parenterally or orally, 1000-�g doses are needed to accommodate
wide variations in diffusion and retention among patients.15,16 The
variations cannot be predicted but tend to remain consistent. Some
patients describe feeling tired before the month is up; its attribution
to “fast clearing” of cobalamin16 requires further study. Injection

intervals can be titrated or oral doses can be used as a bridge. I
usually provide 8 to 10 injections over the first 2 to 3 months before
considering monthly injections. This augments repletion and helps
delay relapse should the patient discontinue treatment, as many
do.6 Hydroxocobalamin injections can be spaced at twice the
interval for cyanocobalamin.1,15

Extensive long-term observations by Berlin et al16 documented
a nonspecific, IF-unrelated diffusion of 1.2% (mean, with wide
variation) of any oral dose. Thus, oral doses deliver much less
cobalamin per dose once IF capacity (1-2 �g) is exceeded in
normal persons or is absent in PA (Table 1). Because of wide
individual variations, 1000 �g must be taken daily if malabsorption
exists. Oral cobalamin is also less effectively absorbed after a meal
than when fasted (1.8-7.5 vs 2.8-13.4 �g of a 500-�g dose).16

Small doses (5-10 �g) are thought effective in cobalamin-deficient
patients with normal Schilling test results. Responsiveness became
murkier after blunted responses to oral doses less than 50 �g were
seen in some patients with FBCM.39 Later studies reported blunted
metabolic responses in many elderly persons with subclinical
deficiency until doses reached 500 �g or more40-42; these subjects’
absorption status was not determined, however, and the pills were
taken with meals in at least one study.43

Parenteral vs oral maintenance in patients with malabsorp-
tion. Interest in oral therapy, proven effective in PA in the 1950s
and 1960s,1,16 has revived, and 1000-�g pills are now easily
available and cheap. Despite the advantages in ease, cost, and
comfort, physicians considering oral therapy should recognize its
limitations, including possible disadvantages of dosing with meals.16

Physicians must also accept responsibility for adequate monitoring.
The motivation and compliance of research subjects are unlikely to
be matched in normal daily life. Moreover, relapse follows
cessation of therapy months sooner after oral than parenteral
regimens.7,16 Finally, even proponents report that many patients
prefer monthly injections to daily pills or are neutral.16,44

Many patients (or their trusted relatives) can be taught to inject
themselves, which reduces cost to nearly that of oral therapy. With
a 23-gauge or thinner needle and avoidance of deep injection, few
patients complain of pain. I offer but do not encourage the option of
oral maintenance therapy. Sublingual or nasal routes cannot be
recommended because they are expensive and inadequately studied.

Monitoring and relapse. Some patients discontinue cobalamin
once they feel better,6 often because they misunderstand the nature
of their disease, but sometimes it is the physician who fails to think
beyond the first shot. Relapse in patients with IF-related malabsorp-
tion occurs within 1 to 2 years.7,16 Either MMA or homocysteine is
a better monitoring tool than serum cobalamin and provides early
warning of relapse if measured annually.

Managing the underlying disease process

PA has cobalamin-unrelated issues. The most serious is a higher
risk of gastric cancer and carcinoids.45 Once the diagnosis of PA is
confirmed, I encourage endoscopy to detect early, treatable lesions.
If results are negative, routine reendoscopy does not appear
worthwhile,45 although it could be offered to young patients. Each
patient with PA also needs periodic screening for thyroid disease
and iron deficiency because of their high frequencies.23,46 Iron
deficiency usually results from the atrophic gastritis, but other
explanations are often found.

Management of ileal diseases is dictated by the specific entity,
which is often treatable. Bacterial overgrowth of the gut responds
to antibiotics but can recur if its underlying anatomic or motility
disorder is irreversible. Pancreatic insufficiency can cause an

Table 3. Important diagnostic, therapeutic, and prognostic
questions that depend on determining absorption status and
identifying the specific disorder responsible for cobalamin
deficiency

1. Is the deficiency likely to relapse? Must cobalamin replacement be lifelong, long

term, or short term?*

2. If the deficiency is only subclinical when first diagnosed, is the deficiency likely to

remain clinically silent or to progress to more serious deficiency?†

3. Should cobalamin replacement be done with periodic injection or large daily oral

doses, or will small oral doses suffice?

4. Are all sources of oral cobalamin, or only food-bound cobalamin, absorbed

poorly? Should supplements be taken on an empty stomach?‡

5. Are additional nutrient deficiencies likely to coexist and should they be sought?§

6. Does the underlying disorder require direct treatment itself? Can it be reversed?

7. Which cobalamin-unrelated complications of the underlying disease require

independent action?� Do comorbidities or risks linked to the underlying disease

exist?

8. If cobalamin absorption is normal, is the cause of the cobalamin deficiency then

dietary, nitrous oxide-related, or a genetic disorder of metabolism or transport?

Could the diagnosis of cobalamin deficiency itself be mistaken?

Data are modified and expanded from Carmel.37

*PA is permanent and requires lifelong treatment. Some failures of intestinal
uptake of IF may be treatable and even reversible. The course of FBCM is long, but it
occasionally fluctuates.

†Mild or subclinical deficiency cannot be deemed innocuous if the underlying
cause is early PA or other IF-related malabsorption. In contrast, most clinically silent
deficiency is nonmalabsorptive in origin and unlikely to progress, and thus it may not
need treatment.

‡Patients with FBCM may need to take cobalamin supplements on an empty
stomach to prevent their binding to food in vitro; 1000-�g oral doses appear
necessary in many cases of FBCM, but it is not known whether giving such
chronically high doses to others who do not need them can have undesirable effects.

§For example, broader malabsorption of additional nutrients is likely if intestinal
disease is the cause and is less likely or limited to iron if the malabsorption is gastric in
origin.

�The risks of gastric malignancy and thyroid dysfunction in patients with PA
require active screening. Such risks do not occur with other disorders.
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abnormal Schilling test result but is overemphasized as a cause of
cobalamin deficiency.47 The rarity of cobalamin deficiency in
pancreatic insufficiency and some other known causes of cobal-
amin malabsorption, such as drugs, is probably explained by a need
for uninterrupted, years-long malabsorption.

Partial gastrectomy is sometimes associated with IF loss and
clinical deficiency1,32 but produces FBCM more frequently.33

Bariatric surgery causes FBCM, as can atrophic gastritis with
preserved IF27,28,33,39,48; the resulting cobalamin deficiency is often
subclinical, but prophylaxis may be warranted.39,48 Occasionally,
FBCM can be reversed with antibiotics, which seems to happen
with Helicobacter pylori–associated gastritis.28 The association of
H pylori with FBCM is unexplained, and many infected persons
have normal absorption.49 Reports of correction of cobalamin
deficiency in H pylori–infected patients given antibiotics need
better substantiation,50 as does attribution of FBCM to upper small
bowel bacterial contamination.29

Education of the patient

One legacy of the misuse of cobalamin as a tonic for fatigue and
other nonspecific symptoms51 has been misperception of the
serious medical nature of clinical deficiency. Education helps
prevent patients from abandoning treatment after achieving symp-
tomatic improvement. The implications for prognosis and monitor-
ing must be explained clearly, discussing lifelong therapy with
those patients needing it, duration of therapy with those having
reversible causes, and the need for follow-up with those whose
underlying cause was not identified. It is useful to include family
members in the discussion and to provide a written description of
relevant facts. It also does not hurt to tell patients the grim history
of PA before Minot and Murphy. Extra effort is needed for patients
choosing oral therapy, who may confuse their therapy with optional
self-supplementation.

Changes in concepts, tools, and practices

As noted in the Introduction, several developments have compli-
cated the clinical management of cobalamin deficiency. One was
the premature medicalization of mild, biochemical deficiency,
followed by loosening of its diagnostic criteria.43,52 A second was
the near-dismantling of the ability to determine who has cobalamin
malabsorption and who does not.37 The potential has grown for
misattributing cobalamin-unrelated clinical findings to clinically
irrelevant biochemical abnormalities.

Expansion and redefinition of cobalamin deficiency

The emergence of subclinical cobalamin deficiency. It was long
known that some patients with low cobalamin levels (� 200 ng/L)
lacked clinical evidence of deficiency. Schilling tests usually
differentiated those with malabsorption, who received the diagno-
sis of very early PA, from those with normal absorption, who were
deemed to have falsely low cobalamin levels. In 1985, we used
deoxyuridine suppression testing to prove metabolic deficiency in
patients with seemingly falsely low cobalamin levels36,53 and
defined subclinical cobalamin deficiency.54 Most patients were
clinically normal, although some had subtle, asymptomatic, and
still unexplained electrophysiologic and neurologic changes.36,55,56

The latter, like the metabolic abnormalities, reversed with cobal-
amin therapy. Many surveys, using homocysteine and MMA
assays, soon proved subclinical deficiency to far outnumber clinical

deficiency: 10% to 25% of the elderly had mild biochemical
changes without symptoms, macrocytosis, neutrophil hypersegmen-
tation, or Schilling test abnormality,9-11,54,57-59 whereas only 1.9%
had PA.60

Problematic consequences. Subclinical deficiency is still
incompletely understood. It is often not differentiated from clinical
deficiency or is assumed to be its prodrome despite rarely
displaying IF-related malabsorption, the proven basis for 94% of
clinical deficiency. The causes of subclinical deficiency remain
largely unknown: diet is usually adequate,57-59 and FBCM was
found in only 30% to 50% of cases.9,11,27,36,59 Neither its prognosis
nor the health benefits of cobalamin therapy beyond biochemical
normalization underwent prospective controlled study.43 However,
the course of subclinical deficiency often appears stationary.61-63

The biochemical abnormalities themselves frequently fluctuate64,65;
mildly to moderately elevated MMA levels improved spontane-
ously in 44% of 432 cases retested 1 to 4 years later, and only
16% worsened.64 Those observations notwithstanding, the impulse
for medical intervention is such that controlled cobalamin trials
in subclinical deficiency have been called unethical by some
investigators.42

Tinkering with “normality.” Strenuous efforts have been
made to identify the earliest possible biochemical stigmata of
deficiency. The investigators who patented the diagnostic applica-
tion of metabolites to cobalamin deficiency took this one step
further. Observing cobalamin levels above 200 ng/L in 2.9% to
5.2% of patients with clinical signs of deficiency66 (in reality, an
excellent 95%-97% sensitivity for the traditional 200-ng/L cut-
point), they raised the cutpoint to 350 ng/L.10 This redefinition
transformed a 5.3% rate of suspected deficiency in their elderly
volunteers to an astounding 40.5%.10 Only approximately 22% of
the new suspects actually met MMA criteria for deficiency, less
than 2% had macrocytosis, and none had evidence of PA.10

Despite the doubtful premise, the major loss of specificity, and
the large, usually unrewarding clinical workload this portended
(Table 4), many laboratories adopted the revised criterion. The
potential clinical consequences merit illustration. Cobalamin test-
ing is often done to rule out cobalamin deficiency as a cause of
clinical symptoms and findings that mimic it. If 5.3% to 24.8% of
the elderly population have cobalamin levels less than 200 ng/L
(Table 4), so may 5.3% to 24.8% of elderly patients with
alcohol-induced neuropathy or macrocytosis, which can be misat-
tributed to those low cobalamin levels. With the redefinitions
shown in Table 4, the risk of misdiagnosis jumps to 40.5% to
71.7%. In the end, clinicians must retain a cautious perspective on

Table 4. The effect of expanded serum cobalamin level criteria on
the frequency of “suspected low serum cobalamin” in the elderly
population

Country of
study (year)

No. of
subjects

Frequency (%) of “suspect”
cobalamin in the elderly

Standard cutpoint
(� 200 ng/L)*

Revised cutpoint
(� 350 ng/L)†

United States (1994)10 548 5.3 40.5

Netherlands (1998)59 105 24.8 60.1

United States (1999)11 591 11.8 50.4

England (2007)72 2,403 8.6 71.7

Data are from community-based surveys of medically unselected elderly popula-
tions with evaluable data.

*The standard cutpoints defining low serum cobalamin levels in the 4 studies
were 200, 203, 190, and 203 ng/L, respectively.

†The expanded serum cobalamin cutpoints that were either recommended by
study authors or are applied here solely for comparison purposes were 350, 352, 350,
and 405 ng/L, respectively.
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isolated biochemical abnormalities in every context. A “gold
standard” test does not exist, and neither homocysteine nor MMA
elevation is conclusive proof of cobalamin deficiency.13,54,64

The disappearance of cobalamin absorption testing

The value of absorption testing (Table 3) has been questioned
sometimes on the misperceived grounds that PA always accounts
for cobalamin deficiency (although PA explains only 76% of
patients with clinical deficiency, and often treatable intestinal
diseases account for 14%32); that knowing the cause does not alter
therapy (Table 3 to the contrary); or that testing for IF antibody is
an adequate substitute (see “Clinical evaluation of absorption” for
the inadequacy of surrogate tests). The use of the Schilling test
began to decrease in the 1990s, perhaps influenced by such views
but also by decreasing involvement of specialists, inadequate
reimbursement for the test by insurers, and production concerns,
including IF safety issues.37 The test disappeared in 2003, leaving a
severely limited ability to diagnose cobalamin malabsorption.
Resurrection of the Schilling test with recombinant IF or creation
of an equally validated direct test is needed.37

Management modifications in current clinical
practice

Management of subclinical deficiency

Until well-designed, placebo-controlled trials are done using
health-related as well as biochemical endpoints in subclinically
deficient persons, guidelines and algorithms for subclinical defi-
ciency (ie, most low cobalamin levels) can only be tentative. This
section, with Table 5, offers suggestions for an approach to
subclinical deficiency by clinicians.

Suggested “rules.” (1) Current knowledge does not justify
case-finding searches by clinicians for low cobalamin levels

without specific clinical indications. However, any abnormality
discovered in a medical encounter must be pursued to clinically
satisfactory resolution. (2) Low-normal cobalamin levels
(250-350 ng/L) need not be pursued without clinical evidence of
deficiency. The corollary, however, is that a clinically justified
suspicion of deficiency must be pursued, whatever the cobalamin
level. (3) The focus must always stay fixed on why the patient’s
cobalamin level was measured in the first place. A therapeutic trial
with appropriate endpoints is sometimes justified. (4) The presence
of malabsorption has major clinical and prognostic relevance.
I believe it may predict who requires intervention better than
biochemical changes do.

A clinical approach to subclinical deficiency. The first clinical
question is whether the patient is truly cobalamin deficient. The
possibility that a seemingly subclinical deficiency is subtly clinical
always needs consideration (eg, Is the normal MCV nevertheless
higher than before? Does hypersegmentation exist?). Clinical
deficiency often features serum MMA above 1000 nmol/L and
homocysteine above 25 �M.14,32,66 At the same time, because
subclinically deficient patients are more likely than clinically
deficient patients to have just one metabolite abnormality,10,11,14

and for it to be milder10,11 and to fluctuate,64,65 reassay of marginally
abnormal levels is advisable before proceeding any further. Abnor-
malities can also be cobalamin-unrelated (eg, renal failure).
Normal metabolite results in an untreated patient without clinical
or absorption abnormalities suggest a falsely low cobalamin level.
Transcobalamin I (haptocorrin) deficiency, which may explain 15%
of such cobalamin levels, should be considered in such cases.67

The second clinical question is whether malabsorptive disease
exists. All medically initiated encounters mandate this search. As
insensitive as it is, IF antibody is the only credible test available for
PA and should be obtained at the outset, with or without serum
pepsinogen I or gastrin. If unrevealing, more invasive approaches
(eg, gastroscopy, gastric analysis, small bowel testing) can be

Table 5. Suggestions for a clinical approach to asymptomatic, hematologically normal patients with suspected subclinical cobalamin
deficiency

Notes Comments

Diagnostic

A low serum cobalamin (� 200 or 250 ng/L) is not automatically

diagnostic for cobalamin deficiency in asymptomatic,

hematologically normal patients.

22% to 30% of such cobalamin levels are falsely low.

A cobalamin level of 200 to 350 ng/L does not reflect cobalamin

deficiency at all in 65% to 78% of such cases.

At least two unrelated biochemical abnormalities should be sought to

diagnose deficiency (eg, cobalamin and MMA) because an isolated

biochemical abnormality (eg, MMA alone) may also be spurious,

unless confirmed by its normalization with cobalamin therapy.

Results of all tests are unreliable in the face of renal insufficiency. Cobalamin

and holotranscobalamin II values may be too closely linked to provide

independent confirmation of each other.

Greatly elevated metabolite levels (eg, MMA �1000 nmol/L) require

serious attention.

Mildly abnormal metabolite levels are often evanescent.

Always test for intrinsic factor antibody (despite its poor sensitivity) in a

patient with suspected cobalamin deficiency.

Although PA is rare in subclinical deficiency, its diagnosis implies clinical

disease and transforms management.

Therapeutic

A monitored cobalamin trial is warranted for the patient with sufficiently

suspicious clinical findings.

A cobalamin trial is not needed for a marginal, isolated metabolic abnormality

unless compelling reasons exist.

The cobalamin trial should be parenteral. If given orally, 1000-�g

doses should be given daily for 4 weeks.

Injection or high oral doses are preferred because absorption often cannot be

determined.

In a trial, clinical and laboratory reassessment should be done 4 to

8 weeks after injection.

Retest suspicious clinical findings as well as metabolic abnormalities.

Duration of therapy depends on the underlying disorder.

Follow-up every 1 to 3 years is warranted in all patients with unknown

causation or unclear course.

Follow-up should include clinical reevaluation and cobalamin and MMA assay.
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weighed. If the patient had gastric surgery, FBCM is prob-
able.27,33,39 Direct testing for FBCM is unavailable and surrogate
markers are unreliable27,49; the diagnostic sensitivities of gastrin
and pepsinogen for FBCM are much lower than for PA (30%-32%
vs 90%-92%).

The third clinical question is whether cobalamin therapy is
indicated. Finding either IF-related malabsorption, which suggests
a risk for progression, or signs suggesting mild but clinical
deficiency justifies management as clinical deficiency. Patients
suspected of FBCM require oral doses of 1000 �g daily, preferably
on an empty stomach.39-42 However, a nonmalabsorbing, asymptom-
atic patient with a lone, mild biochemical abnormality can be safely
deferred for cobalamin or MMA reassessment a year later.

Patients whose status is inconclusive warrant a monitored
therapeutic trial as the ultimate test. Two cobalamin injections can
be followed 4 to 8 weeks later by a blood count parsed for subtle
MCV improvement, reassay of the relevant metabolite, and reevalu-
ation of whatever prompted cobalamin testing. Maintenance treat-
ment is continued if response occurs but, unless underlying causes
are identified, the requisite duration and prognosis are unclear.

Cobalamin prophylaxis in clinical practice

The value of general supplementation and the desirability and
feasibility of dietary fortification with cobalamin are unproven.25

Nevertheless, some situations call for targeted supplementation.
Vegetarians. Preventive supplementation is justified in strict

vegetarians,31 including immigrants from the Asian subcontinent,
whether or not they have liberalized their diets.30 If small oral doses
(eg, 2-6 �g) are ineffective, absorption should be evaluated.
Physicians should be aware that surprisingly many vegetarians
refuse supplementation.30 Pregnant vegetarians who plan to exclu-
sively breastfeed need supplementation; their babies are at much
greater risk for severe deficiency than the mothers.68

Patients with gastric surgery. The risk of FBCM and subclini-
cal deficiency is high after subtotal gastrectomy33 or bariatric

surgery.39 Preventive supplementation with daily 1000-�g doses,
preferably on an empty stomach, is warranted.

Elderly persons. Without very well-designed trials, routine
cobalamin supplementation for the elderly has unknown value,
even in the era of folic acid fortification.25 Unnecessary folate
supplements should be discouraged. Cobalamin status should be
evaluated proactively in special situations.

Nitrous oxide (N2O) exposure. N2O inactivates cobalamin.
When unrecognized and untreated clinical cobalamin deficiency
(eg, PA) exists preoperatively, summation can produce rapid
neuropsychiatric deterioration, especially after prolonged expo-
sure.69 Routine cobalamin and MCV testing is advisable before
surgical or dental procedures involving N2O exposure, especially in
the elderly. Patients with abnormal results must be evaluated fully,
and, if necessary, fully treated. Patients with conditions that
predispose to deficiency, such as prior gastric surgery, should be
treated by injection before surgery and by either route thereafter.

Clinicians should also be aware that N2O is a popular agent for
inhalant abuse in young people.70 Repeated exposure can produce
severe neuropsychiatric damage regardless of preexisting cobal-
amin status.71

Acknowledgment

Some of the work on which this article is based were supported in
part by the National Institutes of Health (grant DK32640).

Authorship

Contribution: R.C. was the single author of this paper.
Conflict-of-interest disclosure: The author declares no com-

peting financial interests.
Correspondence: Ralph Carmel, New York Methodist Hospital,

506 Sixth Street, Brooklyn, NY 11215; e-mail: rac9001@nyp.org.

References

1. Chanarin I. The Megaloblastic Anaemias, 2nd ed.
Oxford, United Kingdom: Blackwell Scientific;
1979.

2. Carmel R. Macrocytosis, mild anemia and delay
in diagnosis of pernicious anemia. Arch Intern
Med. 1979;139:47-50.

3. Carmel R. Pernicious anemia: the expected find-
ings of very low serum cobalamin levels, anemia,
and macrocytosis are often lacking. Arch Intern
Med. 1988;148:1712-1714.

4. Healton EB, Savage DG, Brust JCM, Garrett TJ,
Lindenbaum J. Neurologic aspects of cobalamin
deficiency. Medicine. 1991;70:229-244.

5. Chan CWJ, Liu SYH, Kho CSB, et al. Diagnostic
clues to megaloblastic anaemia without macrocy-
tosis. Int J Lab Hematol. 2007;29:163-171.

6. Savage D, Lindenbaum J. Relapses after inter-
ruption of cyanocobalamin therapy in patients
with pernicious anemia. Am J Med. 1983;74:765-
772.

7. Magnus EM. Cobalamin and unsaturated
transcobalamin values in pernicious anaemia:
relation to treatment. Scand J Haematol. 1986;
36:457-465.

8. Carmel R, Melnyk S, James SJ. Cobalamin defi-
ciency with and without neurologic abnormalities:
differences in homocysteine and methionine me-
tabolism. Blood. 2003;101:3302-3308.

9. Carmel R. Cobalamin, the stomach, and aging.
Am J Clin Nutr. 1997;66:750-759.

10. Lindenbaum J, Rosenberg IH, Wilson PWF,
Stabler SP, Allen RH. Prevalence of cobalamin
deficiency in the Framingham elderly population.
Am J Clin Nutr. 1994;60:2-11.

11. Carmel R, Green R, Jacobsen DW, Rasmussen
K, Florea M, Azen C. Serum cobalamin, homo-
cysteine and methylmalonic acid concentrations
in a multiethnic elderly population: ethnic and sex
differences in cobalamin and metabolite abnor-
malities. Am J Clin Nutr. 1999;70:904-910.

12. Moelby L, Nielsen G, Rasmussen K, Jensen MK,
Pedersen KO. Metabolic cobalamin deficiency in
patients with low to low-normal plasma cobal-
amin. Scand J Clin Lab Invest. 1997;57:209-216.

13. Refsum H, Smith AD, Ueland PM, et al. Facts and
recommendations about total homocysteine de-
terminations: an expert opinion. Clin Chem. 2004;
50:3-32.

14. Allen RH, Stabler SP, Savage DG, Lindenbaum J.
Diagnosis of cobalamin deficiency: usefulness of
serum methylmalonic acid and total homocys-
teine concentrations. Am J Hematol. 1990;34:90-
98.

15. Tudhope GR, Swan HT, Spray GH. Patient varia-
tion in pernicious anaemia, as shown in a clinical
trial of cyanocobalamin, hydroxocobalamin, and
cyanocobalamin-zinc tannate. Br J Haematol.
1967;13:216-228.

16. Berlin H, Berlin R, Brante G. Oral treatment of
pernicious anemia with high doses of vitamin B12

without intrinsic factor. Acta Med Scand. 1968;
184:247-258.

17. Tordjman R, Genereau T, Guinnepain MT, et al.
Reintroduction of vitamin B12 in 2 patients with
prior B12-induced anaphylaxis. Eur J Haematol.
1998;60:269-270.

18. Caballero MR, Lukawaska J, Lee TH, Dugue P.
Allergy to vitamin B12: two cases of successful
desensitization with cyanocobalamin. Allergy.
2007;62:1341-1342.

19. Gimsing P, Hippe E, Helleberg-Rasmussen I, et
al. Cobalamin forms in plasma and tissue during
treatment of vitamin B12 deficiency. Scand J
Haematol. 1982;29:311-318.

20. Carmel R, Shulman IA. Blood transfusion in
medically treatable chronic anemia: pernicious
anemia as a model for transfusion overuse. Arch
Pathol Lab Med. 1989;113:995-997.

21. Lawson DH, Parker JLW. Deaths from severe
megaloblastic anaemia in hospitalized patients.
Scand J Haematol. 1976;17:347-352.

22. Carmel R. Treatment of severe PA: no associa-
tion with sudden death. Am J Clin Nutr. 1988;48:
1443-1444.

23. Carmel R, Weiner JM, Johnson CS. Iron defi-
ciency occurs frequently in patients with perni-
cious anemia. JAMA. 1987;257:1081-1083.

24. Reynolds E. Vitamin B12, folic acid, and the ner-
vous system. Lancet Neurol. 2006;5:949-960.

25. Carmel R. Efficacy and safety of fortification and

2220 CARMEL BLOOD, 15 SEPTEMBER 2008 � VOLUME 112, NUMBER 6

For personal use only.on November 8, 2018. by guest  www.bloodjournal.orgFrom 

http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml


supplementation with vitamin B12: biochemical
and physiologic effects. Food Nutr Bull. 2008;
29(suppl):S177-S187.

26. Panel on Folate, Other B Vitamins, and Choline;
Institute of Medicine. Vitamin B12. In: Dietary Ref-
erence Intakes: Thiamin, Riboflavin, Niacin, Vita-
min B6, Folate, Vitamin B12, Pantothenic Acid,
Biotin, and Choline. Washington, DC: National
Academy of Sciences; 1998:306-356.

27. Carmel R. Malabsorption of food cobalamin. Bail-
lieres Clin Haematol. 1995;8:639-655.

28. Cohen H, Weinstein WM, Carmel R. The hetero-
geneity of gastric histology and function in food
cobalamin malabsorption: absence of atrophic
gastritis and achlorhydria in some patients with
severe malabsorption. Gut. 2000;47:638-645.

29. Suter PM, Golner BB, Goldin BR, Morrow FD,
Russell RM. Reversal of protein-bound vitamin
B12 malabsorption with antibiotics in atrophic
gastritis. Gastroenterology. 1991;101:1039-1045.

30. Carmel R, Mallidi P, Vinarskiy S, Brar S, Frouhar
Z. Hyperhomocysteinemia and cobalamin defi-
ciency in young Asian Indians in the United
States. Am J Hematol. 2002;70:107-114.

31. Antony AC. Vegetarianism and vitamin B-12 (co-
balamin) deficiency. Am J Clin Nutr. 2003;78:3-6.

32. Savage DG, Lindenbaum J, Stabler SP, Allen RH.
Sensitivity of serum methylmalonic acid and total
homocysteine determinations for diagnosing co-
balamin and folate deficiencies. Am J Med. 1994;
96:239-246.

33. Doscherholmen A, Swaim WR. Impaired assimi-
lation of egg Co57 vitamin B12 in patients with hy-
pochlorhydria and achlorhydria and after gastric
resection. Gastroenterology. 1973;64:913-919.

34. Carmel R. Nutritional vitamin B12 deficiency: pos-
sible contributory role of subtle vitamin B12 malab-
sorption. Ann Intern Med. 1978;88:647-649.

35. King CE, Leibach J, Toskes PP. Clinically signifi-
cant vitamin B12 deficiency secondary to malab-
sorption of protein-bound vitamin B12. Dig Dis
Sci. 1979;24:397-402.

36. Carmel R, Sinow RM, Karnaze DS. Atypical co-
balamin deficiency: subtle biochemical evidence
of deficiency is commonly demonstrable in pa-
tients without megaloblastic anemia and is often
associated with protein-bound cobalamin malab-
sorption. J Lab Clin Med. 1987;109:454-463.

37. Carmel R. The disappearance of cobalamin ab-
sorption testing: a critical diagnostic loss. J Nutr.
2007;137:2481-2484.

38. Carmel R. Pepsinogens and other serum markers
in pernicious anemia. Am J Clin Pathol. 1988;90:
442-445.

39. Schilling RF, Gohdes PN, Hardie GH. Vitamin
B12 deficiency after gastric bypass surgery for
obesity. Ann Intern Med. 1984;101:501-502.

40. Rajan S, Wallace JI, Brodkin KI, Beresford SA,
Allen RH, Stabler SP. Response of elevated
methylmalonic acid to three dose levels of oral
cobalamin in older adults. J Am Geriatr Soc.
2002;50:1789-1795.

41. Seal EC, Metz J, Flicker L, Melny J. A random-

ized, double-blind, placebo-controlled study of
oral vitamin B12 supplementation in older patients
with subnormal or borderline serum vitamin B12

concentrations. J Am Geriatr Soc. 2002;50:146-
151.

42. Eussen SJPM, de Groot LCPGM, Clarke R, et al.
Oral cyanocobalamin supplementation in older
people with vitamin B12 deficiency: a dose-finding
trial. Arch Intern Med. 2005;165:1167-1172.

43. Carmel R, Sarrai M. Diagnosis and management
of clinical and subclinical cobalamin deficiency:
advances and controversies. Curr Hematol Rep.
2006;5:23-33.

44. NAPS document 04827, supplement to Lederle
FA. Oral cobalamin for pernicious anemia: medi-
cine’s best kept secret? JAMA. 1991;265:94-95.

45. Kokkola A, Sjoblom S-M, Haapiainen R,
Sipponen P, Pulakkainen P, Jarvinen H. The risk
of gastric carcinoma and carcinoid tumours in
patients with pernicious anaemia. Scand J Gas-
troenterol. 1998;33:88-92.

46. Carmel R, Spencer CA. Clinical and subclinical
thyroid disorders associated with pernicious ane-
mia: observations on abnormal thyroid-
stimulating hormone levels and on a possible as-
sociation of blood group O with hyperthyroidism.
Arch Intern Med. 1982;142:1465-1469.

47. Glasbrenner B, Malfertheiner P, Buchler M, Kuhn
K, Ditschuneit H. Vitamin B12 and folic acid defi-
ciency in chronic pancreatitis: a relevant disor-
der?. Klin Wochenschr. 1991;69:168-172.

48. Rhode BM, Tamim H, Gilfix BM, Sampalis JS,
Nohr C, MacLean LD. Treatment of vitamin B12
deficiency after gastric surgery for severe obesity.
Obes Surg. 1995;5:154-158.

49. Carmel R, Aurangzeb I, Qian D. Associations of
food-bound cobalamin malabsorption with ethnic
origin, age, Helicobacter pylori infection, and se-
rum markers of gastritis. Am J Gastroenterol.
2001;96:63-70.

50. Dierkes J, Ebert M, Malfertheiner P, Luley C. Heli-
cobacter pylori infection, vitamin B12 and homo-
cysteine: a review. Dig Dis. 2003;21:237-244.

51. Lawhorne L, Ringdahl D. Cyanocobalamin injec-
tions for patients without documented deficiency:
reasons for administration and patient responses
to proposed discontinuation. JAMA. 1989;261:
1920-1923.

52. Carmel R, Green R, Rosenblatt DS, Watkins D.
Update on cobalamin, folate, and homocysteine.
Hematology. 2003;62-81.

53. Carmel R, Karnaze DS. The deoxyuridine sup-
pression test identifies subtle cobalamin defi-
ciency in patients without typical megaloblastic
anemia. JAMA. 1985;253:1284-1287.

54. Carmel R. Current concepts in cobalamin defi-
ciency. Annu Rev Med. 2000;51:357-375.

55. Karnaze DS, Carmel R. Neurological and evoked
potential abnormalities in subtle cobalamin defi-
ciency states, including those without anemia and
with normal absorption of free cobalamin. Arch
Neurol. 1990;47:l008-1012.

56. Carmel R, Gott PS, Waters CH, et al. The fre-
quently low cobalamin levels in dementia usually

signify treatable metabolic, neurologic and elec-
trophysiologic abnormalities. Eur J Haematol.
1995;54:245-253.

57. Hanger HC, Sainsbury R, Gilchrist NL, Beard ME,
Duncan JM. A community study of vitamin B12
and folate levels in the elderly. J Am Geriatr Soc.
1991;39:1155-1159.

58. Howard JM, Azen C, Jacobsen DW, Green R,
Carmel R. Dietary intake of cobalamin in elderly
people who have abnormal serum cobalamin,
methylmalonic acid and homocysteine levels. Eur
J Clin Nutr. 1998;52:582-587.

59. van Asselt DZB, de Groot LCPGM, van Staveren
WA, et al. Role of cobalamin intake and atrophic
gastritis in mild cobalamin deficiency in older
Dutch subjects. Am J Clin Nutr. 1998;68:328-334.

60. Carmel R. Prevalence of undiagnosed pernicious
anemia in the elderly. Arch Intern Med. 1996;156:
1097-1100.

61. Hughes D, Elwood PC, Shinton NK, Wrighton
RJ. Clinical trial of the effect of vitamin B12 in el-
derly subjects with low serum B12 levels. Br
Med J 1970;2:458-460.

62. Waters WE, Withey JL, Kilpatrick GS, Wood PH.
Serum vitamin B12 concentrations in the general
population: a ten-year follow-up. Br J Haematol.
1971;20:521-526.

63. Elwood PC, Shinton NK, Wilson CI, Sweetnam P,
Frazer EC. Haemoglobin, vitamin B12 and folate
levels in the elderly. Br J Haematol. 1971;21:557-
563.

64. Hvas AM, Ellegaard J, Nexo E. Increased plasma
methylmalonic acid level does not predict clinical
manifestations of vitamin B12 deficiency. Arch
Intern Med. 2001;161:1534-1541.

65. Solomon LR. Cobalamin-responsive disorders in
the ambulatory care setting: unreliability of cobal-
amin, methylmalonic acid, and homocysteine
testing. Blood. 2005;105:978-985.

66. Lindenbaum J, Savage DG, Stabler SP, Allen RH.
Diagnosis of cobalamin deficiency: II. Relative
sensitivities of serum cobalamin, methylmalonic
acid, and total homocysteine concentrations.
Am J Hematol. 1990;34:99-107.

67. Carmel R. Mild transcobalamin I (haptocorrin)
deficiency and low serum cobalamin concentra-
tions. Clin Chem. 2003;49:1367-1374.

68. Centers for Disease Control and Prevention.
Neurologic impairment in children associated with
maternal dietary deficiency of cobalamin—Geor-
gia 2001. MMWR. 2003;52:61-64.

69. Schilling RF. Is nitrous oxide a dangerous anes-
thetic for vitamin B12 deficient subjects? JAMA.
1986;255:1605-1606.

70. Ng J, O’Grady G, Pettit T, Frith R. Nitrous oxide
use in first-year students at Auckland University.
Lancet. 2003;361:1349-1350.

71. Ng J, Frith R. Nanging. Lancet. 2002;360:384-
385.

72. Clarke R, Sherliker P, Hin H, et al. Detection of
vitamin B12 deficiency in older people by mea-
suring vitamin B12 or the active fraction of vitamin
B12, holotranscobalamin. Clin Chem. 2007;53:
963-970.

HOW I TREAT COBALAMIN DEFICIENCY 2221BLOOD, 15 SEPTEMBER 2008 � VOLUME 112, NUMBER 6

For personal use only.on November 8, 2018. by guest  www.bloodjournal.orgFrom 

http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml


online July 7, 2008
 originally publisheddoi:10.1182/blood-2008-03-040253

2008 112: 2214-2221
 
 

Ralph Carmel
 

) deficiency12How I treat cobalamin (vitamin B
 

http://www.bloodjournal.org/content/112/6/2214.full.html
Updated information and services can be found at:

 (1159 articles)Red Cells    
 (589 articles)Pediatric Hematology    

 (229 articles)How I Treat    
 (5194 articles)Free Research Articles    

 (4845 articles)Clinical Trials and Observations    
Articles on similar topics can be found in the following Blood collections

http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests
Information about reproducing this article in parts or in its entirety may be found online at:

http://www.bloodjournal.org/site/misc/rights.xhtml#reprints
Information about ordering reprints may be found online at:

http://www.bloodjournal.org/site/subscriptions/index.xhtml
Information about subscriptions and ASH membership may be found online at:

  
Copyright 2011 by The American Society of Hematology; all rights reserved.
of Hematology, 2021 L St, NW, Suite 900, Washington DC 20036.
Blood (print ISSN 0006-4971, online ISSN 1528-0020), is published weekly by the American Society

For personal use only.on November 8, 2018. by guest  www.bloodjournal.orgFrom 

http://www.bloodjournal.org/content/112/6/2214.full.html
http://www.bloodjournal.org/cgi/collection/clinical_trials_and_observations
http://www.bloodjournal.org/cgi/collection/free_research_articles
http://www.bloodjournal.org/cgi/collection/how_i_treat
http://www.bloodjournal.org/cgi/collection/pediatric_hematology
http://www.bloodjournal.org/cgi/collection/red_cells
http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests
http://www.bloodjournal.org/site/misc/rights.xhtml#reprints
http://www.bloodjournal.org/site/subscriptions/index.xhtml
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml
http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

