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Review
Synthèse

Vitamin B12 or cobalamin deficiency occurs fre-
quently among elderly patients,1 but it is often
unrecognized or not investigated because the

clinical manifestations are subtle. However, the potential
seriousness of the complications (particularly neuropsy-
chiatric and hematological)1–4 requires investigation of all
patients who present with vitamin or nutritional defi-
ciency. We summarize the current state of knowledge on
cobalamin deficiency, with a particular focus on defi-
ciency in elderly people.

In gathering information for this article, we systemati-
cally searched PubMed for articles published from 1990 to
July 2003 (the search strategy is outlined in online Appen-
dix 1 [www.cmaj.ca/cgi/content/full/171/3/xxx/DC1]). We
have also included unpublished data from our working
group, the Groupe d'étude des carences en vitamine B12
des Hôpitaux Universitaires de Strasbourg.

Defining cobalamin deficiency

Cobalamin deficiency is defined in terms of the serum
values of cobalamin and of homocysteine and methyl-
malonic acid, 2 components of the cobalamin metabolic
pathway. High homocysteine levels (hyperhomocysteine-
mia) may also be caused by folate or vitamin B6 deficiencies,

and these should be excluded as causes of cobalamin defi-
ciency before a diagnosis is made. To obtain cutoff points
of cobalamin serum levels, patients with known complica-
tions are compared with age-matched control patients
without complications. Because different patient popula-
tions have been studied, several serum concentration defin-
itions have emerged.5–7 Varying test sensitivities and speci-
ficities result from the lack of a precise “gold standard.”
The definitions of cobalamin deficiency used in this review
are shown in Box 1. Based in part on the work of Klee7 and
in part on our own work,8 they are calculated for elderly pa-
tients. The first definition is simpler to interpret, but it re-
quires that blood samples be drawn on 2 separate days.  

New serum cobalamin (holotranscobalamin) assay kits
have replaced older assay kits in most countries and should
become the standard for testing.9

Epidemiology 

Epidemiological studies show a prevalence of cobalamin
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selected by the authors. Using the definitions shown in Box
1, we found a prevalence of greater than 4.8% in a large
group of patients in hospital between the ages of 65 and 98
(data submitted to the 47th Congress of the French Na-
tional Society for Internal Medicine in Bordeaux, June
11–13, 1998). 

Cobalamin metabolism and function 

Cobalamin metabolism is complex and requires many
processes, any one of which, if not present, may lead to
cobalamin deficiency.4,13–15 The causes of cobalamin defi-
ciency are shown in Fig. 1 and listed in Table 1.

Once metabolized, cobalamin is a cofactor and co-
enzyme in many biochemical reactions, including DNA
synthesis, methionine synthesis from homocysteine and
conversion of propionyl into succinyl coenzyme A from
methylmalonate, as shown in Fig. 2.

A typical Western diet contributes 3–30 µg of cobalamin
per day toward the estimated daily requirement of 2–5 µg
that is recommended by the American Society of Geri-
atry,16 the US Food and Drug Administration and the As-
sociation Française de Sécurité Sanitaire des Aliments.
Reserves, which are primarily hepatic, are significant (>
1.5 mg). The 5- to 10-year delay between the onset of in-
sufficient intake and the development of clinical illness is a
direct result of the hepatic stores and the enterohepatic cy-
cle, whereby cobalamin is excreted in bile and then reab-
sorbed in the small intestine (see Fig. 1).4,13 Between 1%
and 5% of free cobalamin (and crystalline cobalamin) is
absorbed along the entire intestine by passive diffusion,
which explains the mechanism underlying oral treatment of
deficiencies associated with pernicious anemia and food-
cobalamin malabsorption.4,17,18

In a clinical setting, cobalamin absorption is examined
(imperfectly) by the Schilling test.4,8 The test is currently
performed as follows: patients are given 1000 µg of cyano-
cobalamin intramuscularly at day 1 to saturate the intestinal
mucosal cells, followed by 1000 µg of free 58Cocyanocobal-
amin orally on day 2. Excess cobalamin, which is not ab-
sorbed, is excreted, and the patient’s urine is collected for
24 hours (from day 2 to day 3) and the percentage of la-
belled cyanocobalamin is determined. Abnormally low lev-
els of cobalamin in the collected urine indicate cases of
malabsorption or pernicious anemia; normal levels indicate
dietary deficiency, food-cobalamin malabsorption or
hereditary cobalamin metabolism deficiencies.

Causes of cobalamin deficiency

In elderly patients, cobalamin deficiency is caused pri-
marily by food-cobalamin malabsorption and pernicious
anemia. Cobalamin deficiency caused by dietary deficiency
or malabsorption (Fig. 1, Table 1) is rarer.1,8,11 In our stud-
ies, in which we followed a total of more than 200 patients
with a proven cobalamin deficiency, food-cobalamin mal-
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Table 1: Stages of cobalamin metabolism and corresponding
causes of cobalamin deficiency13,15

Stage of cobalamin metabolism Cause of cobalamin deficiency

Intake solely through food Strict vegetarianism without
vitamin supplementation

Digestion brings into play
haptocorrin, gastric secretions
(HCl and pepsin), intrinsic factor,
pancreatic and biliary secretions,
enterohepatic cycle

Gastrectomy; pernicious anemia
(Biermer’s disease);* food-
cobalamin malabsorption*

Absorption brings into play
intrinsic factor and cubilin

Ileal resection; malabsorption;
pernicious anemia;* Imerslund
syndrome†

Transport by transcobalamins Congenital deficiency in
transcobalamin II†

Intracellular metabolism based on
various intracellular enzymes

Congenital deficiency in various
intracellular enzymes†

Note: HCl = hydrochloric acid.
*Very frequent cause among elderly people.
†Rare cause among adults, even more so among elderly patients.

Fig. 1: Cobalamin metabolism and corresponding causes of
deficiency. Causes of cobalamin deficiency are shown in blue.
The metabolic pathway starts when (1) dietary cobalamin (Cbl),
obtained through animal foods, enters the stomach bound to
animal proteins (P). (2) Pepsin and hydrochloric acid (HCl) in
the stomach sever the animal protein, releasing free cobalamin.
Most of the free cobalamin is then bound to R-protein (R),
which is released from the parietal and salivary cells. Intrinsic
factor (IF) is also secreted in the stomach, but its binding to
cobalamin is weak in the presence of gastric and salivary R-
protein. (3) In the duodenum, dietary cobalamin bound to R-
protein is joined by cobalamin–R-protein complexes that have
been secreted in the bile. Pancreatic enzymes degrade both
biliary and dietary cobalamin–R-protein complexes, releasing
free cobalamin. (4) The cobalamin then binds with intrinsic
factor. The cobalamin–intrinsic factor complex remains undis-
turbed until the distal 80 cm of the ileum, where (5) it attaches
to mucosal cell receptors (cubilin) and the cobalamin is bound
to transport proteins known as transcobalamin I, II and III (TCI,
TCII and TCIII). Transcobalamin II, although it represents only a
small fraction (about 10%) of the transcobalamins, is the most
important because it is able to deliver cobalamin to all cells in
the body. The cobalamin is subsequently transported systemi-
cally via the portal system. (6) Within each cell, the transcobal-
amin II–cobalamin complex is taken up by means of endocyto-
sis and the cobalamin is liberated and then converted
enzymatically into its 2 coenzyme forms, methylcobalamin
and adenosylcobalamin (this process is shown in greater detail
in Fig. 2).
*Nitrous oxide, a general anesthetic, causes multiple defects in
cobalamin use, most of which are intracellular and clinically
relevant only in people who have low or borderline-low serum
cobalamin levels.
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Fig. 2: A. Cellular uptake and processing of cobalamin. Cobalamin (Cbl) bound to the transport protein transcobalamin II (TCII)
enters cells by means of transcobalamin II receptor-mediated endocytosis. Lysosomal enzymes degrade the transcobalamin II,
thereby freeing the cobalamin. Cob(III)alamin (CBLIII) represents the most oxidized form of cobalamin, and cob(II)alamin (CBLII)
and cob(I)alamin (CBLI) represent reduced forms. In the mitochondria, cobalamin is converted to adenosylcobalamin (AdoCbl), a
coenzyme involved in the conversion of methylmalonyl-CoA (MM-CoA) to succinyl-CoA. In the cytoplasm, cobalamin functions
as a coenzyme for the reaction catalyzed by methionine synthase. PteGlu = folic acid, MeCbl = methylcobalamin.B. Intracyto-
plasmic biochemical pathways involving cobalamin. BHMT = betaine-homocysteine S-methyltransferase, NADP = nicotinamide
adenine dinucleotide phosphate, NADPH = reduced form of NADP.  

Methyl
acceptor

Methionine

S-Adenosyl
methionine

Dimethyl-
glycine

BetaineS-Adenosyl
homocysteine

Homocysteine

Cystathionine

Cystathionine
� -synthase

Cystathionine
� -lyase

Cysteine

Sulfate

5-Methyl
tetrahydrofolate

5,10-Methylene
tetrahydrofolate

Methyl
tetrahydrofolate

reductase
Riboflavin

NADPH+H+

NADP+

Tetrahydrofolate

Folic acid

Nucleic acid 
synthesis

Methionine
synthase

Cob(I)alaminBHMT

Methylated
acceptor

Vitamin B6

Plasma membrane

Cob(III)alamin

CblCbbl TCIIT II CblCblIIII TCIIT II

CblCblIIII

CblCbblIII CC

CblCbblI

Degraded TCII

TCII receptor
Reductase

Reductase

Lysosome

Cytoplasm

Mitochondriadr

MetMMetMetMMetMet

Methionine

MeCbl

H4PteGlu

5-CH3H4PteGluHomocysteine

Methionine synthase

Plasma membrane

oA

A

B

C
hr

is
tin

e 
K

en
ne

y



absorption accounted for about 60%–70% of the cases
among elderly patients, and pernicious anemia accounted
for 15%–20% of the cases.14,19,20,21 Other causes included di-
etary deficiency (< 5%), malabsorption (< 5%) and heredi-
tary cobalamin metabolism diseases (< 1%). 

Food-cobalamin malabsorption

First described by Carmel in 1995,22 food-cobalamin mal-
absorption syndrome is characterized by the inability to
release cobalamin from food or from intestinal transport pro-
teins (Table 1), particularly in the presence of hypo-
chlorhydria, where the absorption of “unbound” cobalamin
remains normal. As various studies have shown,14,22,23 this syn-
drome is defined by cobalamin deficiency in the presence of
sufficient food-cobalamin intake and a negative Schilling test,
where the latter rules out malabsorption or pernicious anemia
(Box 2). In theory — because the test is rarely practical in
clinical settings — the indisputable evidence of food-cobal-
amin malabsorption comes from using a modified Schilling
test, which uses radioactive cobalamin bound to animal pro-
teins (e.g., salmon, trout) and reveals malabsorption when the
results of a standard Schilling test are normal.4,22

Food-cobalamin malabsorption is caused primarily by
gastric atrophy. Over 40% of patients older than 80 years
have gastric atrophy that may or may not be related to He-
licobacter pylori infection.11,24 Other factors that contribute to
food-cobalamin malabsorption in elderly people include
chronic carriage of H. pylori and intestinal microbial prolif-
eration (which can be caused by antibiotic treatment);25

long-term ingestion of biguanides (metformin)26,27 and
antacids, including H2-receptor antagonists and proton
pump inhibitors28,29 (particularly among patients with
Zollinger–Ellison syndrome30); chronic alcoholism; surgery
or gastric reconstruction (e.g., bypass surgery for obesity);
partial pancreatic exocrine failure;4,14 and Sjögren’s syn-
drome31 (Box 2).

Pernicious anemia

Pernicious anemia, or Biermer’s disease, is a classic
cause of cobalamin deficiency and one of the most frequent
among elderly patients: 20%–50% of cases according to 2
studies32,33 and more than 15% in our patient series.14,19,20,21

Pernicious anemia is an autoimmune disease characterized
by the destruction of the gastric mucosa, especially fundal
mucosa, by a primarily cell-mediated process.34 Gastric se-
cretions are neutral to slightly acidic even in the presence
of gastrin (which normally increases acidity) and contain
little or no intrinsic factor.13,32,34 The disease is also charac-
terized by the presence of 2 antibodies, particularly in plas-
ma and gastric secretions: few people who do not have the
disease have antibodies (specificity 98%). However, only
about 50% of patients with pernicious anemia will have
anti-intrinsic factor antibodies (sensitivity 50%). Anti-
gastric parietal cell antibodies, which target the H+/K+

adenosine triphosphatase alpha and beta subunits, can also
be measured in the serum; sensitivity is higher (> 90%), but
specificity is much lower (50%).32,34 Moderate hypergas-
trinemia, and sometimes major hypergastrinemia (levels of
up to 4 to 8 times above normal), has also been associated
with pernicious anemia. Owing to gastric atrophy with
hypochlorhydria, patients have a feedback hypergastrine-
mia with hyperplasia of antral G cells. Hypergastrinemia is
suggestive but not pathognomonic of pernicious anemia
(sensitivity > 80%, specificity < 50%).32,33 A positive
Schilling test (with the addition of a test for anti-intrinsic
factor antibodies) virtually confirms the diagnosis (speci-
ficity > 99%).21,32

From a clinical perspective, pernicious anemia is asso-
ciated with many autoimmune disorders, including vi-
tiligo, dysthyroidia, Addison’s disease and Sjögren’s syn-
drome.21,32 It is also associated with an increased frequency
of gastric neoplasms: adenocarcinomas, lymphomas and
carcinoid tumours.32,33 Most experts recommend that pa-
tients with pernicious anemia undergo endoscopic surveil-
lance every 3 to 5 years with multiple biopsies, even in the
absence of macroscopic lesions.21 This practice has re-
cently revealed the near absence of mucosal H. pylori in
patients with the disease.21
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Box 2: Indications of food-cobalamin
malabsorption syndrome*14,19

• Serum cobalamin level < 150 pmol/L

• Result of standard Schilling test (with free
cyanocobalamin marked with cobalt-58) is normal,
or result of modified Schilling test (using radioactive
cobalamin bound to food protein) is abnormal†

• No dietary cobalamin deficiency (intake > 2 � g per
day)

• Existence of a predisposing factor in cobalamin
deficiency:

- Atrophic gastritis, chronic Helicobacter pylori
infection

- Microbial proliferation, AIDS

- Long-term ingestion of antacids (H2-receptor 
antagonists or proton pump inhibitors) or 
biguanides

- Chronic alcoholism

- Gastrectomy, gastric bypass surgery

- Pancreatic exocrine failure

- Idiopathic (age-related)

*The first 3 items are required for a diagnosis of food-cobalamin
malabsorption.
†The modified Schilling test uses cobalamin bound to egg, chicken or
fish proteins.4



Dietary deficiency

Intake or nutritional deficiency of cobalamin is rare
among healthy adults in industrialized countries, even
among elderly people: less than 5% in our experience.14 It is
limited to rare instances of patients on strict vegetarian diets
and people who are already malnourished, such as elderly
patients, patients in institutions or patients in psychiatric
hospitals.16,35 Studies of the dietary intake of elderly people

in the United States have shown that up to 50% may have
an insufficient intake of cobalamin (< 2 µg/d).16 Such studies,
however, are extremely difficult to conduct because they
rely mainly on dietary histories.8 Moreover, even if present,
dietary deficiency does not result in symptomatic cobalamin
deficiency until hepatic reserves are exhausted.

Cobalamin malabsorption 

Gastrectomy and surgical resection of the terminal small
intestine have been the most common causes of cobalamin
malabsorption in elderly people.4,9 However, as we have
shown, these causes have become rare (< 5%),14 owing
mainly to the decreasing frequency of the operations. Total
gastrectomies and most partial gastrectomies eliminate
both the only source of intrinsic factor and, especially, gas-
tric acidity. In the absence of gastric acidity, cobalamin
malabsorption is associated with intraluminal microbial
proliferation (or “blind loop syndrome”)13,14 and can be cor-
rected with antibiotics.25

Other causes of cobalamin malabsorption that are rarely
encountered in elderly people (< 2% in our practice)14 in-
clude disorders that result in damage to the last 80 cm of the
small intestine mucosa, which is the site of elective cobal-
amin absorption: Crohn’s disease, lymphomas, tuberculosis,
amyloidosis, scleroderma, Whipple’s disease, and even
celiac disease,4,7 or ingestion of colchicine or cholestyra-
mine.7,36 Agammaglobulinemia, AIDS (because of the associ-
ated microbial proliferation) and Diphyllobothrium infections
may also cause cobalamin deficiency in elderly people.4

Even rarer, as we have reported,14 is deficiency in the ex-
ocrine function of the pancreas following chronic pancre-
atitis (which is usually caused by alcoholism) or a pancrea-
tectomy.11,19,36

Hereditary cobalamin metabolism diseases

These hereditary diseases may cause deficiency in cu-
bilin (as with Imerslund syndrome) or transcobalamin II
and, more rarely, deficiency in intracellular enzymes that
are involved in the signal transduction chain in cells, for ex-
ample in methylating pathways.4,9 These deficiencies appear
in newborns and therefore do not involve elderly patients.

Clinical manifestations 

The primary clinical manifestations of cobalamin defi-
ciency are described in Table 2. They are highly polymor-
phic and of varying severity, ranging from milder conditions,
such as the common sensory neuropathy and isolated anom-
alies of macrocytosis and hypersegmentation of neutrophils,
to severe disorders, including combined sclerosis of the
spinal cord, hemolytic anemia and even pancytopenia.2,4,14,37

Among the classic manifestations are Hunter’s glossitis,
which causes the lingual papillae to atrophy, making the
tongue look smooth and shiny, and neuroanemic syndrome.
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Table 2: Major clinical manifestations of cobalamin
deficiency2,4,14,15,32,36,37

System Manifestation Comment

Macrocytosis; hypersegmentation
of the neutrophils; aregenerative
macrocytary anemia; medullary
megaloblastosis (“blue spinal
cord”)

Frequent

Isolated thrombocytopenia and
neutropenia; pancytopenia

Rare

Hematological

Hemolytic anemia; thrombotic
microangiopathy (presence of
schistocytes)

Very rare

Combined sclerosis of the spinal
cord

Classic

Polyneurites (especially sensitive
ones); ataxia; Babinski’s
phenomenon

Frequent

Cerebellar syndromes affecting the
cranial nerves, including optic
neuritis, optic atrophy, urinary or
fecal incontinence

Rare

Neuropsychiatric

Changes in the higher functions,
even dementia, stroke and
atherosclerosis
(hyperhomocysteinemia);
Parkinsonian syndromes;
depression

Under study

Hunter’s glossitis; jaundice; lactate
dehydrogenase and bilirubin
elevation (“intramedullary
destruction”)

Classic

Resistant and recurring
mucocutaneous ulcers

Rare

Digestive

Abdominal pain; dyspepsia;
nausea; vomiting; diarrhea;
disturbances in intestinal
functioning

Debatable

Gynecological Atrophy of the vaginal mucosa and
chronic vaginal and urinary
infections (especially mycosis);
hypofertility and repeated
miscarriages

Under study

Other Venous thromboembolic disease;
angina (hyperhomocysteinemia)

Under study



This syndrome includes combined sclerosis of the spinal
cord and megaloblastic anemia with subacute combined de-
generation of the spinal cord, which causes deep lemniscal
sensory disturbances and pyramidal motor disturbances (re-
sulting in advanced forms of spastic ataxia) that are possibly
associated with cerebellar or sphincter disturbances.2,4

Typical neurological manifestions include polyneuritis
(particularly sensory in the distal extremities), ataxia and
positive Babinski reflexes. Cerebral syndromes, including

optic neuritis, optic atrophy and urinary and fecal inconti-
nence, are rarer.

Cobalamin deficiency appears to be more common
among patients who have a variety of chronic neurological
conditions such as dementia, Alzheimer’s disease, stroke,
Parkinson’s disease and depression, although it is unclear if
these are causal relationships.4,38 Our own work, in which
we administered cobalamin to patients with dementia, did
not result in any improvement.8 Other studies have shown
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Fig. 3: Diagnostic process for cobalamin deficiency.
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similar results.18,39 At this time a causal role of cobalamin in
these conditions remains speculative.

Cobalamin deficiency can go undetected for several
years, during which time the neuropsychiatric manifesta-
tions may become irreversible (and worsen with folate sup-
plementation).2,4,15,32,36

Diagnostic process

The diagnostic process for cobalamin deficiency is de-
tailed in Fig. 3. This process is intended to avoid invasive,
systematic or unnecessary explorations, such as a myelo-
gram, which in occasional cases is the only way to rule out
hemopathies. In the presence of megaloblastosis on the
blood smear and equivocal cobalamin serum levels, the di-
agnosis can be securely made only by showing degenera-
tion of the spinal cord.14

All people over 65 years of age who are malnourished,
all people in institutions or psychiatric hospitals, and all
people with hematological or neuropsychiatric manifesta-
tions of cobalamin deficiency as reported in Table 2 should
have their serum cobalamin levels measured.

Therapeutic management 

The classic treatment of cobalamin deficiency, particu-
larly when the cause is not dietary deficiency, has been par-
enteral administration — usually by intramuscular injection
— of the vitamin (in the form of cyanocobalamin and,
more rarely, hydroxocobalamin).1,17,18,32 In France, the rec-
ommended practice to build up the tissue stores of the vita-
min quickly and correct serum cobalamin hypovitaminosis,
particularly in the case of pernicious anemia, involves ad-
ministration of 1000 µg of cobalamin per day for 1 week,
followed by 1000 µg per week for 1 month and then by
1 injection of the same dose once per month, normally for
the rest of the patient’s life (Table 3).32,33 In other Western
countries, dosages of 100–1000 µg per day are used.17

In cases other than those caused by nutritional defi-
ciency, alternative routes of administration have recently

been proposed: oral17,18,39–42 or nasal.43,44 Our working 
group has developed an effective oral treatment of food-
cobalamin malabsorption40,41 and pernicious anemia45 using
crystalline cobalamin (cyanocobalamin). However, until the
procedure is validated, the following may be proposed: on-
going supplementation until associated disorders are cor-
rected (e.g., by halting the ingestion of the offending med-
ication or exogenosis, or by treating H. pylori infection or
pancreatic exocrine failure), lifelong administration or,
where applicable, sequential administration as shown in
Table 3.46
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Table 3: Therapeutic management of cobalamin deficiency
using cobalamin treatment

Route of
administration Initial treatment Maintenance treatment

Parenteral* 1000 � g/d for 1 wk,
then 1000 � g/wk for
1 mo

1000 � g/mo until the cause of
deficiency is corrected, or for
life in the case of pernicious
anemia

Oral† 1000 � g/d for 1 mo 125–500 � g/d for intake
deficiency and food-
cobalamin malabsorption;
1000 � g/d for pernicious
anemia

*Regardless of the cause of the vitamin deficiency.
†For intake deficiency, food-cobalamin malabsorption and pernicious anemia.
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