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Cobalamin-responsive disorders in the ambulatory care setting: unreliability of
cobalamin, methylmalonic acid, and homocysteine testing
Lawrence R. Solomon

Early recognition of cobalamin (Cbl)–
responsive disorders in the ambulatory
care setting is essential to prevent irre-
versible neurologic deficits. However, di-
agnostic algorithms using Cbl, methylma-
lonic acid (MMA), and homocysteine
(HCys) measurements reflect studies in
academic centers, and their negative pre-
dictive values have not been established.
Thus, records of 456 ambulatory patients
evaluated for Cbl deficiency at a staff
model HMO were reviewed. Pretherapy

Cbl, MMA, and HCys values in individual
patients varied by 23%, 23%, and 17%,
respectively, over 2 to 6 weeks. Hemato-
logic or neurologic responses to pharma-
cologic doses of Cbl occurred in 37 of the
95 evaluable patients. In these patients,
pretherapy Cbl, MMA, and HCys values
were normal in 54%, 23%, and 50%, re-
spectively. If therapy had been restricted
to symptomatic patients with both low or
intermediate Cbl levels and increased me-
tabolite values, 63% of responders would

not have been treated. Twenty-five pa-
tients did not respond to treatment, includ-
ing 5 of 11 patients (45%) with low Cbl, 22
of 49 patients (45%) with high MMA, and
13 of 30 patients (43%) with high HCys
values. It is concluded that Cbl, MMA, and
HCys levels fluctuate with time and nei-
ther predict nor preclude the presence of
Cbl-responsive hematologic or neuro-
logic disorders. (Blood. 2005;105:978-985)
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Introduction

While cobalamin (Cbl) deficiency classically causes macrocytic
anemia, anemia can occur without macrocytosis, and both
neurologic and cognitive dysfunction often develop in the
absence of hematologic changes.1-5 Symptoms consistent with
Cbl deficiency, including paresthesias, unsteady gait, fatigue,
and impaired memory, are commonly encountered in the
ambulatory care setting, and early recognition of Cbl deficiency
is important to prevent progressive, irreversible neurologic and
cognitive impairment.6,7

Although treatment with Cbl is often initiated after the finding
of a low serum Cbl level, many patients with low Cbl levels are not
Cbl deficient.8,9 As a result, measurements of the Cbl-dependent
metabolites, methylmalonic acid (MMA) and homocysteine (HCys),
have recently been used to confirm the presence of Cbl deficiency.
Retrospective studies of patients at academic medical centers with
low serum Cbl levels and clinically overt Cbl deficiency found
MMA and/or HCys levels more than 3 standard deviations (SD)
above the normal mean in almost all patients.8,10-12 Thus, algo-
rithms for the diagnosis of Cbl deficiency were developed that
suggest initial measurement of serum Cbl followed by determina-
tion of MMA and HCys when Cbl levels are intermediate or when
suspicion of clinically significant Cbl deficiency is high.8,13-20

However, because little attention has been given to the study of
patients with clinical findings consistent with Cbl deficiency but
normal vitamin and metabolite levels, the negative predictive value
of these tests is uncertain. Indeed, Cbl levels are normal in some
patients with overt deficiency,11 and currently available Cbl assay
kits may not be reliable.21,22 Moreover, because studies from
academic centers usually employed special diagnostic or research

laboratory facilities, their findings may not be representative of
those obtainable in other ambulatory care settings.

Thus, a retrospective review of patients evaluated for Cbl
deficiency during a 10-year period at a staff model HMO utilizing a
national commercial laboratory was performed. Initially, only
patients with low serum Cbl levels or elevated metabolite levels
received therapeutic trials of Cbl. However, in the seventh year of
the study period, one patient with total absence of vibratory
sensation in the iliac crest, knees, and ankles had complete
recovery following 2 months of Cbl therapy despite normal Cbl,
MMA, and HCys levels. Thereafter, therapy was offered to all
patients with hematologic or neurologic abnormalities consistent
with Cbl deficiency regardless of the results of screening studies.

Patients, materials, and methods

Laboratory methods

Serum Cbl was measured by the ADVIA Centaur chemiluminescence assay
(Bayer Diagnostics, Tarrytown, NY). Normal Cbl values were 200 to 1100
pg/mL, but higher reference ranges have been suggested,11,13,16,17,20,23,24 and
the statement “patients with values less than 300 pg/mL may experience
unexplained neuropsychiatric or hematologic abnormalities due to occult
B12 deficiency” was appended to test reports during the last 4 years of the
study. Thus, Cbl levels were defined as low (below 201 pg/mL), intermedi-
ate (201 to 300 pg/mL), or normal (above 300 pg/mL).

Serum MMA was measured by gas chromatography/mass spectroscopy
with a reference range of 90 to 250 nmol/L during the first 4 years of the
study and 90 to 279 nmol/L during the last 6 years. For a brief time, normal
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MMA values were reported as below 400 nmol/L. Thus, MMA levels below
251 nmol/L and those reported as below 400 nmol/L were considered to be
normal, while values of 251 to 376 nmol/L were considered to be
moderately increased (ie, 2 to 3 SD above the normal mean) and values
above 376 nmol/L were considered to be elevated (ie, more than 3 SD above
the normal mean).

Plasma HCys was measured by the Abbott AxSYM fluorescent
polarization immunoassay (HPIA; Abbott Park, IL). Plasma was removed
by centrifugation and frozen immediately after the sample was obtained.
The reference range varied during the study period but was 5.4 to 12.1
�mol/L at the time most evaluations were performed. Thus, HCys levels
below 12.2 �mol/L were considered to be normal, values of 12.2 to 13.6
�mol/L were considered to be moderately increased (ie, 2 to 3 SD above the
normal mean), and values above 13.6 �mol/mL were considered to be
elevated (ie, more than 3 SD above the normal mean).

Patients

A retrospective review of the medical records of 456 patients evaluated
on 510 occasions by the author for Cbl deficiency between August 1,
1993, and September 30, 2003, was conducted. A total of 152
asymptomatic hematologically healthy patients were screened for Cbl
deficiency because of the presence of conditions associated with Cbl
depletion. Of the remaining 304 patients with clinical or laboratory
abnormalities, 49 patients were excluded from this review because they
were evaluated for cognitive dysfunction or nonspecific systemic
complaints that were not objectively measured.

The remaining 255 patients had hematologic and/or neurologic findings
consistent with Cbl deficiency. Cbl therapy was not offered to 127 of these
patients because of the presence of one or more of the following: normal
serum Cbl or MMA levels in 125 patients (98%); loss to follow-up in 26
patients (20%); resolution of signs, symptoms, or laboratory abnormalities
prior to Cbl therapy in 12 patients (9%); and/or the presence of other causes
for the clinical findings in 60 patients (47%). Of the 128 patients who
received therapeutic trials of Cbl, 33 were considered unevaluable because
of inadequate follow-up or noncompliance in 16 patients (50%); response
associated with the use of another therapeutic modality in addition to Cbl in
8 patients (25%); and/or the presence of another disorder that could explain
the clinical picture in 10 patients (30%). The remaining 95 patients received
at least 3 months of Cbl therapy and were evaluable for hematologic and/or
neurologic responses to treatment.

Cbl treatment

Patients with suspected deficiency were treated with cyanocobalamin 2 mg
per day orally or 1 mg intramuscularly 3 times a week for 2 weeks, weekly
for 8 weeks, and monthly thereafter. All patients were reevaluated within 3
months of beginning Cbl therapy.

Criteria for Cbl-responsive clinical disorders

Criteria for clinically significant responses to Cbl therapy were the same
as those used in previous reports except that peripheral smears were not
systematically reviewed for the presence of macroovalocytes or hyper-
segmented neutrophils.1,2,8,11,12 Thirty-seven patients were considered to
have a definite response to therapy (responders). Hematologic improve-
ment in these patients during Cbl therapy was considered to be
significant if mean corpuscular volume (MCV) values above 98 fL
decreased by at least 5 fL or if hematocrit values increased by at least
0.05 hematocrit points from values below 0.36 in women and below 0.39
in men. Neurologic improvement in these patients during Cbl therapy
was considered to be significant if paresthesias completely resolved,
observed ataxic gait became normal, and/or vibratory sensation that was
completely absent at least in the ankles prior to therapy became easily
detectable within 6 months of treatment. In contrast, 25 patients with
macrocytosis, anemia, or neurologic deficits who had no other apparent
causes for these abnormalities and who had no improvement after at
least 3 months of Cbl therapy were considered nonresponders.

An additional 33 patients were considered possible responders because
of less striking improvements in clinical findings, including a decrease in
MCV of 3 to 4 fL; an increase in hematocrit of 0.03 to 0.04 hematocrit
points; and partial improvement in paresthesias, ataxic gait, or vibratory
sensation. Laboratory findings in these patients are shown in “Appendix 3.”

Statistical methods

Average differences between repeat measurements of Cbl, MMA, and
HCys were expressed as the mean � 1 standard deviation (SD). Statistical
significance was assessed by the 2-tailed Student t test.

Results

Intraindividual variation in serum Cbl and metabolites

Repeat measurements of Cbl, MMA, and HCys prior to therapy
were obtained within 2 to 6 weeks to confirm abnormal values or
when the suspicion of Cbl deficiency was high despite initial
normal test results. Average intraindividual variations in all 3
parameters were considerable, and a wide range of values was
noted even when outliers with marked differences in the 2 test
results obtained were omitted from analysis (Table 1). The
variations in MMA and HCys were significantly greater in
patients with at least one elevated value than in those in whom
both values were within the normal reference range (P � .001
and P � .011, respectively). Overall, differences in Cbl values
were above 100 pg/mL in 21% of patients, while differences in
MMA levels above 100 nmol/L occurred in 24% of patients and
differences in HCys levels above 2.5 �mol/L were present in
22% of patients (data not shown).

Moreover, test variability significantly affected whether or not a
patient might be considered to be Cbl deficient. Thus, normal
MMA and HCys values were associated with higher metabolite
levels in 37% and 26% of events, respectively, while 49% of
patients with Cbl levels above 300 pg/mL also had values in the
low or intermediate range (Table 2).

Table 1. Intraindividual variation in serum Cbl and metabolites

Measurement No.

Intraindividual
variation
(median)*

Percent
variation

(median)*†

Cbl, pg/mL

All patients 304 66 � 63 (47) 23 � 21 (16)

Range — 0-291 0-119

High MMA‡

Less than 251 nmol/L 32 24 � 30 (14) 18 � 29 (9)

Greater than 250 nmol/L 99 75 � 65 (60) 24 � 24 (16)

Greater than 376 nmol/L 55 104 � 72 (96) 26 � 21 (21)

All patients 131 63 � 53 (47) 23 � 21 (16)

Range — 0-280 0-146

High HCys§

Less than 12.2 �mol/L 42 1.3 � 1.0 (1.0) 17 � 14 (15)

Greater than 12.1 �mol/L 64 2.2 � 2.1 (1.6) 16 � 18 (11)

Greater than 13.6 �mol/L 51 2.5 � 2.3 (1.8) 18 � 20 (12)

All patients 106 1.8 � 1.8 (1.5) 17 � 17 (14)

Range — 0-11.0 0-121

*Values are means � 1 SD for the differences between 2 consecutive values in
each patient.

†Percent variation was calculated as the difference between 2 consecutive
values divided by the lowest value obtained and then multiplied by 100.

‡Excludes 5 outliers with high MMA values above 560 nmol/L and changes of
MMA above 340 nmol/L on repeat determinations.

§Excludes 2 outliers with high HCys values of 99.3 and 60.7 and changes of 36.3
and 20.3, respectively, on repeat determinations.
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Patients with clinical responses to Cbl therapy

Clinical responses to Cbl therapy occurred in 37 patients. Hemato-
logic responses occurred in 8 patients, including 6 patients with a
fall in MCV, 1 patient with a fall in MCV associated with an
increase in hematocrit, and 1 patient with an increase in hematocrit
alone. In all 7 patients with macrocytosis, MCV values decreased
to values below 98 fL. Neurologic responses occurred in 30
patients, including 21 patients with resolution of paresthesias, 13
patients with improvement in vibratory sensation, and 7 patients
with correction of ataxic gait. Ten patients had 2 or more
neurologic abnormalities that resolved with Cbl therapy. One
patient had improvement of both hematologic and neurologic
abnormalities. Cbl was administered intramuscularly to 30 patients
(81%), including 24 of the 30 patients (80%) with neurologic
responses. Other medical problems that may be associated with
hematologic or neurologic abnormalities were present in 15 of
these patients (“Appendix 1”). However, in every case, the
response to Cbl therapy occurred without concurrent changes in
the severity of these disorders and in the absence of other
therapeutic interventions.

Serum Cbl was measured in all 37 patients, and a second
pretherapy determination was obtained in 24 of them (65%). MMA
and HCys were measured in 35 patients and 34 patients, with
second pretherapy determinations obtained in 22 patients (63%)
and 17 patients (50%), respectively. To maximize the sensitivity of
these tests, the lowest pretherapy Cbl levels and the highest
metabolite values obtained were used for analysis.

As shown in Table 3, serum Cbl values were above 200 pg/mL
in 84% of responders, including 62% of patients with hematologic
responses and 90% of patients with neurologic responses. Only 1
patient had a serum Cbl level below 150 pg/mL. In fact, 20 patients
had serum Cbl levels above 300 pg/mL (54%), including 15
patients with Cbl levels above 400 pg/mL (41%).

Pretherapy MMA values were considered to be normal using
reference laboratory criteria at the time of evaluation in 8 of the 35
responders studied (23%), including 2 of 7 patients with hemato-
logic responses (29%) and 6 of 29 patients with neurologic
responses (21%) (Table 3). Moreover, MMA values were above
376 nmol/L in only 13 responders (37%). Only 1 of the 22 patients
with normal or moderately increased MMA values was receiving
antibiotics at the time of evaluation while the remaining 21 patients
had not received antibiotics for at least 6 weeks prior to testing and
19 had not received antibiotics for at least 3 months. Similarly,
HCys values were normal in 17 of the 34 responders studied (50%)
(Table 3).

Overall, both metabolites were normal in 7 of the 33 evaluable
patients (21%). If algorithms were used to limit Cbl therapy to

patients with both Cbl levels below 301 pg/mL and MMA levels
above 250 nmol/L, 22 of the 35 evaluable Cbl-responsive patients
would not have received a therapeutic trial (63%) (Figure 1). Even
extending criteria for treatment to include patients with Cbl levels
below 401 pg/mL and MMA levels above 250 nmol/L would have
missed 17 patients with clinical responses to Cbl therapy (49%)
(data not shown). An increased HCys value identified only one
additional responder with normal Cbl and MMA levels.

Predictors of clinical response to Cbl therapy

An additional 25 patients received Cbl therapy without significant
improvement, including 12 patients with MCV values above 98 fL
(4 of these patients also had anemia with hematocrit values of 0.34
to 0.38); 12 patients with otherwise unexplained normocytic
anemia; and 5 patients with neurologic abnormalities, including

Table 2. Effects of pretherapy variations in Cbl, MMA, and HCys on
patient classification

Measurement
No. with 1 normal
pretherapy value*

Second pretherapy
value, no. (%)

Normal Abnormal

Cbl 181 93 (51) 88† (49)

MMA 51 32 (63) 19‡ (37)

HCys 57 42 (74) 15§ (26)

Normal values were defined as follows: Cbl, greater than 300 pg/mL; MMA, less
than 251 nmol/L; HCys, less than 12.2 �mol/L.

*Includes all patients tested on 2 occasions within 6 weeks. Either the initial or
repeat test result was within the normal range.

†Includes 8 patients with Cbl values less than 201 pg/mL (4%).
‡Includes 3 patients with MMA values greater than 376 nmol/L (6%).
§Includes 8 patients with HCys values greater than 13.6 �mol/L (14%).

Table 3. Serum Cbl and metabolite levels in clinical responders

Screening parameters

Hematologic
responders,

no. (%)

Neurologic
responders,

no. (%)

All
responders,

no. (%)

Cbl

Less than 201 pg/mL 3 (38) 3 (10) 6 (16)

201 pg/mL to 300 pg/mL 5* (62) 7* (23) 11* (30)

Greater than 300 pg/mL 0 (0) 20 (67) 20 (54)

MMA

Less than 251 nmol/L 2† (29) 6 (21) 8† (23)

251 nmol/L to 376 nmol/L 0 (0) 14 (48) 14 (40)

Greater than 376 nmol/L 5* (71) 9* (31) 13* (37)

HCys

Less than 12.2 �mol/L 2 (40) 14 (48) 17 (50)

12.2 �mol/L to 13.6 �mol/L 0 (0) 2 (7) 2 (6)

Greater than 13.6 �mol/L 3* (60) 13* (45) 15* (44)

Pretherapy Cbl was measured in all 37 responders. Pretherapy MMA was
measured in 35 responders, including 7 of 8 hematologic responders and 29 of 30
neurologic responders. Pretherapy HCys was measured in 34 responders, including
5 of 8 hematologic responders and 29 of 30 neurologic responders.

*Includes the one patient who had both a hematologic and neurologic response
to Cbl therapy.

†Includes 2 patients with values reported as less than 400 �mol/L.

Figure 1. Pattern of Cbl, MMA, and HCys values in patients with clinical
responses to Cbl therapy. Serum, Cbl, and MMA were measured on at least one
occasion in 35 of the 37 patients with clinical responses to Cbl therapy, and serum
HCys was also measured in 34 of these patients. The values shown represent the
lowest pretherapy serum Cbl value and the highest pretherapy serum metabolite
values obtained for each patient. Serum Cbl levels were defined as low (�201
pg/mL), intermediate (201 to 300 pg/mL), or normal (above 300 pg/mL). Normal
metabolite levels were �251 nmol/L for MMA and �12.2 �mol/L for HCys. *MMA
values in both of these cases were reported as below 400 nmol/L. Cbl indicates
cobalamin; MMA, methylmalonic acid; HCys, homocysteine.
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paresthesias in 3 patients, paresthesias associated with impaired
vibration sensation in 1 patient, and ataxic gait alone in 1 patient.
Four patients had both hematologic and neurologic abnormalities.
All patients received at least 3 months of Cbl therapy, and 20
patients were treated for at least 6 months, including 4 of the 5
patients with neuropathy. Cbl was administered intramuscularly in
16 of these patients (65%), including all 5 patients with neuropathy.

As shown in Table 4, 14 of the 31 patients with serum Cbl levels
below 301 pg/mL (45%) and 5 of 11 patients with serum Cbl levels
below 201 pg/mL (45%) did not improve with Cbl therapy.
Similarly, 22 of 49 patients (45%) with MMA values above 250
nmol/L and 13 of 30 patients (43%) with HCys values above 12.1
�mol/L were nonresponders (Table 4). The same pattern was seen
in patients with more marked increases in metabolite levels. Thus,
54% of patients with MMA values above 376 nmol/L were
nonresponders despite the fact that Cbl therapy led to a fall in
MMA of at least 200 nmol/L within 1 month in 12 of the 13
nonresponders (data not shown) and in 11 of the 12 responders
studied (“Appendix 2”). Similarly, 37% of patients with HCys
values above 13.6 �mol/L were nonresponders.

Moreover, within each group, the proportion of patients with
abnormal test results was similar. Thus, low or intermediate Cbl
levels were present in 46% of responders and 56% of nonre-
sponders, increased MMA values were present in 73% of respond-
ers and 88% of nonresponders, and increased HCys values were
present in 50% of responders and 62% of nonresponders.

Discussion

Recent approaches to Cbl deficiency reflect the recognition that
neither macrocytosis nor anemia is consistently present in patients
with neurologic or cognitive dysfunction.1-5 In addition, assays for
serum MMA and HCys have become available and algorithms have
been developed for the use of these tests in patients with an
appropriate clinical picture.9-11,13-20,25 In general, initial measure-
ment of serum Cbl has been suggested followed by determination

of MMA and HCys when Cbl levels are intermediate or when
suspicion of clinically significant Cbl deficiency is high.

Cost-effective clinical decision making often leads to reliance
on a single test result particularly when more expensive tests such
as metabolite assays are involved. Thus, it is important to
appreciate how greatly test results may fluctuate over time in
individual subjects. As shown in Table 1, serum Cbl levels varied
significantly in individual patients. In fact, the large variations
observed using the current chemiluminescence assay were similar
to those previously reported more than 40 years ago using early
microbiologic methods.26,27 Large intraindividual variations in
MMA and HCys were also observed in the present study (Table 1).
While the changes observed in patients with normal metabolite
levels were similar to those previously reported in healthy sub-
jects,28-34 fluctuations were even greater in patients with at least one
elevated metabolite value (Table 1). Most significantly, many
patients with normal Cbl or metabolite values also had abnormal
test results when a second pretherapy measurement was obtained
(Table 2). Thus, short-term fluctuations of Cbl, MMA, and HCys
may obscure the presence of Cbl deficiency. The variation in MMA
and HCys levels may also lead to erroneous conclusions regarding
responses of these metabolites to Cbl or folate therapy.

Previous studies of serum metabolites in patients with clinical
responses to Cbl therapy found MMA and/or HCys levels more
than 3 SD above the normal mean in almost all patients.1,8,10-12

However, patients in these studies were preselected for the
presence of low serum Cbl levels, and survey studies of ambulatory
populations have found elevated MMA levels in many subjects
with serum Cbl levels well within the normal range.16,23,24,35-38 Only
one study contrasted the serum metabolite levels in 86 patients with
clinical responses to Cbl therapy with those in 59 patients who did
not improve with Cbl therapy.9 While 94% of responders had
increases of one or both metabolites at least 3 SD above the normal
mean, it was also notable that 12 of 61 patients (21%) with normal
or less striking increases in MMA were responders, as were 13 of
51 patients (25%) with normal or less striking increases in HCys.
All of the subjects in this study had serum Cbl levels below 200
pg/mL. Thus, reports of Cbl therapy in patients with either
intermediate or high Cbl levels and/or normal metabolite levels are
limited, and the negative predictive value of normal test results
remains to be established.

Strikingly, one patient in the present series had total absence of
vibratory sensation in the iliac crest, knees, and ankles, which
resolved completely after 2 months of Cbl therapy despite normal
Cbl and metabolite levels. Thus, in the present study, patients with
a clinical picture consistent with Cbl deficiency were evaluated
with metabolite measurements and often given Cbl therapy regard-
less of their Cbl, MMA, and HCys values. Indeed, only 16% of
patients with clinical responses to Cbl therapy had “low” serum Cbl
levels, and values were above 300 pg/mL in 54% of cases (Table 3).
Moreover, MMA and HCys values were normal in 23% and 49% of
cases, respectively, and both metabolite levels were normal in 21%
of evaluable cases even though more modest metabolite cutoff
levels (ie, more than 2 SD) were used (Table 3). In fact, commonly
employed algorithms would have excluded 57% of these patients
from metabolite testing and 63% from Cbl therapy (Figure 1).
Furthermore, the low incidence of increased MMA levels in
responders cannot be explained by decreased production of propri-
onic acid by gut flora because concurrent antibiotic use occurred in
only one patient in this group (“Results” and Lindenbaum et al11).
Finally, high MMA and HCys values were as frequent in the 25
patients who did not respond to Cbl therapy as they were in the 37

Table 4. Predictors of response to Cbl therapy

Parameter
Total
no.

Responders,
no. (%)

Nonresponders,
no. (%)

No. treated 62 37 (60) 25 (40)

Low serum Cbl

Less than 201 pg/mL 11 6 (55) 5 (45)

201 pg/mL to 300 pg/mL 20 11 (55) 9 (45)

Greater than 300 pg/mL 31 20 (65) 11 (35)

High serum MMA

Greater than 376 nmol/L 28 13 (46) 15* (54)

251 nmol/L to 376 nmol/L 21 14† (67) 7 (33)

Less than 251 nmol/L 11 8‡ (73) 3 (27)

High serum HCys

Greater than 13.6 �mol/L 24 15†§ (63) 9 (37)

12.2 �mol/L to 13.6 �mol/L 6 2 (33) 4 (67)

Less than 12.2 �mol/L 25 17 (50) 8 (32)

MMA was not measured before therapy in 2 responders while HCys was not
measured before therapy in 3 responders and 4 nonresponders. Serum or red cell
folate levels were normal in the 9 patients with Cbl levels less than 201 pg/mL tested
and in all 30 patients with HCys values greater than 12.1 �mol/L.

*One patient with normal renal function did not have a fall in MMA after Cbl
therapy.

†One patient with mild renal failure did not have a fall in either MMA or HCys after
Cbl therapy.

‡Includes 2 patients with pretherapy MMA reported as less than 400 nmol/L.
§One patient with excessive alcohol consumption did not have a fall in HCys after

Cbl therapy.
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responders (Table 4). Moreover, all but 1 of the 15 nonresponders
tested with MMA values above 376 nmol/L had a marked decrease
in the level of this metabolite after Cbl therapy, suggesting a
dissociation of metabolic and clinical responses to treatment. Thus,
low Cbl and increased metabolite levels are neither sensitive
markers of Cbl-responsive disorders nor are they predictive of a
subsequent clinical response to Cbl therapy.

While these inconsistencies in serum Cbl and metabolite levels
as indicators of clinical Cbl deficiency may reflect either biologic
variability or inaccuracies associated with large-scale commercial
testing, alternate mechanisms of the response to Cbl therapy may
also explain the findings in this report, particularly when it is
recognized that high pharmacologic doses of Cbl were used in
these therapeutic trials (Table 5). First, classic vitamin deficiency
should result in both low serum Cbl levels and elevated metabolite
values. Second, vitamin-dependent disorders associated with inher-
ited or acquired abnormalities of Cbl metabolism should result in
elevated metabolite levels but normal serum Cbl values.39-42

Finally, it is speculated that in vitamin-responsive disorders, normal
Cbl and metabolite levels would be expected if the high therapeutic
doses of Cbl currently used in clinical practice have pharmacologic

effects on Cbl-related processes or on cellular functions completely
unrelated to the known physiologic effects of Cbl. In this regard,
“functional” deficiency of Cbl has recently been suggested in the
pathogenesis of both Alzheimer disease and AIDS myelopathy.43,44

Moreover, pharmacologic doses of methylcobalamin can im-
prove measures of both cardiac autonomic dysfunction and
peripheral neuropathy in diabetic subjects,45-47 and high doses of
methylcobalamin also accelerate nerve regeneration in rats with
acrylamide neuropathy.48 The observation that methylcobalamin
can serve as a methyl donor in vitro in the DNA methylase
reaction provides one possible mechanism for a pharmacologic
effect of Cbl therapy.49 Analogously, pharmacologic doses of B6

vitamers have been shown to alter enzymes of vitamin B6

metabolism, B6-dependent apoenzymes, and unrelated enzyme
proteins both in vitro and in vivo.50-55

It is concluded that (1) short-term intraindividual variations in
Cbl, MMA, and HCys values can affect the recognition of Cbl
deficiency; (2) Cbl levels well within the reference range are
common in patients with clinical disorders responsive to Cbl
therapy; (3) metabolites are frequently normal in patients with
hematologic or neurologic abnormalities responsive to pharmaco-
logic doses of Cbl; and (4) the presence of elevated metabolite
levels are not predictive of a clinical response to Cbl therapy. Thus,
therapeutic trials of Cbl are warranted when clinical findings
consistent with Cbl deficiency are present, and further studies of
the pharmacologic effects of Cbl coenzymes in the treatment of
these disorders are suggested.
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Appendix 1: Characteristics of patients with definite clinical responses to Cbl therapy

Case Age/sex

Causes of Cbl deficiency Comorbidities

Schilling* IfAb Gastrin† Other DM EtOH Smoker Other

1 28/F 5/10.6 Eq ND None No No No Hypothyroid

2 62/F 5.3/18.1 Neg 210 None Yes Yes No IgA deficiency

3‡ 73/M 24/20 Neg 31 None No Yes Yes Gout; carotene undetectable

4 36/F 24/26 Neg 66; 101 None No No No 12 wk pregnant§

5 72/F 23/19 Neg 38 None No No No MGUS; CAD

6 78/M 8/8 Neg 49 None Yes No No Calcium malab; CRF

7 26/F 27/26 Neg 35 None No No No None

8 27/F ND Neg 29 None No No No 24 wk pregnant�

9 78/F ND Neg 259; 406 None No No No Hypothyroid; �-thalassemia

10 70/F ND Neg 48 None No No Yes Psoriasis

11 81/F ND Neg 20 None No No No CRF; MGUS

12 59/F ND Pos 24 None No No No None

13 78/M ND Neg 33 None No No No CAD

14 70/F ND Pos 122 Tagamet Yes No No GERD; CAD

15 68/M ND Neg 22 None Yes No No CAD

16 82/M ND Neg ND None No No No Hypothyroid

17 77/F 21/17 Pos 32 None No No No CAD; spinal stenosis

18 82/M ND Neg 26 None Yes No No CAD

19 79/M 31/26 Pos 23 Duod. divertic No No No Hypothyroid

20 74/M ND ND ND None No No No None

21 71/M ND ND ND None No No No MGUS

22 77/F ND Neg 38 None No No No None

Table 5. Possible mechanisms of responses to Cbl therapy

Category and mechanisms

Laboratory tests

Cbl MMA/HCys

Vitamin deficient: decreased dietary

intake and decreased absorption Low High

Vitamin dependent: impaired transport,

impaired coenzyme formation,

abnormal apoenzymes, and Cbl

inhibitors Normal High

Vitamin responsive: pharmacologic

effects on Cbl-related processes and

Cbl-unrelated processes Normal Normal
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Appendix 2: Vitamin-related laboratory tests in patients with definite responses to Cbl therapy

Case
Cbl,

pg/mL

sFol,
ng/mL/rFol,

g/mL

MMA, nmol/L HCys, �mol/L
BUN,

g/dL/Cr,
mg/dL

TSH,
mIU/L EtOH

Before
Rx

After
Rx

Before
Rx

After
Rx

1 137; 235 18.8/611 ”� 400” ND ND ND ND 1.6 No

2 163; 156 17.9/ND 1829 180 40.4 13.9 27/1.0 1.5 Yes

3* 281; 343 6.6/229 419; 363 183 40.4; 60.7 75.8† 11/1.2 2.75 Yes

4 159 ND/288 ”� 400” ND 4.5 ND 5/0.4 1.7 No

5 201; 201 ND/ND ND 172 ND ND 19/0.6 0.7 No

6‡ 216; 275 5.6/ND 600 ND‡ 39.9 ND‡ 42/2.1 1.2 No

7 356; 234 � 20/280 444; 389 138 5.9 ND 12/0.7 1.3 No

8 225; 218 ND/ND 549; 497 237 3.0 ND 14/0.7 ND No

9 281; 343 � 20/ND 546; 426 209 18.5; 15.5 11.4 25/1.3 2.8 No

10 416; 806 13.4/ND 321; 274 199 9.8; 11.0 7.9 32/1.1 1.55 No

11 942 16.3/ND 314 385 16.8 17.8§ 26/2.3 ND No

12 364; 545 � 20/ND 202; 244 113 16.1; 11.8 9.0 11/1.1 0.38 No

13 409 ND/ND 145 ND 8.9 ND 19/1.0 ND No

14 916 � 20/ND 326; 286 223 16.7; 17.5 14.8 20/1.3 ND No

15 567; 706 17.1/ND 323; 313 199 12.2; 13.7 11.5 18/1.2 1.16 No

16 279; 263 � 20/ND 257 137 13.2 10.4 16/1.0 5.38 No

17 287; 329 12.7/ND 362; 288 256 17.7; 14.4 8.9 26/0.9 4.6 No

18 423; 420 12.3/ND 397; 328 253 10.7; 8.0 8.8 22/1.4 1.85 No

19 297; 298 14.2/ND 478; 377 255 11.9; 11.4 10.7 17/0.8 4.1 No

20 762 ND/ND 140 ND 9.4 ND 13/1.0 4.08 No

21 517; 565 13.7/ND 164; 157 ND 12.0; 11.4 ND 12/1.2 2.45 No

22 344; 337 12.2/ND 309; 261 171 17.9; 17.2 17.1 17/1.1 2.64 Yes

23 478; 458 � 20/ND 258; 305 166 9.4 ND 16/1.1 1.44 No

24 522 ND/ND 137 ND 8.7 ND 10/0.9 1.31 No

25 174; 253 ND/ND ND ND ND ND 7/0.5 0.80 No

26 344 14.7/203 375 121 10.4 ND 18/0.7 0.92 No

27 155 ND/346 1928 189 29.3 7.2 11/0.8 ND No

28 587 7.9/ND 255; 298 179 18.1; 18.4 13.8 23/1.4 ND No

29 469 � 20/ND 270; 329 202 8.9 7.0 17/0.9 0.72 No

Appendix 1: Characteristics of patients with definite clinical responses to Cbl therapy
(continued)

Case Age/sex

Causes of Cbl deficiency Comorbidities

Schilling* IfAb Gastrin† Other DM EtOH Smoker Other

23 77/M ND Neg 17 None Yes No No CAD

24 63/F ND ND ND Cimetidine Yes No No None

25 46/F 28/21 ND ND Vegetarian No No No None

26 55/F ND Neg 34 None No No Yes Psoriasis

27 62/F 3.2/2.6 ND ND None Yes No No CAD

28 58/F ND Pos ND None Yes No No CAD

29 56/F ND Neg 32 None No No No Colloid goiter

30 66/F ND Neg 22 None No No No Hypothyroid

31 39/F ND Neg 25 Vegetarian No No No None

32 53/F ND Eq 111;81 Tagamet Yes No No CRF

33 28/F ND Eq 25 None No No No None

34 48/F 33/36 Neg 18 None No No No None

35 70/M ND Neg 39 None No No No None

36 68/M ND Neg 46 None No No No 2 yr s/p colon cancer

37 77/M ND Neg 13 None No No No CAD; CVA;

autonomic

dysfunction

Patients 1 to 8 had hematologic responses to Cbl therapy. Patients 9 to 37 had neurologic responses to Cbl therapy. Cbl indicates cobalamin; IfAB, intrinsic factor antibody;
EtOH, ethanol abuse; Eq, equivocal; ND, not done; Neg, negative; MGUS, monoclonal gammopathy of undetermined significance; CAD, coronary artery disease; malab,
malabsorption; CRF, chronic renal failure; Pos, positive; GERD, gastroesophageal reflux disease; Duod. divertic, duodenal diverticulum; CVA, cerebrovascular accident; DM,
diabetes mellitus; and s/p, after.

*Schilling test values are given as % excretion without IF/% excretion with IF, with normal values being 9% to 33%/8% to 34%
†Gastrin values are pg/mL, with a normal range up to 40 pg/mL.
‡The patient had both hematologic and neurologic responses to Cbl therapy.
§Patient 4 was 12 weeks pregnant but had an MCV of 109 documented 1 year previously. Her MCV fell to 98 after 1 month of Cbl therapy (5 months before delivery). She

was taking prenatal multivitamins with iron throughout her pregnancy.
�Patient 8 was 24 weeks pregnant with a hematocrit (Hct) of .29 and an MCV of 100. Her Hct increased to .35 after 6 weeks of Cbl therapy without a change in MCV, and she

delivered 2 weeks later. She was taking prenatal multivitamins with iron throughout her pregnancy.
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Appendix 2: Vitamin-related laboratory tests in patients with definite responses to Cbl therapy
(continued)

Case
Cbl,

pg/mL

sFol,
ng/mL/rFol,

g/mL

MMA, nmol/L HCys, �mol/L
BUN,

g/dL/Cr,
mg/dL

TSH,
mIU/L EtOH

Before
Rx

After
Rx

Before
Rx

After
Rx

30 724; 537 � 20/ND 265; 288 222 14.6; 11.1 6.2 15/0.8 3.36 No
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35 370 � 20/ND 296 143 9.4 6.5 21/1.1 0.60 No

36 356 11.0/ND 222 ND 10.5 ND 16/1.3 1.06 No

37 1623; 675 � 20/935 341; 520 300 11.4; 17.2 9.3 23/1.4 2.08 No

Normal values not given in the body of text were as follows: sFol, more than 5.4 ng/mL; rFol, 145 ng/mL or more; BUN, 7 to 30 mg/dL; Cr, 0.5 to 1.3 mg/dL; TSH, 0.35 to 5.50
mIU/L.

Cbl indicates cobalamin; sFol, serum folate; rFol; red cell folate; MMA, methylmalonic acid; HCys, homocysteine; BUN, blood urea nitrogen; Cr, serum creatinine; TSH,
thyroid stimulating hormone; EtOH; ethanol abuse; before Rx, prior to cobalamin therapy; after Rx, after cobalamin therapy; ND, not done.

*Patient 3 had both hematologic and neurologic responses to Cbl therapy
†HCys level returned to normal when patient 3 abstained from EtOH.
‡Patient 6 later relapsed off Cbl therapy with an MMA value of 1110 nmol/L and an HCys value of 32.2 �mol/L. Reinstitution of Cbl therapy led to a fall of MMA to 332 nmol/L

and HCys to 18.7 �mol/L despite a persistent serum creatinine level of 2.2 mg/dL.
§Persistent high HCys level in these patients (patients 11 and 32) may relate to chronic renal failure (creatinine, 2.3 and 2.4, respectively).
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