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Mildly cobalamin-deficient elderly were supplemented with 1000 mg cobalamin (group C, n¼34), 1000mg cobalamin with
400 mg folic acid (group CF, n¼31) or a placebo (n¼30) for 6 months. Participants provided one single blood sample 3, 5 or
7 months after cessation of supplementation to monitor early changes in plasma concentrations of cobalamin,
holotranscobalamin (holoTC) and methylmalonic acid (MMA). At the end of supplementation (groups CþCF), one
participant met our criteria for mild cobalamin deficiency, as did 13, 14 and 43% of the participants assessed at respectively
3, 5 and 7 months post-supplementation. Cobalamin and holoTC declined on average with 47 and 56% relative to
concentrations at the end of supplementation for the group assessed at 7 months post-supplementation. Essentially similar
declines were observed for those participants assessed at 3 and 5 months post-supplementation. Mean MMA concentrations
increased by 15% (P¼0.07) in those participants assessed at 3 and 5 months post-supplementation, and increased by 50%
(P¼0.002) in those participants assessed at 7 months post-supplementation. Considering MMA as a sensitive tissue marker for
cobalamin status, oral supplementation may afford adequate cobalamin status for a period of up to 5 months after cessation in
the majority of participants.
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Cobalamin deficiency is common in elderly people (van

Asselt et al., 1998) and may cause anemia and a variety of

irreversible neuropsychiatric symptoms (Lindenbaum et al.,

1988; Stabler, 2000). Therefore, early diagnosis and treat-

ment of cobalamin deficiency are important. There is no

consensus about the definition of cobalamin deficiency

(Schneede and Ueland, 2005), but in addition to low

cobalamin concentrations, increased concentrations of

methylmalonic acid (MMA) and total homocysteine (tHcy)

(Stabler, 2000), and decreased concentrations of holotrans-

cobalamin (holoTC) (Hvas and Nexo, 2005; Morkbak et al.,

2005) are established as useful diagnostic markers. Several

studies showed that oral cobalamin supplementation cor-

rects these markers of cobalamin deficiency (Hathcock and

Troendle, 1991; Kuzminski et al., 1998; Eussen et al., 2005).

However, little is known about the duration of the effects

of oral cobalamin treatment in elderly people with mild

cobalamin deficiency. Therefore, we monitored early

changes in markers for cobalamin status after cessation of

oral cobalamin supplementation in a follow-up study, which

was conducted after completion of a randomized placebo

controlled intervention trial in elderly with mild cobalamin

deficiency (Eussen et al., 2006). Cobalamin deficiency was
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defined as either cobalamin concentrations between 100 and

200 pmol/l (71% of participants), or as cobalamin concentra-

tions between 200 and 300 pmol/l in combination with

MMA concentrations X0.32 mmol/l (29% of participants)

and creatinine concentrations p120mmol/l to exclude

severe renal impairment (Baik and Russell, 1999).

During the intervention study, participants were treated

daily for 6 months with a capsule containing 1000 mg

cobalamin (group C), 1000 mg cobalamin with 400mg folic

acid (group CF), or placebo (group P). Ninety-five partici-

pants were invited to provide one single blood sample either

3, 5 or 7 months post-supplementation (follow-up). Analy-

tical coefficients of variation for the assays of cobalamin

(Immulite, 2000), MMA (determined by a liquid chromato-

graphy electrospray ionization tandem mass spectrometry

system), tHcy (Windelberg et al., 2005), holoTC (Morkbak

et al., 2005) and red blood cell (RBC) folate were 6.3, o2.2,

o2.2, 12 and 5.9%, respectively. The Medical Ethics

Committee of Wageningen University approved the studies

and participants provided written informed consent. Com-

pliance of capsule intake during supplementation period was

99%; no adverse effects were reported. The mean (standard

deviation) age of participants in the follow-up study was 82

(6) years, 22% were males and 52% were institutionalized.

To assess the duration of the effects of supplementation on

each cobalamin marker we calculated the relative change for

each participant between pretreatment and follow-up con-

centrations, and between post-treatment and follow-up

concentrations. Statistical significance of these changes was

calculated by a paired Student’s t-test. After ascertaining that

groups C and CF did not differ according to any of the

cobalamin indices at either the start or end of the treatment

period, we pooled group C and CF. The relative changes in

the three follow-up groups were compared using analysis

of variance with Tukey post hoc tests using SAS statistical

software (version 9.1; SAS Institute Inc., Cary, NC, USA). The

graph was performed by GraphPad Prism (version 4;

GraphPad Software Inc., San Diego, CA, USA).

The mean concentrations of markers for cobalamin status

in the placebo group remained stable throughout the

supplementation period and during follow-up (Table 1). At

the end of supplementation (groups CþCF), one participant

met our criteria for mild cobalamin deficiency, as did 13, 14

and 43% of the participants assessed at 3, 5 and 7 months

post-supplementation, respectively. In the pooled group

assessed at 7 months post-supplementation, concentrations

of cobalamin and holoTC were, respectively, 36 and 38%

higher, and MMA 28% lower compared to their baseline

Table 1 Cobalamin status in older people with mild cobalamin deficiency supplemented with B-vitaminsa

Participants according to time of post-supplementation assessment of cobalamin status

3 months 5 months 7 months

Baseline End After Baseline End After Baseline End After

Groups C and CF combined
Total n, n (%) deficiencyb 16, 16 (100) 16, 0 (0) 16, 2 (13) 28, 28 (100) 28, 1 (4) 28, 4 (14) 21, 21 (100) 21, 0 (0) 21, 9 (43)

Cobalamin
pmol/l 206757 6427271c 3397117c,d 184741 5637180c 265748c,d 190755 5327194c 257774c,d

% change 2207128c �43720c,d 212798c 47734c,d 1967113c 36720c,d

HoloTC
pmol/l 65718 2817198c 101732c,d 62726 2617174c 86733c,d 59723 2157105c 79732c,d

% change 3227214c 63756c,d 3387238c 50750c,d 3117205c 38734c,d

MMA
mmol/l 0.3770.12 0.2370.07c 0.2470.07c 0.3570.17 0.2270.07c 0.2570.09c 0.5070.25 0.2470.06c 0.3570.14c,d

% change �37712c �3470c �32719c �26718c �28719c �28719c,d

Placebo group (Group P)
Total n, n (%) deficiencyb 10, 10 (100) 10, 10 (100) 10, 10 (100) 8, 10 (100) 8, 8 (100) 8, 8 (100) 12, 12 (100) 12, 12 (100) 12, 12 (100)

Cobalamin
pmol/l 179757 156749 171745 180738 161740 162749 165748 162749 167755
% change �12712 �3712 �11710 �10719 �5711 4713

HoloTC
pmol/l 62730 54723 56724 �10719 54723 58730 67731 59730 56723
% change �10719 �5721 �3742 3736 �5723 �9713

MMA
mmol/l 0.4470.20 0.4570.25 0.4670.24 0.3370.07 0.3570.07 0.3270.05 0.5570.33 0.6070.29 0.5970.45
% change 0.6715 (2726) 9717 (3720) 12721 2736

Abbreviations: holoTC, holotranscobalamin; MMA, methylmalonic acid; s.d., standard deviation.
aMean7s.d., are given in absolute concentrations and as proportions (%) relative to the concentrations at baseline.
bDefined as either cobalamin concentrations between 100 and 200 pmol/l, or as cobalamin concentrations between 200 and 300 pmol/l in combination with MMA

concentrations. X0.32 mmol/l and creatinine concentrations p120 mmol/l.
cSignificantly different from start of supplement use, paired Student’s t-test (Po0.05).
dSignificantly different from end of supplement use, paired Student’s t-test (Po0.05).
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concentrations (Table 1). In group C, tHcy and RBC folate

concentrations returned back to their corresponding base-

line concentrations in all post-supplementation groups.

Participants in group CF had significantly lower tHcy

concentrations compared to baseline in all post-supplemen-

tation groups, and RBC folate concentrations returned to

baseline concentrations only in those assessed at 7 months

post-supplementation (data not shown).

The Figure 1 shows that cobalamin and holoTC decreased

for virtually every subject compared to concentrations at the

end of supplementation. The mean proportional declines in

cobalamin and holoTC were 47 and 56%, respectively, for

the group assessed at 7 months post-supplementation. This

change was similar to that of participants assessed at 3 and 5

months post-supplementation. MMA showed no increase in

41% (18 out 44) of participants assessed at 3 and 5 months

post-treatment, but was increased for almost every partici-

pant assessed at 7 months post-treatment. Overall, the mean

proportional increase was greater for the group assessed at 7

months (50%, P¼0.002) compared to the increase for the

other two groups (15%, P¼0.07). We observed a marked

increase in MMA (450%) in one participant after 5 months

and five participants after 7 months. Four of them had

baseline MMA concentrations 40.50 mmol/l, and changes

during and after the intervention were more pronounced

compared to other participants (data not shown).

The present study was designed a posteriori, and conducted

after completion of an efficacy trial (Eussen et al., 2006).

Unfortunately, we were not able to monitor longitudinal

changes in individuals after cessation of supplements, and

some subgroups were rather small for logistics reasons.

Despite these weaknesses, we can evaluate the relative

sensitivity of the different cobalamin markers by monitoring

their early changes after cessation of supplementation when

participants gradually attain a negative cobalamin balance.

Moreover, this is the first study so far that allows assessment

of the duration of treatment effects after oral cobalamin

supplementation in elderly with mild cobalamin deficiency.

The most important findings from this follow-up study

were the relatively rapid fall of cobalamin and holoTC

concentrations (3 months post-supplementation). The

parallel time courses for cobalamin and holoTC during

follow-up suggest that these cobalamin fractions are equally

sensitive to detect the recurrence of a negative cobalamin

balance. MMA showed a marked increase in those assessed at

7 months post-supplementation, which may reflect that

tissue deficiency was re-established within 7 months of

cessation of supplementation.

Conceivably, the duration of treatment effects may

depend on the severity of cobalamin deficiency before

supplementation. One published investigation in elderly

without cobalamin deficiency demonstrated that cobalamin

returned to pretreatment concentrations and MMA and tHcy

were still slightly reduced 9 months after injection with high

doses of cobalamin, folic acid and vitamin B6 (Henning

et al., 2001). Another study in patients with pernicious

anaemia indicated that after treatment, serum cobalamin

clearance was higher than clearance in vegans and

people with an adequate cobalamin status. This can be

explained by impaired reabsorption of biliary cobalamin

due to absence of intrinsic factor in pernicious anaemia

(Amin et al., 1980).

In summary, after cessation of daily oral supplementation

with 1000 mg cobalamin with or without additional 400 mg

folic acid for 6 months, there is a parallel decrease of serum

cobalamin and holoTC concentrations. The decline precedes

the recurrence of tissue cobalamin depletion, as measured by

increased MMA concentrations. Oral supplementation may

afford an adequate cobalamin status in most participants for

a period of up to 5 months after cessation of supplementa-

tion. Thereafter, a negative cobalamin balance may reoccur.
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Figure 1 Changes in markers of cobalamin status after cessation of
oral vitamin B12 supplementation. Data are given as proportional
changes relative to concentrations at the end of 6 months of
supplement use. In each group, mean cobalamin and holoTC
concentrations were significantly lower at follow-up than they were
immediately post-treatment; however, mean MMA was significantly
higher at follow-up only for the group assessed 7 months post-
treatment. ‘a’ indicates no significant differences between 3, 5 and 7
months after cessation, Tukey’s post hoc test (P¼0.48 for cobalamin
and P¼0.50 for holoTC). ‘b’ indicated change at 7 months
significantly different from changes at 3 and 5 months after
cessation, Tukey’s post hoc test (Po0.01). holoTC, holotranscoba-
lamin; MMA, methylmalonic acid.
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Functional Cobalamin Deficiency and the European Union

BIOMED Demonstration Project.
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