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ABSTRACT
Background: Recommended daily intakes of vitamin B-12 vary
between 2 and 6 �g.
Objective: The objective was to examine the associations between
vitamin B-12 intake and markers of vitamin B-12 deficiency.
Design: We studied 98 Danish postmenopausal women aged 41–75
y. Serum cobalamin, transcobalamin (TC) saturated with vitamin
B-12 (holo-TC), TC saturation (holo-TC/total TC), methylmalonic
acid (MMA), and total homocysteine (tHcy) were measured to as-
sess vitamin B-12 status. Dietary intakes of vitamin B-12 were
determined from 7-d weighed food records. Gastric pH measure-
ment and the alkali-challenge test were performed with the use of
Heidelberg radiotelemetric capsules.
Results: The total intake of vitamin B-12 ranged from 1.2 to 23.9
�g/d. All vitamin B-12–related variables, except gastric pH, corre-
lated significantly with total vitamin B-12 intake. Those taking sup-
plements (54%) had higher circulating concentrations of cobalamin
and TC saturation and lower concentrations of MMA and tHcy than
did those not taking supplements. All subjects were divided into
quintiles according to their total vitamin B-12 intake. For all the
variables analyzed, the curves appeared to level off at a daily vitamin
B-12 intake of �6 �g; the median (and 25th–75th percentiles) for
cobalamin was 380 (270–480) pmol/L, for holo-TC was 119 (92–
162) pmol/L, for MMA was 0.12 (0.14–0.17) �mol/L, and for tHcy
was 9.75 (8.3–11.40) �mol/L (n � 58).
Conclusion: A daily vitamin B-12 intake of 6 �g appeared to be
sufficient to correct all the vitamin B-12–related variables measured
in the postmenopausal Danish women in this study. Am J Clin
Nutr 2006;83:52–8.
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INTRODUCTION

Vitamin B-12 is an essential nutrient that must be supplied by
dietary meat or dairy products. The Recommended Dietary Al-
lowance (RDA) for vitamin B-12 is 2.4 �g/d for adults (1). A
reduced intake of vitamin B-12 from food, as seen in vegetarians
or in impaired intestinal absorption, will induce a negative bal-
ance and ultimately lead to severe deficiency when the tissue
stores of the vitamin are depleted. The clinical signs of vitamin

B-12 deficiency, including megaloblastic anemia and progres-
sive neurologic diseases, represent late stages of this condition
(2–5).

Recent studies indicate that subnormal or borderline serum
cobalamin concentrations are highly prevalent in the elderly pop-
ulation (2, 5–10). However, the cause of this observation has not
been clearly established. Two etiologic factors may play a role,
dietary vitamin B-12 deficiency or vitamin B-12 malabsorption
resulting from atrophic gastritis or other gastrointestinal mal-
function (2, 5, 11, 12). It is believed that dietary deficiency of
vitamin B-12 is extremely rare, except in vegetarians. However,
the elderly often have poorer diets than do younger persons (13);
therefore, dietary explanations for low serum cobalamin concen-
trations in this group are often possible. The relation between
dietary intake and mild vitamin B-12 deficiency has been inves-
tigated in only a few studies, which have had conflicting results
(14–17).

For the past 50 y, the measurement of cobalamin has been used
as a diagnostic test for vitamin B-12 deficiency (18, 19). Re-
cently, a low holo-transcobalamin (holo-TC) concentration was
suggested to be the earliest and most sensitive indicator of a
negative vitamin B-12 balance and therefore to be a better indi-
cator of vitamin B-12 status than serum cobalamin (20–22).
Methylmalonic acid (MMA) and total homocysteine (tHcy) ac-
cumulate in patients with vitamin B-12 deficiency and measure-
ments of the metabolites in blood are also used as sensitive
diagnostic tests for functional vitamin deficiency in tissues (5,
18, 19).
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In the present study we examined the relation between vitamin
B-12 intake and the current variables used to evaluate vitamin
B-12 status in 98 postmenopausal women. In addition, we in-
cluded the newly introduced markers holo-TC and TC saturation.

SUBJECTS AND METHODS

Subjects

The participants of this substudy were described recently (23).
The subjects recruited (in 1998) were screened initially via tele-
phone to ensure that they were �1 y postmenopausal and were no
older than 75 y. Of 290 women screened by telephone, 107 (61%)
were eligible to be included in the study. Of this total, 8 did not
deliver diet records and 1 was excluded from the study because
she was receiving intramuscular vitamin B-12 treatments; this
left 98 women for inclusion. Exclusion criteria were drug or
alcohol addiction, malignant disease, current steroid treatment,
osteomalacia, diabetes, unstable thyroid disease, chronic inflam-
matory diseases, and active liver or kidney disease.

The protocol and consent forms were approved by the Re-
gional Ethical Committee for Copenhagen and Frederiksberg,
Denmark (J no. 02-131/1997); The Danish Medicines Agency
(J no. 5312-240-1997); and The Danish Data Protection Agency
(J no. 1998-1200-113).

Data collection

Individual information on health, medical, reproductive, and
menopausal history and lifestyle were obtained for all subjects by
interview, aided by semiquantitative questionnaires. Nutrition and
lifestyle history were used to elicit usual intake patterns of food
items, special diets, and vitamin and mineral supplement use.

A dietary and lifestyle assessment showed that the median
energy intake of the subjects was 7.3 MJ/d. Protein, fat, and
carbohydrate accounted for 14.6%, 30.8%, and 50.3% of the
energy intake, respectively, and 2.4% of the energy intake was
from alcohol. The median alcohol intake was 3 servings/wk
(range: 0–23 servings/wk). There were 48.3% past smokers and
20.2% current smokers, which reflected the high prevalence of
smoking among Danish women.

Seven-day weighed food records were obtained at baseline
after the subjects were provided thorough oral and written in-
structions and were shown how to use the supplied electronic
scale (limit of 2000 g; Soehnle Domino, Murrhardt, Germany) as
described previously (23). Briefly, weights were controlled for
correct measurement by weighing items of known weight in each
round of food recording. Food recording covered all 7 d of the
week, and the subjects provided food labels and recipes of mixed
dishes to ensure the correct coding of items. Food records were
analyzed by using the DANKOST 3000 computerized nutrient
database program (Danish Catering Center, Inc, Herlev, Den-
mark), which is based on the national Danish food-composition
table.

These analyses did not include vitamin and mineral supple-
ments. Information on the nutrient content of the vitamin and
mineral supplements used by all subjects was obtained from the
manufacturers or from the administration database of the Veter-
inary and Food Administration and recorded. The total intakes
reported reflected intakes from the diet and from supplements.

Measurement of gastric pH and the alkali-challenge test were
performed with the use of Heidelberg radiotelemetric capsules as

described previously (24, 25). If stomach function is normal and
acid is secreted sufficiently in response to the alkali challenge,
the pH returns to normal (pH between 1.0 and 2.0) within 20 min.
The results of gastric pH measurement were available for 97
patients.

Biochemical analysis

Blood was drawn by standard antecubital venipuncture while
the subjects were in a sitting position and in a fasted state. Plasma
was separated from the blood cells �2 h after venipuncture.
Serum and plasma were stored frozen at �20 °C for subsequent
analysis.

Serum total TC and holo-TC were measured by enzyme-
linked immunosorbent assay, as recently described, with the use
of an automated enzyme-linked immunosorbent assay (BEP-
2000; Dade Behring, Schwalbach, Germany), the analytic im-
precision of which was 5% for total TC and 8% for holo-TC (26,
27). The reference interval was �50 pmol/L for holo-TC and
�0.05 for TC saturation.

Plasma MMA concentrations were measured by stable-
isotope-dilution capillary gas chromatography–mass spectrom-
etry (28). The analytic imprecision for the method was �8%, and
the reference interval was 0.08–0.28 �mol/L (29). MMA con-
centrations were available for 93 subjects.

Plasma tHcy was measured with an immunologic method by
using an IMx (Abbott, Chicago, IL) instrument, the analytic
imprecision of this method was �5%. The reference interval was
5.8–11.9 �mol/L (29, 30). Serum cobalamin was analyzed by
using a chemiluminescent immunometric assay, with a CV of 8%
(31). The reference interval was 130–670 pmol/L.

Standard methods were used to determine hematologic values.
The reference intervals for females were as follows: 7.4–9.6
mmol/L for blood hemoglobin, 85–100 fL for erythrocyte mean
cell volume, and 3.7–5.5 1012/L for erythrocyte count. Plasma
creatinine was measured by the Jaffe method; the reference in-
terval for females was 44–115 �mol/L.

Statistical analysis

Because the data were not normally distributed, the results are
presented as medians and interquartile ranges. Two nonparamet-
ric tests, the Mann-Whitney U test and the Kruskal-Wallis test,
were used to compare 2 or more continuous variables of unpaired
samples. P values were corrected with Dunn’s multiple compar-
isons test to adjust for the multiple comparisons. The Spearman
correlation coefficient was used to describe the correlation be-
tween continuous variables. A P value of 0.05 was considered
statistically significant. The analysis involved dividing all of the
subjects into dietary intake quintiles. The data were analyzed by
using EXCEL (Microsoft, Redmond, WA) and PRISM2 (Graph-
Pad Software, Inc, El Camino, CA) software.

RESULTS

We recorded the vitamin B-12 intake for 98 postmenopausal
womenandrelated the intake tomarkersofvitaminB-12deficiency.
Subject characteristics are listed in Table 1. The age of the partic-
ipants ranged from 41 to 75 y. Because no correlation was observed
between the serum concentration of cobalamin and the age of the
subjects, we did not divide the group according to age.
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Vitamin B-12 intake

The total intake of vitamin B-12 (dietary plus supplemental
intakes) ranged from 1.2 to 23.9 �g/d for the 98 subjects. Only 4
of the subjects (4.1%) had an intake below the RDA of 2.4 �g/d.
Forty-five of the subjects (46%) did not use vitamin B-12 sup-
plements. The dietary intakes of vitamin B-12 for the supplement
users (n � 53) and nonusers (n � 45) are shown in Table 2.

Relation between vitamin B-12 intake and vitamin B-12–
related variables

The relations between vitamin B-12 intake and vitamin B-12–
related variables are presented for the total group and for the
nonsupplement and supplement users (Table 3). The total vita-
min B-12 intake correlated significantly with all vitamin
B-12–related variables, whereas only serum cobalamin and
TC saturation were significantly associated with the dietary
intake of vitamin B-12 (Table 3).

The influence of total vitamin B-12 intake on the status of
vitamin B-12–related variables was further analyzed by ordering
the 98 subjects by quintiles from the lowest to the highest intakes
of vitamin B-12 (Figure 1). The mean vitamin B-12–related
variables for each quintile group of vitamin B-12 intake were

plotted against the median intake for each respective quintile
group. The curve for the total group shows a clear and strong
increase or decrease in vitamin B-12–related variables, with an
intake up to �6 �g/d, at which point the curve appears to level off
at the following median and 25th and 75th percentiles covering
the third, fourth, and fifth quintiles (n � 58 subjects who received
�6 �g): 380 (270–480) pmol/L for cobalamin, 119 (92–162) for
holo-TC, 0.12 (0.14–0.17) �mol/L for MMA, and 9.75 (8.3–
11.40) �mol/L for tHcy.

Cobalamin (P � 0.0004), holo-TC (P � 0.009), and tHcy
(P � 0.003)—but not MMA (P � 0.06)—concentrations dif-
fered significantly between the quintiles for vitamin B-12 intake.
The holo-TC and cobalamin concentrations were lower and the
tHcy concentrations were higher in the lowest quintile than in the
third, fourth, and fifth quintiles (Figure 1).

Vitamin B-12 supplement use

Fifty-three of the subjects (54%) took vitamin supplements
regularly, usually as multivitamin preparations. The supple-
ments contained a median amount of 1 �g vitamin B-12 (range:
1–18 �g). Thirty-four of the subjects who used supplements
(64%) were taking oral multivitamin supplements containing 1
�g vitamin B-12. Supplement users presented significantly
higher values for cobalamin and TC saturation and lower values
for tHcy and MMA in serum (Table 4). Supplement use did not
correlate with the subjects’ vitamin B-12 intake from food (r �
�0.09), which suggested that their use of supplements was not
dictated by any dietary need.

Table 2
Vitamin B-12 intakes in 98 menopausal women1

Vitamin B-12 intake2

�g/d
Total vitamin B-12 intake (n � 98) 6.0 (4.2–9.4)
Vitamin B-12 intake from food only (n � 45) 4.3 (3.1–8.7)
Total vitamin B-12 intake for supplement users

(n � 53)
6.6 (4.9–11.0)

Vitamin B-12 intake from food for supplement
users (n � 53)

4.8 (3.5–5.9)

Vitamin B-12 intake from supplements for
supplement users (n � 53)

1 (1.0–4.5)

1 All values are medians; interquartile ranges in parentheses.
2 The Recommended Dietary Allowance for vitamin B-12 is 2.4 �g/d

for adults.

Table 1
Subject characteristics and laboratory values at baseline1

Value2

(n � 98)
Reference
interval

Recalculated
interval3

(n � 58)

Age (y) 57 (53–64) — —
BMI (kg/m2) 23.1 (21–25.8) — —
Blood variables

Vitamin B-12 (pmol/L) 315 (240–445) 130–670 270–480
holo-TC (pmol/L) 111 (78–143) �50 92–162
TC saturation 0.14 (0.1–0.19) �0.05 0.12–0.23
MMA (�mol/L)4 0.15 (0.12–0.19) 0.08–0.28 0.14–0.17
tHcy (�mol/L) 10.4 (8.8–13.0) 5.80–11.90 8.3–11.40
Creatinine (�mol/L) 80 (75–86) 44–115 —
Hemoglobin (mmol/L) 8.6 (8.1–8.8) 7.4–9.6 —
Erythrocyte count (1012/L) 4.4 (4.2–4.7) 3.7–5.5 —
Mean cell volume (fL) 92 (90–95) 85–100 —

1 TC, transcobalamin; MMA, methylmalonic acid; tHcy, total homo-
cysteine.

2 All values are medians; interquartile ranges in parentheses.
3 Calculated as 25th and 75th percentiles from data obtained from in-

dividuals receiving �6 �g covering the third, fourth, and fifth quintiles of
vitamin B-12 intake shown in Figure 1.

4 n � 93.

Table 3
Correlations (r) between total vitamin B-12 intakes (from both diet and supplements) and vitamin-related variables measured in blood samples1

Cobalamin holo-TC TC saturation MMA2 tHcy

r P r P r P r P r P

Total vitamin B-12 intake (n � 98) 0.4 �0.0001 0.3 0.02 0.4 �0.0001 �0.3 0.004 �0.29 0.04
Vitamin B-12 intake from diet only (n � 45) 0.3 0.02 NS 0.3 0.03 NS NS
Vitamin B-12 intake for supplement users (n � 53) NS 0.3 0.04 0.3 0.02 NS NS

1 TC, transcobalamin; MMA, methylmalonic acid; tHcy, total homocysteine. Spearman correlation coefficients were used to describe the correlation
between variables.

2 Values were available for 41 nonsupplement users and 52 supplement users.
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Relation between gastric pH measurement and vitamin
B-12–related variables

Thirty-five of the 97 subjects (36%) had a gastric pH � 3 (pH:
3–5) or a prolonged challenge test (after challenge with bicar-
bonate, it takes �20 min to reach a ph between 1 and 2; see
Subjects and Methods). The vitamin B-12–related variables for
these subjects did not differ significantly from those of the sub-
jects who had a normal gastric pH of 1–2 or a normal challenge
test (n � 62) (data not shown). Furthermore, there was no cor-
relation between gastric pH measurement and vitamin B-12–
related variables for the whole population. A comparison of
supplement use between the subjects with normal gastric pH

(n � 62) and with abnormal gastric pH (n � 35) supplement
showed no significant difference between the 2 groups (n � 32
and 22, respectively; P � 0.3). The amount of vitamin B-12
consumed as supplements was also not significantly different
between the 2 groups (P � 0.3).

Laboratory findings of 2 patients presenting macrocytosis

None of the subjects had a hemoglobin concentration �7.5
mmol/L. Macrocytosis (mean cell volume �100 fL) was found
in 2 of the 98 subjects. These 2 subjects had very low serum
concentrations of cobalamin (37 and 80 pmol/L, respectively),
elevated plasma MMA (11 and 1.6 �mol/L, respectively), and
elevated plasma tHcy (64.4 and 40.5 �mol/L, respectively). To-
tal vitamin intake was 3.4 and 4.3 �g, respectively, and the
gastric pH was normal (pH: 1 and 2, respectively). The results of
their challenge tests were 8 and 21 min, respectively.

DISCUSSION

The relation between dietary intake and vitamin B-12 status is
often ignored because the dietary intake of vitamin B-12 is usu-
ally far above dietary reference intakes in mixed Western diets.
This intake contributes 3–30 �g vitamin B-12/d compared with
the minimum recommended daily intake of 2.4 �g (2). However,
recent findings in different populations suggest that the relation
between vitamin B-12 intakes and vitamin B-12 status be studied
further (15–17).

In the present study, we investigated the relation between total
vitamin B-12 intake and vitamin B-12 status in 98 postmeno-
pausal Danish women. We showed that vitamin B-12 status, as
judged by available laboratory tests, was associated with vitamin

FIGURE 1. Relation between vitamin B-12 intake and concentrations of cobalamin, holo-transcobalamin (holo-TC), methylmalonic acid (MMA), and total
homocysteine for all (n � 98) subjects. Mean (�SEM) concentrations are plotted against the median intake for each quintile (n � 20 for all quintiles, except
quintile 5, n � 18). Concentrations of holo-TC (P � 0.009), cobalamin (P � 0.0004), and total homocysteine (P � 0.003), but not of MMA (P � 0.06), differed
significantly between quintiles of vitamin B-12 intake (Kruskal-Wallis test). �,��Significantly different from the lowest quintile (Dunn’s multiple comparisons
test): �P � 0.05, ��P � 0.01.

Table 4
Vitamin B-12 intake and vitamin B-12–related variables in supplement
and nonsupplement users1

Nonsupplement
user (n � 45)

Supplement user
(n � 53) P2

Vitamin B-12 intake (�g) 4.3 (3.1–8.7) 6.6 (4.9–11.0) 0.001
Biochemical variables

Cobalamin (pmol/L) 280 (209–375) 360 (265–480) 0.006
holo-TC (pmol/L) 107 (75–132) 118 (81–162) 0.11
TC saturation 0.13 (0.08–0.17) 0.15 (0.11–0.21) 0.05
MMA (�mol/L)3 0.16 (0.13–0.21) 0.14 (0.12–0.17) 0.07
tHcy (�mol/L) 11.7 (9.2–13.7) 9.6 (7.8–11.0) 0.001

1 All values are medians; interquartile ranges in parentheses. TC,
transcobalamin; MMA, methylmalonic acid; tHcy, total homocysteine.

2 The Mann-Whitney U test was used to compare the 2 groups.
3 Values were available for 41 nonsupplement users and 52 supplement

users.
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B-12 intake in this population and that the use of supplements
appears to protect against concentrations of vitamin B-12–re-
lated variables in the deficiency range. A daily vitamin B-12
intake of 6 �g appears to be sufficient to normalize all of the
vitamin B-12–related variables, which suggests that this dose
might be more adequate for the general adult population than the
current RDA of 2.4 �g.

Our study had its limitations. First, the subject group was
small. Second, only postmenopausal women were studied. The
strength of the study was the method used for collecting data on
vitamin B-12 intake, the examination of gastric pH, and the
inclusion of 4 markers of vitamin B-12 status.

Most of the surveys relating vitamin B-12 intake to biochem-
ical markers of vitamin B-12 status have relied on the measure-
ment of serum cobalamin only (15, 16). The use of serum cobal-
amin as a surrogate marker of vitamin B-12 status may lead to an
overestimation of the requirement for vitamin B-12 not reflecting
the point at which the cells are saturated with the vitamin. Thus,
it seems of relevance to include other markers. In our study, we
included holo-TC and TC saturation as well as MMA and tHcy.
Holo-TC denotes the part of vitamin B-12 that is accessible for
the cells of the body, and is considered to be a sensitive marker
of vitamin B-12 status (20, 21, 27). The metabolic markers MMA

and tHcy reflect intracellular vitamin B-12 status, and these me-
tabolites increase only after an intracellular deficiency has de-
veloped. They are frequently used as gold standards for the as-
sessment of vitamin function (5, 18, 19).

Interestingly, all 4 markers studied indicated that a daily dose
of �6 �g vitamin B-12 will ensure a steady concentration of the
markers (Figure 1). There seems to be no difference in the
amount of vitamin B-12 absorbed from an oral dose of vitamin
B-12 ranging from a median intake of 6 to 15 �g/d on the basis
of the concentration of all 4 markers. It should be stressed that it
is possible to increase the uptake of vitamin B-12 by adminis-
tering a pharmacologic dose of the vitamin, which will induce an
increase in the circulating concentrations of both vitamin B-12
and holo-TC (22) and a further decrease in the metabolic markers
(E Nexø and AM Hvas, unpublished observations, 2002). The
most likely explanation is that the passive absorption of �1% is
a significant contribution to the apparently saturated active trans-
port (32).

The relation between dietary intake and vitamin B-12 status
has been investigated in different populations, with conflicting
results as shown in Table 5 (14–17). Our results are consistent
with those of the Framingham Study and with the study per-
formed in a group of Hispanic persons (15, 16). In these 2 large

Table 5
Overview of recent studies that investigated the relation between dietary intake and vitamin B-12 status1

Present study Howard et al (14) van Asselt et al (17) Tucker et al (16) Kwan et al (15)

Population
Origin Danish American (mix) Dutch Framingam Study

offspring
Hispanics

n 98 173 105 2999 449
Age (y) 41–75 �60 74–80 26–83 60–93
Sex Female Male and female Not mentioned Male and female Not mentioned

Dietary intake method 7-d diet record FFQ Diet history FFQ FFQ
Markers used for

correlation with
vitamin B-12
intake

Cobalamin � � � � �
holo-TC � � � � �
MMA � � � � �
tHcy � � � � �
Gastric pH � � � � �
PGI and PGII � � � � �

Major results All vitamin B-12–
related variables,
except gastric pH,
correlated with
vitamin B-12
intake

None of the
markers
investigated
correlated with
vitamin B-12
intake

Plasma cobalamin, but
not MMA and tHcy,
correlated with
vitamin B-12 intake
and PGI and PGII

Plasma cobalamin
correlated with
vitamin B-12 intake

Plasma cobalamin
correlated with
vitamin B-12 intake

Study conclusion A daily intake of 6
�g vitamin B-12
appeared to be
sufficient to
correct all the
vitamin B-12–
related variables

The high
frequency of
mildly abnormal
cobalamin
status in the
elderly could
not be attributed
to poor intake
(� 6.7 �g/d)

Inadequate dietary
cobalamin intake
(�4.9 �g) or the
presence of severe
gastritis only partly
explained the high
prevalence of mild
cobalamin deficiency
in older persons

Inadequate intake
(�5.7 �g) was an
important cont-
ributor to low
cobalamin
concentrations

The high prevalence of
low vitamin B-12
status in Hispanics
appeared to be
attributed to an
inadequate intake
(15% of Hispanics
consumed �1.6
�g/d)

1 FFQ, semiquantitative food-frequency questionnaire; TC, transcobalamin; MMA, methylmalonic acid; tHcy, total homocysteine; PG, pepsinogen.
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studies, plasma cobalamin concentrations were associated with
total vitamin B-12 intake; in both studies, plasma cobalamin
leveled off at intakes of vitamin B-12 that were considerably
higher (�10 and 7 �g/d, respectively) than the RDA of 2.4 �g/d.
Our study further confirmed the need for a vitamin B-12 intake
�2.4 �g/d because not only plasma cobalamin, but also 3 other
markers of vitamin B-12 deficiency (holo-TC, MMA, and tHcy
concentrations), leveled off at an intake of �6 �g/d or higher.
Also, in Dutch elders, van Asselt et al (17) found that total
vitamin B-12 intake correlated with plasma vitamin B-12. How-
ever, in that study, such a correlation was not found with plasma
MMA and tHcy. In contrast with the studies referred to so far, an
earlier study by Howard et al (14) found no correlation between
total intake and either serum cobalamin or metabolite concen-
trations. Conflicting results on this issue might be explained by
the different dietary profiles or habits of the study populations,
because the subjects in the abovementioned studies were of dif-
ferent ethnicities (Table 5).

It has also been speculated that previously observed conflict-
ing results might be due to the application of the different as-
sessment methods of vitamin B-12 intake, because different
methods—eg, diet records, 24-h dietary recall, dietary histories,
and semiquantitative food-frequency questionnaires—have
been used for this purpose, as shown in Table 5 (14–17). In our
study, we preferred diet records over the other 3 techniques for 2
reasons. This method does not rely heavily on memory, as do
food-frequency questionnaires; but most importantly, this
method is believed to give the most valid estimates of an indi-
viduals’ usual intake (33, 34).

On the basis of our data and previously published data, it seems
that a vitamin B-12 intake between 6 and 10 �g might help
correct subnormal vitamin B-12 status (15, 16). A 6-�g intake
was previously suggested to be a more desirable dietary goal for
vitamin B-12 (35). It is important to note, however, that this
amount is considerably greater than the current RDA for vitamin
B-12. When establishing the RDA, a major concern is to ensure
the minimum of the vitamin required to avoid the risk of devel-
oping vitamin deficiency. The current estimates of adequate in-
take are based on freedom from hematologic and neurologic
disorders; it is not known whether recommended intakes are
adequate to prevent the biochemical disturbances recently rec-
ognized to be more widespread and sometimes associated with
more subtle clinical disorders. The RDA for vitamin B-12 is 2.4
�g/d, but it is debatable whether this recommendation is too
low. On the basis of the results of our study and those of 2 large
studies (15, 16), it might be concluded that a daily intake of
6 –10 �g is required to ensure a steady concentration of cir-
culating cobalamin.

Loss of stomach acidity, resulting from type B atrophic gas-
tritis, has been implicated in impaired vitamin B-12 status (36,
37). We determined the participants’ gastric acid secretory abil-
ity under conditions simulating ingestion of food by using Hei-
delberg’s pH capsule system. This system was previously shown
to offer a convenient and accurate testing method for evaluating
gastric function (25). In our study, 64% of the participants were
considered normal on the basis of their gastric pH (�3) or the
results of a challenge test (ability of gastric reacidification within
20 min after intake of bicarbonate). One-third of our study group
(36%) had a moderate increase in pH (pH: 3–5) or a prolonged
challenge test, which indicated that these subjects had at least a

moderately decreased gastric function. Interestingly, this de-
crease did not seem to influence the subjects’ ability to absorb
vitamin B-12 from the diet. We found no significant difference in
vitamin B-12 intakes and vitamin B-12–related variables be-
tween subjects with normal gastric pH and those with a higher
pH. Thus, on the basis of our data, a mild-to-moderate decrease
in gastric acidity does not impair vitamin B-12 absorption. This
finding agrees with those of previous studies in older vitamin
B-12–deficient patients, in whom vitamin B-12 absorption was
found to be impaired only in patients with severe atrophic gas-
tritis and not in patients with mild-to-moderate atrophic gastritis
(17, 37, 38).

The median total (diet plus supplement) vitamin B-12 intake in
our population was comparable with that of free-living American
and Dutch subjects (17, 39). It is of incidental interest to note that
nearly one-half of our surveyed subjects used vitamin supple-
ments. Most commercially available multivitamin preparations
in Denmark contain small amounts of vitamin B-12 (median
content: 1 �g; range: 1–20 �g), compared with 6 �g in the United
States and 2 �g in the Netherlands (17, 39). The subjects in our
study who took vitamin B-12 supplements (dose: 1–18 �g/d) had
significantly higher TC saturation and serum concentrations of
vitamin B-12 and lower MMA and tHcy concentrations. How-
ever, the supplement users’ dietary vitamin B-12 intake was the
same as that of the nonusers, which indicated that the supplement
users did not initially have a poor intake.

In conclusion, our results, together with those of others,
strongly suggest that the RDA of 2.4 �g/d should be increased.
We showed that a daily dose of 6 �g vitamin B-12 ensures a
steady concentration of serum cobalamin, holo-TC, and the met-
abolic markers tHcy and MMA. Nothing is gained by increasing
this dose in individuals with a normal gastric acid production or
with a moderately decreased ability to acidify the gastric juice.
We further suggest that reference intervals for the markers of
vitamin B-12 deficiency should be calculated on the basis of data
obtained from individuals receiving �6 �g vitamin B-12/d, ex-
cept for those taking pharmacologic doses.
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