Human Dietary Deficiency of Vitamin Bis*
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XPRESSED as percentage of the total
E dietary calories provided by the ani-
mal protein in the diet, the intakes of
animal protein range widely in different coun-
tries; values vary from as high as 8 in parts
of America down to less than 1 in India and
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the Far East (Fig. 1). The high animal pro-
tein intakes in much of the Western world
are indeed only possible because more than
half the world’s inhabitants are living on
much lower intakes. Animal proteins on the
whole are much more expensive than vegetable
proteins; hence numerous workers have tried
to replace animal protein by vegetable pro-
tein.’? In Great Britain, during the last
hundred years, there have been many thou-
sands of vegetarians, who have refrained from
cating flesh foods, though they still consume
dairy produce. This has involved a reduction
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in their intake of animal protein to about
half the normal British intake, without any
visible ill effects. During the last ten years
or so, some hundreds of these vegetarians
have eliminated dairy produce from their diet,
and called themselves vegans. After several
years on this diet, which contains no animal
protein, definite illnesses have gradually de-
veloped in some but not all of these vegans.3+
These illnesses are apparently due to a dietary
deficiency of vitamin Bis.

Staple foods containing animal protein
usually also contain vitamin B;.. On the
other hand, this vitamin seems to be very
scarce in vegetable foods, having so far been
detected only in one or two, such as seaweeds®
and ground nuts,® which are not consumed by
British vegans. Their diets must therefore
have been deficient in vitamin B;, and it is
not surprising that their deficiency symptoms
have been alleviated by administration of the
vitamin.

CoyMposITION OF REPORTED VEGAN (GROUPS

Before deseribing the occurrence of the
deficieney symptoms in the group of British

TABLE 1
Composition of Groups of Vegans Studied
Children Adults
0-18 years 19-83 years

American males 2 14

females - 11

Dutch males - 39

females - 20

British males 13 54
females 19

63

vegans, the composition of this group should
be compared with that of a group of Dutch
vegans recently studied at Leyden? and that
of a smaller group of American vegans® (Table
I). In both the Dutch and American vegans
deficieney symptoms were much less in evi-
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dence than among the British vegans. The
British groups, however, contained more young
people, who are probably more susceptible to
vitamin B,, deficiency. The Dutch group
contained four women and nine men aged 33
to 69 vears who had been vegans for 2 to 15

[Vol. 3, No. 5

not become prominent until they had been on
the vegan diet for several years, and the
more serious symptoms took still longer to
develop (Fig. 3). Quite a number seemed to
escape definite symptoms, even after more
than five years on the diet. Children were
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Fig. 3. Health in relation to period of veganism.

years, 15 who had been vegans for 6 to 18
months, and 32 vegetarians who had lived on
the vegan diet for short periods ranging from
several months to a year.

HeALTH AND DURATION OF VEGANISM

Another probable reason for the higher in-
cidence of deficiency symptoms among the
British vegans was their longer period of
veganism. Even slight symptoms usually did

rather more susceptible than adults, but some
of them have continued to grow and develop
satisfactorily for several years. The vegan
mothers who have been more successful in
rearing their children on the vegan diet often
breast fed them for longer periods than usual.

RATE oF DEVELOPMENT OF DEFICIENCY
SYNDROME

The commonest and earliest symptoms have
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been in the mouth; sore tongues were especi-
ally common. These oral symptoms gener-
ally cleared up after a month or two. Pares-
thesia was another fairly common symptom
which developed more slowly and persisted
rather longer. Amenorrhea and menstrual dis-
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turbances were encountered in eight out of
22 women aged 15 to 45. They were also en-
countered among the Dutch vegans,® and are
of interest in view of the fact that the main
vitamin B,» deficiency symptoms observed in
experimental animals are related to the re-
productive processes (Fig. 4). Nervous
symptoms were common among the vegans,
but have not been plotted because their sub-
jective nature makes their precise rate of
development difficult to determine.

About 20 per cent of the subjects complained
of pains in the back and spine. Some of these
had stiff “poker” backs, so characteristic that
they were termed “vegan” backs. Three
deaths occurred, all among vegans of several
years’ standing. One of these was due to
cancer which was present before the vegan
diet was adopted. The other two deaths were
associated with mental disease.

The percentage incidences of symptoms were
lower in the Dutch than in the British vegans,
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e.g., oral symptoms—Dutch 12, British 27;
paresthesia—Dutch 6, British 20. This was
probably because 72 per cent of the Dutch
vegans on whom these percentages were cal-
culated had been on the vegan diet for less
than two years, as compared with an average
of five to six years for British vegans.

No clinical deficiency symptoms were ob-
served among the 26 American vegans® all
of whom had maintained the animal protein-
free diet for five years or more.

It has not yet been possible to arrange for
some of the vegans with more serious symp-
toms to undergo detailed biochemical exami-
nation. The biochemical results which follow
were obtained on vegans apparently in good
health, most of whom had, however, experi-
enced the less serious deficiency symptoms,
especially those in the mouth, at some time
during their period of veganism.

SeEruM VitaMmiN B, LEVELS AND DURATION OF
VEGANISM

The serum vitamin B;, concentrations in
the vegans so far examined have ranged from
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45 to 193 ppg/ml, and averaged 111 ppg/ml,
as compared with the average normal values
of from 200 to 320 uug/ml obtained by sev-
eral workers using the same method.!%!! 1In
more than half the vegans the average con-
centration was below 120 ppg/ml. In two of
these it lay between 120 and 100 ppg/ml,
suggestive of vitamin B,. deficiency.’* In
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the other nine it was below 100 ppg/ml, indi-
cating definite deficiency, but this did not
occur until six years on a vegan diet.

A curve drawn through the average vitamin
B, levels for each year of veganism for which
data are available shows a steady fall during
the first 7 years, followed by a recovery up
to the original fairly high value between 7 and
10 vears, then a more gradual descent (Fig. 5).
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responded dramatically to treatment with
vitamin B,, alone.

SERUM ViTaMIN B,s LEveLs axp HemocLoBIx
LEVELS

The hemoglobin levels in the vegans

showed even less deviation from normal than

had been shown by the red cell counts (Fig.

7). This might have been partly explained
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The red blood cell counts on some of the
vegans indicated a slight anemia. However,
correlation of the vitamin B,. concentrations
with the red cell counts gave an average curve
for the vegans which was quite distinet from
the average curve in pernicious anemia, and
was closer to the vitamin B;. levels associ-
ated with subacute combined degeneration of
the cord (Fig. 6). This condition can be
precipitated in vitamin B,» deficiency by ad-
ministration of an excess of folic acid.’®* This
might conceivably happen in vegans with low
serum vitamin B;, levels who ingest large
amounts of folic acid in vegetables. One of
us™ has previously described a vegan boy of
15 who developed dietary deficiency of vita-
min B;, and suffered from classical subacute
combined degeneration of the cord. This
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by an increase in the size of the red cells,
such as was found by determination of their
average diameters in the Dutch vegans. How-
ever, the mean corpuscular volume showed a
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definite increase above the normal value, com-
parable with the increase found in the Dutch
vegans.

No correlation was established between the
serum vitamin B, levels and any of the other
blood values measured, which included plasma
Fe, platelet, leukocyte and reticulocyte counts,
and erythrocyte sedimentation rate.

TyrosYL DERIVATIVES AND SERUM VITAMIN B
LEVELs

The deficiency symptoms observed in the
nervous systems of some of the vegans might
have been due to chronic toxicity caused by
a keto-acid such as parahydroxy phenylpy-
ruvic acid (PHPP), which is derived from
tyrosine, and in the metabolism of which
vitamin B,;» may be implicated because of its
relationship to thyroid activity (Fig. 8).

300
80 5 " tyrosyl derivatives determinedas |
60 1 i p-hydroxy phenylpyruvic acid <
— 40| 1 before administration of tyrosine
£ 20 RE N = normal result on control CHe
Lo RN o
4 o ° ¢oow
d d
(@]

Le
@ 3 9ans average

2]
O@%d’ @

L

serum vitamin B, upq/
NDO®O MA O
3328338650508

M)

[ 2 3
p-hydroxy phenylpyruvic acid mg/icoml

Fig. 8. Serum vitamin Bi: levels and tyrosvl deriva-
tives in vegans.

The concentration of PHPP was therefore
determined in the blood and in the urine of
the vegans, and in controls on normal diets,
before and after oral administration of tyro-
sine and glucose (54 mg and 1.8 g, respec-
tively, per kg body weight). The initial con-
centrations, before administration of tyrosine,
tended to be higher in the vegans with lower
serum vitamin B;s levels.

The concentration of the tyrosyl derivative
PHPP in the blood appeared to increase with
the period of veganism up to the first 6 to 10
years, after which it may level out, but many
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more data will be needed to confirm these
findings (Fig. 9).
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CYANIDE AND THIOCYANATE METABOLISM AND
VitaMmin B,

Another possible toxic agent is cyanide,
which can cause demyelination in the central
nervous system.!’® In the liver, cyanide is
detoxicated by the enzyme rhodanese to thio-
cyanate, which is excreted in the urine. A
measure of this detoxication is therefore pro-
vided by the urinary thiocyanate (Fig. 10).
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Tracer studies!® have shown that some cy-
anide is converted to carbon dioxide in the
expired air. It may perhaps perform an es-
sential function by acting as a “brake” on
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biological oxidations. Vitamin B, as hy-
droxocobalamin also can detoxicate cyanide,
and serve as a carrier of cyanide and thio-
cyanate. Vitamin B;. has not yet been found
in rhodanese, though closely associated with
it in different organs and organisms. How-
ever, the urinary thiocyanate which is de-
rived from cyanide may be associated with
vitamin B;» in certain hypothetical systems
which are discussed in detail elsewhere.!?

The urinary excretion of thiocyanates may
be increased by heavy smoking'® or heavy
consumption of beer or strong tea, or milk,
eggs, and other sources of animal protein, all
of which contain preformed thiocyanate.*!?
None of these factors was significant in the
vegans we have studied. Although cyanides
and thiocyanates may be obtained from some
raw vegetables such as cabbages,® which
vegans sometimes eat, we did not detect sig-
nificant amounts in samples of their diet,
and therefore believe that the thiocyanate
they excreted was mainly endogenous in
origin.

URINARY METABOLIC DATA ON VEGANS AND
NON-VEGANS

The average daily excretion of thiocyanates
per kg body weight was 135 pg among the
vegans and 96 among the non-vegans, all
being teetotal non-smokers. The vegan rate
of excretion was 141 per cent of the non-
vegan rate, but the difference was not signifi-
cant, because complete 24-hour samples could
not always be obtained to eliminate errors
caused by the daily rhythm. This rhythm in
thiocyanate excretion is, however, more or less
parallel with the rhythm in total nitrogen ex-
cretion. By determining the thiocyanate/
total nitrogen ratio, expressed in pg and mg,
respectively, the standard error is much re-
duced, and complete collection of 24-hour
samples is avoided.

The average thiocyanate/total nitrogen ra-
tio in the vegans was 188 per cent of that in
the non-vegans. However, part of this dif-
ference was due to the average total nitrogen
excretion being lower in the vegans. When
allowance was made for this, the corrected
thiocyanate excretion in the vegans was still
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appreciably higher than in the non-vegans
(Table II).

The average daily excretion of creatinine
was significantly lower in the vegans. No
creatine was detected. The Dutch vegans also
had a lower creatinine excretion than the
Dutch controls.

TABLE 1I

Urinary Metabolic Data on British Vegans
and Non-vegans

Average daily excretion (per
kg body weight) of

Total Creatinine Average

SCN' ug Nimg mg SCN’ ratio

Vegans*

Non-vegans*
Vegans as %
of non-vegans 141 71 64 188

135+31 132+15 17.3+1.2 0.94=+0.05
96+8 185+27 27.1x1.3 0.526=0.01

* All teetotal non-smokers.

SCN’ ratio = _bC:\_vm‘_gg - was determined on 181
total N, in mg

vegan samples and 178 non-vegan samples.

SERUM VITAMIN B;2 LEVELS AND THIOCYANATE
RaTios

Turning to individual results, it has not yet
been possible to establish a definite correla-
tion between serum vitamin B;» levels and
thiocyanate ratios in vegans, though there
seems to be a tendency for lower vitamin B;.
levels to be associated with higher thiocyanate
ratios. Even after correction for the lower
nitrogen excretions in the vegans, most of
their thiocyanate ratios were above the normal
range for teetotal non-smokers. Large doses
(0.5 to 4 mg) of vitamin B, can reduce the
excretion of thiocyanates in both vegans and
non-vegans (Fig. 11).

In one of the vegans the thiocyanate ratio
increased from 1.02 before administration of
tyrosine to 2.08 two hours later. In previous
experiments without tyrosine, this vegan had
shown an average ratio of 0.88; it seemed pos-
sible that administration of tyrosine might
under certain conditions increase the excre-
tion of thiocyanates. We have therefore car-
ried out on each of the vegans who had re-
ceived tyrosine a further experiment in which
samples were taken of all the urine passed for
at least 24 hours, no tyrosine being admin-
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istered. The average thiocyanate ratio in each
of these experiments was compared with the
ratio obtained on the same vegan after tyro-
sine. The results indicated a stimulating ef-
fect of tyrosine on thiocyanate excretion in
two of the other vegans. One of these had
marked macrocytosis with serum vitamin B,,
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The average body weight of the British
adult male vegans was higher than that of
the Dutch but lower than that of the Ameri-
can male vegans. In the adult females, body
weight of British vegans was lower than that
of the Dutch and American vegans. Data
still being collected on the British vegan chil-
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Fig. 11. Serum vitamin Bi: levels and thiocyanate ratios in vegans.

levels of 45 to 80 pug/ml; this subject also had
amenorrhea of several years standing and had
experienced considerable loss of body weight.
The other had slight macrocytosis with more
normal serum vitamin B,. levels.

CoMPARISON OF BriTisH, DrTcH, AND
AMERICAN VEGANS

As this investigation is concerned primarily
with vitamin B;, we have not undertaken the
detailed investigation of all the nutrients in
the diets of all the vegans, nor endeavored to
determine their status in regard to any vitamin
except B;o. However, some data we have ob-
tained on a few of the British vegans confirm
the findings on the Dutch and American
vegans, in that the vitamin and mineral in-
takes seemed satisfactory, except perhaps for
calecium and vitamin D, and of course also
for vitamin B;.. The dietary intake of this
vitamin must have been extremely low, and it
seems justifiable to assume that the differences
in serum vitamin B;. values among the British
vegans were due largely to differences in the
supply of this vitamin from their intestinal
flora.

dren indicate a subnormal rate of growth.

Unpublished data®' obtained in a compre-
hensive study of the rate of growth and devel-
opment of British vegetarian boys shows this
not to be significantly different from that of
non-vegetarian boys living under the same
conditions. The vitamin B,. intakes of the
vegetarian boys were no doubt considerably
lower than the intakes of the non-vegetarian
boys, but would be considerably higher than
the vegan boys and girls.

The general blood picture in the British
vegans did not differ significantly from that
in the Dutch and American vegans. The only
clear indication of dietary deficiency was pro-
vided by the serum vitamin B, levels (Table
I1D).

The results obtained in this investigation
indicate the occurrence in man of a dietary
deficiency of vitamin B,, similar to that
encountered in animals also living on a diet
free from animal protein. The poor rate of
growth and development in animals on such
a diet can be improved by addition of vitamin
B;s, provided that their diet is not deficient in
total protein.
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TABLE III
Comparison of British, Dutch, and -American Vegans
- British Dutch Amer.
% of dietary cal
from protein 7* 9 104
Av. adult wt (kg) 5 69.4 65.9 773
Q 532 60.0 64.5
Red blood cells 5 492 4.75 484
(m/cu mm) Q 4.06 430 448
Hb % B 16.2 15.1 15.1
Q 14.0 143 138
Serum vit. B
puug/ml 116 - -

* Caleulated by Worrall’s method.™

The total protein intakes of the vegans must
therefore be taken into consideration. This
in the American vegans was 10.4 per cent, and
in the Dutch long-term vegans about 9 per
cent, on the calorie basis. In the British
vegans it appears to have been about 7 per
cent. This lower protein intake among the
British vegans may indeed have been an im-
portant factor in causing the greater incidence
of deficiency symptoms.
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