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Abstract
In the literature, a deficiency of magnesium
or vitamin B1 in alcoholics is considered of
etiologic importance in the development of
delirium tremens or alcoholic encephalopathy
(AE). As AE are comprised mnestic disorders,
so severe as to lead to social invalidation,
Korsakoff syndrome and dementia. Upon
admission, the plasma concentrations of
magnesium and vitamin B1 were determined in
cases with alcoholism (56) or delirium tremens
(43). Magnesium was as low in alcoholics as in
delirium tremens cases (m-2 S.D.), vitamin B1
was in the alcoholics just below the 95 percent
confidence level but very low in the delirium
tremens group. The recovered cases had
slightly subnormal plasma concentrations of
magnesium (m-1a2 S.D.) and vitamin B1 upon
admission, as did the AE cases admitted with
alcoholism. Just the AE cases that were
admitted with delirium tremens showed very
low levels of magnesium (m-3 S.D.) and of
vitamin B1

upon admission. It is concluded that a delirium
tremens does not arise because of a magnesium
deficiency, possibly in relation to a vitamin B1
deficiency. An AE is not caused by a pure
magnesium deficiency, while a vitamin B1
deficiency is of some importance only in AE
cases who were admitted with delirium. A
combined deficiency of magnesium and vitamin
B1 is not important to AE. AE can arise without
any deficiency of magnesium or vitamin B1 in
alcoholics.
Introduction
Alcoholics often show deficiencies of
essential nutrients such as minerals and
vitamins. Such deficiencies are of pathophysiologic or etiologic importance for certain
alcohol-related disabilities (Keller, 1977; Hoes,
1981-a,-b).
a. Pathophysiologic: a condition is that the
deficiency and the disability are simultaneously
present. In the alcohol withdrawal syndromes,
delirium tremens or "tremulousness", this
pathophysiologic significance is given to a
deficiency of magnesium ions (McNichol,
1970; Mello and Mendelson, (1975) or of
vitamin B1 (Bonjour, 1980).
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b.Etiologic: the deficiency was present before
the disability became apparent. A magnesium
deficiency is considered etio-logically important
in the occurrence of an alcoholic encephalopathy
(AE). AE includes severe memory disorders
with social complications, the WernickeKorsakoff syndrome and alcoholic dementia
(Stendig-Lindberg, 1974). A vitamin B1
deficiency is considered etiologically important
in the occurrence of Korsakoff syndrome (Victor
et al., 1971) and possibly also of dementia
(Haase, 1971).
There are, however, three reasons to reexamine
the pathophysiologic or etiologic role of
magnesium and vitamin B1 in alcohol-related
disabilities. 1. Experimental magnesium or
vitamin B1 deficiency in man does not cause
any tremulousness, delirium tremens or
encephalopathy (Hoes, 1979-a). 2.
The
neuropathology of experimental magnesium or
vitamin B1 deficiencies in animals does not
conform to that of dementia, whereas the
neuropathologies
of
memory
disorders,
Wernicke-Korsakoff syndrome and dementia
differ from each other (Hoes, 1980-d). 3.
The metabolism of magnesium and that of
thiamine are interdependent. Magnesium is
required for the binding of thiamine to protein
and is further activator of numerous enzymes,
including thiamine-containing ones (Ebel and
Gunther, 1980); thiamine promotes the
mobilization of magnesium from bony tissue in
a condition of magnesium deficiency (Itokowa
et al., 1974). Further it has been reported that
patients with Wernicke-Korsakoff syndrome
based on hypomagnesaemia may be refractory to
a vitamin B1 substitution therapy (Traviesa,
1974).
This
interdependence necessitates
the
simultaneous
determination of
magnesium and vitamin B1 plasma levels,
before definitive conclusions may be drawn as
to the specificity of findings.
In the following article the results of two
published studies are combined (Hoes, 1979-a;
1980-d).
The magnesium and vitamin B1 plasma levels
were determined upon admission of alcoholics
(n=56) and delirium tremens patients (n=43).

The pathophysiologic significance for delirium
tremens or tremulousness is discussed. Further
the etiologic significance of these plasma levels
as determined upon admission is studied with
regard to the existence of an AE upon
discharge.
The Studies
The two studies (Hoes, 1979-a; 1980-d)
included in total 56 alcoholics, admitted for
withdrawal, and 43 patients who were admitted
with a delirium tremens in a general hospital
(Bethesda Hospital, Tiel). Immediately after
admission venous blood samples were taken for
determination of plasma levels of magnesium
and vitamin B1. At the moment of blood
sampling, the breath of none of the patients
smelled of alcohol. The magnesium
concentration was determined photometrically
(m ± S.D.: 1.00 ±0.10 mmol/1; lab. Bethesda
Hospital, Head of Dept. Dr. E. Kreutzer) and
the vitamin B1 level microbiologically (75-225
nmol/1, 95 percent confidence range; TNO,
Zeist). If it was likely that the patient had taken
vitamin pills before his admission, the vitamin
B1 level was not determined.
All patients were given an intramuscular injection of two ampoules of Parenterovite forte®
a day for five days (aneurine HCI, 250mg,
riboflavine 4 mg, pyridoxine 50 mg, ascorbic
acid 500 mg, nicotinamide 160 mg, sodium
pantothenate 5 mg); after that the vitamin
therapy was changed to one tablet of Oralvite®
t.i.d. (aneurine HCI 50 mg, riboflavine 5 mg,
pyridoxine HCI 5 mg, nicotinamide 200 mg, dcalcium pantothenate 5 mg, ascorbic acid 100
mg). Furthermore 750 mg MgSO4 (magnesium
sulphate) was injected intravenously three
times a day during the first three days. Upon
discharge the patients were diagnosed as "AE"
or as "recovered". In the first study the AE
criteria were represented as "ADL" (the
inability to perform one or more activities of
daily living: taking a bath, getting dressed,
eating, going to the toilet) (Hoes, 1979a) in the
second study as memory disorders, Korsakoff
syndrome or dementia (Hoes, 1980-d). For the
classification criteria we refer to those studies.
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Results
For as far as possible and desirable, the results
of both studies were combined (Hoes 1981-a).
The two groups upon discharge, recovered or
AE, were further subdivided according to the
diagnosis upon admission: alcoholism or
delirium tremens, so that there are four
subgroups upon discharge. There is no
significant difference in sex or age distribution
between the two groups upon admission or
between the four subgroups upon discharge
(Tables 1 and 2) (t-test). The plasma levels of
vitamin B1 TABLE 1
SEX DISTRIBUTION OF THE PATIENTS
STUDIED
PATIENT GROUP

DISCHARGE (N=99)
RECOVERED (N-81)
alcoholism I49)
delirium tremens (32)

cannot be compared statistically with the
reference values because the reference values
are not distributed normally (positively skewed)
and because TNO (organisation for Toegepast
Natuurweten-schappelijk Onderzoek, applied
scientific research) did not know the exact
modus. Applicable to the two admission groups,
however, (Table 3) is that the patients with

PATIENT GROUP
(nmol/1)
48
36

42
27

ENCEPHALOPATHY (N = 18)
alcoholism (7)
0
delirium tremens (11)
2

7
11

There is no significant difference in sex
distribution between the two groups upon
admission or between the four subgroups upon
discharge (t-test)
TABLE 2
AGE DISTRIBUTION OF THE PATIENTS
STUDIED
m

There is no significant difference in age
distribution between the two groups upon
admission or between the four subgroups upon
discharge (t-test)

VITAMIN B1 PLASMA

7
5

PATIENT GROUP

9.8

LEVELS

F
M
8
7

58.1

TABLE 3

SEX

ADMISSION (N=99)
alcoholism (56)
delirium tremens (43)

delirium tremens (11)

AGE (Years)
+
S.D.

ADMISSION (N=99)
alcoholism (56)
delirium tremens (43)

46.6
49.2

14.1
11.6

DISCHARGE (N=99)
RECOVERED (N=81)
alcoholism (49)
delirium tremens (32)

46.5
46.3

14.4
10.8

ENCEPHALOPATHY (N = 18)
alcoholism (7)
49.9

11.7

VITAMIN B1
m

±
S.D.

ADMISSION (N=99)
alcoholism (56)
delirium tremens (43)

79.3
60.8

22.4
16.7

(49)
(26)

DISCHARGE (N=99)
RECOVERED (N-81)
alcoholism (49)
delirium tremens (32)

81.4
63.9

22.3
16.2

(41)
(21)

ENCEPHALOPATHY (N=18)
alcoholism (7)
delirium tremens (11)

72.5
39.6

21.3
16.2

(06)
(11)

REFERENCE VALUES

75-225

Upon admission the group of delirium tremens
showed significantly (p=0.01) lower vitamin B1
levels than the group of alcoholics (t-test). Upon
discharge the vitamin B1 level of the total AE
group (52.4*23.3 nmol/1) is significantly lower
(p<0.0001, t-test) than that of the total group of
recovered
patients
(74.7±21.7
nmol/1).
However, this difference is completely due to
the contribution of the subgroup delirium
tremens with AE. The vitamin B1 level of this
AE subgroup with delirium tremens differs
significantly (p<0.01) from that of the AE
subgroup with alcoholism and even more
significantly (p<0.001) from that of the total
group of recovered patients. The vitamin B1
level of the AE subgroup with alcoholism does
not differ significantly from that of the total
group of recovered patients It-test).

DISCHARGE (N=99)
RECOVERED (N=81)
alcoholism (49)
delirium tremens (32)

delirium tremens show significantly lower
vitamin B1 levels than the alcoholics (t-test;
p=0.01). The average patient with delirium
tremens shows values below the lower limit of
75 nmol/1 of the reference values. In the
discharge groups the vitamin B1 plasma levels
were lower in the AE group than in the group of
recovered patients (p<0.0001; t-test). However,
this difference is completely due to the subgroup
of AE with delirium tremens (Table 4)
MAGNESIUM PLASMA LEVELS
PATIENT GROUP
MAGNESIUM
(mmol/1)

' ADMISSION (N=99)
alcoholism (56)
delirium tremens (43)

0.15
0.16

(47)
(25)

ENCEPHALOPATHY (N=18)
alcoholism (7)
0.84
delirium tremens (11)
0.76

0.16
0.19

(07)
(11)

REFERENCE VALUES

0.10

1.00

The magnesium plasma levels of the two
admission groups and the four discharge
subgroups are equally reduced (pO.05) with
regard to the reference values (t-test). There
were no mutual differences between the two
groups upon admission or between the four
subgroups upon discharge.

TABLE 4

m

0.78
0.72

±
S.D.

The vitamin B1 values of this subgroup differ
significantly from those of the

0 79 0.12
(54)
0.72 0.17 (36)
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made about this. The magnesium plasma levels
are in a dynamic equilibrium with the
magnesium in the bones, from which magnesium is mobilized upon insufficient absorption
in the gut, e.g. in deficient nutrition (less than 6
mg/kg/day according to Durlach et al., 1980).
The magnesium plasma level only begins to
decrease when the total magnesium reserve has
decreased by at least 1/3 (Bogert et al., 1973;
Hoffman, 1970). This means a loss of 1/3 of 24
g = 8 g; the daily loss of magnesium in severely
deficient nutrition is about 25 mg (Ebel and
Gunther, 1980). Hence it takes about a month
before the first signs are noted if a magnesium
deficiency is provoked in man. This begins with
fasciculations,
muscle
cramps,
tremor,
choreathetoid movements; afterwards irritability,
depressiveness and aggressiveness occur; finally
followed by disorientation, confusion and
sometimes lethal convulsions. Therefore the
clinical condition is not a measure of the exact
quantification of the magnesium state (Katzman
and Pappius, 1973; Yendt, 1972). Furthermore it
should be considered that a pure magnesium
deficiency is rarely observed; mostly
deficiencies of other minerals and nutrients are
also involved in the occurrence of the condition
(Katzman and Pappius, 1973).
Another factor that must always be considered
in alcoholics is the plasma level of alcohol.
Alcohol reduces the plasma level of magnesium,
and during 24 hours after the alcohol plasma
level has reached zero the plasma level of
magnesium increases; this increase starts as soon
as the alcohol plasma level begins to decrease
(Kramp et al., 1979). No smell of alcohol was
observed on the breath of the studied patients
upon admission. So the plasma levels of
magnesium could still have been increasing.
Considering the above, we may still conclude
that no specific shortage of magnesium can be
demonstrated in patients with delirium tremens,
as reported in the literature (McNichol, 1970;
Mello and Mendelson, 1975). The tremors and
tremulousness of the delirium tremens patients
and of the patients who developed
tremulousness re-

subgroup AE with alcoholism (p<0.01; t-test) or
from those of the total group of recovered
patients (p<0.001; t-test). The vitamin B1 values
of the subgroup AE with alcoholism did not
differ significantly from those of the total group
of recovered patients (t-test). The AE subgroup
with delirium tremens also shows lower vitamin
B1 values than the lower limit of the reference
values.
The magnesium plasma levels were reduced in
the two admission and two discharge groups or
four subgroups upon discharge, in comparison
with the reference values (t-test, p=0.05 for all
groups) and no mutual differences between the
respective groups or subgroups were observed. In
total, tremulousness occurred in 14 alcoholics.
Their magnesium plasma levels did not differ
significantly from those of the other alcoholics,
in either of the two studies (t-test). The symptoms
of tremulousness clearly improved upon an
injection of magnesium; one to two hours later
the symptoms recurred. In neither of the two
studies was a correlation found between the
magnesium and vitamin B1 values (Hoes, 1979a; 1980-d).
Discussion
Women constitute 15 percent of the total group
of patients and are evenly distributed over the
two admission groups. So they suffer as much as
men from delirium tremens. In the AE group
there are no women with alcoholism as the
diagnosis upon admission, but two women had
delirium tremens as admission diagnosis. In the
delirium group the man/woman ratio is the same
as upon admission (1:5). The question remains
whether the share of women with alcoholism will
increase absolutely and relatively with regard to
the current situation and to the number of men, or
whether it will remain constant or decrease. The
evolution of smoking habits, a sign of
emancipation, gives rise to the worst fears (Hoes,
1980-c).
The magnesium plasma levels are evenly
reduced in the patients with alcoholism and
delirium tremens. We may conclude from this
that both groups show the same lack of
magnesium. But a few remarks have to be
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sponded well to substitution of magnesium.
However, the plasma levels of these patients did
not differ significantly from those of the other
alcoholics. Furthermore the favorable response
does not confirm the existence of any
deficiency. The clinical impression, though
qualitative, is reliable, but magnesium ions have
a curare-like effect on the neuromuscular
transmission (Katzman and Pappius, 1973;
Yendt, 1972). Suppression of signs of
neuromuscular hypersensitivity is therefore a
pharmacologic feature of magnesium ions and
does not prove the existence of a magnesium
deficiency at all. So a specific pathophysiologic
role of a magnesium deficiency in delirium or
tremulousness cannot be confirmed, either,
although this has been reported in the literature
(McNichol, 1970; Mello and Mendelson, 1975).
The magnesium plasma levels of the four
subgroups upon discharge do not differ from
each other. Therefore a specific etiologic role of
magnesium deficiency in the development of an
alcoholic
encephalopathy
cannot
be
demonstrated, as has been suggested in the
literature (Kramp et al., 1979; StendigLindberg, 1974).
Vitamin B1 levels have been determined
microbiologically. This is a reliable method but
only the total vitamin content is established this
way and not the active metabolite (Bonjour
1980). The vitamin B1 plasma levels are only
reduced in patients with delirium tremens and
not in alcoholics. This corresponds with a
specific role attributed to a vitamin B1
deficiency in the occurrence of delirium tremens
(Hemming-sen et al., 1979; Bonjour, 1980).
Against a specific pathophysiologic role is the
fact that an experimental vitamin B1 deficiency
does not lead to delirium tremens. In
experimental conditions a thiamine-poor diet
results within a fortnight in symptoms such as
fatigue, depressiveness, irritability, loss of concentration and interest. After three to four weeks
symptoms such as further fatigue, loss of
appetite, loss of weight, constipation, muscle
cramps and diverse pains occur (Bogert et al.,
1973). Thiamine has been called the "morale
vitamin". The severity of a vitamin B1
deficiency in AE patients with delirium tremens
suggests that they have almost exclusively

consumed alcoholic beverages in the weeks
prior to admission. In the discharge group
vitamin B1 deficiency is only observed in the
subgroup AE admitted with delirium tremens.
Although it has been reported in the literature
that the neuropathology of a Korsakoff
syndrome (Victor et al., 1971), a dementia
(Haase, 1971) or severe memory disorders
(Lishman, 1978) may be based on a lack of
vitamin B1, this has not been confirmed in the
subgroup AE with alcoholism in this study, and
in the subgroup AE with delirium tremens it is
considered possible but not proven. In the subgroup AE with delirium tremens the pathophysiology of the delirium itself might have
contributed to the development of the AE; but
since there are also patients with delirium
tremens and without AE at the end of the study,
and since they show higher vitamin B1 plasma
levels than the delirium patients with AE, the
combination of a vitamin B1 deficiency and the
pathophysiology of the delirium tremens must
be held responsible for the occurrence of the AE
(see also Hoes, 1979-b).
The existence of an AE in alcoholics cannot
be explained by a higher age, a different sex
distribution or a demonstrated deficiency of
magnesium or vitamin B1, since all these
factors appear to be negative. A combined
effect of a marginal deficiency of magnesium
and vitamin B1 is possible (Hoes 1981-b); it is,
however, unlikely that this has been of any
importance, because the same plasma levels of
magnesium and vitamin B1 have been found in
the group of alcoholics without AE but with
complete recovery. In the group AE, the
subgroup, severe memory disorders, Korsakoff
syndrome and dementia were evenly distributed
and these demonstrated no difference in
magnesium or vitamin B1 levels (Hoes 1980-d).
A last possible explanation for the occurrence of
AE is another type of beverage or drinking
pattern in these alcoholics. Alcohol and
particularly its metabolite, acetaldehyde, are
highly neurotoxic substances (Roebuck and
Kessler, 1972; Hoes 1980-a). Beverages with a
high alcohol content rather lead to high plasma
levels of alcohol and its metabolite,
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marrow, hormonal apparatus, lymphatic
system, nerves, muscles and brain (Lieber,
1977).
In the double sense of "biological", we may
conclude therefore that alcohol essentially is a
biological solvent.

while also the drinking pattern plays a part.
This neurotoxicity may certainly lead to the
development of neuropathologic changes
(Lishman, 1978). This brings the discussion in
the last paragraph back to nutrition again.
An alcoholic has lost control of his drinking
habits, he is preoccupied with drinking and the
acquisition of it and this excessive drinking has
a disastrous effect on his physical and social
health (Chafetz and Demone, 1975). When he
exceeds the limits of eight pints of beer or an
equivalent amount of alcohol a day the
diagnosis is almost certain. Pathognomonic are
tremors, morning drinking and amnesia (Orford
and Hawker, 1974). The patients are often
capable of performing some activities. If such
persons change their drinking pattern, type of
beverage or their eating habits, the greatest
attention should be paid to the patient because
this change may forebode a delirium tremens
and an AE.
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