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Summary

In 54 epileptic outpatients treated for at least one year
with anticonvulsants the bone mineral content (B.M.C.),
an estimate of total body calcium, and serum calcium
were measured before and during treatment with three
doses of cholecalciferol (vitamin D,; 200, 100, and 50 ,ug
daily) and 25-hydroxycholecalciferol (25-OHD,; 40, 20,
and 10 [±g daily) for 12 weeks. The results, when compared
with the effects ofcalciferol (vitamin D2; 200, 100, and 50 ,ug
daily) in 40 epileptic outpatients, showed different actions
in anticonvulsant osteomalacia of vitamin D, on the one
hand and vitamin D. and 25-OHD, on the other. In the
patients who received vitamin D1 an increase in B.M.C.
was found whereas serum calcium was unchanged. The
patients who received vitamin D, or 25-OHD, showed
an increase in serum calcium but unchanged values of
B.M.C. The results suggest that liver enzyme induction
cannot alone explain anticonvulsant osteomalacia.

Introduction

Recently several reports have shown a disturbance of vitamin D
metabolism in epileptics treated with anticonvulsant drugs.'14
The features of this "anticonvulsant osteomalacia"5 include
hypocalcaemia,' 3 raised serum alkaline phosphatase,2 a
lower than normal bone mineral content (B.M.C.),7 8 hypo-
magnesaemia,9 bone biopsy findings characteristic of osteo-
malacia,l and radiological findings of rickets in children.'0-13
The mechanism at work in anticonvulsant osteomalacia is

thought to be an induction of liver enzymes operative in the
primary hydroxylation of vitamin D. This theory is supported
by an increased urinary excretion of glucaric acid6 and, indirectly,
by the finding of a lower than normal serum concentration of
25-hydroxycholecalciferol (25-OHD,), which is a biologically
important metabolite of cholecalciferol. If this assumption is
correct then 25-OHD3 should have an optimum effect on anti-
convulsant osteomalacia, and preliminary studies in a few
patients have shown that it does.' 4

The two forms of vitamin D-calciferol (vitamin DO) and
cholecalciferol (vitamin D,)-are thought to have equal effects
in the treatment of osteomalacia, but some findings suggest that
anticonvulsant osteomalacia is difficult to treat with vitamin D.14
We studied the effects of vitamin D, and 25-OHD, on anti-

convulsant osteomalacia and compared them with the effects of
vitamin D2, which we had studied earlier.'5 We report the results
here.
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Patients and Methods

Fifty-four epileptics who attended the epilepsy clinic at Gentofte
Hospital as outpatients took part in the investigation. They had been
on anticonvulsant therapy for at least one year, all received phenytoin,
and 10 patients took phenobarbitone as well. None had any digestive
or renal diseases, all had normal serum creatinine values, and all were
able to work. Data on age, anticonvulsant treatment, and initial values
of bone mineral content (B.M.C.) are given in table I.
B.M.C. was measured as previously reported,7 and serum calcium

was measured by atomic absorption spectrophotometry, using a Perkin
Elmer 403. All biochemical measurements were made in duplicate. For
serum calcium the normal mean ±1 S.E. of mean was 2-475+0±01
mmol/l (9-90±0.04 mg/100 ml)7 as calculated from 95 healthy sub-
jects (values obtained without stasis before blood sampling). For
B.M.C. the data from 127 control subjects were used.7 16
The 54 epileptics were allocated to six subgroups according to

whether they received vitamin D,3 200 [tg, 100 ,ug, or 50 [±g daily or
25-OHD3 40 ,ug, 20 [Lg, or 10 ,ug daily. So that initial mean B.M.C.s
were similar in each subgroup the patient with the lowest B.M.C.
value (as percentage of corresponding normal mean7) went into sub-
group 1, the next lowest into subgroup 2, . . . the sixth and seventh
lowest into subgroup 6, the eighth lowest into subgroup 5, and so
forth. All 54 epileptics were treated for 84 days with calcium 500 mg/
day by mouth (Calcium-Sandoz) and vitamin D, or 25-OHD, as
described above (table I). B.M.C. and serum calcium were measured
at the beginning of the study and after 21, 42, 63, and 84 days. Blood
samples were drawn without stasis.

Results

Epileptic v. Normal Values.-The mean initial B.M.C. (+1 S.E. of
mean) (as percentage of corresponding normal mean) in the 54
epileptics was 90-4+11-9%. Eleven patients (20%) had a B.M.C.
value higher than the normal mean as opposed to 50% of normal
subjects. The standard error of difference was

V/80x20 50X 50
+ 507=7o0/A/ 54 127

Accordingly the t value was 4-3 (P <0-001), which indicated that the
initial mean B.M.C. value for the whole group was significantly lower
than normal. The mean (± S.E. of mean) for serum calcium in the 54
epileptics before the trial was 2-40340-013 mmol/l (9-61±0-05 mgf
100 ml). The difference between the mean serum calcium levels in the
54 epileptics and the 95 normal subjects was highly significant
(P <0-001).

Effect of Treatment.-In each subgroup the B.M.C. values remained
virtually unchanged during treatment with vitamin D, or 25-OHD3
(table II). The serum calcium levels for the six subgroups are shown
in table III. Except in the group which received 25-OHD, 20 ,ug/day
a constant pattern was observed: there was a rapid rise in the serum
calcium level, which thereafter remained in the normal range.

Discussion
Our results confirmed that epileptic patients on phenytoin
treatment as a group have lower than normal B.M.C. and serum
calcium levels.7 15 The six subgroups had similar initial B.M.C.
and serum calcium values. The sole exception to this was the
group which received 25-OHD, 20 Fg/day, in which serum
calcium levels were initially normal. Statistically it was to be
expected that one out of several subgroups would naturally have
a normal mean value for one variable because the parent popu-
lation apparently had only moderately subnormal values for this
variable.
We have already shown that vitamin D, in a dose of 2000 IU/
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TABLE I-Anticonvulsant Treatment and Initial Bone Mineral Content (B.M.C.) in 54 Epileptics divided into Six Subgroups according to Vitamin D Treatment

l lAge Anticonvulsant Treatment Mean Initial B.M.C.
Vitamin Dose No. of (Years) Duration Dose* ± 1S.E. of Mean

(%tg/day) Patients (Years) (Units) (0% of Corresponding
ormal Mean)

Mean Range Mean Range Mean Range

200 9 43 22-69 4-7 2-9 7-1 6-12 89-9±3-7
D, 100 9 40 26-59 5-8 1-13 6-9 6-8 91-0±4-1

50 9 48 23-68 7-6 2-20 8-0 6-11 90-1±4 0
40 9 38 21-59 6-8 2-17 8-3 5-13 89-7±3-6

25-OHD, 20 9 35 21-67 7 9 2-20 7-3 5-10 90-2±4-1
10 9 42 23-56 7-8 4-20 7-3 6-10 91-4±5-4

*Calculated according to Richens and Rowe's method.'

TABLE II-Mean Bone Mineral Content (±1 S.E. of Mean; % of Initial Value) at Various Times in 54 Epileptics Before and During Treatment with Vitamin D3
or 25-OHD3

Vitamin Dose Day 0 Day 21 Day 42 Day 63 Day 84
(tsg/day)

200 100 100 8±0-6 101-0±0-8 100-3±0 7 98-8±1 1
Da .. .. ^100 100 101-2±0-7 101-2±0-8 101-5±0 7 100-3±1-2

a 50 100 100-3±0-6 100-3±0-4 100-9±0-7 99-2±0-4
40 100 100-5 ±0-5 99-6±0-8 99-4±0-4 99-8 ±0-7

25-OHD, .. 20 100 100-5 ±0-7 99-1±0-7 99 1±0 9 98-4±1 1
L 10 100 100-7±0-6 98-6±0-7 98-3±1-1 98-8±0-7

TABLE 1I-Mean Serum Calcium Levels (± 1 S.E. of Mean; mmol/l) at Various Times in 54 Epileptics Before and During Treatment with Vitamin Ds or 25-
OHD3

Significance of difference from initial values (t test for paired differences):
*P <0-05.
tP <0-02.
P <0-01.
iP<0-001.
Conversion: SI to Traditional Units-Calcium: 1 mmol/l 4 mg/100 ml.

day for three months increases B.M.C. by 4% whereas calcium
lactate plus placebo has no such effect.7 During treatment with
vitamin D, there was no change in serum calcium. Furthermore,
we have confirmed these findings in a new group of epileptic
patients and shown that the effect of vitamin D, on B.M.C. is
dose dependent."5 These findings are summarized in the diagram
for comparison with the present results.
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Bone mineral content (B.M.C.) and serum calcium at various times during
treatment with three different doses of vitamin D2 in 40 epileptics.1' Hatched
area shows normal mean ± 1 S.E. of mean.

In this study we have shown that neither vitamin D. nor
25-OHD5 has an effect on B.M.C. similar to that of vitamin D5,
whereas vitamin D. and 25-OHD, both increase the serum
calcium concentration. Such paradoxical findings naturally call
for a close scrutiny of the methods to exclude any form of bias.

Daily measurements of B.M.C. on aluminium standards
yielded the same mean values and coefficients of variation
during the present study as during the previous one." In the
previous study 70 determinations yielded a mean of 19-36 units
and a coefficient of 1-77%; and in this study 77 determinations
yielded a mean of 19-36 units and a coefficient of 1 04%. The
raw B.M.C. curve data were read independently by two trained
technicians who were unaware of the treatment given, and the
calculation they performed yielded the same mean values in
each subgroup for treatment with vitamins D, and D, and
25-OHD3. B.M.C. gives a good estimate of total body calcium,
especially in subjects in whom total body calcium is normal or
moderately decreased." 17 Our measurements of serum calcium
in these groups of patients were similarly valid. In our previous
study 44 determinations of serum calcium yielded a mean of
2-405 mmol/l (9-620 mg/100 ml), in the present one 48 deter-
minations yielded a mean of 2-507 mmol/l (10-029 mg/100 ml),
and coefficients ofvariation were, respectively, 0-48% and 0-65%.
Since the methods seem reliable we assume the data are correct.

In all three treatment groups (vitamin D2, vitamin D,, and
25-OHD5) the patients took their calcium supply and the
vitamin D tablets in the morning while blood samples were
drawn throughout the day. Therefore the effects of serum
calcium could not have been due to calcium supplements alone.
Moreover, calcium has no effect on serum calcium in epileptic
patients."" Hence, the paradoxical findings of this and our
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previous study7 15 must be due to different actions of the
vitamin D metabolites in anticonvulsant osteomalacia.

It is well documented that vitamin D, in the liver is hydroxy-
lated to 25-OHD,, which is further hydroxylated in the kidneys
to 1,25-dihydroxycholecalciferol.'9 20 Though much less is
known about vitamin D, we assume that it follows a similar
pattern. Since vitamin D2 and vitamin D, act differently in
anticonvulsant osteomalacia but alike in classical osteomalacia
it seems that the metabolisms of vitamins D2 and D, are affected
differently by anticonvulsant drugs. Furthermore, since
25-OHD3 acts like D, in anticonvulsant osteomalacia then a
mechanism other than induction of liver enzymes must play a
role; if induction of liver enzymes alone were the cause then
25-OHD3 would have an optimum effect in anticonvulsant
osteomalacia, which apparently it does not.

Possibly some "posthepatic" enzyme systems concerned with
the metabolism of vitamin D are specific for the vitamin D,
molecular configuration and sensitive to anticonvulsant drugs.
On this assumption the posthepatic metabolism of vitamin D2
would be influenced by anticonvulsant drugs only mildly-
that is, treatment of anticonvulsant osteomalacia with vitamin
D2 should reflect treatment of classical osteomalacia. It is well
known that vitamin D treatment causes a positive calcium
balance (an increase in B.M.C.) and also that the serum calcium
concentration may remain low for some time while the bone
changes are repaired.21 For vitamin D, the assumption implies
that the metabolism of vitamin D, is affected greatly by anti-
convulsant drugs, possibly to the extent that an increased
fractional catabolic rate at some state of metabolism is further
increased by a further supply of D, or 25-OHD,. The restoration
of a normal serum calcium without effect on B.M.C. during
treatment with D3 or 25-OHD, is difficult to explain. If the
biological half lives of these metabolites are greatly decreased
there may be a great oscillation in the concentration of these
metabolites, leading to a variable intestinal calcium absorption,
which, over some time, might appear as a more constant
increase in serum calcium.
Our findings differ from those in other calcium balance

studies,' 4but in these studies the effects of vitamin D2, vitamin
D3, and 25-OHD, on anticonvulsant osteomalacia were studied
in succession, which makes the evaluation of each vitamin
rather difficult.
Our attempt at an explanation of our findings is pure specula-

tion, which aims only to account for the findings. Several
unanswered questions arise: what are the serum concentrations
of 25-hydroxycalciferol (25-OHD2) and 25-OHD, (the usual
methods determine the sum of these two metabolites) and of

1,25 (OH)2D2 and 1,25 (OH)2D3 and possibly other metabolites ?
The biological half life of D3 is decreased in anticonvulsant
osteomalacia,22 but what is the biological half life of D2 in this
condition? And how does 25-OHD2 act in anticonvulsant
osteomalacia ?

Clearly, vitamin D2 and vitamin D,, which were believed to
have the same effect on osteomalacia, differ in their action when
given to patients with anticonvulsant osteomalacia. Further-
more, 25-OHD3, which was formerly the drug of choice in this
condition, is no better than vitamin D,. The different actions of
vitamin D2 and vitamin D3 (and 25-OHD3) may be due to the
fact that vitamin D3 is a naturally occurring vitamin while
vitamin D2 is a pharmacological product which may be less
sensitive to drug-induced disturbances of specific enzyme
systems.
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Summary

For five years a nurse was treated for diabetes mellitus.
She was found to have tampered with her blood and
urine tests and later was believed to have fabricated her
condition from the outset.

Diabetic Department, King's College Hospital, London SE5 9RS
M. McB. PAGE, M.R.C.P., Research Fellow (British Heart Foundation)

Introduction

Some diabetics, usually emotionally disturbed adolescent girls,
periodically manipulate their control to gain attention or
admission to hospital. In non-diabetics factitious hypogly-
caemia has been described but factitious hyperglycaemia does
not seem to have been reported. This paper describes a
probable case of factitious diabetes mellitus.

Case Report

The patient, born in 1950, was the youngest of three sisters. In 1961,
after an appendicectomy, non-specific cardiac murmurs were heard.
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