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Summary
In a retrospective study, based on a biochemical
survey of people aged 65 and over in a general practice,
subjects taking a barbiturate preparation for indica-
tions other than epilepsy had a significantly lower
serum calcium concentration than did those taking
nitrazepam or diazepam. Ordinary doses ofbarbiturate
may adversely affect vitamin D metabolism in the
elderly.

Introduction
There have been several reports of altered vitamin

D metabolism and osteomalacia in epileptics treated
with anticonvulsants, including phenobarbital (Dent
et al., 1970; Hahn et al., 1972; Kruse, 1968; Richens
and Rowe, 1970). These drugs appear to influence
vitamin D metabolism by inducing hepatic micro-
somal enzymes (Dent et al., 1970; Richens and Rowe,
1970). Use of barbiturates was recently implicated in
the osteodystrophy complicating long-term haemo-
dialysis and renal transplantation (Pierides et al.,
1976). One of the authors (L.E.R.) had formed a
clinical impression that low serum calcium and
elevated alkaline phosphatase values were unduly
frequent in elderly patients receiving barbiturates,
often at ordinary hypnotic doses. Others had sug-
gested that the combination of nutritional deficiency
of vitamin D and barbiturate habituation may cause
more morbidity in the elderly than is generally
recognized (Fraser, Thompson and Khan, 1976).
For these reasons the authors undertook the retro-
spective study described below, seeking evidence
that barbiturate treatment in the elderly for indica-
tions other than epilepsy may adversely affect vitamin
D metabolism.

Methods
Population studied
The basis for the study was a laboratory screening
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survey aimed at all people aged 65 years and over in
a semi-urban general practice. The survey was
conducted between April 1973 and March 1974 and
included 403 subjects, representing 82% of those
eligible judged from the practice revised age/sex
register. Details of the population studied and of the
methods of contacting subjects, obtaining samples
and laboratory analysis are presented elsewhere
(Murray and Young, 1977). For the authors' purpose,
the information available on each subject was age,
sex, any major illness, current drug therapy and
results of a biochemical screen which included
measurement of serum calcium, phosphate, alkaline
phosphatase, albumin and creatinine. The informa-
tion on drug therapy had been obtained from the
practice records and by questioning the subjects at
the time of the survey. In drawing up the three sub-
groups described below, it was predetermined that
subjects known to have any bone disease before the
survey would be excluded.

Barbiturate group
Twenty-four subjects (6% of those screened) were

taking a barbiturate. Two subjects with missing
biochemical data and one with Paget's disease of
bone were excluded, leaving twenty-one subjects
for analysis. One had a history of partial gastrec-
tomy. The dose and duration of treatment with
barbiturates were unknown, but barbiturate had not
been prescribed as an anticonvulsant in any subject.

Nitrazepam/diazepam group
Subjects taking nitrazepam or diazepam were

chosen to form a control group because the indica-
tions for the use of these drugs (hypnotic and tran-
quillizer) are often similar to those for barbiturates
and because they do not induce hepatic microsomal
enzymes (Whitefield et al., 1973). Substitution of
these drugs allows healing of drug-induced osteo-
malacia (Greenwood, Prunty and Silver, 1973). Of
thirty-nine subjects, twelve were receiving nitra-
zepam, twenty-five diazepam, and two both drugs.
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TABLE 1. Comparison of results for the three groups (mean ±s.d.)

C
B No barbiturate, P values*

A Nitrazepam/ nitrazepam or
Barbiturate (n) diazepam (n) diazepam (n) A v. B A v. C B v. C

Number of subjects 21 33 30 - -

Age 72-3 4-4 70-2±5-1 71-7±5-5 NS NS NS
Female : male 1-33 : 1 5-60 : 1 275 : 1 <01 NS NS
Creatinine (/zmol/l) 89-2 20-8 (20) 88-6±23-7 (31) 94-8±24-6 (30) NS NS NS
Albumin (g/l) 45-1 ±0-48 (21) 44-2 0-58 (33) 44-2 0-46 (28) NS NS NS
Calcium (mmol/l) 2-28±0-11 (21) 2-38±0-13 (31) 2-35±0-13 (28) <0-01 <0-05 NS
Corrected calcium 2-15±0-09 (21) 2-28±0-14 (31) 2-25±0-14 (28) <0-001 <0-01 NS
Phosphate (mmol/l) 1-01 ±0-18 (21) 1-07 0-17 (31) 1-08 0-20 (30) NS NS NS
Alkaline phosphatase (KAu) 8 69±4-56 (21) 8-06±3-13 (32) 8-16±3-81 (30) NS NS NS
Elevated alkaline phosphatase 6(29%) 5(16%) 6(20%) NS NS NS

Receiving diuretic 9(43%) 11(33%) 6(20%) NS NS NS

* NS=P>0-1.
TABLE 2. Further analysis of corrected serum calcium concentration in the

barbiturate and nitrazepam/diazepam groups (mean ±s.d., mmol/l)
Nitrazepam/

Barbiturate (n) diazepam (n) P

Females 2-17±0-10 (12) 2-27 ±0-14 (26) < 0025
Males 2-13 ±0-09 (9) 2-31 ±0-15 (5) <0-02
Aged 70 years+ 2-15±0-10 (16) 2-24±0-14 (15) <0-05

(mean age 73-9 years) (mean age 74-6 years)
Diuretic 2-15±0-10 (9) 2-28±0-13 (11) <0-02
No diuretic 2-16±0-09 (12) 2-28 0-15 (20) <0-025

Five patients also receiving a barbiturate, and one
with skeletal metastases from breast carcinoma were
excluded, leaving thirty-three subjects for analysis.

Group not receiving barbiturate, nitrazepam or
diazepam

This group was studied to explore further the
differences observed between the barbiturate and
nitrazepam/diazepam groups. A sample of thirty
subjects not receiving any of these drugs was obtained
using random numbers. Four subjects without bio-
chemical data and one with skeletal metastases from
bronchogenic carcinoma were excluded before the
total of thirty subjects was obtained.

Laboratory and statistical methods
Serum calcium, phosphate, alkaline phosphatase,

albumin and creatinine were measured by routine
methods as part of a Technicon Autoanalyser 12/60
screen. Serum calcium concentration was corrected
to an albumin concentration of 40 g/l (Payne et al.,
1973). The statistical methods used were the Student's
t-test and X2 with Yates' correction. Alkaline phos-
phatase concentration was log transformed for
analysis to normalize the distribution of the observa-
tions.

Results
The results in the three groups are shown in

Table 1. In the initial comparison of the barbiturate

group with the nitrazepam/diazepam group, subjects
taking barbiturates had a lower serum calcium
(P<0.01) and corrected calcium concentration
(P<0 001). The barbiturate group had slightly
lower phosphate and slightly higher alkaline phos-
phatase values, but these differences were not
significant. Using strict upper limits of normal for
alkaline phosphatase (10 KAu for females, 12 KAu
for males) (Richens and Rowe, 1970), 29% of bar-
biturate-treated subjects v. 16% in the nitrazepam/
diazepam group had elevated levels, but again, the
difference did not approach significance. The two
groups matched well as regards serum creatinine and
serum albumin. Barbiturate-treated subjects were
slightly older and more of them were receiving a
diuretic; the difference in sex ratio between the two
groups approached significance (P<0 1). Further
analysis was performed within these two groups to
determine whether these factors could explain the
significant difference in serum calcium (Table 2).
Compared to the nitrazepam/diazepam group,
corrected calcium concentration was significantly
lower in barbiturate-treated females (P<0-025)
or males (P<0.02). There was a weak, non-signi-
ficant negative correlation between age and corrected
calcium (r=-0-20, P>0-1, n=52). Comparison
restricted to subjects aged 70 years and over yielded
groups closely matched for age, and corrected cal-
cium was again significantly lower in the barbiturate
group (P <005). Finally, the corrected calcium
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concentration was lower in barbiturate-treated sub-
jects whether or not they were receiving a diuretic.

The results of the analysis at this stage were open
to two interpretations: that barbiturate treatment
was associated with reduced serum calcium concen-
tration, or that nitrazepam/diazepam use was
associated with elevated serum calcium. The third
group, subjects not taking barbiturate, nitrazepam
or diazepam, was examined to distinguish between
these possibilities. This group proved to be in all
respects similar to the nitrazepam/diazepam group
(Table 1). When compared with the third group,
barbiturate treatment was again associated with
low serum calcium (P<005) and corrected calcium
concentration (P<0.01).
Discussion

In retrospective studies it is difficult to be sure that
apparent associations have not resulted from bias,
or from the presence of confounding factors. The
authors cannot find any source of bias in the con-
duct of the survey on which this study is based, and
they carefully avoided bias when obtaining the
groups for comparison. Regarding confounding
factors, the differences in serum calcium were not
attributable to age, sex or to the use of other drugs.
Since the indications for prescription of barbiturates
and nitrazepam/diazepam are similar but not iden-
tical, it is possible that the two groups were not
matched for factors of which the authors have no
knowledge. Considering those conditions commonly
associated with low serum calcium, impaired renal
function in the barbiturate group can be excluded
by the results for serum creatinine. Only one subject
had a history of gastric surgery, and there were no
cases of clinically overt malabsorption or chole-
stasis. There seems no reason why barbiturates
should be prescribed particularly for those with
nutritional deficiency of vitamin D, and considera-
tion of the results for serum albumin does not sug-
gest general nutritional deficiency in the barbiturate
group. None of the subjects taking barbiturates was
receiving in addition other drugs known to induce
hepatic microsomal enzymes (Hunter, 1974). Within
the limitations of this type of study it is therefore
concluded that there was a true association of
barbiturate treatment in the elderly with reduced
serum calcium concentration. This is not evidence for
cause and effect, but taken with the known influence
of barbiturates on vitamin D metabolism in other
circumstances (Dent et al., 1970; Hahn et al., 1972;
Kruse, 1968; Pierides et al., 1976; Richens and
Rowe, 1970), it seems reasonable to suggest that
barbiturates were responsible for the reduction in
serum calcium.
The clinical significance of the reduced serum

calcium cannot be assessed from the present study

and, in particular, the authors do not know whether
it means that a number of these patients had osteo-
malacia. In the original survey the decision whether
to investigate any biochemical abnormality was left to
the individual doctors in the practice. As a result
of the survey one of twenty-four patients receiving
barbiturates was found to have radiological osteo-
malacia (presumed nutritional), while three of 378
subjects not receiving bariburates had osteomalacia
diagnosed. Although the numbers are too small to
be significant it is notable that the barbiturate
patient in whom osteomalacia was diagnosed had a
corrected serum calcium of 2-23 mmol/l, while
fourteen subjects in the barbiturate group had
values lower than this. Since hypocalcaemia may be
the only biochemical abnormality in osteomalacia
(Stanbury, 1972) it is quite possible that further cases
went undiagnosed in the barbiturate group. On the
other hand the reduction in serum calcium may be a
trivial biochemical abnormality, and further study
will be required to determine its significance.
Comparing these findings with those in epileptics

treated with anticonvulsants (Richens and Rowe,
1970) the reduction in serum calcium in the barbi-
turate group was of the same magnitude as that
observed with anticonvulsants, and serum phosphate
was unaltered in both studies. However, the results
for serum alkaline phosphatase differed in the two
studies. Epileptics treated with anticonvulsants had
alkaline phosphatase values significantly higher than
a control group, a difference not observed with
barbiturates in the present study. The prevalence of
elevated alkaline phosphatase levels using the same
criteria was identical in patients treated with anti-
convulsants and in those treated with barbiturates
in the present study, but the findings in the control
groups show that the criteria are too strict in the age
range studied. In epileptics, elevated alkaline phos-
phatase was most frequently due to an increase in
the liver isoenzyme, the bone fraction rising parti-
cularly in young patients aged 16-25 years (Richens
and Rowe, 1970). The authors speculate that higher
doses of barbiturate or combination with other anti-
convulsants may be required to elevate the alkaline
phosphatase, or that the alkaline phosphatase
response may be modified in older patients.
Although the authors do not know the dose and

duration of barbiturate treatment in their subjects,
the drugs were not being prescribed as anticonvul-
sants, and in thirteen of the twenty-one subjects, the
barbiturate was used as a hypnotic. It is probable
that the reduction in serum calcium was associated
with use of barbiturate at low or moderate dosage.
The mechanism for altered vitamin D metabolism
due to anticonvulsant drugs is not entirely clear
(Christiansen et al., 1975; Stanbury, 1972) but it
seems related to induction of hepatic microsomal
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enzymes (Dent et al., 1970; Richens and Rowe,
1970). Since it has been shown that barbiturates can
cause enzyme induction when given in doses com-
monly used for hypnotic purposes (Whitefield et al.,
1973), adverse effects of these ordinary doses on
vitamin D metabolism would not be surprising,
and may not be restricted to the elderly.

It is concluded that barbiturate treatment in the
elderly, even at conventional non-anticonvulsant
dosage, may influence vitamin D metabolism
adversely. Clinicians should be alert to the possibility
of osteomalacia in such patients. The conclusion
from the present study will require to be tested pro-
spectively and younger age groups should also be
examined. The authors believe that their findings
provide yet another reason why barbiturates should
be reserved for those few indications where their use
is essential.
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