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cytotoxic treatment. Early diagnosis and vigorous treatment of
respiratory complications may help to avert chronic infection
and deaths in remission.
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structive criticisms.
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Summary

Serial 25-hydroxy vitamin D (25-OHD) concentrations
were measured in long-stay geriatric patients treated
with vitamin D. Comparison between a treatment and
a control group showed that a daily dose of 500 IU vitamin
D produced a significant increase in 25-OHD levels by
two months. The supplement had a striking effect when
the initial 25-OHD level was low and very little effect
when it was high. 25-OHD levels in subjects on 2000 IU
vitamin D daily were only marginally higher than those
in subjects on 500 IU.
A dose of 500 IU vitamin D daily should therefore

produce adequate blood 25-OHD concentrations in most
old people, and probably prevent most cases of osteo-
malacia in the elderly-though a large-scale study is
needed to confirm this.

Introduction

Many sick old people have osteomalacia.' 2Even more have
low plasma 25-hydroxy vitamin D (25-OHD) concentrations.34
The simplest preventive approach might be to give vitamin
supplements, but Corless et al3 found that a group of patients
in a long-stay geriatric hospital had low 25-OHD levels despite
the fact that they had been on a long course of vitamin D
supplements. We report the effects of varying doses of vitamin
D on 25-OHD concentrations in sick elderly patients.

Subjects and methods

All subjects were in a long-stay geriatric unit and were aged 68 to
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92 years. Plasma 25-OHD concentrations were estimated using the
method described by Belsey et al.5 The study was in three parts.

Part 1-In July 1976 eight subjects with plasma 25-OHD con-
centrations of under 15 nmol/l (6 ng/ml) were given 500 IU of
vitamin D daily as one tablet of calcium and vitamin D BPC. 25-OHD
concentrations were estimated on plasma samples collected each week
for one month.

Part 2-In August 1976 12 subjects with 25-OHD concentrations
of under 30 nmol/l (12 ng/ml) were given 2000 IU of vitamin D daily,
again as calcium and vitamin D tablets. Plasma 25-OHD concentra-
tions were measured at each week for one month and again at the end
of six months.

Part 3-In November 1976 30 patients with plasma 25-OHD
concentrations of 5 to 57 nmol/l (2 to 228 ng/ml) were divided at
random into two groups. Fifteen subjects were given 500 IU of
vitamin D daily as calcium and vitamin D tablets. The rest had no
treatment. Plasma 25-OHD concentrations were measured every
month for four months.

Results

Part 1-One of the subjects was discharged from hospital. There
was little change in the mean plasma 25-OHD concentrations of the
remaining subjects (fig 1).
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FIG 1-Log, 0 mean ( SE of mean) 25-OHD concentrations
in subjects taking 500 IU vitamin D daily.

Conversion: SI to traditional units-25-OHD: 1 nmol/lz
0 4 ng/ml.
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Part 2-One subject was discharged, another died, and a third had
difficulty in taking tablets. Mean plasma 25-OHD concentrations in
the other nine rose steadily over the four weeks (fig 2). One of the
subjects subsequently died. The mean 25-OHD concentrations of the
remainder rose from 14 5 nmol/1 (5 8 ng/ml) in August 1976 to
81 3 nmol/1 (32-5 ng/ml) in February 1977, 950 confidence limits
for the final assay being 56 2-117 5 nmol/1 (22-5-47 ng/ml).
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FIG 4-Log, 0 mean (± SE of mean) 25-OHD concentrations
in subjects with initial concentrations of under 20 nmol/l
according to whether or not they received 500 IU vitamin D
daily.
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FIG 2-Log1 0 mean (± SE of mean) 25-OHD concentrations
in subjects taking 2000 IU vitamin D daily.

Part 3-There were three deaths and one discharge, and technical
difficulties made it impossible to collect a complete set of samples
in another three subjects. This left 11 subjects on supplements and
12 in the control group. Mean 25-OHD concentrations varied con-
siderably month by month in both groups (fig 3). Significances of
differences at 0, 1, 2, 3, and 4 months were 0 7 >P >0 6, 0 2 _-PP0 1,
0 05>~P>0 02, 0 02 -P- -01, and 0 01 >P -0001 respectively.
In the treated group the mean 25-OHD levels rose over four months
from 22-3 to 52 5 nmol/1 (8 9 to 21 ng/ml). The subjects were then
divided into those with 25-OHD concentrations less than 20 nmol/l
(8 ng/ml) (five on treatment and six controls) and those with con-
centrations of 20 nmol/1 and over (six on treatment and six controls).

In the first group significances of differences between treated sub-
jects and controls at 0, 1, 2, 3, and 4 months were 0-3 P >02,
0-02>P -001, 0.02 --P 0 01, 0 01 -P 0001, and 0 01 XP 0 001
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FIG 5-Log1 0 mean (± SE of mean) 25-OHD concentrations
in subjects with initial concentrations of over 20 nmol/l
according to whether or not they received 500 IU vitamin D
daily.

I I respectively (fig 4). In the second group there was very little difference
in 25-OHD concentrations between controls and those on treatment
(fig 5).I
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FIG 3-Log1 0 mean (± SE of mean) 25-OHD concentrations
in subjects taking 500 IU vitamin D daily compared with
those in subjects not taking vitamin D.

Discussion

Factors other than diet may influence vitamin D metabolism.
Thus 25-OHD concentrations show a striking seasonal variation,
which suggests that sunlight exposure is important.6 Age and
disease might also reduce 25-OHD levels by interfering with
vitamin D hydroxylation. Review of our control group shows
that month-to-month variation could be enough to mask the
effects of vitamin supplements. This might account in part for
the differences between our findings and those of Corless et al.3
It might also explain why 500 IU of vitamin D daily produced
little change in the 25-OHD concentrations of a group treated
in July but had a more striking effect in subjects treated in
November.
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The response to vitamin D also varied with the initial con-
centrations of 25-OHD. When subjects were divided into groups
with 25-OHD concentrations below and above 20 (8 ng/ml),
25-OHD concentrations rose steeply in those with low initial
concentrations, while subjects starting with higher values showed
only marginal changes. These findings support the view that
vitamin D hydroxylation is regulated by product inhibition.
Once physiological levels of 25-OHD are reached further vitamin
D is less likely to be converted into active metabolites.

Consideration should be given to the dose of vitamin D
necessary to correct deficiency in patients with low 25-OHD
levels. Two months after the start of treatment with 500 IU of
vitamin D elderly subjects with initial 25-OHD concentrations
of under 20 nmol/l (8 ng/ml) had a mean 25-OHD concentration
of 52-5 nmol/l (21 ng/ml) with 95",, confidence limits of 26-3 to
104 7 nmol/l (10 5 to 41 9 ng/ml). These values are almost
identical to the 95"(, confidence limits of 25 to 100 nmol/l
(10 to 40 ng/ml) found in healthy young adults.6 It would thus
appear that on a regular daily dose of 500 IU of vitamin D most
old people would avoid the dangers of vitamin D deficiency.
The response of subjects to 2000 IU of vitamin D daily over

one month was greater than that recorded for those on 500 IU
in July but almost identical to that found for those on 500 IU
in November. This further illustrates the difficulties of com-
paring 25-OHD concentrations in samples taken at different
times. It is more valid to note that in February the mean 25-OHD
concentrations of subjects on 500 IU of vitamin D daily for

four months and those on 2000 IU daily for six months were
52-5 nmol/l and 81 3 nmol/l (21 2 and 32-5 ng/ml) respectively.
Thus a fourfold increase in dosage over a longer period of time
had produced only a marginally higher blood concentration.
This is further evidence of 25-OHD concentrations being con-
trolled by feedback regulation.
A daily dose of 500 IU of vitamin D seems to produce ade-

quate concentrations of 25-OHD in most old people. The use
of larger doses in conditions other than renal disease, mal-
absorption, or overt metabolic bone disease does not seem justi-
fied. A large-scale study is now required to assess whether con-
trolling 25-OHD concentrations would have any effect on the
incidence and consequences of metabolic bone disease in old age.
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Treatment of borderline diabetes: controlled trial using
carbohydrate restriction and phenformin
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Summary

A five-year therapeutic trial of carbohydrate restriction
with or without phenformin (50 mg/day) was performed
in men with borderline diabetes. The aim of treatment
was to diminish the enhanced risk of cardiovascular
disease and deterioration of glucose tolerance. Cardio-
vascular morbidity and mortality were not significantly
affected by any form of treatment, alone or in combina-
tion. The predominant risk factor for cardiovascular
morbidity and mortality and for overall mortality was
the initial blood pressure level. The baseline plasma
cholesterol concentration significantly predicted the
onset of intermittent claudication.
One implication of the results is that hypotensive
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treatment, supplemented when necessary with inypo-
lipidaemic treatment, may be more effective in prevent-
ing the progression of arterial disease in people with
mild to moderate glucose intolerance than conventional
antidiabetic therapy.

Introduction

People with slightly impaired glucose tolerance, whether or not
diagnosed formally as diabetic, have an increased risk of
developing a more manifest diabetes-with fasting hyper-
glycaemial-and coronary heart disease.2 Such "borderline
diabetics" thus constitute a high-risk group in whom the
influence of treatment on metabolic and vascular phenomena
can be systematically and ethically studied. Previous studies have
suggested that sulphonylurea treatment might be beneficial,3 4

but the differences from placebo-treated controls have not been
large and any conclusions must be guarded. The large population
of male civil servants submitted to systematic blood sugar and
cardiovascular screening in 1968-705 provided us with the
opportunity to identify a new group of borderline diabetics and
examine the effects of treatment in a rather more homogeneous
population than in our previous study in Bedford.
The basic design of the study was to compare the effects of

advice to restrict carbohydrate consumption to 120 g/day with
advice simply to reduce sucrose intake. Within each of these two
diet groups the effect of treatment with a low dose of phenformin
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