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SUMMARY The calcium, vitamin D, and osteocalcin concentrations were investigated in 17 patients
with anorexia nervosa. Serum 25-hydroxyvitamin D (25 OHD) concentrations below normal were

observed in 15 (88%); only two patients has serum 1,25 dihydroxycholecalciferol (1,25(OH)2D)
concentrations below normal. Serum parathyroid hormone (PTH) concentration was also normal in
all except these two patients. Serum osteocalcin concentration was below normal in seven of 14
patients.

Although a low concentration of serum 25 OHD is common in patients with anorexia nervosa in
the United Kingdom, 1,25(OH)2D concentrations are usually normal. Hypovitaminosis D with
secondary hyperparathyroidism is relatively uncommon. The subnormal osteocalcin concentrations
observed in these patients probably reflect diminished osteoblastic activity, which may contribute to
their osteopenia.

Two recent reports have shown that osteopenia occurs
in patients with anorexia nervosa'2: both described
patients with vertebral collapse, but claimed that
vitamin D deficiency did not contribute to the path-
ogenesis ofosteopenia. We also observed, in a separate
study, that bone mineral index measured at distal
radius was noticeably reduced in patients with
anorexia nervosa. As some ofthe patients at our centre
had low concentrations of 25 hydroxyvitamin D (25
OHD) we made a comprehensive investigation of the
association between vitamin D and parathyroid hor-
mone (PTH) in anorectic patients. We also inves-
tigated whether serum osteocalcin concentrations
could be used as a marker ofosteoblastic activity in the
bone. To our knowledge, this is the first comprehen-
sive study of vitamin D, PTH, and osteocalcin state
and bone density in anorexia nervosa.

Patients and methods
Seventeen patients with anorexia nervosa, two male
and 15 female, were included in this study. Their
median age was 23 years (range 13-47). Their median
body weight was 35 kg (range 24-51), which was 65°%
of average body weight (range 42-90%). The median
duration of disease was two years (0-5-16). None of
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the patients had had pathological fractures. All
patients except one had a daily calcium intake of less
than 50 mg daily, and a dietary vitamin D intake of less
than 50 IU daily. One patient was taking regular
supplements of vitamin D. All had plasma urea and
creatinine concentrations within the normal range for
our laboratory. Seventeen age and sex matched heal-
thy volunteers were also studied as controls. All
controls had body weights within 10% of the average
body weight appropriate for height (Geigy Scientific
Tables).
A fasting venous blood sample was collected from

each patient without stasis. Blood was allowed to clot
and centrifuged immediately at 4°C. Serum was
aliquoted and stored a - 20°C for PTH, 25 OHD, and
1,25(OH)2D assays. Plasma calcium and albumin
concentrations, and phosphate, and alkaline phos-
phatase activities were measured by a SMAC Tech-
nicon autoanalyser (Technicon, Baskingstoke, UK).
Serum 25 OHD was measured by the method

described by Preece et al 'and PTH was measured by a
radioimmunoassay with an antibody directed against
the mid molecular fragment of PTH as described by
Roos et al 4; 17f estradiol was measured by a double
antibody radioimmunoassay. 1,25(OH)2D was
measured by the method described by Reinhardt et al.5
Serum osteocalcin was measured by radioimmunoas-
say in 14 patients by a method adapted from Price et
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al.6 The osteocalcin antiserum reacts with both car-
boxylated and non-carboxylated forms of this protein.
Reagents for assays of PTH, 1,25(OH)2D, and
osteocalcin were obtained from Immunonuclear Cor-
poration, Stillwater, USA. The sensitivity and the
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Figure Serum osteocalcin concentrations in patients with
anorexia nervosa and controls. Dotted lines show median
values (p < 0 01).

Table Biochemicalfeatures ofpatients investigated (figures
shown are median and (range))

Patients with
anorexia nervosa Controls

Calcium (mmol/l) 2-33 2 40
corrected for albumin (2 18-249) (2 1-2-6)
Phosphate (mmol/l) 1-05 1 10

(0 37-1 35) (0-7-1 25)
Alkaline phosphatase (IU/1)54 70

(29-168) (35-130)
Albumin (g/l) 43 40

(35-47) (30-50)
25-OHD (nmol/l) 8* 38

(< 5-48) (13-59)
1,25(OH)2D (pmol/l) 70-5 70

(20.9-91.7) (40-120)
PTH (pmol/l) 63 58

(21-124) (25-85)
Estradiol (pg/ml) 1 5t 65

(10-25) (30-100)
Osteocalcin (ng/ml) 14t 4 2

(0-65) (15-76)

*p < 0-02; tp < 0-001; tp < 0 01 compared with controls.
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precision of these assays have been described
previously.78

Statistical analysis was carried out using the two
tailed Mann-Whitney U test for non-parametric data
as the data were not normally distributed. Results are
expressed as medians and ranges.

Results

The median plasma calcium and magnesium concen-
trations and phosphate and alkaline phosphatase
activities were similar to those in controls. None ofthe
patients had calcium or phosphate values below
normal.
The median serum concentration of 25 OHD in

patients with anorexia nervosa (8 nmol/l) was sig-
nificantly lower (p < 0.02) than that in healthy
controls (38 nmol/l). Ninety five per cent confidence
limits were less than 5-29 nmol/l in patients and 15-55
nmol/l in controls. Serum 1,25(OH)2D was low in two
patients who also had an extremely low 25-OHD
concentration. The median serum 1,25(OH)2D in the
patients did not differ from those of controls. Serum
PTH was raised in both these patients with low 25
OHD and 1,25(OH)2D. The median PTH concentra-
tion did not differ greatly between anorectics and
controls.
The prevalence of subnormal (< 1-8 ng/ml) serum

osteocalcin concentration (seven of 14) was greater
than that in healthy controls (one of 17; p < 0.02). The
median serum osteocalcin in the anorectic patients (1.4
ng/ml) was significantly lower than that in controls
(4-2 ng/ml; p < 0-01). Ninety five per cent confidence
limits were 0-6 5 ng/ml in patients and 1-8-7T4 ng/ml
in controls.
Serum oestradiol concentrations in patients with

anorexia nervosa were considerably lower than those
in controls.

Discussion

The most important biochemical finding in our study
was the significant decrease in osteocalcin concentra-
tions in patients with anorexia nervosa, and this is of
considerable interest. Osteocalcin is the major non-
collagen protein in the organic matrix of the bone.6 As
it is synthesised by the osteoblast, it reflects the
secretory activity of this cell.69 Low concentrations
may therefore indicate diminished osteoblastic
activity. As most of our patients had normal
1,25(OH)2D and PTH concentrations we cannot
attribute the low osteocalcin concentrations to
hypovitaminosis D or to changes in PTH. Low
osteocalcin concentrations may be due to hypogon-
adal state. Notably, osteocalcin concentrations
increase after the administration of oestrogenic and
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progestational compounds in menopausal women.'`
Possible nutritional deficiency of vitamin K would
also result in non-carboxyation of osteocalcin.681
Our data also show that a large proportion (14 of 17

in our series) of patients with anorexia nervosa in the
United Kingdom have concentrations of 25-OHD
similar to those observed in vegetarians with
osteomalacia in this country.'2 Two patients from this
group who had extremely low 25 OHD concentrations
also had subnormal 1,25(0H)2D and raised PTH
concentrations. Thus most of these patients are able to
compensate for their low 25 OHD concentrations by
maintaining adequate concentations of 1,25(0H)2D.
The normal concentrations of 1,25(0H)2D in associa-
tion with low 25 OHD concentrations are even more
impressive if one con-siders that these patients may
have low concentrations ofvitamin D binding protein.
This would explain why vitamin D deficiency is not
often shown clinically in these patients. Clinical man-
ifestations of hypovitaminosis D do, however, occur.
We recently reported a case of anorexia nervosa with
severe hypovitaminosis D, hypocalcaemia, hypomag-
nasaemia, and myopathy.'3 Apart from the occasional
frank osteomalacia, vitamin D deficiency may also
have contributed to osteopenia. In a preliminary study
of Asian vegetarian patients we showed that
osteopenia may occur in association with
hypovitaminosis D in the absence of secondary hyper-
parathyroidism.'4 Marginal vitamin D deficiency con-
tributing to osteoporosis has been described in the
elderly. `
The absence of secondary hyperparathyrodism in

most anorectic patients is also commensurate with
normal plasma concentrations of calcium and 1,25-
DHCC. It is therefore noteworthy that the two
patients with subnormal concentrations of
1,25(0H)2D and extremely low concentrations of 25
OHD had raised PTH concentrations. In a study on an
inpatient geriatric population secondary hyperparath-
yroidism was observed only in those patients who had
extremely low concentrations of both 25-OHD and
1,25(0H)2D.7 Osteocalcin concentrations in the
geriatric population (largely female) were also low
normal.7

In conclusion, although a large proportion of
patients with anorexia nervosa in the United Kingdom
have low concentrations of 25 OHD compared with
those found in Asian vegetarians in this country, the
concentrations of 1,25(0H)2D are normal in most.
Those who have extremely low 25 OHD concentra-
tions also have low 1,25(0H)2D concentrations and
secondary hyperparathyroidism. This may contribute
to the pathogenesis of osteopenia. Another mechan-
ism underlying these patients' osteopenia is probably

diminished osteoblastic activity, reflected in low
osteocalcin concentrations. Whether osteocalcin con-
centrations and osteoblastic function can be
stimulated with restoration of normal nutrition,
regular menstrual cycles, or treatment with ovarian
steroids remains to be seen.
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