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Serum 1,25 dihydroxyvitamin D and osteocalcin
concentrations in thalassaemia major
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SUMMARY In view of the claim that low 25-hydroxyvitamin D (25-OHD) concentrations may
contribute to the pathogenesis of bone disease in patients with 13 thalassaemia major and iron
overload, we have assessed the concentrations of 25-OHD, la,25 dihydroxyvitamin D
(la,25(0H)2D), parathyroid hormone, and osteocalcin in such patients. 25-OHD concentra-
tions were significantly lower in patients with thalassaemia major and iron overload than in
controls and in some patients were subnormal or undectectable. la,25(OH)2D concentrations
were, however, normal in all patients and were similar to those in controls. Serum parathyroid
hormone and plasma calcium concentrations were also normal and not significantly different
from those in controls. Although 25-OHD concentrations increased significantly between
January and June, there was no change in la,25(OH)2D concentrations. 25-OHD concentra-
tions remained lower than control values, even in June. Parathyroid hormone concentrations fell,
but not significantly, between January and June, but calcium concentrations did not alter.
Osteocalcin concentrations were normal in all patients except one, who had extremely low
concentrations of this protein. The concentration of osteocalcin was not related to 25-OHD or

la,25(OH)2D concentrations. Thus normal calcium homeostasis is maintained in patients with
thalassaemia major despite low or low-normal 25-OHD concentrations; this is probably
achieved through the maintenance of normal la,25(OH)2D concentrations, which were

indistinguishable from those in controls. Normal la,25(OH)2D, parathyroid hormone, and
osteocalcin concentrations argue against an important role for vitamin D deficiency in the
pathogenesis of thalassaemic bone disease.

Previous studies on the vitamin D state of patients
with 13 thalassaemia major and iron overload have
shown that although these patients have no abnor-
malities in their plasma calcium and phosphate
concentrations, the concentrations of 25-hyd-
roxyvitamin D (25-OHD) are often low and
are subject to seasonal variations.1 2 It has been
suggested by some authors that this marginal defi-
ciency of 25-OHD may contribute to bone disease
in patients with v thalassaemia major and iron
overload.3 Bone disease in this condition may be
severe enough to cause pathological fractures.3 It is
surprising therefore that no study investigating
concentrations of Ia,25 dihyroxyvitamin D
(Ia,25(OH)2D) has hitherto been published. This is
particularly important as parathyroid hormone de-
ficiency is also known to occur in patients with 1
thalassaemia major and severe iron overload,4 and
parathyroid hormone regulates the renal hydroxyla-

tion of 25-OHD to la,25(OH)2D. We therefore
undertook a study to determine (1) whether
1a,25(OH)2D concentrations were responsible for
the normal and relatively constant calcium concen-
trations in these patients and (2) whether
la,25(OH)2D concentrations altered in these
patients with the change in seasons. We also
undertook measurements of serum osteocalcin, an
index of osteoblastic activity, in these patients.

Patients and methods

A series of 15 patients (seven male and eight female,
age range 18-28 years) with thalassaemia major
were investigated. All patients had severe iron
overload. Serum ferritin concentration ranged
between 900 and 932 btg/l. The patients had been
treated with chelation therapy with subcutaneous
desferrioxamine infusions. They were all fairly well,
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mobile, and active and were having blood trans-
fusions at four weekly intervals. Aspartate trans-
aminase activities ranged between 45 and 225 U/!
(normal range 5-35 U/l). All patients had blood
samples collected in January, and seven of them
were reinvestigated in June of the same year.

Plasma calcium, phosphate, and albumin concen-
trations and alkaline phosphatase activity were

measured using a SMAC Technicon Autoanalyser.
Serum parathyroid hormone concentration was
measured by a radioimmunoassay using an antibody
directed against the mid-fragment of the parathyroid
hormone molecule.4 Serum 25-OHD concentra-
tion was measured by a technique modified from
Preece et at5 and serum la,25(OH)2D concentration
by the technique of Reinhardt et at6 Osteocalcin in
serum was measured by a specific radioimmuno-
assay as described by Deftos et al.7 (The reagents for
these assays (parathyroid hormone, la,25(OH)2D,
and osteocalcin) were obtained from Immunonuclear
Corporation,.Stillwater, Minnesota, United States.)
The details of the sensitivity and precision of these
assays have been published before.8

Statistical analysis was carried out using Student's
t test.

Results

Calcium, phosphate, and albumin concentrations
were within the normal range in all patients and
were not different from those in controls (Table 1).
Serum 25-OHD concentrations of the 15 patients

studied in January (mean(SD) 12-6(6-7)nmol/1)
were significantly lower than control values
(mean(SD) 35(10)nmol/1) (Table 2). Ten of 18
patients studied in January had subnormal 25-OHD
concentrations. The serum 25-OHD concentration
was greater in June than in January in each of the
seven patients in whom such paired samples were
available. There were no corresponding increases in
calcium concentrations (Table 1). The concentration
of 25-OHD in these patients was also lower than
that in controls during the summer, but this differ-
ence was not significant.
la,25(OH)2D concentrations were in the middle

of the normal range of all patients, irrespective of
concomitant subnormal or low-normal 25-OHD
concentrations. There was no significant change in
la,25(OH)2D concentrations between January and
June (Table 2).

Parathyroid hormone concentrations were within
the normal range in all patients; they fell by a small
but not significant amount between January and
June (Table 2). A similar small diminution in
parathyroid hormone was also observed in the
controls. Parathyroid hormone concentrations in
patients with thalassaemia were lower than those in
controls in both summer and winter, but this
difference was not significant.

Osteocalcin concentrations ranged between 0-3
and 11-7 ng/ml (mean(SD) 5-3(2-2)ng/ml); in one
patient it was subnormal (0-3 ng/ml). Osteocalcin
concentrations were not related to 25-OHD,
la,25(OH)2D, or parathyroid hormone concentra-
tions.

Table 1 Calcium and phosphate concentrations and alkaline phosphatase activity in patients with thalassaemia major
and controls. Values are mean (SD) [range]

Calcium Phosphate Alkaline phosphatase
(nmolll) (nmolll) (lUll)

Patients with thalassaemia (winter) 2.43 (0-12) [2-25-2-551 1.0 (012) 109-1-151 105 (15) 186-130]
Controls 2-41 (0.13) 12.21-2.561 1-1 (0.15) 10.85-1.181 101 (16) 183-1251

Table 2 Serum 25-hydroxyvitamin D (25-OHD) la,25 dihydroxyvitamin D (la,25(OH)2D), and parathyroid
hormone concentrations in patients with thalassaemia and controls: effect of seasons. Values are mean (SD)

25-OHD la,25(OH)2D Parathyroid hormone
(nmol/l) (pmol/l) (pmol/l)

Patients with thalassaemia:
Summer (n=7) 28 (12-1)'* 86-1 (10-9) 36-4 (9-1)
Winter (n=15) 12-6 (6-7)- 88-9 (11-1) 40 (19)

Controls:
Winter 35 (10) 85 (20) 55 (15)
Summer 40 (12) 81 (19) 48 (16)

*p<0-002 when compared with controls in winter and p<0-01 themselves in summer.
**p<O-O5 when compared with controls in summer.
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Discussion

These data show that although serum 25-OHD
concentrations are low-normal or subnormal in
patients with Pi thalassaemia major, their serum
la,25(OH)2D concentrations are in the middle of
the normal range. Furthermore, while pronounced
seasonal variations of 25-OHD, concentrations
occur, there is no seasonal alteration in la,
25(OH)2D concentrations. Plasma calcium concen-
trations also remained essentially unaltered. This is
consistent with the fact that serum parathyroid
hormone concentrations were within the normal
range and did not alter significantly in these patients
between January and June. It is noteworthy that
significant vitamin D deficiency is associated with a
rise in parathyroid hormone concentrations. We
have previously shown this among Asians in the
United Kingdom' and in the elderly.8
These data indicate that calcium homeostasis is

normal in patients with thalassaemia major,
although the relative lack of sunshine in the UK
contributes to diminished vitamin D stores as
reflected by low or low-normal 25-OHD concentra-
tions. The deficiency is more pronounced in winter.
There is, however, sufficient 25-OHD to provide
an adequate substrate for la-hydroxylation by the
kidney, and therefore these patients have normal
concentrations of la,25(OH)2D, even during the
winter months. It is relevant to mention that
administration of vitamin D to patients with
osteomalacia who have low 25-OHD and la,
25(OH)2D concentrations can restore la,25
(OH)2D concentrations to normal very rapidlyl'
and that minute quantities of calciferol are sufficient
to generate large quantities of la,25(OH)2D.
25-OHD concentrations in serum are expressed in
nmol/l, while those of la,25(OH)2D are expressed
in pmol/l.
Serum osteocalcin concentrations are thought to

be markers for osteoblastic activity." 12 As
osteocalcin concentrations were normal in all
patients except one it would seem that osteocalcin is
not altered in most of these patients. This does not
rule out the possibility, however, that the ratio of
carboxylated to non-carboxylated osteocalcin may
be altered in such patients. We have recently shown
that carboxylation of osteocalcin in man is a
vitamin K dependent process'3 and that it may be
altered in patients with primary biliary cirrhosis.14
Thus these data suggest that vitamin D deficiency

probably does not contribute to the skeletal abnor-
malities observed in most patients with thalassaemia
major. These abnormalities are probably due to the
pronounced and diffuse extramedullary haemo-
poiesis and possibly the deposition of iron in skeletal

tissue known to occur in this condition.' 5 Whether
the deposition of iron actively interferes with
ossification is not known. Bone biopsy examinations
have shown evidence of abnormal bone formation,
but osteomalacia is extremely rare. '5 There are
reports, however, of the presence of thickened
osteoid seams, without a lining of osteoblasts on
these seams, in patients with 3 thalassaemia with
severe untreated anaemia.'6 This occurrence was
associated with normal serum 25-OHD concentra-
tions. In contrast, in a rare case of 13 thalassaemia
without anaemia a high turnover of bone was
observed with normal osteoblasts around osteoid
seams. 17 Thus anaemia itself may induce changes in
the bone. Longstanding thalassaemia is associated
with osteopenia and pathological fractures -this
could reflect cumulative effects of defective bone
formation through various mechanisms.
Another factor contributing to osteopenia and

pathological fractures in this condition could be the
delay in the onset, or total absence of puberty.
Hypo-oestrogenism associated with amenorrhoea
and delayed puberty have recently been incrimin-
ated in the pathogenesis of osteopenia in anorexia

18 in women athletes,-' and in balletnervosa, i oe tlts1 n nble
dancers.2t) Finally, treatment of anaemia per se has
been shown to correct histological abnormalities in
patients with 3 thalassaemia major. Wide osteoid
seams with few osteoblasts before treatment with
transfusion were replaced by narrower osteoid
seams and a pronounced increase in osteoblasts.'8
There was also an increase in serum alkaline
phosphatase activity.

In conclusion, the low or low-normal 25-OHD
concentrations in patients with 3 thalassaemia major
do not reflect pronounced abnormalities in vitamin
D or calcium homeostasis. Nor is there any evidence
of parathyroid hormone or calcium abnormalities in
most patients with this condition. The skeletal
abnormalities of thalassaemia are probably due to
other mechanisms, and vitamin D supplementation
is not likely to cause their resolution.

We thank Pamela Dale for secretarial help.

References

Tsifoura S, Amarilio N, Lapatsamis P7 Pantelakis S, Doxiadis S.
Serum 25 hydroxyvitamin D levels and thalassaemia. Arch Dis
Child 1978;53:347-8.

2 Aloia IF, Ostumi JA, Yeh JK, Zanio EC. Combined vitamin D
and parathyroid defect in thalassaemia major. Arch Intern Med
1982;142:831-2.

3 Dines DM, Canak VC, Arnold WD. Fractures in thalassaemia.
J Bone Joint Surg 1976;58:662-5.

4 Roos B, Lindall AW, Aron DC, et al. Detection and character-
isation of small midregion parathyroid hormone fragments in
normal and hyperparathyroid glands and sera by immunoextrac-

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.62.5.474 on 1 M

ay 1987. D
ow

nloaded from
 

http://adc.bmj.com/


Serum 1,25 dihydroxyvitamin D and osteocalcin concentrations in thalassaemia major 477

tion and region specific radioimmunoassav. J Clitn Endocrinol
Metab 1981;53:709-21.

5Preece MA, O'Riordan JLH, Lawson DEM, Kodicek E. A
competitive protein binding assay for 25-hydroxycholecalcifcrol
and 25-hydroxyergocalciferol in scrum. Clini Chiln Acta
1974;54:235-42.

6 Rcinhardt TA, Horst RL, Orf JW, Hollis BW. A microassay for
1,25 dihydroxyvitamin D not requiring high performance liquid
chromatography: application to clinical studies. J Cli,7 Etndo-
crinol Metab 1984;58:91-7.

7Deftos LJ, Parthmore JF, Price PA. The mcasurement by
radioimmunoassay in plasma of bone GLA during treatment of
bone diseases. C'alcif Tissue Itit 1981;33:307-12.
Dandona P, Menon RK, Shenoy R, Houlder S, Thomas M.
Mallinson WJW. Low calcitriol, secondary hyperparathyroidism
and normal osteocalcin in elderly patients. J Clitn Endocrinol
Metab 1986;64:459-63.

9Dandona P, Mohiuddin J, Freeman DB, Weerakoon J, Fon-
seca V, Healy T. Persistence of parathyroid hypersecretion after
vitamin D replacement in Asian vegetarians. J Clinz Eoidocritnol
Metab 1984;59:535-59.
Stanbury SW. Vitamin D and hypcrparathyroidism. J R Coll
PhYsicians Loand 1981 ;15:2t)5-17.
Gundberg CM, Lian JB, Gallop PM. Measurement of
b=carboxyglutamate and circulating osteocalcin in normal
children and adults. Clini Chi,n Acta 1983;128:1-8.

12 Pricc PA, Parthmore JG, Deftos LJ. New biochemical marker
for bone metabolism. J Ciin Inoest 1980;66:878-83.

3 Menon RK, Gill DS, Thomas M, Kernoff PB, Dandona P.
Impaired carboxylation of ostcocalcin in warfarin-treated
patients. J Clin Entdocriniol Metab 1987;64:59-61.

14 Fonseca V, Epstein 0, Menon RK, et al. Secondary hyper-
parathyroidism and normal calcitriol in primary biliary cirrhosis.
J Clin7 Enidocriniol Metab. (In press.)

5 Dc Vcrnejoul MC, Girot R, Gucris J, et al. Calcium phosphate
metaholism and bonc, and serum 25-hydroxyvitamin D in
patients with homozygous thalassaemia. J Clin Endocrinol
Metab 1982;54:276-81.

16 Postrakul P, Hungsprengus S. Fucharscn S, et al. Relation
between erythropoicsis and hone metaholism in thalassamia.
N Entgl J Med 1981;304:147(-3.

17 Farre-Grilly JE, Meunier JP. La reaction erythropoietique et
son retentissement ossoaux dans la thalassaemie majeure.
Nouvelle Revue Francaise De 1'Haematologie 1977;18:220-1.

x Rigotti NA, Nusshaurrm SR. Herzog DB. Neer RM. Osteopor-
osis in women with anorexia ncrvosa. N Etngl J Med
1985;311:1601-6.

9 Drinkwatcr BL. Nilson K, Chestnut CH, Bremncr WJ,
Shainholtz S, Southworth MB. Bone mineral content of
amenorrhocic and eumenorrhoeic athletes. N Enzgi J Med
1984;311:277-81.

21) Warrcn MP, Brooks-Gunn J, Hamilton LJi Warren F, Hamilton
WG. Scoliosis and fractures in young ballet dancers. N Engi J
Med 1986;314:1348-53.

Correspondence to Dr P Dandona, Metaholic Unit, Department of
Chemical Pathology and Human Metaholism. Royal Free Hospital
and School of Medicine, London NW3 20G.

Receivcd 12 Decemher 1986

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.62.5.474 on 1 M

ay 1987. D
ow

nloaded from
 

http://adc.bmj.com/

