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Condon, J. R., Nassim, J. R., and Rutter, A. (1971). Archives of Disease in
Childhood, 46, 269. The pathogenesis of rickets and osteomalacia in familial
hypophosphataemia. Calcium and/or phosphate tolerance tests were performed
on patients with familial hypophosphataemia, normal control subjects, and patients
with vitamin D deficient osteomalacia.

Intestinal calcium absorption was similar in patients with familial hypophospha-
taemia and control subjects. The phosphate tolerance test, which is known to be
'flat' in patients with familial hypophospbataemia, was normal in patients with
vitamin D deficient osteomalacia.
These findings suggest that rickets and osteomalacia in familial and some cases of

non-familial hypophosphataemia are unrelated to abnormal metabolism of vitamin D.
This hypothesis is supported by the fact that intestinal calcium absorption as measured
by calcium tolerance test is normal in familial hypophosphataemia.

It is suggested that the primary abnormality in familial hypophosphataemia is a

partial metabolic block in the intestinal absorption and renal tubular reabsorption of
phosphate.

It is generally accepted that a low plasma phos-
phate plays an essential role in the aetiology of
rickets and osteomalacia in familial and non-
familial hypophosphataemia. The importance of
the low plasma phosphate in these disorders is
stressed by the fact that cartilage from affected
patients only requires normal concentrations of
calcium and phosphorus to calcify in vitro; further-
more, healing of rickets occurs in patients in whom
plasma phosphate is maintained within normal
limits by means of an intravenous phosphate
infusion (Fraser et al., 1957, 1958).
There are two main theories to account for the

low plasma phosphate found in familial and non-
familial hypophosphataemia. The first is that it is
due to a primary defect in renal tubular reabsorption
(Dent, 1952; Fanconi and Girardet, 1952) and
intestinal absorption ofphosphate (Condon, Nassim,
and Rutter, 1970). The second is that there is a
vitamin D 'resistance' which results in defective
intestinal absorption of calcium. The resulting
calcium deficiency causes increased secretion of
parathyroid hormone, which inhibits renal tubular
reabsorption of phosphate and by this mechanism
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leads to hypophosphataemia. This second theory
obviously depends upon the presence of a primary
defect in calcium adsorption from the gut and a
resistance to the actions of vitamin D.

In order to verify or disprove this hypothesis,
intestinal calcium absorption was assessed in
patients with familial hypophosphataemia and
normal control subjects by means of a calcium
tolerance test. The calcium tolerance curves were
similar in normal subjects and in patients with
familial hypophosphataemia, suggesting that intes-
tinal calcium absorption was normal in this disorder.

Intestinal absorption of phosphate was also
studied by means of a phosphate tolerance test in
two patients with vitamin D deficient osteomalacia.
The phosphate tolerance test, which has previously
been shown to be flat in familial hypophosphataemic
vitamin D resistant rickets and osteomalacia
(Condon et al., 1970), was normal in vitamin D
deficient osteomalacia (Condon et al., 1970). This
suggests that defective intestinal absorption of
phosphate in familial hypophosphataemia is not
related to abnormal metabolism of vitamin D.
Our findings support the theory that defective

renal tubular reabsorption of phosphate in familial
hypophosphataemia is a primary defect and is not
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due to hyperparathyroidism which develops secon-
dary to defective intestinal adsorption of calcium.
It is suggested that rickets and osteomalacia in
familial and some cases of non-familial hypophos-
phataemia is unrelated to abnormal metabolism of
vitamin D, but is due to a partial metabolic block
in the intestinal absorption and renal tubular
reabsorbtion mechanism for phosphate.

Materials and Method
The calcium tolerance tests were performed on 6

normal subjects and 3 patients with familial hypo-
phosphataemia. 2 of these subjects had been treated
with vitamin D for refractory rickets, but all treatment
had been stopped at least two years before the present
investigation.
Phosphate tolerance tests were performed on 2

patients with vitamin D deficient osteomalacia. Phos-
phate tolerance tests performed on the same 3 patients
with familial hypophosphataemia and normal control
subjects have already been reported (Condon et al.,
1970).
One of the vitamin D deficient patients had steator-

rhoea due to pancreatic disease. Her plasma calcium
was 6- 5 mg/100 ml, plasma phosphate 2- 6 mg/100 ml,
and plasma alkaline phosphatase 24 King Armstrong
units. There were Looser's zones in the right inferior
pubic rami, and bone biopsy was diagnostic of
osteomalacia.
The other vitamin D deficient subject had a dietary

vitamin D deficiency. Plasma calcium was 8-0 mg/
100 ml, plasma phosphate 2-4 mg/100 ml, and plasma
alkaline phosphatase 18 King Armstrong units. Looser's
zones were noted in the left inferior pubic ramus and a
bone biopsy was diagnostic of osteomalacia.

Calcium tolerance test. All subjects were fasted
overnight and received nothing to eat or drink the next
morning. Immediately before the beginning of the
tolerance test the patients urinated, and the urine was
discarded. 32 g of calcium lactate/gluconate (-2 g Ca)
in the form of Sandocal was dissolved in 200 ml water
and administered orally over 2 minutes. Venous
blood samples collected in heparin were withdrawn 2
minutes before and 45, 90, 135, and 210 minutes after
ingestion of the calcium solution. Plasma calcium
estimations were performed on these samples by atomic
absorption spectrophotometry (Unicam S.P. 90) using
the Unicam atomic absorption method Ca2 (Unicam
publications). Calcium values were corrected for
plasma specific gravity (Dent, 1962).
The procedure for the phosphate tolerance test has

previously been described in detail (Condon et al.,
1970): 6 - 9 g sodium phosphate (=- 1 5 g P) was dissolved
in 200 ml water and ingested by the patient who had
fasted overnight. Venous blood samples collected in
heparin were withdrawn 2 minutes before and 30, 60,
90, 150, and 210 minutes after ingestion of phosphate
solution. Plasma phosphate was estimated on these

samples using the Technicon autoanalyser method
N4b (Technicon autoanalyser handbook).

Results
Detailed results are given in Table I.

TABLE I
Rise in Plasma Calcium (mg/100 ml) after Ingestion

of Calcium Lactate/Gluconate Solution (2 g Ca)

Time (min)
Case No.

0 45 90 135 210

Patients with familial hypophosphataemia
1 0 0 30 0-60 0-80 0-80
2 0 0-30 0-60 0 70 0 70
3 0 0.40 0-50 0-65 0-60

Mean 0 0*33 0*56 0*72 0*70

Control Subjects
4 0 0 50 0 70 0 50 0 50
5 0 0-25 0-60 0 50 0 30
6 0 0 50 0 70 0 70 0 70
7 0 0-20 0 50 0 50 0 30
8 0 0*45 0*65 0*65 0*65
9 0 0 10 0 70 0 40 0 30

Mean 0*33 0*64 0*54 0*46

After an oral calcium load (_ 2g Ca) the average
maximum rise in plasma calcium in the normal
subjects was 0 * 65 mg/100 ml and that of the other
patients with familial hypophosphataemia 0 72 mg/
100 ml. This difference is not significant. Details
of the phosphate tolerance tests on the 2 patients
with vitamin D deficient osteomalacia are shown in
Table II.

TABLE II
Rise in Plasma Phosphate (mg/100 ml) after Ingestion
of 6- 9 g Sodium Phosphate Dissolved in 200 ml Water
in Two Patients with VitaminD deficient Osteomalacia

Time (min)
Case No.

30 60 90 150 210

10 0 3 0-6 1*2 112 1.1
11 0-2 0-4 1-8 2-1 1-8

Mean 0-25 0 5 1-5 1-65 1-45

The patients with vitamin D deficient osteo-
malacia had normal phosphate tolerance tests
(normal maximum rise in plasma phosphate 1 * 59±
0 * 46 mg/100 ml). Details of the phosphate
tolerance tests on the patients with familial hypo-
phosphataemia have already been reported (Condon
et al., 1970) and such subjects show an abnormally
flat curve with a maximum rise in plasma phosphate
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100 ml after ingestion of 6 9 g familial hypophosphataemia, whereas intestinal
'Fig.). absorption of calcium is normal. In order to

account for the high faecal calcium reported in
balance studies, it is suggested that excess phosphate

,_..~~~- ~ > in the gut lumen interferes with calcium absorption
,f-_''__ by the formation of a relatively insoluble calcium

phosphate complex, defective intestinal absorption
,'i "-_ of calcium in familial hypophosphataemia being

secondary to a primary defect in absorption of

phosphate from the gut.
The exact role played by vitamin D in the patho-

genesis of hypophosphataemic bone disease is
-.--,,,,-., --,,-A unknown. Though patients with familial hypo-

phosphataemia are resistant to the antirachitic
action of vitamin D, they are unfortunately not
resistant to its toxic effects, and hypercalcaemia
and hypercalciuria due to vitamin D intoxication
are not infrequently observed during therapy.

120 50o 210 There is evidence that vitamin D is not metabolized
as rapidly as it is normally in the majority of

na phosphate (mgllOO ml) in four patients with hypophosphataemic rickets (Alvioli,
r ingestion of6 9g sodiun phosphate: McDonald, andWilliams, 1966; DeLuca et al., 1967),
and non-familial hypophosphataemia and characteristically there is a low fractional
;amilial and non-familial hypophos- turnover rate of the vitamin with decreased con-

id osteomalacia receiving calciferol version to its biologically active metabolite. There

tjects (C); and patients with vitamin have, however, been no studies of vitamin D
ient osteoalacimetabolism during administration of intravenous

phosphate to subjects with familial or non-familial
Discussion hypophosphataemic bone disease, and it is possible

rpophosphataemic rickets and that the decreased rate of vitamin D metabolism
ce studies have shown that there is due to the low plasma phosphate level invariably
calcium (Albright, Butler, and found in familial hypophosphataemia. Further-
Freeman and Dunsky, 1950; more, a percentage of vitamin D is converted to its

a high faecal phosphate (Albright biologically active form, and this is also suggested
tson, Harris, and McCune, 1942; by the fact that hypercalcaemia and hypercalciuria
det, 1952; Rupp, 1955). Defec- can be induced in subjects with familial hypophos-
rption of phosphate has also been phataemia by administration of large doses of
of an nral nhn-rnhqte torlerance vitamin D.

bjlAVWll UY 111C41b VI MI VltU P1XV0P114L%; LVIV.4ULk%

test (Condon et al., 1970).
Although it has generally been accepted that

defective intestinal absorption of phosphate is
secondary to defective intestinal absorption of
calcium, a decrease in faecal calcium occurs during
prolonged intravenous phosphate infusion. This
finding indicates that calcium absorption can be
increased indirectly and is consistent with a

secondary rather than a primary suppression of
intestinal calcium absorption (Wilson et al., 1965;
Frame et al., 1965).
We have found that intestinal calcium absorption,

as assessed by a tolerance test, is normal in fasting
patients with familial hypophosphataemia though
the phosphate tolerance test is abnormally flat.
These findings suggest that there is a primary
defect in intestinal absorption of phosphate in

It has been shown that patients with familial
hypophosphataemia have defective intestinal absorp-
tion of phosphate when measured by means of an

oral phosphate tolerance test (Condon et al., 1970).
If familial hypophosphataemic vitamin D refractory
bone disease were due to failure of action of vitamin
D or one of its metabolites, one would have
expected the phosphate tolerance curve to be flat in
vitamin D deficient osteomalacia. This was not
so, the phosphate tolerance test being normal in
the 2 patients with vitamin D deficient osteomalacia
yet flat in the patients with familial hypo-
phosphataemia.

These findings suggest that the rickets and osteo-
malacia of familial hypophosphataemia are unrelated
to the low fractional turnover rate and decreased
conversion of vitamin D to its biologically active
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metabolite. It is suggested that the abnormalities
in the rate of vitamin D metabolism in familial
hypophosphataemia are secondary to the low
plasma phosphate invariably found in this disorder.
There are no studies of vitamin D metabolism in
patients with familial hypophosphataemia in whom
plasma phosphate has been maintained within
normal limits by means of a phosphate infusion, and
it is possible that vitamin D metabolism is normal
under these circumstances.

We thank Dr. P. G. Walker for his advice and help.
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