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Stephen, J. M. L., and Stephenson, P. (1971). Archives of Disease in Childhood,
46, 185. Alkaline phosphatase in normal infants. Alkaline phosphatase was

measured in plasma from children receiving vitamin D supplements in day nurseries
in the London area, and from children exposed to sunlight in the West Indies.
The distribution of values showed that there was no precise upper limit which could
be used in the diagnosis of subclinical vitamin D deficiency.

In recent years there have been reports that the
incidence of overt rickets is increasing in parts of
Britain (Arneil and Crosbie, 1963; Arneil,
McKilligin, and Lobo, 1965; Richards, Sweet,
and Arneil, 1968a) and therefore the possibility
of a subclinical condition on an even wider
scale has to be considered. The Panel on Child
Nutrition, set up by the Committee on Medical
Aspects of Food Policy of the Department of Health
and Social Security, has been much concerned
with this problem, and agreed to undertake the
research necessary to determine the prevalence of a
subclinical vitamin D deficiency (Department of
Health and Social Security, 1970).
The measurement of alkaline phosphatase in

serum or plasma has been the biochemical test
hitherto used to diagnose rickets or vitamin D
deficiency. However, there has been some incon-
sistency in the levels of enzyme activity regarded as
acceptable for young children, and frequently
biochemical findings have not been supported by
radiological evidence. One example of this was in
1968, when the Panel on Child Nutrition organized
a small survey in which alkaline phosphatase was
measured in a random sample of children aged 1 to
3 years in a London borough (Lewisham) and a
northern industrial city (Liverpool). Out of 197
children in Lewisham, 13 had alkaline phosphatase
values above 25 KA units, and in Liverpool, 6 out
of 159. No radiological abnormalities were detec-
ted in the x-rays taken of the wrists of the children
with raised values. Similar results have been found
by other workers (Richards et al., 1968b; C. E.
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Stroud, personal communication, 1968) and no satis-
factory explanation of the raised values has been put
forward. It seemed important to try to establish
a range of values of alkaline phosphatase for children
who were protected from the risk of nutritional
rickets because their intake of vitamin D was
known to be satisfactory.

Subjects and Experimental Procedure

Two groups of children were studied. The first were
children aged 1 to 3 in Local Authority Day Nurseries
in the London area, who had received daily supplements
of cod liver oil in the nursery for at least 10 weeks.
With the co-operation of the Health Departments, 45
day nurseries in 10 London boroughs were visited
during March, April, and May 1969, and blood samples
were taken from 583 children. After a period which
varied from 2 to 5 months, during which the cod liver
oil supplements were continued, a second blood sample
was taken from 209 of these children.
A second group of children who receive satisfactory

amounts of vitamin D by exposure to sunlight are
children in the West Indies. Blood samples were
taken from 166 West Indian children also aged 1 to 3,
and alkaline phosphatase was measured by one of us
(P.S.) in the Tropical Metabolism Research Unit in
Jamaica.
About 0 5 ml blood was obtained from a finger-prick.

The blood was centrifuged as soon as possible, and the
serum or plasma frozen until the alkaline phosphatase
could be determined. The measurements were done
on 25 ul serum or plasma by the Kind and King method
(Kind and King, 1954) by hand. The same reagents,
phenol standard, and commercial control serum were
used in the U.K. laboratory and in Jamaica. The
experimental details of the method were carefully
standardized between the two laboratories, and it was
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Stephen and Stephenson
only by paying the closest attention to all practical points
that we were able to obtain comparable results.

Results
Distribution of values. Fig. la shows the

distribution of values in all children tested in the
London day nurseries in 1969. 42 children had
values above 25 KA units, 14 of these were above
30, 5 above 40, and 2 above 100 units. The mean
value was 18 9 + 11 6. For comparison, Fig. lb
shows an almost identical distribution of values in
the 197 children tested in Lewisham in 1968 when
the vitamin D intake was unknown.

of them certainly were West Indian. The shift
to the right of the distribution curve for coloured
children persists in the 2- to 3-year age group

(Fig. 2c).
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FIG. 1.-Distribution of alkaline phosphatase values:
(A) in 583 children aged 1 to 3 years in London day
nurseries; (B) in a random sample of 197 children aged

1 to 3 years in Lewisham.

Of the sample in day nurseries 40% were coloured
or partly coloured children, and Fig. 2a compares
the distribution of their values with those of non-

coloured children. Though the distribution for the
coloured children is slightly different from that for
the non-coloured, high values occur in both.
Fig. 2b shows that the high values occur even in
West Indian children in their own country, and
there is very little difference in the distribution of
values for 1- to 2-year-old coloured children in the
U.K. and children in the West Indies of the same
age. Other races were included in the 'coloured'
children seen in London, and some of them had
only one parent who was coloured, but the majority
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FIG. 2.-Distribution of alkaline phosphatase values:
(a) in coloured (238) and non-coloured (345) children
aged 1 to 3 years in London day nurseries; (b) in coloured
(95) and non-coloured (115) children aged 1 to 2 years in
London day nurseries and West Indian children (166)
aged 1 to 2 in the West Indies; (c) in non-coloured (206)
and coloured (135) children aged 2 to 3 years in London

day nurseries.

Variation in same child. Fig. 3 shows how
the distribution of values in the 209 children who
were seen on two occasions was almost identical.
Unfortunately it was not possible to follow up all
the children found to have high values on the first
occasion, but of those who were seen a second time,
all except one had decreased, whereas some other
children who had had values of less than about
20 units the first time now showed these unusually
high values. The changes are summarized as

follows.
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FIG. 3.-Distribution of alkaline phosphatase values in
209 children in London day nurseries seen on two occasions.

First visit; 4 children had values of 30-40; of
these 2 still had values of over 30 on the second
visit, but only one had increased (from 38 to
46). 4 children had values of over 40; these
had all decreased to below 30 by the second
visit.

Second visit; 4 children had values of 30-40; of
these 2 had hardly changed since the first visit.
6 children had values of over 40; one of these
was the one who had increased from 38, the
other 5 had all previously been less than 20.

The extent of the change in the same child's plasma
between the first and second visits is shown in the
Table.

TABLE

No. % No. with
Change of of First

Children Total Determination

25-30 >30 units
<2-5 units 125 60 7 0

>2 5 <5 units 51 24 1 1
>5 units 33 16 0 7

209 100 8 8

Discussion
The critical level of alkaline phosphatase in

children of this age group above which vitamin D
deficiency might be suspected has usually been taken
as 20 or 25 KA units (Arneil et al., 1965; Richards

et al., 1968a; 1968b). Lapatsanis, Deliyanni, and
Doxiadis (1968) in a survey of 327 infants in Greece
found 15% with values above 30KA units, which they
took to be evidence of rickets, and point out that
if they had taken the 'commonly accepted value of
20' as many as two-thirds of their sample would
have shown biochemical evidence of vitamin D
deficiency. According to our findings it would be
unwise to define an upper limit because the distribu-
tion is over such a wide range. Both de Wijn
(1966) and Clark and Beck (1950) report a similar
wide range of values at different ages.

de Wijn and Postmus (1966) have shown that a
marked seasonal variation occurs in alkaline
phosphatase activity in schoolchildren of 8 to 9
years in the Netherlands. No effect of the change
from spring to summer was evident in the present
survey in London when 2 to 5 months elapsed
between the two visits.
The children from whom samples were taken on

two occasions showed in general only slight change
in the two values; well over half of them changed
by less than 2 * 5 units, and of the 33 who changed
by more than 5 units, 7 were cases with outstandingly
high values. Even when the activity was measured
in the same plasma on two separate occasions, the
percentage difference in values was 700 (Jamaica)
and 8% (U.K.), which would represent 1 to 2 KA
units at these levels of activity. de Wijn (1966)
and Clark and Beck (1950) suggest that each child
has a characteristic level for the enzyme, and the
consistency in our values on the whole supports
this. However, in our survey there were some
apparently healthy children with exceptionally
high values of 100 KA units or more. When
examined a few months later they had returned to
the more usual levels. In the Scottish survey,
Richards et al. (1968b) reported values of 70 and 90
KA units which decreased to 25 and 32 without any
treatment with vitamin D. The same transient
phenomenon in infants with no other symptoms or
signs was noticed by Asanti, Hultin, and Visakorpi
(1966). It is perhaps worth noting that on two
occasions we found two sera with high values had
come from children tested in the same day nursery
on the same day, suggesting that an infection might
have been responsible. We can offer no other
explanation for these high values at present. The
plasmas have all been stored frozen, and we are now
examining them by electrophoresis to try to distin-
guish the components making up the enzyme
activity.
Our results show the variation in serum alkaline

phosphatase which can occur within a sample of
children who are adequately safeguarded against

I

187

u

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.46.246.185 on 1 A

pril 1971. D
ow

nloaded from
 

http://adc.bmj.com/


188 Stephen and Stephenson
rickets, because they are receiving satisfactory
amounts of vitamin D, either from cod liver oil
supplements or from tropical sunlight. Even with-
in this protected population values outside the
usual range can occur. It seems therefore that
measurement of this enzyme is not in itself appro-
priate for diagnosing subclinical vitamin D defi-
ciency, and is only useful as a screening procedure
for some more specific test.

We thank Dr. W. T. C. Berry for his interest and
advice throughout this project, Professor J. C. Waterlow
for initiating the survey of West Indian children and
taking the blood samples, Professor E. H. Back for
giving access to patients in the Well Baby Clinic,
University Hospital of the West Indies, and Dr. P.
Milner for providing some samples from Barbados.
We are grateful to the Medical Officers of Health and

their staff in Liverpool and in the London Boroughs
of Brent, Hackney, Harrow, Hounslow, Islington,
Kensington, Lewisham, Newham, Southwark, Tower
Hamlets, and Wandsworth for their co-operation.
Most of all we thank the matrons of the day nurseries
for their cheerful and willing help.
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574 Short Reports
Summary

After transfusion with stored blood, a girl with
partial immunodeficiency developed a fatal illness
which was probably graft-versus-host disease.

We thank Professor 0. H. Wolff, under whose care
the child was studied, and Professor R. M. Hardisty for
the haematological data. Requests for reprints to
J.F.S. This case was presented to the Paediatric Section
of the Royal Society of Medicine 27 February 1970.
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Corrgendum
The paper by Joan M. L. Stephen and Pearl

Stephenson (Archives of Disease in Childhood (1971),
46, 185) published under the title 'Alkaline phosphatase
in normal infants' was originally submitted as 'The
measurement of alkaline phosphatase for the detection
of vitamin D deficiency'. The title was changed by
the Editors in the final proof stage, and they apologize
for the change in its meaning.


