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Persisting vitamin D deficiency in the Asian
adolescent
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SUMMARY A study of 221 children admitted to hospital in the course of a year allowed
establishment of a reference range for plasma 25-hydroxyvitamin D. None of these children had
evidence of biochemical rickets. Most Asian children, however, were vitamin D deficient in
comparison, and this deficiency was most noticeable in girls aged 13 to 15 years: biochemical
rickets occurred in six per cent of these adolescent Asians. If vitamin D requirements are not met
during the physiological growth spurt, permanent pelvic deformity may result. Vitamin D
deficiency persisting into pregnancy will adversely affect the infant, producing an increased risk
of hypocalcaemic fits, dental enamel hypoplasia, infantile rickets, and reduced postnatal growth.
Our data support the need for vitamin D supplementation, and we suggest that annual oral
vitamin D supplements in the autumn would alleviate the problem.

In 1980 the Department of Health and Social
Security working party on the fortification of food
with vitamin D concluded that adolescent Asians in
Britain remained at risk of developing rickets.'
Consideration of vitamin D supplementation was
one of the recommendations made to prevent the
problem. The presentation of an Asian girl with
rickets two years after this publication prompted us
to examine the vitamin D status of our local Asian
children who had not received vitamin D supple-
ments. A control hospital group had previously been
studied to establish a reference range for plasma
25-hydroxyvitamin D throughout the year.
Appropriate studies were performed on both groups
to assess the incidence of biochemical rickets.

Subjects

Asian group. Asian children in the Edinburgh area
were identified by school medical officers from class
rolls expected to contain 5, 11, and 14 year olds.
After initial discussion with the Asian community
liaison officer, parents were written to with an
explanation of the aims of the survey.
A total of 159 children were identified and

although the initial response rate was 70%, 66
children (41.5%) were finally sampled. For 9 of the
others the home address was not available, for 45
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there was no parental response to letters, 18 refused
sampling, and 21 who received sampling appoint-
ments defaulted.

Arrangements were made with the Asian com-
munity liaison officer for out of school sampling.
Parents asked for 41 siblings to be sampled at the
same time. Hence 107 children with a mean age of
10 years were sampled in May and June 1982. There
were 45 boys and 62 girls. Eighty seven per cent of
the children had been born in the United Kingdom.
All but 7 of the children had parents born outside
the United Kingdom. Altogether 71% of the chil-
dren were Islamic, 22% were Sikh, and 7% were
Hindu. Fifty nine per cent of the families gave their
country of origin as Pakistan, 30% India, 5%
Bangladesh, 3% Nepal, and 3% Britain.

Control group. This group comprised 221 children
admitted to a general medical ward at the Royal
Hospital for Sick Children, Edinburgh. All required
a venepuncture relating to their admission, and
blood samples were taken on admission over a full
year. Children taking anticonvulsants or vitamin
preparations, or with medical problems thought to
alter their biochemical status with regard to calcium
metabolism were excluded from the study. Children
with abnormal liver function shown by raised plasma
y glutamyltransferase concentrations were also
excluded.
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Methods

Plasma calcium, phosphate, alkaline phosphatase
and 25-hydroxyvitamin D concentrations were
measured in both groups. Calcium was determined
by atomic absorption flame photometry; phosphate
using a centrifugal analyser by a colorimetric
method involving the formation of reduced phos-
phomolybate; alkaline phosphatase using a centri-
fugal analyser by a kinetic colorimetric method with
4 nitophenyl-phosphate as substrate and diethanola-
mine as buffer at 370C;2 and 25-hydroxyvitamin D
by competitive protein binding assay based on the
method of Preece.3 The mean interassay coefficient
of variation for 25 hydroxyvitamin D was 10-2%.

Results

Control group. Results were analysed in two age
groups because of changes in some parameters with
age (Table 1) and because there were no Asian
children under 2 years old.

Plasma calcium and phosphate concentrations
Children aged over 2 years had significantly higher
plasma calcium concentrations than those under 2
years (P> 0-001). Plasma phosphate was signifi-
cantly higher in the under 2 year olds (P> 0-001),
and in this group there was a negative correlation
with age (P> 0-001). This relation could not be
shown in the over 2 year olds.

Plasma alkaline phosphatase concentrations
Fig. 1 shows the relation between alkaline phospha-
tase and age. The reference ranges (5th to 95th
centile) were 287 to 834 U/l for the under 2 year olds
and 285 to 761 U/l for the over 2 year olds. No child
showed evidence of biochemical rickets, defined as
the combined features of a low plasma calcium
concentration and a high plasma alkaline phospha-
tase concentration. Six children of various ages had
plasma alkaline phosphatase values over 900 U/l but

Table 1 Plasma calcium and phosphate concentrations in
the control group

Aged <2 years Age >2 years

Mean age 10 months 6 years 9 months
No 98 123
Boys:girls 73:25 64:59
Calcium (mmol/I)
Mean 2-48 2-40
Reference range* 2-262-69 2-182-63

Phosphate (mmoVl)
Mean 1-76 1-41
Reference range* )-87-2-61 0-8351-89

*The 5th to 95th centiles.
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Fig. 1 Plasma alkaline phosphatase concentrations related
to age in the control group.

no other evidence of biochemical rickets. (The
lowest plasma calcium concentration for these six
children was 2-3 (,mol/1) and the lowest 25-
hydroxyvitamin D concentration was 12-23 nmol/l.)

Plasma 25-hydroxyvitamin D concentrations
A seasonal variation was found (Fig. 2). The plasma
25-hydroxyvitamin D concentration for the whole
group over the year was mean (SD), 44*9 (24.9)
nmoUl. Values for May and June were mean (SD),
60-1 (19-9) nmol/l and the lowest concentration in
any individual child between the months of May and
September was 22-9 nmol/l.
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Fig. 2 Seasonal variation of25-hydroxyvitamin D
concentrations in relation to hours ofsunshine in the
preceding month in the control group. (Vertical bars
indicate monthly SD for25-hydroxyvitamin D).
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Table 2 Plasma calcium and phosphate concentrations in
the Asian group

Mean atge (years) I()
No 10(7
Boys:girls 45:62
Calcium (mmoUI)
Mean 2-36
Referencc range* 2-12 256

Phosphate (mmol/1)
Mean 1 57
Reference range* 12( 1-94

*The 5th-95th centiles.

Asian group. The results from the Asian group are
shown in Table 2.

Plasma calcium and phosphate concentrations
There was no significant difference between plasma
calcium concentrations in the children aged over 2
years in the control and the Asian groups. The
plasma phosphate concentration in the Asian group
was, however, significantly above that of the over 2
year old controls (P> 0.001). No correlation for age
could be shown for either plasma calcium or
phosphate concentrations.

Plasma alkaline phosphatase concentrations
The range of alkaline phosphatase concentrations
was 171 to 1660 U/I. There was no correlation
between plasma 25-hydroxyvitamin D and plasma
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Table 3 Results in the two Asian girls with biochemical
rickets

Case Age Calcium Phosphate Alkaline 25-hYtdroxrvvitamin D
No (rears) (,nnolll) (nmnolll) phosphatase (inmoill)

(UlI)

1 14 1-84 2-0)3 1208 11-4
2 13 1-62 1-53 1660) 3-7

alkaline phosphatase, calcium, or phosphate con-
centrations.

Plasma 25-hydroxyvitamin D concentrations
Plasma 25-hydroxyvitamin D concentrations,
assayed in May and June, were mean (SD), 20-7
(10-7) nmol/l. The vitamin D status of the Asian
group was inferior to that of the control group. Fig.
3 shows that this difference is present if comparison
is made for control group data for the whole year or
for May and June only. The plasma 25-
hydroxyvitamin D concentration in Asian boys
(mean (SD), 23-7 (10-9) nmol/l) was significantly
greater than in the girls (18-7 (9-9) nmol/l
(P> 0.05)). There was a negative correlation be-
tween plasma 25-hydroxyvitamin D and age in the
Asian group. The lowest values were found in the
older girls aged 13 to 15 years (mean (SD) 18-3 (9-2)
nmol/l). Two girls had evidence of biochemical
rickets (Table 3) and one child had radiological
evidence of osteomalacia.

Discussion

This study established a reference range for plasma
25-hydroxyvitamin D concentrations over a full
year. No biochemical rickets occurred in the control
population despite the finding of some high plasma
alkaline phosphatase values. Our data does not
suggest that plasma alkaline phosphatase can be
used alone as a screening test for rickets in the
general population. The Asian children had an
inferior vitamin D status with biochemical rickets
occurring in six per cent of the 13 to 15 year old girls.
This is of concern, particularly as it occurred in a
climate of increased awareness of the problem and
two years after the publication of recommendations
for preventive measures by a government working
party.

It is now over 20 years since the original
descriptions of rickets and osteomalacia in Asian
immigrants in Britain.4 Further reports led to the
formation of the government working party. This
recognised that the Asian population was at particu-
lar risk for the development of rickets during
periods of rapid growth in infancy, early childhood

<2V 14 20 26 32 38
25 hydroxyvitamin D (ng/ml)

Fig. 3 Comparison ofplasma 25-hydroxyvitamin D
concentrations in Asian and control groups.
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and puberty, during pregnancy and lactation, and
when elderly. It concluded that fortifying foods with
vitamin D would lead to some people ingesting
unacceptably high amounts of the vitamin, but
recommended that health authorities should con-
sider the provision of free vitamin D supplements to
high risk Asian adolescents. Two years after pub-
lication subclinical rickets remains a problem in this
group against a background of vitamin D deficiency.

Complacency may arise with regard to efforts to
prevent rickets in Asians because of an impression
that the incidence is becoming less through natural
adaptation. In 1972 vitamin D deficiency occurred in
24% of the Asian population in Glasgow, with the
most severe cases occurring in adolescents, particu-
larly girls.5 In a Rochdale Asian population a
noticeable improvement has been seen in the
children over the decade 1970 to 1980 but this has
not occurred in the adults.6 The authors attribute
some of this apparent natural adaptation to in-
creased exposure to sunlight, but an intensive health
education programme had also been instituted. The
vitamin D status of the children remained inferior to
that of the non-Asians and the continued vitamin D
deficiency in the women of child bearing age showed
a continuing need for vigilance.

It is difficult to be certain of the vitamin D status
of Asians residing in countries with abundant
sunshine. In some studies they would seem to have a
normal range of plasma 25-hydroxyvitamin D con-
centrations which is significantly above that of
Asians resident in Britain.7 The women in these
studies, however, had lower concentrations reflect-
ing their state of purdah. Rickets is well recognised
in malnourished children in these countries8 and
biochemical rickets has been described in 33% of
pregnant women in Pakistan.9

Controversy still surrounds the importance of
each contributing factor leading to the development
of rickets. Skin synthesis of vitamin D is prejudiced
by reduced exposure and pigmentation.10 The Asian
diet with its paucity of foods containing vitamin D
and high phytate content remains implicated."1 The
dietary factors have been overcome in many infants
with the use of fortified infant feeds but this effect is
lost by 18 months of age when the infant partakes of
the family diet.'2

If the adolescent Asian girl does not have her
vitamin D deficiency resolved, requirements are not
met during the physiological growth spurt, and
permanent pelvic deformity may result.'3 There is a
close correlation between maternal and cord blood
25-hydroxyvitamin D,14 'S and in states of deficiency
the infant may suffer from hypocalcaemic
convulsions,f 5 dental enamel defects,a mrickets,16
and possibly reduced postnatal growth.'7

Subclinical rickets may be defined as biochemical
rickets with low plasma calcium and phosphate and
high alkaline phosphatase concentrations; it has
been argued that in infants a wrist radiograph has to
be included in the assessment. In one series all
infants with subclinical rickets had 25-hydroxy-
vitamin D concentrations below 29-9 nmol/l and
rachitic changes at the wrist.'8 None had abnormal
plasma calcium or phosphate concentrations and the
alkaline phosphatase concentration did not correlate
with the radiological changes. For the purposes of
our study we recalled for radiograph only those
Asian children with biochemical abnormalities
which were indicative of subclinical rickets, so it is
conceivable that the incidence of radiological rachi-
tic changes would have been higher.

It would seem impractical to screen all Asian
children for biochemical indicators of rickets. As
our results indicate that we are still seeing a large
percentage of Asians at risk of developing rickets,
all medical and nursing personnel must continue to
be aware of the problem. Routine questioning
regarding the possibility of bone pain and appropri-
ate skeletal examination should form part of the
school medical assessment. Health education
directed at vulnerable ethnic groups is still required
and should include literature in the appropriate
languages. The impact of health education alone
remains controversial. The incidence of rickets in
Glasgow decreased dramatically (from 12-5 to
4-5%) in the five years after the Greater Glasgow
Health Board launched its rickets prevention
programme,19 but their programme included the
provision of free vitamin D supplements, and in
1979, 74% of their Asian children were taking these.
It is argued that the extent to which education can
modify the life styles of Asian groups remains
limited and perhaps this is even more the case for
Asian women.
We conclude with other workers that until there is

an improvement in the vitamin D status of the Asian
population in Britain, adolescents should receive
supplements. This is of particular importance to the
adolescent girl who may soon be embarking on child
bearing. Ergocalciferol (2-5 mg) given by the oral
route in the autumn to produce a sustained rise in
plasma 25-hydroxyvitamin D until the springtime
would seem appropriate.20

We wish to thank Dr P M Ludlam, lately Clinical Coordinator for
Child Health Services, Lothian Health Board, for assistance in the
project.
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