
ORIGINAL ARTICLE

Vitamin D deficiency: prevention or treatment?
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Background: Vitamin D deficiency is a chronic condition which contributes to general ill health and seems
to be re-emerging in our catchment area since funding of vitamin D supplementation by Primary Care
Trusts ceased. This study aims to verify this situation and to assess the cost effectiveness of reintroducing
vitamin D supplementation in the Burnley Health Care NHS Trust.
Methods: Vitamin D deficient patients presenting between January 1994 and May 2005 were identified
and data retrospectively collected from their case notes. The cost of treatment and the theoretical cost of
primary prevention for the Trust population were calculated using previous and current DoH guidelines.
Results: Fourteen patients were identified, of whom 86% presented in the last 5 years and 93% were of
Asian origin. The incidence of vitamin D deficiency for our population is 1 in 923 children overall and 1 in
117 in children of Asian origin. The average cost of treatment for each such child is £2500, while the
theoretical cost of prevention of vitamin D deficiency in the Asian population through primary prevention
according to COMA guidance is £2400 per case.
Conclusions: Vitamin D deficiency is re-emerging in our Trust. The overwhelming majority of our patients
are of Asian origin. The cost of primary prevention for this high risk population compares favourably both
medically and financially with treatment of established disease. We suggest that Primary Care Trusts
provide funds for vitamin D supplementation of Asian children for at least the first 2 years of life.

V
itamin D deficiency in infants and children adversely
affects calcium metabolism resulting in rickets, hypo-
calcaemic convulsions, dental problems, general ill

health, and poor growth.1 2 The main source of vitamin D is
solar UV radiation falling on the skin. However, there is no
radiation of appropriate wavelength (290–310 nm) in Britain
from the end of October to the end of March. Furthermore,
increased skin pigmentation reduces the capacity of skin to
synthesise vitamin D.3 A genetic predisposition to vitamin
deficiency and altered vitamin D level has also been reported
amongst Asian people.4 Over the past few years there has
been growing concern about the resurgence of rickets in
British Asian children and recent immigrants to the UK.5 6

This reflects the general decrease in the use of vitamins over
the years: 12% of babies received vitamin supplementation in
1995 compared to 4% in 2000.7

Guidance from the Committee on Medical Aspects of Food
and Nutritional Policy (COMA) states that the reference
nutrient intake (RNI) of vitamin D should be 10 mg/day for
pregnant and breastfeeding women, 8.5 mg/day for infants
under 6 months of age, and 7 mg/day for children from
6 months to 3 years of age.8 9 COMA suggests that infants
and young children should receive supplementary vitamin D
for at least the first 2 years of life and this is the
recommendation most UK based health professionals follow.
In the USA, the Institute of Medicine of the National
Academy of Sciences suggests a daily ‘‘adequate intake’’ of
5 mg from birth to 18 years of age.10

Current Department of Health (DoH) guidance states that, to
avoid vitamin D deficiency, all pregnant and nursing mothers
should take supplements containing 10 mg/day of vitamin D.
Furthermore, all children under 5 years of age should take
supplements containing 7 mg/day of vitamin D.11 Although the
National Institute for Health and Clinical Excellence does not
favour routine vitamin D supplementation for pregnant women
because of the ‘‘absence of evidence of benefit’’,12 the DoH does
support this. The problem, at present, is the unavailability of a
suitable preparation as multivitamin supplements are deemed
unsafe because of their vitamin A content and the potential of
the latter for teratogenicity.

Burnley Health Care NHS Trust in north west England
provides a caring service to a population of approximately
242 000 within the boroughs of Burnley, Pendle, and
Rossendale which have a large Asian community. Since funding
for the provision of supplementary vitamins was discontinued,
there is a feeling that the number of children seen in the
paediatric department with clinical or biochemical signs of
vitamin D deficiency has greatly increased. This study was
therefore conducted in order to identify the number of patients
presenting to the paediatric department in the period 1994–
2005 with vitamin D deficiency, to establish whether these
children had any vitamin supplementation prior to presenta-
tion, to identify the incidence of vitamin D deficiency in the
Trust’s population, and finally to determine whether re-
introduction of vitamin D supplementation would be beneficial.

METHODS
Cases were identified by searching for ‘‘hypocalcaemic convul-
sions’’, ‘‘hypocalcaemic tetany’’, and ‘‘rickets’’ in the paediatric
discharge books, the discharge letters of patients, and the
relevant codes provided by the clinical coding department, from
January 1994 to May 2005. The diagnosis of vitamin D
deficiency was based on a combination of clinical findings such
as bow legs, rickety rosary, tetany, convulsions due to
hypocalcaemia, radiological evidence, biochemistry results such
as raised alkaline phosphatase (ALP) with or without high
parathyroid hormone levels, or low levels (,25 nmol/l) of 25-
hydroxycholecalciferol (25OHC), with improvement of symp-
toms and signs with vitamin D with or without calcium
supplementation. Patients with medical conditions likely to
predispose to vitamin D deficiency, such as cystic fibrosis or
hepatic/renal abnormality, and those on anticonvulsants were
excluded. Patient records were subsequently reviewed and
information was collected using a specially designed form
which included patient demographics, age and mode of

Abbreviations: ALP, alkaline phosphatase; COMA, Committee on
Medical Aspects of Food and Nutritional Policy; DoH, Department of
Health; 25OHC, 25-hydroxycholecalciferol; RNI, reference nutrient
intake
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presentation, earlier administration of vitamins, investigations
and treatment, inpatient care, number of follow-up appoint-
ments, and final outcome.

The average cost of treatment for each patient was then
calculated from the total cost of investigations and hospital
expenses based on figures provided by appropriate Trust
departments and the total cost of medication based on British
National Formulary values.13 The cost of medication was
calculated on median duration of treatment (15 months),
using median age (1 year) and estimated weight at this age
(10 kg). The yearly cost of Abidec multivitamin drops was an
average (£10.3) from the published range (£6.9–£13.7).14

Trust figures were used regarding the total number (2216)
of new patients (outpatients and inpatients given follow-up
appointments, excluding babies admitted to our neonatal
intensive care unit) seen by the paediatric department during
2004. Local data from the 2001 Census were used for the
percentage of the population below the age of 15 who were
Asian (12.63%) and the number of Asian children below the
age of 1 (approximately 500). The theoretical cost of vitamin
D supplementation was then calculated both for the Asian
community and for the entire Trust population, based on
COMA recommendations and current DoH guidelines.

As the study was retrospective in nature and only used
data obtained for clinical purposes, ethical committee
approval was not required.

RESULTS
Seventeen patients were identified. However, three patients
were excluded: two patients were diagnosed as suffering
from osteopenia of prematurity, while the third had cystic
fibrosis and was suffering from rickets secondary to intestinal
malabsorption. Therefore, the data from 14 patients were
analysed. The year of presentation for each case is shown in
fig 1. Data on patient demographics, gender, age, and mode
of presentation are shown in table 1. The mean number of
patients with vitamin D deficiency seen over the 5 years was
2.4 patients per year. The incidence of vitamin D deficiency
for the entire population was therefore approximately 1 in
923 (2.4/2216), while the incidence for the Asian population
was 1 in 117 (2.4/(2216612.63%)).

Bone profiles (serum calcium, phosphate, and ALP) were
investigated in 93% of patients. Hypocalcaemia was found in
36% of patients, while an equal percentage of our sample had
hypophosphataemia. A raised ALP was found in 71% of
patients. Serum 25OHC and parathyroid hormone levels were
measured in 29% and 36% of patients, respectively and were
abnormal in all cases. All patients had a full blood count and
iron deficiency anaemia was found in 71%.

Eight (57%) of our patients were incidentally found to be
vitamin D deficient during investigation of a different
presenting complaint: two had eczema, two presented with
lower respiratory tract infections, three were referred for
investigation of failure to thrive, and one was admitted for

intravenous rehydration following prolonged diarrhoea and
vomiting.

Initial investigations and treatments with their cost are
shown in table 2. Half of the patients required inpatient care
ranging from 1 to 10 days with a median duration of 2 days. A
total of 26 inpatient days were spent in hospital and the cost for
these is shown in table 2. The length of follow up ranged from
5 months to 10 years with a median duration of 15 months. A
total of 76 follow-up appointments were made, ranging from 1
to 20 per patient with a median of 4. Additionally, 12 dietician
reviews were conducted ranging from 0 to 4 per patient with a
median of 1. The cost of follow up and subsequent investiga-
tions is also shown in table 2. Overall, the cost of treatment for
the 14 patients was £35 075.12, which is £2505.37 per patient.
The problem was resolved in 43% of the patients, while it was
still ongoing in the remaining 57%.

Data about prior use of vitamin supplements was derived
from patients’ notes and by direct communication with
affected families. None of these families had used vitamin
supplementation in the past. The cost for supplementing one
child with vitamin D according to COMA and current DoH
recommendations is shown in table 3. With an incidence of
vitamin D deficiency of 1 in 923 children in our population,
£19 013.8 or £47 534.5 would have to be spent to prevent just
one case of vitamin D deficiency according to COMA and
current DoH guidelines, respectively. For the Trust’s Asian
population where the incidence of vitamin D deficiency is 1 in
117, the respective costs are £2410.2 and £6025.5.

DISCUSSION
In the paediatric population of Burnley Health Care NHS Trust,
of the 14 cases of vitamin D deficiency diagnosed over the last
11 years, 12 were in the last 5 years. The incidence of vitamin D
deficiency in our population is 1 in 923. The great majority (13/
14 or 93%) of the children affected were of Asian origin. The
incidence of the condition in the Asian population is therefore 1
in 117 and identifies them as a high risk group, in agreement
with previous reports.15 This increased incidence is probably
secondary to a variety of factors such as environment, skin
pigmentation, and genetic predisposition.3 4

Our results are also in agreement with recent reports
highlighting the resurgence of rickets in the British Asian
population.5 6 16 The 5 year period during which 86% of our
cases presented coincides with the discontinuation of
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Figure 1 Chronology of presenting cases.

Table 1 Patient clinical information

Variable
Patients

n %

Patient demographics
White 1 7
Asian 13 93

Gender
Males 9 64
Females 5 36

Age at presentation (years)
0(0.5 5 36
0.5(1 4 29
1>1.5 1 7
1.5(2 1 7
2(2.5 1 7
.2.5 2 14

Mode of presentation
Rickets 4 29
Hypocalcaemic fits 1 7
Hypocalcaemic tetany 1 7
Incidental finding 8 57

Additional medical conditions
Iron deficiency anaemia 10 71
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funding for vitamin D supplementation in eligible infants. In
addition, none of the children affected were found to have
received any form of vitamin supplementation prior to the
development of rickets. Lack of vitamin D supplementation
therefore appears to be the main cause for the increase in the
incidence of vitamin D deficiency during this period.

Diagnosis of vitamin D deficiency is based on a low serum
concentration of 25OHC (,25 nmol/l) and radiographic long
bone changes.14 17 18 However, rickets does not always manifest
itself radiologically, especially in the very young and in
adolescents.19 Initial investigations should include serum
calcium, phosphate, and ALP.20 In our study these investigations
were conducted in 93% of cases with 36% having hypocalcaemia
and an equal percentage manifesting hypophosphataemia. A
raised ALP was found in 71% of patients. Serum 25OHC and
parathyroid hormone levels were measured in only 29% and
36% of patients and in all cases were abnormal. All of our
patients had a full blood count and in 71% iron deficiency
anaemia was found, confirming an already known link with
vitamin D deficiency.21 22 The high percentage of patients
younger than 6 months in our population sample (36%) is
possibly secondary to the high prevalence of hypocalcaemia in
the very young as suggested by Ladhani et al.19 This is turn is
probably a reflection of more severe vitamin D deficiency in
mothers since the withdrawal of supplementation.

Most of our cases (57%) were picked up incidentally: two
had eczema, two presented with lower respiratory tract
infections, three were referred for investigation of failure to
thrive, and one was admitted for intravenous rehydration
following prolonged diarrhoea and vomiting. These findings
should raise awareness among clinicians when high risk
patients are seen and highlight the need to conduct all
appropriate investigations from the outset.

Clinical trials suggest that 10 mg/day vitamin D supple-
mentation is sufficient to prevent vitamin D deficiency.23 24

Guidelines for vitamin D supplementation in both the UK and
USA seem therefore to be very reasonable.8–10 However, a
dilemma appears to arise regarding the costs involved in
applying these guidelines. Since the incidence in the general
population has in recent years been low, possibly reflecting prior
successful public health initiatives, local health authorities
appear to question the appropriateness of allocating resources
for primary prevention of vitamin D deficiency. More recently,
the DoH has changed its guidance and now advises vitamin D
supplementation in children for the first 5 years of life, thus
potentially further increasing the costs involved.11

The DoH runs a Welfare Food Scheme under which
pregnant or breastfeeding women and children under 5 years
of age are given free vitamin supplements if they come from
families fulfilling certain criteria25; the ‘‘Healthy Start’’
initiative of DoH includes a programme to promote vitamin
D supplementation. However, despite the theoretical avail-
ability of recommended vitamins as either drops or tablets,
neither is currently manufactured in the UK. Alternatives for
nursing infants and children include Abidec and Dalivit
multivitamin drops. As these preparations contain vitamin A
they should not be given to pregnant women.

The cost of Abidec supplementation for primary prevention of
vitamin D deficiency was used for our calculations. Based on the
incidence of vitamin D deficiency and implementation of the
current DoH recommendation, £206 000 would be required
every year (in contrast to the £10 857 which is now spent on
treatment) for primary prevention of vitamin D deficiency in the
Burnley Health Care NHS Trust population of 242 000. The cost
of prevention if the previous COMA recommendations were to
be followed would drop to £82 400. In both cases the expenses
for primary prevention outweigh those for treatment by several
thousand pounds per year. Focusing on the high risk Asian
population, either £25 750 or £10 300 would be required every
year for primary prevention depending on whether the DoH or
COMA recommendations were followed. It appears that
implementation of the COMA recommendations for the Asian
population would be cost effective. When one considers that
most of our patients were picked up incidentally, thus
indicating that there are many more patients with clinically
silent vitamin D deficiency, and the fact that some patients were
either treated in primary care or other neighbouring hospitals,
this becomes an economically attractive proposition.

Alphacalcidol was one of the common medications used for
treatment of vitamin D deficiency. This is a frequent mistake
made by paediatricians. Treatment of vitamin D deficiency
should be with ergocalciferol or cholecalciferol and not with

Table 2 Cost of treatment for vitamin D deficiency

Type of intervention Cost (£) Total cost (£)

Initial investigations
X rays: 136£32 416.00
Bone profiles: 136£11 143.00
Urea and electrolytes: 116£11 121.00
Full blood count: 146£11 154.00
Parathyroid hormone levels: 56£23 115.00
Vitamin D levels: 46£23 92.00

Total 1041.00 1041.00
Treatment

1-Alphacalcidol: 114 bottles6£24.18 2756.52
Calcium supplements: 92 bottles6£3.39 311.88
Phosphate supplements: 92 302.68
packets6£3.29

Total 3371.08 3371.08
Inpatient care

266£342.59 8907.34
Total 8907.34 8907.34
Follow up

First follow-up appointments: 146£326 4564.00
Subsequent follow-up appointments: 11 373.90
626£183.45
First dietician reviews: 86£326 2608.00
Subsequent dietician reviews: 733.80
46£183.45

Total 19 279.70 19 279.70
Subsequent investigations

Bone profiles : 1086£11 1188.00
Urea and electrolytes: 496£11 539.00
Full blood count: 436£11 473.00
Parathyroid hormone levels: 76£23 161.00
Vitamin D levels: 56£23 115.00

Total 2476.00 2476.00
Total cost for 14 patients 35 075.12
Total cost per patient 2505.37

Table 3 Cost of primary prevention/vitamin D
supplementation in children

Primary prevention (COMA) Primary prevention (DoH)

Abidec for 2 years: £20.6/patient Abidec for 5 years: £51.5/patient

Cost to prevent 1 case of rickets in Trust population (1:923):
9236£20.6 = £19 013.8 9236£51.5 = £47 534.5

Cost to prevent 1 case of rickets in Asian population (1:117):
1176£20.6 = £2410.2 1176£51.5 = £6025.5

Entire Trust population primary prevention:
40006£20.6 = £82 400/year 40006£51.5 = £206 000/year
Trust population treatment cost: 4000/9236£2505.37 = £10 857.5/
year

Total Asian population primary prevention:
5006£20.6 = £10 300/year 5006£51.5 = £25 750/year
Asian population treatment cost: 500/1176£2505.37 = £10 706.7/
year

There are about 4000 births per year in our Trust, ,500 of which are of
Asian origin.
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alphacalcidol which is not licensed for primary vitamin D
deficiency.4 13 14 There are no published randomised controlled
trials comparing vitamin D with alphacalcidol. Furthermore,
there is a difference in the cost of the two types of treatment
with alphacalcidol being significantly more expensive.

Apart from its financial aspects, vitamin D deficiency is a
chronic condition causing poor general health in the
individual. It has been linked to an increased risk for
multiple sclerosis, some cancers, cardiovascular disease,
diabetes, osteoporosis, and mental illness.26–29 Additionally,
the condition imposes a significant psychological and social
stress on both the family and the growing child.

In light of the above, we therefore suggest that supple-
mentation with vitamin D of all babies of Asian origin for the
first 2 years of life might be the economic answer to a
growing problem. Furthermore, campaigns targeting the high
risk groups on vitamin D supplementation would be of great
value as shown in the past.30–32 However, one should not
forget that vitamin D deficiency also occurs in white
populations as is nicely illustrated in our sample where one
patient was white. The incidence of vitamin D deficiency in
white populations is very low but does exist, particularly
among recent arrivals from Eastern Europe.

We acknowledge certain limitations of our study such as
the fact that it is a retrospective study. In addition, our
population characteristics may be special in terms of low
socioeconomic status, thus perhaps rendering generalisation
of our results and recommendations problematic.

In conclusion, this study has detected 14 paediatric cases of
vitamin D deficiency over the period 1994–2005 and has
confirmed the rising incidence of vitamin D deficiency in the
paediatric British Asian community with an incidence of 1 in
117 compared to 1 in 923 in the general population. Taking
into account the fact that none of the children had received
initial vitamin supplementation, the higher cost of treating
vitamin D deficient Asian children compared to primary
prevention, and the morbidity associated with the condition,
we propose that local health authorities provide funds to
supplement all Asian children with 7 mg/day of vitamin D for
at least the first 2 years of their lives.
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What is already known on this topic

N Vitamin D deficiency in infants and children adversely
affects calcium metabolism resulting in rickets, hypo-
calcaemic convulsions, dental problems, general ill
health, and poor growth.

N There is growing concern about the resurgence of
rickets in British Asian children and recent immigrants
to the UK.

What this study adds

N There has been a dramatic increase in the incidence of
rickets especially in British Asian children since the
cessation of vitamin D supplementation.

N It makes economic and health sense to supplement all
Asian children with 7 mg/day of vitamin D for at least
the first 2 years of their lives.
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