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Abstract

Purpose Vitamin D is a relatively inexpensive drug yet
an important hormone in terms of calcium and bone
homeostasis. Treatment with vitamin D is associated with
reduced fracture risk particularly in an elderly population.
Therefore, we assessed the budgetary impact of routine
prescription of 800 IU daily colecalciferol on hip fracture
among older adults in the United Kingdom.

Methods Using meta-analysis findings for treatment
effect and UK-estimates of incidence, we performed a
health economic evaluation of treating the UK population
aged 65 and over with 800 IU of vitamin D daily, assessing
the impact upon hip fracture costs using incremental
attributable costs and excess mortality for a range of age-
gender-based treatment strategies.

Results Using only a 1-year horizon, considering only
reduction in hip fracture, prescribing colecalciferol 800 TU
daily to all adults aged 65 and over, could reduce the
number of incident hip fractures from 65,400 to 45,700,
saving almost 1,700 associated deaths, whilst saving the
UK taxpayer £22 million.

Conclusions As the UK government seeks to reduce
public expenditure in all sectors, investment in prescribed
prophylactic colecalciferol 800 IU therapy for adults aged
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65 and over is likely to yield cost savings through reduction
hip fracture alone in the first year.
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Introduction

Since the beneficial effects of cod liver oil were noted in
the original work of Mellanby [1] in treating Rickets,
Vitamin D has emerged as an important steroid hormone in
calcium, muscle and bone homeostasis. Its role in the
prevention of both rickets and osteomalacia is well estab-
lished yet more recently it has been implicated in many
extra-skeletal effects including muscle, immune and neu-
rological function [2].

The vast majority of vitamin D in the body is manu-
factured through photosynthesis rather than obtained
through diet. Due to a number of factors including geo-
graphical latitude, successful campaigns to avoid sun
exposure and an aging population, vitamin D deficiency is
common with increasing incidence found in the elderly,
obese and amongst certain ethic groups [3, 4]. In adult-
hood, the spectrum of deficiency may extend from few
symptoms to osteomalacia with reduced bone strength,
pseudo-fractures and proximal muscle weakness. Also,
hypovitaminosis D has been shown to be strongly associ-
ated with mortality from all causes, cardiovascular dis-
eases, cancer, and respiratory diseases [5].

Oral vitamin D is a safe and effective treatment for
vitamin D deficiency, relieving symptoms and improving
calcium and bone metabolism [6], muscle strength [7, 8],
neurological function [9, 10] and risk of falls [11, 12]. A
recent meta-analysis of vitamin D interventions reported a
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significant 30 % reduction in the risk of hip fractures as
well as a 14 % reduction in non-vertebral fractures among
subjects receiving doses above 792 IU per day [13].

In consequence of the benefits, as well as the high
prevalence of vitamin D deficiency within the population,
the Chief Medical Officers of the UK produced a letter
advocating replacement therapy and, in particular, recom-
mended the daily use of 400 IU of vitamin D by all adults
over the age of 65 [14]. Controversy persists regarding the
adequacy of vitamin D dosing with meta-analyses reveal-
ing that a dose of 400 IU per day is ineffective with regard
to treating deficiency as well as the prevention of falls and
fractures [13, 15]. Therefore, we aimed to evaluate the
health and economic impact of treating all UK subjects
over the age of 65 with vitamin D therapy with respect
solely to the reduction in hip fractures.

Methods

We conservatively modelled a scenario in which all UK
adults over 65 years of age would be prescribed vitamin D
at a daily dose of 800 IU. Treatment effects would be
mediated solely from a reduction in hip fracture risk. The
payer perspective was that of UK health and social care
agencies. The model uses a 1-year horizon of treatment.

Modelled population

The study utilised the structure of the resident population
of the UK from the 2011 Census [16]. An usual resident of
the UK is anyone who, on census day, was in the UK and
had stayed or intended to stay in the UK for a period of
12 months or more, or had a permanent UK address and
was outside the UK and intended to be outside the UK for
less than 12 months.

Treatment

In their recent letter to health professionals [14], the
Chief Medical Officers of the UK did not specify how
adults aged 65 and over should access daily supplements
of vitamin D. Bischoff-Ferrari et al. [13] reported pooled
participant-level data from 11 double-blind, randomised,
controlled trials of oral vitamin D supplementation
(daily, weekly, or every four months), with or without
calcium, as compared with placebo or calcium alone in
persons 65 years of age or older. Only in the highest
quartile of actual intake (median, 800 IU daily) was
reduction in the risk of hip fracture observed (hazard
ratio 0.70; 95 % CI 0.58-0.86). This observation was
consistent across subgroups defined by age group, resi-
dence status, baseline 25-hydroxyvitamin D level, and
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Table 1 Input cost data used in the model

2000 2012
Annual cost of daily colecalciferol 800 IU £43.80
supplementation (per person)®
Attributable cost of incident hip fracture
(UK total)®
Hospital costs £225,961,960
Ambulance costs £4,058,770
Social care costs £490,042,118
GP costs £5,060,384
Outpatient costs £787,630
Total £725,910,862
Mean attributable cost of incident hip £15,292 £24,303

fracture (per person)*

# British National Formulary [40]
® From report by Parrott, S. University of York, 2000 [20]

¢ Mean attributable cost derived by dividing TOTAL cost of incident
hip fracture (£726 M) by the number of incident fractures in 2000
(47.471)

92012 estimate derived from 2000 data using HM Treasury GDP
deflator [21]

additional calcium intake and is consistent with obser-
vations relating to falls [15]. The primary analysis
adjusted for baseline characteristics.

In the UK, two licensed oral colecalciferol 800 IU/unit
dose preparations are available (Desunin® and Fultium-
D3®). Both are prescription-only medicines (PoM) and
have an annual ingredient cost of £43.80 [17].

Hip fracture

Incidence of hip fracture was taken from a study of
anonymised longitudinal UK general practice records (The
Health Improvement Network; THIN) [18]. Incidence
above the age of 85 was conservatively estimated from
another contemporary THIN-based study of hip fractures
using data for older persons without Alzheimers disease
[19].

The average cost of hip fracture was estimated from a
Health Promotion England report [20] published in 2000.
Costs borne by health (excluding private healthcare costs)
and social care agencies included: hospital admissions;
ambulance costs; and social care, general practitioner and
outpatient costs for survivors (Table 1). The total cost
[£726 million (M)] divided by the number of hip fractures
modelled (47,471) indexed to 2012 prices’ [21] results in
an average current cost of each hip fracture of £24,303 in
Year 1. This compared closely to recent Canadian data [22]
showing the mean attributable cost in the first year after hip
fracture to be Can$37,575 (or £23,867 at the time of
writing [23]).
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Fig. 1 Annual incidence of hip fracture in UK by age group and gender (from Collins et al. [18] and Baker et al. [19]) (women illustrated by solid

line)

Table 2 Costs of hip fracture
and colecalciferol 800 IU

treatment by age group in UK
adults aged 65 years and over

# Colecalciferol 800 IU daily

Age group Hip Mortality Costs (£)
fractures - - -
(N) I-year Background Attributable Hip Vit D Net
fracture treatment®
Untreated
65-69 4,219 210 47 163 £1025M - -
70-74 7,103 480 133 347 £1726 M - -
75-79 10,314 925 326 599 £2507 M - -
80-84 14,344 1,849 822 1,027 £3486 M - -
85 and 29,436 7,603 4,098 3,505 £7154 M - -
over
Total 65,416 11,067 5,426 5,641 £1,589.8 M - -
Treated
65-69 2,953 146 33 113 £71.8 M £1322 M £101.5 M
70-74 4,971 335 93 242 £1208 M £1079M £56.1 M
75-79 7,219 648 227 421 £1754M  £879M £12.6 M
80-84 10,040 1,294 575 719 £2440M  £65.6 M —£39.0 M
85 and 20,605 5,322 2,868 2,454 £500.8 M £61.1 M —£153.6 M
over
Total 45,788 7,745 3,796 3,949 £1,1128 M £454.6 M —£224 M

@ Springer



814

J Endocrinol Invest (2014) 37:811-817

£100.0M -

£50.0M A

£45.8M

£193M

£0M A

65-69 70-74

NET COST OF TREATMENT

-£50.0M 4

-£100.0M 4

-£150.0M -

£2.6M

75-79 80484 E:

AGE GROUP

-£41.6M

-£1313M

Fig. 2 Net cost of colecalciferol 800 IU treatment after hip fracture reduction by gender and age group. Females are illustrated by the unshaded

column
Associated mortality

Age-specific data for 1-year mortality following hip frac-
ture in the UK were unavailable and therefore estimated
from Swedish data [24]. Applying the ratio of 1-year post-
fracture: background mortality to age- gender-specific UK
death rates [25], mortality associated with hip fracture was
estimated.

Results

Based on the current incidence rates (Fig. 1), our model
estimates there to be around 65,400 incident hip fractures
per annum in UK residents over the age of 65, more than
three-quarters of which (77 %) will occur in women. The
overall annual ‘first year’ cost to health and social care
services of managing incident hip fractures is therefore
estimated to be £1.59 billion (BN) (Table 2).

The annual cost of vitamin D supplementation at a dose
of 800 IU per day plus hip fracture management would be
£1.57BN, a net saving in expenditure of £22 M. Analysis
of the pattern of net marginal cost differs markedly for
different gender—age groups as shown in Fig. 2. As a
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consequence of the increasing incidence of hip fracture
with increasing age, Colecalciferol treatment (800 IU per
day) among all women over 75 years of age, and men over
the age of 85 would produce cost savings in their respective
age—gender groups, from —£8.2 M per annum (women
aged 75-79) to —£131.3 M (women aged 85 and over)
(Fig. 2). Alternative treatment targeting strategies based
only on age group (Fig. 3) and confined to the prevention
of hip fracture reveal that treatment of all adults over
80 years with colecalciferol 800 IU could result in a net
annual saving to health and social care budgets of
approximately £192.5 M.

Based on the data revealing a 30 % reduction in risk of
hip fractures associated with a dose of Vitamin D at or
above 800 IU daily [13], the number of incident hip frac-
tures within the UK could be reduced to approximately
45,800. Our model estimates that such a strategy could
prevent almost 1,700 associated deaths per annum (Fig. 3).

Discussion

In light of recent meta-analytic data showing that doses of
vitamin D less than 800 IU daily are unlikely to elicit a
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following treatment of the age groups

reduction in hip fracture and other non-vertebral fracture
[13], the value of the UK Chief Medical Officers’ recom-
mendation for universal daily dosing at 400 IU [14] is
questionable.

This study of the budget impact of population prophy-
lactic treatment within high-risk groups of elderly with
prescribed vitamin D at a dose of 800 IU per day would
result in costs savings to the NHS and social care if applied
to all men and women over 65 years, after only considering
benefits from a likely reduction in the frequency of hip
fractures. Furthermore, 1,700 deaths annually attributable to
hip fracture would also be avoided. More substantial sav-
ings of £124 million may be expected through targeted
treatment of all adults aged 70 and over through prevention
of hip fractures consistent with the observation that amongst
all fractures, fracture of the hip imposes the greatest mor-
bidity and mortality to an elderly population [26].

The model is necessarily conservative. In line with
MHRA advice [27], only vitamin D treatment with ethical
prescribed formulations has been considered to ensure
consistent cost and quality [28, 29].

The annual cost of hip fracture is currently estimated to be
greater than £2 billion [30] (compared to a modelled estimate
of £1.6BN) and further substantial cost savings could rea-
sonably be expected. A 1-year time horizon for this model is

‘at-risk’ age groups. Black diamonds signify the number of deaths avoided

a limitation, but was conservatively chosen. Therefore, on-
going long-term residential care costs for the 50 % of year-1
survivors of hip fracture are not accounted for. Given that, in
the first year, social care costs account for 67 % of the total
expenditure on hip fracture [20], and that fewer than 1 % of
adults in residential or nursing care return to independent
living [31], the true long-term cost of hip fracture would be
much higher. Although labour force participation of the at-
risk population is low, productive losses due to family and
carer burden arising from hip fracture in a relative could be in
excess of £100 M at 2012 prices [20]. Inclusion of non-
vertebral non-hip fractures within the current model would
also have added to the cost savings [32], although the treat-
ment effect expected from vitamin D supplementation is less
marked for this outcome [13].

The use of data on hip fractures-associated mortality
from the Swedish population potentially increases the
heterogeneity of the data used in the analysis. We were
unable to find similar UK data with age-band specific post-
fracture mortality. Nevertheless, our method of applying an
age- gender-specific ratio to background UK death rates’
models first year post-fracture mortality (16.9 %) compa-
rably to the most contemporary estimates [19, 33, 34]
which show that approximately one-fifth of those experi-
encing hip fracture will die within the first year. The
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conclusion that vitamin D could prevent premature death is
supported by other meta-analyses suggesting that a small
reduction in mortality can be expected following vitamin D
treatment [35, 36].

Our study also lacks evaluation of potential comorbid-
ities, a further limitation. In this regard, we conservatively
used non-Alzheimers fracture incidence in the very elderly
and also used aggregated background mortality which
includes death arising from fracture, which would make
our estimates of attributable mortality conservative.

Application of findings from a meta-analysis of specifi-
cally designed studies applied to the general population
could represent a possible bias and a limitation of the study.
However, subgroup analyses conducted by Bischoff-Ferrari
et al. found consistent treatment effects across age groups
and also between community residence and institutional
settings (OR 0.68 vs. 0.70, respectively). Therefore, we feel
justified that the results of the adjusted primary analysis are
reasonably applied to the general population. The meta-
analysis has been criticised [37] though the counter argu-
ments offered seem reasonable. Whilst fracture risk
reduction is not in itself under debate, the requirement for
calcium in addition to vitamin D to achieve this reduction is.
However, the authors of the meta-analysis argue cogently
that calcium is not required to achieve the fracture risk
reduction. Also, supplemental calcium may be unnecessary,
as the majority of elderly subjects have an adequate dietary
calcium intake, whereas vitamin D intake is inadequate
[38], a likely contributor to the epidemic of vitamin D
deficiency. Similarly, the value of calcium supplementation
has been questioned with regard to increased cardiovascular
risk [39] and nephrolithiasis [36].

In conclusion, this study is the first to examine the health
economic impact of hip fracture reduction through treating
an aging population with vitamin D. Unlike the recom-
mendation of using a dose of 400 IU daily in all subjects 65
and over, for which studies would suggest little, if any
benefit, treating all adults 65 years and over with vitamin D
800 IU daily would also be expected to reduce morbidity
and mortality in an elderly population. From the health
economic perspective, greatest savings are seen following
the treatment of subjects 70 years and over with similar
reductions in mortality. This abbreviated analysis suggests
the need for further studies to specifically evaluate the
health economic impact of vitamin D supplementation,
especially at doses currently recommended for vitamin D
deficiency prevention.
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