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Fractures are common in elderly subjects, disabling and occasionally fatal. Their
incidence increases exponentially with age, with the commonest affected sites being
the wrist, vertebrae, hip and humerus. Of these, hip fractures are the most relevant
in terms of morbidity and financial cost. The increase in fracture rate with age is
believed to result predominantly from age-related increases in the incidence of
osteoporosis and falls. This article reviews the evidence for the use of vitamin D and
bisphosphonates for the prevention of bone fractures and osteoporosis in elderly

Vitamin D and fractures

Introduction

Vitamin D insufficiency plays an important role in age-
related osteoporosis, as a consequence of its association
with secondary hyperparathyroidism [1]. Furthermore,
vitamin D insufficiency is associated with deterioration
in neuromuscular function and thereby increased risk of

© 2006 The Authors
Journal compilation © 2006 Blackwell Publishing Ltd

falls [2, 3]. It has therefore been postulated that vitamin
D supplementation reduces fracture rate by direct effects
on bone metabolism and indirectly by reducing the inci-
dence of injurious falls.

As vitamin D insufficiency is common in the general
older population and particularly in hip fracture patients,
clinical trials have focused on vitamin D supplementa-
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tion in this age group [4, 5]. Therefore, the evidence
base for vitamin D supplementation in the prevention of
fractures in elderly patients is reliable. However, studies
have used different metabolites and doses and some
used additional calcium, leading to difficulty in interpre-
tation and the establishment of clinical guidelines.
Unfortunately, not all studies reported on falls inci-
dence. In this section, clinical trials of various forms of
vitamin D supplementation (with and without calcium)
in the prevention of fracture in older adults are summa-
rized (Table 1 and Figure 1).

Ergocalciferol

In a quasi randomized study, Heikinheimo et al.
administered an annual intramuscular injection of
ergocalciferol (150 000-300 000 IU) to two groups of
subjects: community dwelling subjects aged over 85
years and institutionalized people aged 75-84 years.
Follow-up was for 2-5 years [6]. A fracture rate of
16.4% was observed in the treatment group and 21.8%
in the control group [6]. There was no difference
between the community-dwelling and institutionalized
subjects and, as expected, females had a higher rate of
fracture than males (22.2% vs. 9.5%) [6]. Interestingly,
upper limb and rib fracture rates were lower in the
treated group than the control. However, there was no
difference in lower limb fracture rate [6]. This study
has been criticized for its design, quasi randomization,
lack of blinding and placebo, and its statistical
analysis. Subjects who declined the injection were
added to the control group and the cumulative analysis
did not include confidence limits despite the decreas-
ing numbers with longer follow-up. Despite the criti-
cisms, this study did identify the potential use of
ergocalciferol as an important method for prevention
of fractures.

A more recent study using annual intramuscular
injection of ergocalciferol (300 000 IU) has provided
negative results in terms of prevention of hip and other
nonvertebral fractures. Furthermore, there was no
observed effect when the cohort was stratified by age,
mobility or previous fracture. This work has been pre-
sented in abstract form only and further details are
awaited [7]. The lack of effect may relate to insuffi-
cient dosage of ergocalciferol and it will be interesting
to study the baseline and post-treatment concentrations
of 25-OHD. Furthermore, previous work has sug-
gested that intramuscular ergocalciferol is inconsistent
in raising serum 25-OHD concentrations due to vari-
able absorption and that vitamin D, is less efficient
than vitamin D; at increasing 25-OHD concentrations
[8, 91
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Cholecalciferol (vitamin Ds)

Lips et al. conducted a prospective double-blind placebo
controlled trial of oral cholecalciferol (400 IU) in com-
munity and institutionalized patients [10]. Fifty-eight
hip fractures were observed in the intervention group
and 48 in the placebo group (P = 0.39). Furthermore,
there was no significant difference in other peripheral
fracture rates [10]. The negative results from this study
may be explained by the characteristics of the popula-
tion as (a) the patients were physically fit and had good
diets with high calcium content and (b) the dose of
supplementation was too low. Indeed, the postinterven-
tion 25-OHD concentration in the treatment group was
only 24 pg 1!, which may be insufficient to prevent sec-
ondary hyperparathyroidism [10].

Trivedi et al. conducted a randomized controlled trial
of oral vitamin D; alone (100 000 IU 4 monthly) in
healthy ambulatory subjects [11]. 25-OHD concentra-
tions increased from 21.2 ug1™"' to 28.4 ugI™'. A 22%
reduction (absolute risk reduction (ARR) 2.3%,
P =0.04) in total fractures and a 33% reduction (ARR
2.0%, P =0.02) in fractures at major osteoporotic sites
were observed [11]. These findings contrast with the
study by Lips et al. and may be attributed to the higher
dose (equivalent to 800 IU day™") and the longer dura-
tion of treatment.

Cholecalciferol and calcium

Two well-designed studies have examined the effects of
vitamin D and calcium supplementation in elderly sub-
jects. Chapuy et al. studied women who were living in
nursing homes or residences for the elderly [12]. In
a prospective double-blind placebo controlled trial,
using daily oral cholecalciferol (800 IU) and calcium
(1200 mg), these authors assessed fracture rate at
18 months. Forty-three per cent fewer hip fractures were
observed in the treatment group. There was also a 32%
reduction of all nonvertebral fractures [12]. 25-OHD
concentrations, measured in a subset, were 20.4 ug 1™
preintervention and 40.0 ug 1™ postintervention in the
treatment group [12]. Bone density increased by 2.7%
in the treatment group, whereas it fell by 4.6% in the
placebo group [12]. It has been suggested that the early
reduction in fracture rate may have been related to a
reduction in falls, but it is not substantiated.

In a community-based study, Dawson-Hughes et al.
conducted a double-blind prospective trial of daily oral
calcium (500 mg) and cholecalciferol (700 IU) supple-
mentation in elderly men and women without docu-
mented previous osteoporotic fractures [13]. A 33%
reduction in parathyroid hormone concentrations was
observed in the treatment group, even though baseline
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25-OHD was not low (28.8 ug I"' in women) [13]. Fur-
thermore, although there was no significant reduction in
the incidence of falls, there was a significant reduction
in total fracture rate, with 12.9% of the placebo group
suffering a fracture in contrast to 5.9% of the treated
group [13].

Calcitriol (1,25-dihydroxyvitamin Ds)

The only randomized controlled trial of calcitriol has
been conducted in postmenopausal women with estab-
lished osteoporotic vertebral fractures, randomized to
calcitriol or calcium in a single-blind design [14]. New
vertebral fractures were determined by radiographs. In
the second and third year women receiving calcitriol had
significantly fewer fractures compared with those
receiving calcium [14]. There was also a reduction
in peripheral fractures in those receiving calcitriol,
although the study was not powered to assess this effect
[14]. This study concluded that continuous treatment of
postmenopausal osteoporosis with calcitriol for 3 years
was safe and effective at reducing vertebral fractures.
However, it is not possible to extrapolate these findings
to older patients.

Safety and tolerability

In all the studies discussed vitamin D was well tolerated.
However, patients with primary hyperparathyroidism,
sarcoidosis, tuberculosis or lymphoma may become
hypercalcaemic in response to vitamin D supplementa-
tion and should therefore be monitored closely. With the
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exception of these conditions, adverse effects have been
noted only at concentrations >140 nmol 1™, which
would require a total vitamin D supply of
10 000 TU day™" [15].

Discussion

Osteoporotic fractures predominantly occur in those
aged over 65 years. Therefore, the role of vitamin D in
the prevention of fractures has been studied specifically
in this population, providing a good evidence base for
elderly people. Studies on vitamin D have included
patients up to the age of 105 years (Figure 1). However,
confusion remains regarding the relative benefit of vita-
min D alone as opposed to vitamin D and calcium.
Furthermore, studies to date have not deciphered the
relative contribution of a reduction in falls incidence to
the overall reduction in fracture rate. Nevertheless, in
the prevention of osteoporotic fractures the current evi-
dence base favours the use of cholecalciferol (800 IU
daily) above ergocalciferol, with concurrent calcium use
(500-1200 mg daily), a cheap and effective regimen.

Bisphosponates and osteoporosis

Introduction

Bisphosphonate drugs are analogues of inorganic pyro-
phosphate that bind to bone mineral and inhibit osteo-
clast bone resorption, leading to a reduction in bone
turnover. Bisphosphonates have been used for the treat-
ment of postmenopausal osteoporosis since the early
1990s. They should only be used in subjects who are



known to be calcium and vitamin D replete. Several
large, placebo-controlled, randomised trials have dem-
onstrated the fracture reduction efficacy of bisphospho-
nates (Table 2 and Figure 2).

Etidronate

Two randomized controlled trials published in 1990
demonstrated that intermittent cyclical etidronate
reduced vertebral fractures by about 50% but had no
significant effect on nonvertebral fractures [16, 17].
Both studies recruited postmenopausal women <75
years presenting with at least one vertebral fracture.
Storm et al. studied 66 women with a mean age of
68 years [16]. After the first year of treatment new ver-
tebral fractures were significantly reduced in the etidr-
onate group (6 vs. 54 per 100 patient years, P < 0.023)
[16]. In a study of 429 women with a mean age of
65 years, Watts et al. demonstrated reduced vertebral
fractures and noted that the lower the bone mineral
density at outset the greater the benefit [17].

Lack of evidence for nonvertebral fracture reduction,
poor oral absorption requiring a 4 h fast, and a compli-
cated cyclical treatment regime, mean that the newer,
and more potent, amino-bisphosphonates, alendronate
and risedronate have largely replaced etidronate, both
from the perspective of efficacy and acceptability. The
randomized controlled trials examining the effective-
ness of alendronate and risedronate are characterized by
impressively large sample sizes and recruitment of older
subjects (i.e. up to the age of 80 years in the alendronate
studies and 85 years in the risedronate studies).

Alendronate
A phase 3 study of women with osteoporosis diagnosed
on the basis of low bone mineral density showed a
significant reduction in new vertebral fractures after
3 years treatment with alendronate [18]. In this study
there was a suggestion that patients >65 years had more
benefit than patients <65 years and those with vertebral
fractures had more benefit than those without. Because
the incidence of vertebral fractures rises with age these
observations may be related [18]. The study was not
powered to look at a reduction in nonvertebral fractures
and showed an insignificant trend in this direction [18].
The FIT (Fracture Intervention Trial) followed
women, with osteoporosis diagnosed on the basis of low
bone mineral density, divided into two groups depend-
ing whether they also had vertebral fractures. Those in
the fracture group were slightly older compared with the
nonfracture group [19, 20]. Bone mineral density was
slightly higher in the nonfracture group. After 3 years of
alendronate treatment both groups showed a significant
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reduction in the incidence of new vertebral fractures.
The reduction was greater in women with previous ver-
tebral fractures (ARR 7.0%, P =0.001 vs. ARR 1.7%,
P =0.002) [19, 20]. Hip fractures were reduced by 50%
in women with prior vertebral fractures, but in the cohort
of women without prior fracture only those with estab-
lished osteoporosis on the basis of their bone mineral
density had a significant reduction in hip fracture. Thus,
the greatest benefit of treatment was in those with more
severe disease [19, 20].

The ability of alendronate to prevent nonvertebral
fractures in women with low bone mineral density, but
without prior fracture, has been confirmed in the FOSIT
(Fosamax International Trial) study [21]. The women in
this study were younger than the FIT subjects, with a
mean age of 62.8 years. Treatment with alendronate for
1 year significantly increased bone mineral density and
reduced the incidence of nonvertebral fractures vs. pla-
cebo [21]. A subsequent analysis of the FIT data has
examined tolerability of alendronate with increasing
age. Although initial analysis showed increased side-
effects in older women, study drop out rates were no
higher in older, compared with younger women, once
self-rated health and depressive symptoms had been
controlled for [22].

Risedronate

The major randomized controlled trials examining the
fracture prevention efficacy of risedronate recruited
women up to age 85 years, but unfortunately, with the
exception of the Hip Intervention Program (HIP) study
[23], the authors do not specify what proportion of the
sample were aged over 80 years and the average ages
are equivalent to the alendronate data.

In the VERT-NA (Vertebral Efficacy with Risedronate
Therapy-North America) and VERT-MN (Vertebral Effi-
cacy with Risedronate Therapy-MultiNational) studies
postmenopausal women with low bone mineral density
and vertebral deformity received risedronate for 3 years
[24, 25]. In the North American study new vertebral
fractures were reduced by 41% and nonvertebral frac-
tures by 39% [24]. The corresponding figures for the
multinational study were 49% and 33% [25].

The HIP study was potentially the most informative
study addressing the efficacy of bisphosphonates in very
elderly patients. Unfortunately the recruitment criteria
were such that no benefit of treatment was demonstrated
in this group [23]. After 3 years of treatment there was
a 40% reduction in hip fracture. The cohort of women
aged 80-85 years were recruited on the basis of the
presence of clinical risk factors for fracture or a low
bone mineral density. In this group, hip fracture was

Br J Clin Pharmacol | 61:5 | 525
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only reduced by 20% (ARR 0.9%, P =0.35), presum-
ably because the sample included a large number of
women who were not osteoporotic [23]. Subsequent
analysis, combining the very elderly patients (i.e. the
80-85 years old subjects) from all three studies (VERT-
NA, VERT-MN and HIP) showed an 81% reduction in
vertebral fracture (ARR 8.4%, P < 0.01) in the first year
of treatment [26]. The combined analysis of these three
studies was also useful as it demonstrated that bisphos-
phonate treatment was well tolerated in this age group,
with a side-effect profile equivalent to placebo [26].

Osteoporosis in men

The evidence for the use of bisphosphonates to prevent
and treat primary osteoporosis in men is much more
limited. The majority of studies have used changes in
bone mineral density as a primary endpoint, rather than
fracture prevention. Improvements in bone mineral den-
sity are equivalent to those seen in women and, on this
basis, bisphosphonate treatment is advocated in men. In
an open label study, alendronate reduced new vertebral
fractures more effectively than calcitriol in 134 men
with primary osteoporosis. New vertebral fractures
occurred in 24.2% of the calcitriol-treated patients and
in 10.3% of the alendronate-treated patients [27]. Alen-
dronate, but not risedronate, is licensed for the treatment
of male osteoporosis in the UK.

Discussion
The studies presented overwhelmingly demonstrate the
fracture prevention efficacy of bisphosphonate drugs in

postmenopausal women <85 years with established
osteoporosis, confirmed by bone mineral density mea-
surement, with or without vertebral fractures. The data
also suggest that the more severe the osteoporosis the
greater the benefits of treatment. Because bone density
continues to decline, even into very old age, and verte-
bral fracture prevalence rises rapidly after the age of
75 years it is likely that very old patients, even those
over 85 years, will benefit more from treatment than
younger women. The studies are also reassuring in that
side-effects of treatment are no more common in very
old patients.
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