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Abstract A European Union (EU) directive on vitamins
and minerals used as ingredients of food supplements
with a nutritional or physiological effect (2002/46/EC)
was introduced in 2003. Its implications for the use of
oral supplements of calcium and vitamin D in the pre-
vention and treatment of osteoporosis were discussed at
a meeting organized with the help of the World Health
Organization (WHO) Collaborating Center for Public
Health Aspects of Rheumatic Diseases (Liège, Belgium)
and the support of the WHO Collaborating Center for
Osteoporosis Prevention (Geneva, Switzerland). The
following issues were addressed: Is osteoporosis a
physiological or a medical condition? What is the evi-
dence for the efficacy of calcium and vitamin D in the
management of postmenopausal osteoporosis? What are

the risks of self-management by patients in osteoporosis?
From their discussions, the panel concluded that: (1)
osteoporosis is a disease that requires continuing medi-
cal attention to ensure optimal therapeutic benefits; (2)
when given in appropriate doses, calcium and vitamin D
have been shown to be pharmacologically active (par-
ticularly in patients with dietary deficiencies), safe, and
effective for the prevention and treatment of osteopo-
rotic fractures; (3) calcium and vitamin D are an
essential, but not sufficient, component of an integrated
management strategy for the prevention and treatment
of osteoporosis in patients with dietary insufficiencies,
although maximal benefit in terms of fracture prevention
requires the addition of antiresorptive therapy; (4) cal-
cium and vitamin D are a cost-effective medication in
the prevention and treatment of osteoporosis; (5) it is
apparent that awareness of the efficacy of calcium and
vitamin D in osteoporosis is still low and further work
needs to be done to increase awareness among physi-
cians, patients, and women at risk; and (6) in order that
calcium and vitamin D continues to be manufactured to
Good Manufacturing Practice standards and physicians
and other health care professionals continue to provide
guidance for the optimal use of these agents, they should
continue to be classified as medicinal products.
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Introduction

European Union (EU) Directive 2002/46/EC on vita-
mins and minerals used as ingredients of food supple-
ments with a nutritional or physiological effect [1] was
introduced in 2003. An international expert panel dis-
cussed its implications for the use of oral supplements of
calcium and vitamin D in the prevention and treatment
of osteoporosis at a meeting in Barcelona on 10
November 2002. This meeting was organized with
the help of the World Health Organization (WHO)

Osteoporos Int (2004) 15: 511–519
DOI 10.1007/s00198-004-1621-6

S. Boonen (&) Æ J. Reginster
Leuven University Centre for Metabolic Bone Diseases &
Division of Geriatric Medicine, University Hospital Leuven,
Herestraat 49, B-3000 Leuven, Belgium
E-mail: steven.boonen@uz.kuleuven.ac.be
Tel.: +32-16-344824
Fax: +32-16-344402

R. Rizzoli
University Hospital, Geneva, Switzerland

P.J. Meunier
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Collaborating Center for Public Health Aspects of
Rheumatic Diseases (Liège, Belgium) and with the
support of the WHO Collaborating Center for Osteo-
porosis Prevention (Geneva, Switzerland). The meeting
addressed the following issues:

1. Is osteoporosis a physiological or a medical condi-
tion?

2. What is the evidence for the efficacy of calcium and
vitamin D in the management of postmenopausal
osteoporosis?

3. What are the risks of self-management by patients
with or at risk of osteoporosis?

This report provides a summary of the discussion and
consensus conclusions from the meeting.

Osteoporosis: a prevalent and serious disease

Osteoporosis is the major cause of fractures in middle-
aged and elderly men and women and is a growing health
care problem in Europe and the rest of the world. For
Caucasians, the lifetime risk of an osteoporotic fracture
at 50 years of age has been estimated to be approxi-
mately 40% for women and 13% for men [2]. These
figures, however, are based on the assumption that life
expectancy will remain stable; they are therefore likely to
underestimate future risks. Estimates based on data from
Malmö (Sweden) that do take account of future mor-
tality trends are 47% for women and 22% for men [3].
Indeed, these latter estimates appear to be in agreement
with more recent prospective data on vertebral fracture
rates from the European Prospective Osteoporosis Study
(EPOS), which were higher than expected (40% for
women and 20% for men at age 80) [4].

Osteoporotic fractures can have devastating physical,
medical, psychological, and social consequences for pa-
tients. Vertebral fractures can lead to back pain, loss of
height, deformity, immobility, and increased number of
bed days, and even reduced pulmonary function [5, 6, 7, 8,
9].Their impactonqualityoflifecanbeprofoundasaresult
of lossofself-esteem,distortedbodyimage,anddepression
[5, 8, 10, 11, 12, 13, 14, 15]. Vertebral fractures also sig-
nificantly impact on activities of daily living [16, 17]. Hip
fractures are invariably associated with chronic pain,
reduced mobility, disability, and an increasing degree of
dependence[18].Aftersustainingahipfracture,10–20%of
formerly community-dwelling patients require long-term
nursing care [19, 20, 21, 22, 23], with the rate of nursing
home admission rising with age [20, 22].

Both hip and vertebral fractures are also associated
with excess mortality [24, 25, 26, 27]. In the European
Prospective Osteoporosis Study, risk ratios (adjusted for
age) formortality associated with vertebral fractures were
1.9 and 1.3, respectively [27]. Data from Australia show
hip fractures were associated with a 2.18 and 3.17 relative
increase in mortality in women and men, respectively,
while corresponding ratios for vertebral fractures were
1.66 and 2.38 [24]. A 50-year-old woman has a 2.8% risk

of death related to hip fracture during her remaining
lifetime, equivalent to her risk of death from breast cancer
and four times higher than that from endometrial cancer
[28]. Althoughmortality rates are higher in older patients,
deaths in younger patients (aged <70 years) contribute
substantially to the excess mortality and short survival
associated with osteoporotic fractures [24].

The combination of the disease’s serious morbidity
with its high prevalence means that osteoporosis has a
major impact on health care costs. A study in Switzer-
land showed that the annual costs of hospitalizations
(in terms of duration of stay) for osteoporotic fractures
were greater than those for myocardial infarction,
stroke, and breast cancer, and only slightly lower than
for chronic obstructive pulmonary disease (Fig. 1) [29].
For women, the costs associated with osteoporosis were
higher than for all these diseases. Across the European
Community, the total annual direct hospital costs for the
nearly 500,000 patients who sustain a hip fracture each
year are estimated to be 4.8 billion euros [30]. Costs for
medical care after hospital discharge and in particular
nursing home care are also substantial [21]. Further-
more, health care expenditure is likely to rise dramati-
cally unless policies directed at preventing the disease are
implemented. Although osteoporosis is currently un-
derdiagnosed and undertreated in women [31] and men
[23], techniques for diagnosing osteoporosis are well
established, and effective therapies for its prevention and
treatment have been developed [32, 33]. The conse-
quences of osteoporosis are therefore avoidable and we
regard them as unacceptable.

Calcium and vitamin D supplementation as an essential
component of management strategies for the prevention
and treatment of osteoporosis

Calcium and vitamin D are crucial for bone health
throughout life [34, 35, 36, 37]. Calcium intake is one of

Fig. 1 Comparison of hospital bed utilization due to consequences
of osteoporosis at any skeletal site (33,595 women and 29,574 men)
compared with other common acute diseases (adapted with
permission from data in [23])
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the main determinants for the development of peak bone
mass during adolescence and also slows the subsequent
age-related bone loss [34, 35, 36, 37]. In the presence of
vitamin D deficiency, calcium absorption is impaired
and there is a compensatory increase in parathyroid
hormone (PTH) levels, with a consequent stimulation of
bone resorption and accelerated bone loss [38, 39, 40, 41,
42, 43, 44]. Vitamin D status is usually assessed by
measurement of the serum concentration of 25-hydrox-
yvitamin D, the main circulating metabolite. While se-
vere vitamin D deficiency causes osteomalacia, moderate
vitamin D deficiency is associated with lower calcium
absorption, secondary hyperparathyroidism, high bone
turnover, and bone loss [43]. The following stages have
been proposed: severe vitamin D deficiency associated
with osteomalacia, serum 25-hydroxyvitamin D
<12.5 nmol/l (5 ng/ml); moderate vitamin D deficiency
associated with secondary hyperparathyroidism and
high bone turnover, serum 25-hydroxyvitamin D 12.5–
25 nmol/l (5–10 ng/ml); mild vitamin D deficiency or
insufficiency associated with small elevations of serum
PTH and probably bone loss in the long term, serum 25-
hydroxyvitamin D 25–50 nmol/l (10–20 ng/ml). How-
ever, there is no consensus on the breakpoint where
insufficiency begins. Some studies suggest that the serum
25-hydroxyvitamin D level below which serum PTH
starts to rise could be 80 nmol/l (32 ng/ml) [45, 46],
while others situate this point at a serum 25-hydrox-
yvitamin D of 50 nmol/l [47, 48]. Anyway, the required
serum 25-hydroxyvitamin D to prevent secondary
hyperparathyroidism is higher than previously antici-
pated. Moreover, there is evidence that the intestinal
absorption of calcium in response to vitamin D declines
with age [49]. Both calcium and vitamin D deficiency or
insufficiency are therefore important risk factors for
osteoporosis and osteoporotic fractures [38, 50, 51, 52].
Furthermore, it is more straightforward to correct cal-
cium and vitamin D insufficiency first, before addressing
the other risk factors for osteoporosis. The elderly are at
risk of vitamin D insufficiency, because they are less
mobile and therefore have less sunshine exposure. The
capacity of the skin to produce vitamin D3 decreases
with age. Other risk groups include patients with skin
conditions who have been advised to minimize sun
exposure and immigrants whose style of dress tends to
result in low exposure of the skin to sunlight. In addi-
tion, darker skin is a risk factor for decreased produc-
tion of pre-vitamin D3.

Optimal intake of calcium and vitamin D

There is no universal consensus on optimal daily calcium
intake. The Food and Nutrition Board of the Institute of
Medicine, US National Academy of Sciences, states that
an adequate intake of calcium for men and women aged
over 50 years is 1,200 mg/day, while for younger adults
1,000 mg/day is an adequate intake [53]. Recommen-
dations within Europe are lower, at 700–800 mg/day for

all ages (800 mg for women aged 50–65 years) [54]. The
European Commission has set the tolerable upper intake
level for calcium intake from all sources in adults at
2,500 mg/day [55].

Vitamin D is derived from cutaneous synthesis in the
presence of ultraviolet light as well as from the diet; the
relative importance of each being dependent on race,
geographic location, age, and social conditions such as
housing and lifestyle. For example, people living in ur-
ban centers or institutions are exposed to suboptimal
levels of sunlight since ultraviolet light is blocked by air
pollution, clothes, tall buildings, indoor dwelling, and
sunscreens. These factors reduce the skin’s ability to
synthesize vitamin D [56]. European guidelines for die-
tary vitamin D intake are 0–400 IU daily for adults of
both sexes up to age 65 years and 400 IU daily for those
aged 65 years and above [54]. Adequate intake in the
United States has been defined as 400 IU/day for adults
from 51 to 70 years and 600 IU/day in elderly over
70 years [57]. A dose-finding study in institutionalized
elderly people showed that serum 25-hydroxyvitamin D
increased from 24 to 68 nmol/l with vitamin D3 400 IU/
day and from 24 to 78 nmol/l with 800 IU/day [58]. In a
large prevention study with vitamin D3 400 IU/day,
serum 25-hydroxyvitamin D rose to 54 nmol/l in an
independent elderly population and to 62 nmol/l in an
institutionalized elderly population. This difference is
probably caused by compliance being better in an
institution [59, 60]. Different opinions exist as to whether
the dose should be adapted to correct for noncompli-
ance. However, safety is not a matter of concern. Vita-
min D3 supplementation of 4,000 IU/day (100 lg/day)
resulted in a serum 25-hydroxyvitamin D of about
100 nmol/l after 5 months without change of serum
calcium level or calcium excretion [61]. The European
Commission has set the tolerable upper intake level for
adults at 50 lg/day (2,000 IU/day) [62].

Many European adults of both sexes have suboptimal
dietary intake of both calcium and vitamin D [43, 45].
In a sample of urban-dwelling French men (aged 45–
65 years) and women (aged 35–60 years), nearly half
had a daily calcium intake below the European recom-
mendations, while the prevalence of vitamin D defi-
ciency (defined as a serum 25-hydroxyvitamin D level, as
determined by radioimmunoassay [RIA], <12 ng/ml)
was 14% [45]. The elderly, who often have low dietary
intakes, are much more likely to have insufficient dietary
calcium and vitamin D intakes. Mean calcium intake in
a sample of elderly community-dwelling French women
was 569 mg daily and 39% had vitamin D deficiency
(defined as serum 25-hydroxyvitamin D level, as deter-
mined by RIA, <12 ng/ml) [63]. Similar findings have
been reported in other studies, even in the absence of
confounding diseases [40]. As vitamin D is needed to
maintain calcium homeostasis, calcium and vitamin D
insufficiency commonly coexist. For example, in a sam-
ple of elderly institutionalized women, 66% had an
inadequate intake of both calcium and vitamin D
(defined as <800 mg daily calcium and a serum
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25-hydroxyvitamin D level [by RIA] <12 ng/ml) [64].
This suggests a rationale for combined calcium and
vitamin D supplementation to improve bone health in
individuals with dietary insufficiencies.

Calcium and vitamin D supplementation reduces
the risk of fractures

The treatment of elderly institutionalized women with
combined calcium and vitamin D supplements has been
shown to reduce the risk of nonvertebral fractures in a
large, multicenter, randomized, double-blind, placebo-
controlled trial [65, 66, 67]. All the women in this study
(n=3,270) had inadequate dietary calcium intakes at
baseline (<800 mg daily) and 44% had vitamin D
deficiency (serum 25-hydroxyvitamin D level [by RIA]
<12 ng/ml). When corrected for assay differences by
interlaboratory comparison, the percentage of vitamin
D deficient elderly was much higher [43, 68].

The supplement group received 1,200 mg of calcium
and 800 IU of vitamin D3 daily. At 36 months, the
intention-to-treat analysis showed that supplementation
reduced the incidence of hip fractures by 23% and of all
nonvertebral fractures by 17.2% [66]. When the analysis
was restricted to patients who actually received ran-
domized therapy, the reduction in risk was 29% and
24%, respectively. The benefit of supplementation
emerged within 12 months (Fig. 2) [65, 67]. Intervention
prevented a total of 46 hip fractures and an additional
21 nonvertebral fractures (number needed to treat
[NNT] to prevent any vertebral or nonvertebral frac-
ture = 41). The reduction in hip fracture risk with
supplementation was consistent with the changes in
bone mineral density (BMD) reported at 18 months; the
BMD of the proximal femur increased by 2.7% in the
supplement group whereas in the placebo group there
was a decline of 4.6%. The absence of bone loss in the
supplemented group is supported by improvements in
the indexes of secondary hyperparathyroidism. Most of

the effect of supplementation was seen within 6 months,
when mean PTH levels had decreased by 35% compared
with baseline and mean serum 25-hydroxyvitamin D
levels had increased by 150%. Furthermore, those wo-
men who had elevated PTH levels and low serum
25-hydroxyvitamin D levels at baseline had normal
values at the end of the study, within the range 11–
55 pg/ml for PTH, and 15–50 ng/ml for serum 25-hy-
droxyvitamin D [65, 66].

In a randomized study involving 389 subjects (aged
65 years and over), daily supplementation with calcium
500 mg and vitamin D 700 IU more than halved the
incidence of nonvertebral fractures; of the 37 fractures
sustained by the study population, 11 were in the cal-
cium and vitamin D group compared with 26 in the
placebo group (p=0.02) [69]. Other studies have been
undertaken using higher doses of vitamin D at longer
intervals (e.g., 6 months). For example, the recent study
of Trivedi and colleagues [70] showed that vitamin D3

alone, 100,000 IU every 4 months, was safe and effective
in decreasing the incidence of osteoporotic fractures.
This was a randomized, double-blind, placebo-con-
trolled trial in 2,686 people aged 65–85 years, living in
the United Kingdom in the general community. After
5 years, 147 men and women had fractures in common
osteoporotic sites; the relative risk in the vitamin D
group compared with the placebo group was 0.67 (95%
CI, 0.48 to 0.93; p=0.02) for first hip, wrist or forearm,
or vertebral fractures [70]. However, vitamin D regimens
such as this involving intermittent administration of
relatively large doses (albeit physiological if used cor-
rectly) should only be available on medical prescription
due to the danger of vitamin D intoxication if the tablets
are taken more frequently than intended.

There are, however, studies with calcium, vitamin D
and/or calcium, and vitamin D that have not replicated
the above results. For example, Meyer and colleagues
reported that intervention with 10 lg daily of vitamin
D3 failed to prevent either hip or vertebral fractures over
a 2-year period in a nursing home population [71].
Likewise, vitamin D (400 IU/day) given without calcium
to an elderly community-dwelling population in The
Netherlands did not reduce the risk of hip fractures [59].
The inconsistencies between the results of different
studies are probably due to differences in the type of
supplement used, the addition of a calcium supplement,
the characteristics of the patients included in the studies
such as degree of vitamin D deficiency at baseline, study
design, and/or the study endpoints. Recent meta-analy-
ses confirm the value of calcium and vitamin D sup-
plementation in the prevention of postmenopausal
osteoporosis, although such analyses can be criticised on
the basis that they do not take into account baseline
calcium and vitamin D status or the multiplicity of study
designs. Calcium supplements alone were shown to have
a small but definite effect on BMD and a trend toward
reducing vertebral fractures [72], while the meta-analysis
of trials of vitamin D supplementation demonstrated
some additional effect of calcium on the reduction of

Fig. 2 Reduction in hip fractures achieved with calcium and
vitamin D supplementation (reproduced with permission from [54])
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nonvertebral fractures [73]. A Cochrane review con-
cluded that calcium and vitamin D does reduce the
fracture risk in some older people, although the efficacy
of vitamin D alone is unclear [74]. It must be noted,
however, that the large randomized controlled study of
Trivedi and colleagues [70] described previously, which
reported a positive effect of vitamin D alone, has been
published since this meta-analysis [73] and the Cochrane
review [74].

Although the effects of calcium and vitamin D in
fracture prevention are generally attributed to increases
in BMD, it has also been hypothesized that the effect of
supplementation on calcium homeostasis might increase
muscular strength, thereby reducing the risk of falls. In a
study designed to test this hypothesis, involving a group
of 122 elderly institutionalized women, 50% of whom
had vitamin D insufficiency (serum 25-hydroxyvitamin
D below 12 ng/ml) at study entry, musculoskeletal
function was shown to improve significantly (p<0.01)
after 3 months’ therapy with calcium and vitamin D;
there was no significant improvement in women treated
with calcium alone over the same time period. The
incidence of falls in the women who received calcium
and vitamin D was reduced by 49% (p<0.01) after
3 months, with recurrent fallers benefiting the most,
whereas there was no reduction in women given calcium
only [75]. Likewise, Pfeifer and colleagues observed a
reduction in body sway and a reduction in falls with
short-term calcium and vitamin D supplementation as
compared with calcium alone in a sample of 148 elderly
women [76].

On balance, there is a strong case that calcium and
vitamin D supplementation is beneficial in the preven-
tion of osteoporotic fractures in those at risk, i.e., elderly
individuals with calcium and/or vitamin D insufficiency.
Given the high economic burden of osteoporotic frac-
tures and the low cost of calcium and vitamin D prod-
ucts, screening, and follow-up, treatment is also
extremely cost-effective, as shown recently by Lilliu and
colleagues [77]. These authors assessed the cost impli-
cations of a preventative treatment strategy of osteo-
porotic fractures with combined calcium 1,200 mg/day
and vitamin D 800 IU/day for institutionalized elderly
women, applying recently published unit cost data to the
results of the prospective placebo-controlled clinical trial
of Chapuy and colleagues described earlier [65, 66].
Across the seven European countries involved in the
Chapuy trial, the total costs in the placebo group were
higher than in the supplementation group, resulting in a
net benefit of 79,000–711,000 euros per 1,000 women
[77]. The authors note that their analysis may underes-
timate the net benefits of calcium and vitamin D in this
setting, as treatment is also effective in decreasing the
incidence of nonvertebral fractures.

Calcium and vitamin D should therefore be consid-
ered an essential component of an integrated manage-
ment strategy for the prevention and treatment of
osteoporosis, although maximal benefit will generally be
derived from combination therapy with an antiresorp-

tive agent. The important role of calcium and vitamin D
in the management of osteoporosis is recognized by the
European regulatory authorities who require that sub-
jects in both arms of clinical trials of new drugs for
osteoporosis have adequate intakes of calcium and
vitamin D, which if necessary should be achieved by
appropriate supplementation [78].

Calcium and vitamin D therapy needs clinical guidance

It is now widely understood that osteoporosis is a
serious disease that requires medical assessment and
management. Calcium and vitamin D have been shown
to be effective medications for reducing fracture risk
when prescribed in appropriate doses in randomized
controlled trials of therapy. The panel held the unani-
mous view that clinical supervision of calcium and
vitamin D therapy for the management of osteoporosis
was necessary to ensure optimum efficacy and safety.
Calcium and vitamin D for the prevention and treat-
ment of osteoporosis should therefore continue to be a
medicinal product under the European Directive 2001/
83/EC.

Implications of self-management of calcium
and vitamin D therapy

Awareness of personal risk of osteoporosis among
women is extremely low. A survey conducted in 1999 by
the International Osteoporosis Foundation (IOF) [79] in
Europe and elsewhere showed that although most wo-
men were aware that osteoporosis is a serious disease,
80% of those surveyed did not believe that they per-
sonally were at risk (Fig. 3). Men are less aware than
women that osteoporosis could affect them [80]. If the
decision to initiate calcium and vitamin D therapy were
left to individuals themselves, it seems likely that they
would not receive appropriate treatment. Compliance

Fig. 3 Results of IOF survey showing the awareness among
women resident in Europe and elsewhere of their own risk of
osteoporosis (http://www.osteofound.org)
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with long-term therapy for osteoporosis, which is fre-
quently poor, is likely to be better when a physician
prescribes the medication and when physicians or other
health care professionals follow up patients. The panel
were also of the opinion that patients were more likely to
continue long-term treatment with appropriate doses of
calcium and vitamin D if they received financial reim-
bursement, as would be the case if these agents contin-
ued to be classified as medicinal products but not if they
were reclassified as food supplements. The medical need
for good compliance in achieving optimal outcome in
osteoporosis is highlighted by the data of Dawson-
Hughes and colleagues [81] showing that, in both men
and women, calcium and vitamin D supplementation
had no lasting benefits on BMD at the femoral neck
2 years after treatment withdrawal.

The IOF survey also demonstrated that the awareness
of the disease, its diagnosis, and treatment is low among
physicians, with only one third discussing the disease
with their patients. This finding is reinforced by studies
in the literature (e.g., [82]). Self-management could
potentially hold back the development of new medical
educational initiatives that are clearly needed to improve
this situation.

Calcium and vitamin D as combination therapy

At the present time, antiresorptives such as the bis-
phosphonates are useful drugs in the reduction of
fracture risk [83]. Most of the trials that have demon-
strated a decrease in fracture risk with antiresorptives
have included patients receiving calcium and vitamin D
supplements. There is evidence that these agents are
less effective in the presence of low calcium and vitamin
D levels, i.e., their effects are blunted [84, 85, 86, 87]. In
the largest and most recent of these studies [87],
involving a group of hormone replacement therapy
(HRT) users (n=392) participating in the Finnish
OSTPRE-study, HRT prevented femoral bone loss
over the 5-year study period only among the women
with the highest calcium intake (>927 mg/day). When
the same authors analyzed studies of calcitonin, they
found that lumbar spine BMD increased by 2.1% per
year with calcitonin plus calcium supplementation
compared with a decrease of 0.2% per year with cal-
citonin alone [86]. Likewise, in a study comparing the
effects of etidronate alone and etidronate plus a vita-
min D supplement, significant differences in BMD
favoring the supplement group were apparent at both
the lumbar spine (5.2% vs 2.7%; p=0.036) and femo-
ral neck (2.0% vs –0.4%; p=0.046) at 1 year [85].
Similar results were observed when the effects of
etidronate were compared in vitamin D deficient (ser-
um 25-hydroxyvitamin D levels <40 nmol/l) and
nondeficient postmenopausal women with osteopenia
[84]. Therefore, for maximum benefits to be achieved,
most patients with osteoporosis should receive both
calcium and vitamin D and an antiresorptive agent.

Good Manufacturing Practice (GMP) is important
for product quality

As pharmaceutical products, calcium and vitamin D
supplements are manufactured under Good Manufac-
turing Practice (GMP) guidelines. Nutritional supple-
ments are not subjected to such rigorous manufacturing
standards and their quality and batch-to-batch consis-
tency may vary [88]. Nutritional supplements are not
subjected to the rigorous requirement to demonstrate
bioequivalence that is demanded of all new and generic
drugs. It is well recognized that the extent of drug
absorption can be influenced by the pharmaceutical
formulation, and this has recently been demonstrated to
apply to calcium carbonate products [89]. Of eight
commercial products of calcium carbonate available in
the United States (where calcium supplements are reg-
ulated as dietary supplements under food law), only two
exhibited absorbability comparable to that of plain
calcium carbonate. The remaining six products were
substantially (by up to approximately 50%) less bio-
available.

Conclusions

In summary, we conclude that osteoporosis is a disease
that requires continuing medical attention to ensure
optimal therapeutic benefits. Calcium and vitamin D,
when given in appropriate doses, have been shown to be
pharmacologically active (particularly in patients with
dietary deficiencies), safe, and effective for the preven-
tion and treatment of osteoporotic fractures. Indeed,
calcium and vitamin D are a first-line medication in the
prevention and treatment of osteoporosis, although
most patients will derive further benefit in terms of
fracture prevention from the addition of an antiresorp-
tive agent. The use of calcium and vitamin D in the
prevention and treatment of osteoporosis is cost-effec-
tive. It is apparent that awareness of the efficacy of
calcium and vitamin D in osteoporosis is still low, and
further work needs to be done to increase awareness
among physicians, patients, and people at risk. In order
that calcium and vitamin D continues to be manufac-
tured to GMP standards and that physicians and other
health care professionals continue to provide guidance
for the optimal use of these agents, they should continue
to be classified as medicinal products (2001/83/EC) after
implementation of the European Union directive for
vitamins and minerals with nutritional or physical effects
that are used as ingredients of food supplements (2002/
46/EC).

Summary of conclusions

1. Osteoporosis is a disease that requires continuing
medical supervision to ensure its successful manage-
ment.
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2. Calcium and vitamin D have been shown to be
pharmacologically active (particularly in patients
with dietary deficiencies), safe, and effective for the
prevention and treatment of osteoporotic fractures in
the elderly when given in appropriate doses.

3. Calcium and vitamin D is an essential, but not suf-
ficient, component of an integrated strategy for the
prevention and treatment of osteoporosis in patients
with dietary insufficiencies; most patients will derive
further benefit in terms of fracture prevention from
the addition of an antiresorptive agent.

4. Calcium and vitamin D is a cost-effective medication
in the prevention and treatment of osteoporosis.

5. Awareness of the efficacy of calcium and vitamin D is
still low, and further work needs to be done to in-
crease awareness among physicians, patients, and
people at risk.

6. In order that calcium and vitamin D continues to be
manufactured to GMP standards and that physicians
and other health care professionals continue to pro-
vide guidance for the optimal use of these agents,
they should continue to be classified as medicinal
products under the European Directive 2001/83/EC.
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