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Abstract. Interest in vitamin D treatment for osteoporosis has recently been revived
because of the focus in various parts of the world on the elderly population, which is
predominantly vitamin D deficient, in addition to postmenopausal osteoporosis due to
estrogen withdrawal, which has been the central theme of osteoporosis research for
many years. Combined use of other agents along with vitamin D has fortified the
therapeutic armory against osteoporosis. The recent suggestion of a role of vitamin D
receptor polymorphism in the development and progress of osteoporosis, possibly by
interfering with its expected action, provoked intense discussions on the role of vi-
tamin D in the pathogenesis and treatment of osteoporosis. Vitamin D receptor poly-
morphism may explain some of the racial differences in the incidence of osteoporosis
and its complications. Responses to vitamin D treatment may also be predicted by
vitamin D receptor allelic analysis, though the currently proposed allelic patterns are
yet far from being widely accepted. The outlook for vitamin D treatment for osteopo-
rosis may require insight into vitamin D receptor, not only for vitamin D’s given form,
but also for a possible future form designed to intervene at the genomic level.

[P.S.E.B.M. 1996, Vol 212]

ince the minireview ‘‘Vitamin D in the treat-
ment of osteoporosis’’ (1) appeared, remarkable
progress has been achieved in this field.

At the Consensus Developing Symposium after
the 4th International Symposium on Osteoporosis in
1993, an agreement was reached on the therapeutic use
of active forms of vitamin D and their derivatives as
summarized below: (i) Adequate vitamin D supple-
ment of 400-800 IU/day is necessary for elderly peo-
ple, in view of the decrease of femoral neck fracture in
response to vitamin D and calcium supplement. (ii) A
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low dose of 1,25-dihydroxyvitamin D (1,25[OH],D)
along with calcium increases bone mineral density and
decreases femoral neck fracture without causing sig-
nificant hypercalcemia. (iii) Effects of vitamin D and
its active forms should be compared and the need for
combined use of vitamin D examined.

Evidence on vitamin D deficiency among the aging
is accumulating with reference to osteoporosis, one of
the major manifestation of aging. An age-bound de-
cline is noted in dermal production of 7-dehydrocho-
lesterol (2). Lower ultraviolet exposure causes a fur-
ther decrease of dermal vitamin D biosynthesis (3),
whereas regular solar exposure promotes it (4). De-
cline of kidney function in aging reduces renal produc-
tion of 1,25(0OH),D, and estrogen deficiency may ac-
celerate this, in view of the impaired ability to synthe-
size calcitriol in response to parathyroid hormone
(PTH). PTH secretion increases with age, causing sec-
ondary hyperparathyroidism of aging, probably as a
result of insufficient feedback inhibition by calcium
and calcitriol (5), and possibly acting as an important



factor in bone loss in senile osteoporosis, as reported
by many workers (6-10). High basal, maximal stimu-
lated, and minimal nonsuppressible PTH in the elderly
were readily normalized by a short-term 1,25(OH),D,
treatment (11). Decrease in the response of tissues to
calcitriol may also be a factor in the development of
osteoporosis (12). Aged gut may respond to vitamin D
poorly (13, 14), which may be explained by a decrease
of vitamin D receptors in the gut (15). Small doses of
la(OH) vitamin D5 (0.5-1.0 pg) corrects calcium mal-
absorption changing the negative calcium balance in
osteoporosis to a zero or a positive calcium balance,
while vitamin D, which requires hydroxylation by the
kidney, may not be able to do this because of the de-
clining kidney function. Thus, the correlation between
aging and bone loss appear to be closely related to
vitamin D metabolism (16), though other factors such
as immobilization may also be important and vitamin
D deficiency may not be the only cause of bone loss in
senility (17). Byme et al. (18) recommended low-dose
(10-20 pg/day) vitamin D supplement for the treatment
of osteoporosis.

Attention has been focused on possible defects in
the reception side of the vitamin D action. Vitamin D
receptor gene allele polymorphism was reported to be
related to the hereditary risk for osteoporosis, a find-
ing that has promoted extremely active discussion, as
will be described in the second half of this review.

Osteoporosis in Vitamin D Deficiency in Old Age
and Deficiency of Solar Exposure

Serum 1,25(OH)D (calcitriol) levels may decrease
in women after menopause, and bone calcitriol levels
are markedly decreased in aging and osteoporosis (19,
20). Controversial results have nevertheless been re-
ported on the relationship between serum levels of vi-
tamin D derivatives and bone mineral density, proba-
bly due to the varying racial, geographical, nutritional,
and seasonal factors of the communities studied, as
well as the physiological and pathological elements re-
lated to aging (21). Positive relationship may be asso-
ciated with low vitamin D intake or low bone mineral
density rather than high and replete vitamin D intake,
suggesting the role of vitamin D as one of the threshold
substances to maintain healthy bone.

Serum calcidiol levels, for instance, were closely
correlated with bone mineral density in Spain (22).
Luckert et al. partially prevented postmenopausal
bone loss by vitamin D supplement (23). Though vita-
min D or previtamin D has been thought to be ade-
quately supplied throughout the world, the require-
ment of ultraviolet light for the conversion of previta-
min D to vitamin D may be a trap. In an elderly
population probably under inadequate solar exposure,
Meunier et al. (24) and Chapuy et al. (25) found a
supplement with 800 units of vitamin D along with 1.2

g of calcium daily effective in reducing the fracture
rate. In a 3-year follow-up study conducted on 3270
ambulatory women with a mean age of 84 *= 6 years
living in nursing homes, 1634 were given a supplement
of 800 IU of vitamin D and 1.2 g of calcium as CaPO,
daily, and 1636 were given a placebo. Between the
12th and 18th month of the study, 58 hip fractures were
sustained in the placebo group, whereas only 38 frac-
tures occurred in the vitamin D/calcium-supplemented
group. BMD was higher, and serum PTH and alkaline
phosphatase lower, in the supplemented group than in
the control group.

Ooms et al. (26) tested the effect of 400 IU of
vitamin D supplementation in 348 women older than 70
years over a period of 2 years. Bone mineral density at
the femoral neck increased and serum PTH decreased
with few side effects. A shorter solar exposure makes
vitamin D deficiency more pronounced during winter,
so vitamin D supplementation becomes especially ef-
fective winter to spring rather than summer to fall.
According to Khaw et al., a single dose of 100,000 IU
(2.5 mg) of cholecalciferol raised serum 25-OH vitamin
D and suppressed PTH by 12% in winter without a rise
of serum calcium in a randomized double-blind study
(27). Dawson-Hughes et al. (28) also conducted a dou-
ble-blind, randomized 2-year trial of vitamin D supple-
ment in healthy postmenopausal women residing at
latitude 42°N and consuming an average of 100 IU of
vitamin D. Either 100 or 700 1U of vitamin D supple-
ment was given, along with 500 mg calcium. The group
given 700 IU of vitamin D lost less bone than the group
given 100 IU (1.06% =+ 0.34% vs 2.54% = 0.37% per
year; P = 0.003), and 70% of the benefit occurred in
winter to spring and 30% in summer to fall. In Finland,
located farther north, Heikinheimo et al. (29) injecting
150,000 to 300,000 IU of vitamin D annually found a
reduction in fractures in elderly men and women.

Vitamin D Therapy Combined with Other Agents

Estrogen therapy did not modify the effect of
1,25(0OH), D; as it suppressed PTH without raising
parameters for bone resorption (30). Furthermore,
Van Hoof et al. found an increase of serum
1,25(0H),D levels with estrogen or estrogen-progestin
treatment, suggesting a synergistic action between es-
trogen and vitamin D (31). Serum 1,25(OH),D at 1, 6,
12, and 24 months of estrogen treatment was 130.5,
152.7, 170.8, and 155.2 pM, respectively.

Levels of calcium intake are important to ensure
clinical effect and to avoid side effects in vitamin D
therapy for osteoporosis. While high calcium intake
along with a large dose of vitamin D may prompt side
effects such as hypercalcemia and hypercalciuria, ad-
equate calcium intake is necessary to achieve a posi-
tive effect. Menczel et al. treated 66 postmenopausal
women with a mean age of 67 years with 1000 mg of
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calcium with or without 0.5 pg of 1a(OH) vitamin D;
daily for 3 years (32). The group given 1a(OH) vitamin
D; showed an increase of distal radius bone mineral
density of 2%, whereas the control group with calcium
alone lost 7.8%. Though hypercalciuria and mild and
transient hypercalcemia occurred, no change in serum
creatinine or creatinine clearance was found. Palmieri
et al. found a combination of moderate-dose (less than
150 units/week) calcitonin and vitamin D effective in
increasing trabecular bone mass and preventing the
fall of cortical bone mass in osteoporosis (33). Fujita et
al. (34) also administered 1 pg of 1a(OH) vitamin D5/
day orally with or without intramuscular injections of
20 unit/week elcatonin, an eel calcitonin derivative in a
low-dose intermittent regimen, in elderly women with
established osteoporosis. Vertebral fracture rate was
significantly reduced in the group given 1a(OH) vita-
min D; compared with the control group not taking the
vitamin. Additional use of elcatonin further reduced
the fracture rate markedly.

Vitamin D Receptor Polymorphism and Vitamin
D Treatment

Development and clinical manifestations of osteo-
porosis is genetically influenced. The well-known gen-
der and racial differences in the incidence of osteopo-
rosis and its complications may have a genetic com-
ponent. Smith et al. (35) first pointed out the genetic
factors determining bone mass by demonstrating more
similar BMD in monozygous twins than in dizygous
ones, and Slemenda er al. (36) and Pocock et al. (37)
confirmed it. Parameters controlling bone turnover,
such as osteocalcin and type I collagen fragments, may
also be influenced by genetic factors (38, 39). Morrison
et al. in Australia pointed out a relationship between
vitamin D receptor gene polymorphism and serum os-
teocalcin utilizing the responses to Bsm 1, Apa 1, and
Tagql restriction enzymes (40), and went as far as sug-
gesting the predictability of bone mineral density from
vitamin D receptor alleles (41). According to these au-
thors, polymorphism at the vitamin D receptor gene
could explain 75% of the genetic effect on peak bone
mass, and a 16% difference was found between sub-
jects with different types of vitamin D receptor alleles.
Husmyer et al., however, found no relationship be-
tween these polymorphisms at the vitamin D receptor
gene locus and spine, forearm, and femur BMD in
their studies of 86 monozygotic and 39 dizygotic white
adult female twins, though heritability seemed to ac-
count for over 70% of BMD (42). Furthermore, Gar-
nero et al. (43, 44) found no relationship between the
genotype for the three polymorphisms and bone for-
mation and resorption markers or BMD in the spine,
proximal femur, forearm, and whole body by DXA in
189 healthy premenopausal women between 31 and 57
years of age in France. Spector et al. conducted a
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study of white postmenopausal twins in the United
Kingdom, which supported the original BMD-vitamin
D receptor allele relationship concept in part (45). Gal-
lagher et al. (46), Looney et al. (47), and Malhus et al.
(48) also failed to confirm the concept. Kiel et al. (49)
insisted on the significant relationship between vita-
min D receptor polymorphism and BMD in younger
subjects but denied it in older ones. Other studies are
also conflicting (50-56). Peacock (57), summarizing
these contrasting views, pointed out the need for link-
age studies in races other than Caucasian of a very
large number of subjects. Eisman defended the clinical
relevance of vitamin D receptor gene polymorphism
(58).

Races other than Caucasian may have entirely dif-
ferent patterns of vitamin D receptor alleles (59). In
Japan, several investigators unanimously pointed out
an extremely low frequency—one-tenth to one-fifth
that in Caucasians—of BB-type alleles suggested by
Morrison et al. to be osteoporosis prone (60—63). The
lower incidence of hip fracture among Japanese than in
Caucasians may be explained in part by the difference
in vitamin D receptor allelic patterns. McClure et al.
(64) found BB type in 8.7% of Mexican-American
women, a value intermediate between Caucasians and
Asians. Hayes er al. (65) found a longer femoral neck
axis length, which has also been suggested to be re-
sponsible for hip fracture, more prevalent among sub-
jects with TT-type vitamin D receptor alleles detected
by Tag | restriction enzyme supposedly linked with the
BB type.

The functional significance of vitamin D receptor
allele polymorphism remains largely unknown. Gross
et al. cultured dermal fibroblasts from subjects with
vitamin D receptor allele type BB, and from those with
type bb, and tested their response to 1,25(OH),D (66).
No difference in binding to the receptor and induction
of 24-hydroxylase mRNA was noted between the re-
ceptors from the two groups of subjects. Kinyamu et
al. (67) studied the effect of age on calcium absorption,
and its relationship with intestinal VDR and VDR gen-
otypes. Allelic variation in VDR genotypes was not
related to calcium absorption, serum 1,25(OH),D or
intestinal VDR. Ferrari et al. (68) found a lower BMD
in prepubital girls with BB genotypes of vitamin D
receptor than in those with other types. Calcium sup-
plementation increased bone mass accumulation in BB
and Bb girls but not in bb girls who accumulated bone
mass independent of calcium supplement, as seen in a
follow-up of their study on VDR and BMD (69). Daw-
son-Hughes et al. (70) compared fractional calcium ab-
sorption in healthy late postmenopausal women with
(bb) and without (BB) the Bsm 1 restriction site on
both vitamin D receptor gene alleles. After 2 weeks of
a high calcium intake of 1500 mg/day, calcium absorp-
tion index was similar in both groups. After 2 weeks of



a low calcium intake of less than 300 mg/day, serum
1,25(0OH) vitamin D increased similarly, but the in-
crease of calcium absorption index was significantly
greater in bb than in BB, suggesting a poorer adapta-
tion to calcium restriction on account of the difference
in the vitamin D receptor gene alleles. The lower in-
cidence of BB in Japan may be explained by natural
selection in response to thousands of years of expo-
sure to low-calcium diet. Carling et al. (71) found
higher bb types among patients with primary hyper-
parathyroidism. Calcium deficiency and secondary hy-
perparathyroidism may also cause a similar change in
vitamin D receptor gene allele types. According to a
study of elderly women with low calcium intake by
Rosen et al. (72), correlation between serum osteocal-
cin and PTH, and between serum 25(0OH) vitamin D
and BMD, was found only in BB women, and serum
osteocalcin was correlated with BMD only in bb
women.

As to the response to vitamin D and VDR gene
polymorphism, Howard et al. (73) found a significantly
smaller increase of serum osteocalcin in response to
7-day administration of 2 pg of calcitriol in the BB
group than in the bb group, and serum parathyroid
hormone was also less suppressed in the BB group,
suggesting a less favorable therapeutic response to vi-
tamin D in the BB group. Matsuyama et al. (74, 75)
demonstrated the best response of bone mineral den-
sity to oral administration of 1 pg of 1a(OH) vitamin
D; in osteoporotic patients with bbaaTT VDR alleles
followed by bbAaTT, BbAaTt, and BbAAT?, in this
order. Since the incidence of BB alleles is very low in
Japan, only these four frequent haplotype combina-
tions could be tested. Alleles b, T, and a seem to in-
fluence the response of vitamin D therapy in osteopo-
rosis favorably, and B, t, and A unfavorably. Shiraki
et al. (76) also found a more favorable response to
vitamin D in osteoporotic patients with genotype aa
than in those with AA. This may explain, at least in
part, the variable responses to vitamin D therapy in
osteoporosis among races, offering an explanation for
the more beneficial effect of vitamin D derivatives on
osteoporosis in Japan than in Western countries. Fur-
ther studies along these lines are indicated, since vita-
min D receptor gene allelic analysis may provide a
valuable tool to guide the treatment of osteoporosis
with vitamin D.

Summary

In addition to estrogen for postmenopausal osteo-
porosis, vitamin D and its active forms are used with
increasing frequency in the treatment of primary os-
teoporosis, especially in those of higher age and under
poor solar exposure. Combined use of other agents
with different mechanisms of action may also widen
the usefulness of vitamin D. Vitamin D receptor gene

analysis with restriction enzymes has confirmed the
importance of vitamin D in the pathogenesis of osteo-
porosis and may be of value in helping to decide on the
indications for vitamin D treatment for osteoporosis,
though serious questions regarding the physiologic and
epidemiologic significance of currently suggested al-
lelic patterns remain and are under active discussion.
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