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Abstract

Increased intake or supplementation of vitamin D is often recommended for normal bone health;
however, its preventive effect on osteoporosis has not been fully evaluated. The aim of this review is to
gather evidence of the efficacy of the optimization of vitamin D nutrition in preventing osteoporosis
and osteoporotic fractures. PubMed was used for searching the relevant literature using the MeSH
terms “Bone Density (limited to “human”, “female”, and “English” literature)” or “Fractures (limited
to “human”, “age >45 years”, and “English” literature)”, and “Vitamin D”. The searches yielded 19
randomized controlled trials (RCTs), nine cohort studies, 19 case-control studies, 19 cross-sectional
studies, and one meta-analysis. We attempted to answer three questions: 1) does increased vitamin D
intake prevent bone loss in peri- and postmenopausal women?, 2) does increased vitamin D intake
prevent osteoporotic fractures in the elderly?, and 3) does increased vitamin D intake positively affect
peak bone mass attainment in young women? The answer to questions 1 and 2 is that a vitamin D
intake of 10-17.5 pg/day (400-700 IU/day) or more is effective in preventing bone loss in late
postmenopausal women and an intake of 17.5-20 pg/day (700-800 IU/day) or more together with a
calcium supplement reduces the risk of osteoporotic fractures. For question 3, some lines of evidence
support the negative effect of low vitamin D nutrition on the attainment of peak bone mass in young

women. Further studies are needed to clarify the effect of vitamin D in this age group.
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Introduction

Vitamin D and its metabolites play an important role in the
maintenance of normal bone metabolism in humans, principally
by increasing calcium absorption in the intestine and regulating
parathyroid hormone (PTH) secretion (1). Vitamin D stores
in the body are replenished by vitamin D in both food and
supplements and vitamin D produced in the skin in response
to exposure to ultraviolet B radiation. After vitamin D enters
the blood stream, it is promptly converted to its stable form,
25-hydroxyvitamin D [25(OH)D] in the liver, and thus serum
25(OH)D levels are generally regarded as an indicator of
vitamin D nutritional status. 25(OH)D in the blood is
ultimately converted to 1,25-dihydroxyvitamin D [1,25(OH),D]
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in the kidney, which is the most activate form among the
vitamin D metabolites.

Adequate vitamin D nutrition is essential for the mainte-
nance of normal bone metabolism for the following reasons: 1)
consistently low levels of serum 25(OH)D elevate PTH levels,
which causes a decrease in bone mass (2), 2) 25(OH)D has
recently been found to facilitate Ca absorption in the intestine
mediated by stimulation of the nuclear vitamin D receptor (3),
and 3) low levels of 25(OH)D is associated with reduced mus-
cle function, and consequently with falls, which are a risk
factor for fractures in the elderly (4). For these reasons, in-
creased vitamin D intake or vitamin D supplementation is often
recommended; however, its preventive effect on osteoporosis
has not been fully evaluated.

There are three major strategies for preventing osteoporo-
sis: prevention of bone loss in middle and old ages, prevention
of fractures in the elderly, and attainment of maximal peak bone
mass in young people (5). In this review, we tried to answer the
following three questions corresponding to those strategies: 1)
does increased vitamin D intake prevent bone loss in peri- and
postmenopausal women?, 2) does increased vitamin D intake
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prevent osteoporotic fractures in the elderly?, and 3) does
increased vitamin D intake positively affect peak bone mass
attainment in young women? We limited our review to females
to answer questions 1 and 3, because bone mass decrease is a
much more serious problem in women than in men.

The efficacies of the active forms of vitamin D
(1,25(0OH),D and its analogues), which are often used for
treating osteoporosis, have been thoroughly investigated and
reviewed (6). However, the nonhydroxylated forms of vitamin
D, including cholecalciferol and ergocalciferol, are present in
various foods, and they are commonly used as supplements.
Because the effects of cholecalciferol or ergocalciferol on
bone mass and osteoporotic fractures have not been well
evaluated or systematically reviewed to date, we specifically
reviewed vitamin D intake and vitamin D nutrition in relation
to osteoporosis prevention. In some studies, blood 25(OH)D
concentrations were measured and served as a good indicator of
vitamin D nutrition instead of assessing vitamin D intakes, and
these studies were also included in this review.

The aim of this review was to gather evidence on the
efficacy of the optimization of vitamin D nutrition in preventing
osteoporosis and osteoporotic fractures by attempting to answer
three specific questions, and on the basis of evidence in the
literature, we intended to propose a practical regimen of vitamin
D nutrition.

Literature search

The online PubMed web site provided by the United
States National Library of Medicine was used to search the
literature. The MeSH terms of “Bone Density (limited to
“humans”, “female”, and “English” literature)” or “Fractures
(limited to “humans”, “age >45 years”, and “English” litera-
ture)”, and “Vitamin D” retrieved 1118 articles. The inclusion
criteria for articles were as follows: 1) original human epide-
miologic studies that targeted subjects with no specific or
serious diseases except osteoporosis, and 2) studies that ex-
plore associations between vitamin D intake or blood 25(OH)D
concentrations and bone density or the occurrence of low-
energy traumatic fractures. The 1118 articles that were
retrieved included 13 randomized controlled trials (RCTs), six
cohort studies, and 19 cross-sectional studies that were useful in
answering the questions about “Bone Density”, and eight RCTs,
three cohort studies, and 19 case-control studies that were
useful in answering the questions about “Fracture”. Searches
for “Review”, “Meta-analysis”, and “Clinical guideline” in
relation to the MeSH term “Vitamin D” were also conducted to
obtain relevant systematic reviews and/or meta-analyses, and
one meta-analysis was relevant.

Level of evidence

The body of literature on which we based our answers to
the three questions was ranked with one of the following
levels of evidence: (level ), evidence obtained from systematic
reviews or meta-analyses; (level II), evidence obtained from
RCTs; (level III), evidence obtained from nonrandomized
controlled trials; (level 1Va), evidence obtained from cohort
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studies; (level 1Vb), evidence obtained from case-control
studies; (level 1Vc), evidence obtained from cross-sectional
studies; (level V), evidence obtained from case reports or case
series; and (level VI), evidence obtained from opinions or
descriptions without scientific data (7).

Question 1: Does increased vitamin D intake prevent
bone loss in peri- and postmenopausal women?

Thirty-two articles contain evidence that is useful for
answering this question (Table 1). In thirteen RCTs, the effects
of vitamin D supplementation on bone loss were investigated.
Vitamin D supplementation at 10 pg/day significantly prevented
loss of bone mineral density (BMD) in the femoral neck and
lumbar spine in postmenopausal women in the United States
(mean age, 62 years) (8), and in the femoral neck of postmeno-
pausal women in the Netherlands (aged 70 years and older)
(11). Another RCT showed that vitamin D supplementation at
17.5 ng/day significantly prevented BMD loss in the femoral
neck of postmenopausal women in the United States (mean age,
64 years) more than vitamin D supplementation at 2.5 pg/day
(10). On the other hand, four RCTs showed negative effects
of vitamin D supplementation. BMD loss was not prevented
by vitamin D supplementation at 20 pg/day in British women
aged between 24 and 70 years (mean age, 47 years) (19), by
vitamin D supplementation at 20 pg/day in postmenopausal
British women between 47 and 70 years (mean age, 59 years)
(18), by vitamin D supplementation at 250 ng/week in early
postmenopausal Australian women (mean age, 56 years) (20),
or by vitamin D supplementation at 7.5 pg/day in Finnish
postmenopausal women (mean age, 53 years) (12, 16). A meta-
analysis (published in 2002) (6) wherein RCTs were evaluated
showed that a small but significant positive effect of vitamin D
therapy on BMDs of the lumbar spine (1-year trial only) and
femoral neck.

In four studies that showed a negative effect of vitamin D
supplementation, the subjects mainly consisted of premeno-
pausal women (19) or early postmenopausal women (16, 18,
20), whereas three studies that showed a positive effect mainly
targeted late postmenopausal women, and the average age of
their subjects was higher than that of the subjects in the four
“negative” studies. Vitamin D supplementation appears to be
advantageous to older people who have a tendency to develop
vitamin D insufficiency. The amounts of vitamin D supplemen-
tation in the three “positive studies” ranged from 10 to 17.5
pg/day, and these amounts or higher amounts of vitamin D
intake are considered to be effective.

Four of the 13 RCTs have shown a positive effect of
combining vitamin D and calcium supplementation on BMD.
Supplementation with 20 pg/day of vitamin D and 1200 mg/day
of Ca significantly decreased the rate of BMD loss in the
proximal femur in French women (aged 64-99 years) (9);
supplementation with 17.5 pg/day of vitamin D and 500
mg/day of Ca decreased the rate of BMD loss in the lumbar
spine, femoral neck, and whole body in US women aged 65
years and older (13); and supplementation with 14 pg/day of
vitamin D and 1000 mg/day of Ca increased spinal BMD in
Danish postmenopausal women (aged 58—67 years) (15). A
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study of bone strength showed that supplementation with 22
pg/day of vitamin D and 1000 mg/day of Ca increased bone
strength in the calcaneus of elderly Swiss women (62—-98 years
of age) (17). All the four RCTs in which both vitamin D (14—
22 pg/day) and calcium were supplemented showed a positive
effect on BMD.

Observational studies consisted of four cohort studies and
15 cross-sectional studies, and three of the cohort studies and
nine of the cross-sectional studies showed a positive association
between vitamin D nutritional status and BMD. The results of
these observational studies are summarized in Table 1.

In summary, increased vitamin D intake is useful for
preventing bone loss in elderly women (based on level-I evi-
dence) and vitamin D supplementation at 10—17.5 pg/day (400—
700 1U/day) is effective in late postmenopausal women (based
on level-IT evidence). Furthermore, a combination of vitamin
D and calcium supplementation is more promising. However,
the effects of vitamin D supplementation seem unclear in
early postmenopausal women and younger women (based on
level-1I evidence). The answer to question 1 is that vitamin D
supplementation at 10—17.5 pg/day (400-700 IU/day) or more
is recommended to minimize bone loss in late postmenopausal
women (at least one line of level-II evidence exist).

Question 2: Does increased vitamin D intake prevent
fractures in the elderly?

Thirty articles contain evidence that is useful for answer-
ing this question (Table 2). In eight RCTs, the effect of
vitamin D supplementation on the occurrence of fractures was
investigated, and we therefore mainly focused on this issue on
the basis of the results of the RCTs. A four monthly vitamin
D supplementation at 2500 pg (equivalent to 28 pg/day) sig-
nificantly reduced the 5-year incidence of fracture in elderly
British men and women (aged 65-85 years) (relative risk=0.78)
(45). By contrast, three RCTs, in which Netherlanders 70 years
of age and older received vitamin D supplementation at 10
png/day (41), elderly Norwegians (mean age, 85 years) received
vitamin D supplementation at 10 pg/day (44), and Finnish
postmenopausal women (mean age 53 years) received vitamin
D supplementation at 7.5 pug/day (42), showed no decrease in
fracture incidence.

There has been some lines of evidence showing that
increased intake of vitamin D alone prevents subsequent
fractures in the elderly. In the three RCTs showing a negative
effect (41, 42, 44), the levels of vitamin D supplementation
were <10 pg/day and may have been insufficient to prevent
fractures. The results of the RCT with four monthly vitamin
D supplementation of 2500 pg (45) that demonstrated fracture
prevention suggest that higher doses of vitamin D might be
effective in preventing fractures.

In some RCTs, the efficacy of a combination of vitamin D
and Ca supplementation was tested. The Decalyos 1 study
targeted elderly French women between 69 and 106 years of
age and showed that supplementation of both vitamin D at
20 pg/day and Ca at 1200 mg/day decreased hip fracture
occurrence by 43% compared with the placebo group over
1.5 years, and increased BMD (9). The results of the Decalyos
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I study were confirmed by their follow-up study (40), and
the Decalyos II study (43) showed a similar trend (relative
risk=0.59, 95%CI: 0.33, 1.04). Another RCT conducted in the
United States (13) showed that supplementation of both vitamin
D at 17.5 pg/day and Ca at 500 mg/day reduced the 3-year
incidence of nonvertebral fractures (relative risk=0.4) in elderly
people aged 65 year or older.

The combination of vitamin D and a calcium supplement
has shown promise, because four RCTs showed a decrease in
fracture occurrence in the combined supplementation group
(vitamin D 17.5-20 pg/day). In three of them (9, 13, 40) the
decrease was significant, and in the other RCT (43), the
decrease was borderline significant. However, almost all the
subjects in these studies were elderly people aged 65 years
and older, who are at a high risk of vitamin D insufficiency,
and thus the results may not be applicable to elderly popu-
lations with relatively good vitamin D nutrition status, such
as younger elderly people.

The observational studies consisted of three cohort and
19 case-control studies. One of the cohort studies showed that
increased vitamin D intake significantly decreased fracture
incidence, and 12 of the case-control studies showed poorer
vitamin D nutritional status in the cases than in the controls.

In summary, vitamin D supplementation at 7.5-10 pg/day
(300—400 1U/day) is unlikely to reduce the risk of fractures
in the elderly (based on level-II evidence), but vitamin D sup-
plementation at 20 pg/day (800 IU/day) may possibly prevent
fractures (based on level-1I evidence). Vitamin D supplemen-
tation at 17.5-20 pg/day (700-800 IU/day), together with
calcium supplementation reduces the risk of fractures (based
on level-II evidence). The answer to question 2 is that vitamin
D supplementation at 17.5-20 pg/day (700-800 IU/day) or
more with sufficient calcium intake is recommended to
reduce the risk of fractures in the elderly (at least one line of
level-II evidence exist). However, vitamin D supplementation
at 10 pg/day (400 IU/day) or less may not be effective (at least
one line of level-1I evidence exist).

Question 3: Does increased vitamin D intake posi-
tively affect peak bone mass in young women?

Ten articles contain evidence that is useful for answering
this question (Table 3). An RCT (19) conducted among British
women aged 24—70 years showed no significant differences in
changes in BMDs of the lumbar spine, proximal femur, or
whole body between a vitamin D supplement (20 pg/day) group
and a placebo group.

Among the observational studies, one cohort study and
eight cross-sectional studies were relevant. A cohort study (68)
of 171 Finnish female adolescents showed a positive asso-
ciation between serum 25(OH)D concentrations and 3-year
changes in BMD in the lumbar spine (P=0.01). Bischoff-Ferrari
et al. (39) conducted an extensive cross-sectional study of
7515 men and women in the United States aged 20 to 49 years
and showed that serum 25(OH)D concentrations with the
reference range (22.5-94 nmol/L) were positively associated
with femoral BMD, particularly in white women. However,
another cross-sectional study (70) in 259 Icelandic women
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aged between 16-20 years showed no significant association
between serum 25(OH)D concentrations and BMD at any
bone sites, and three other cross-sectional studies (69, 71, 72)
with a medium sample size showed no association between
either vitamin D intake or serum 25(OH)D concentrations and
forearm BMD. Other cross-sectional studies with relatively
small sample sizes included two studies that showed a positive
association (31, 73) and one that showed a negative association
(35).

To date, evidence to support a positive association
between vitamin D nutritional status and BMD has been
insufficient. Recent studies have showed that many female
adolescents and young adults are vitamin D insufficient (35,
68, 72), and further studies are needed to confirm that vitamin
D insufficiency in young women is associated with changes in
bone metabolism and BMD.

In summary, vitamin D nutritional status may affect the
attainment of peak bone mass in young women (based on level-
IVa evidence). The answer to question 3 is that the amount of
vitamin D supplement in young women should be as high as
that recommended for peri- and postmenopausal women
(although insufficient scientific evidence exists).

Limitations

In this paper, we attempted to systematically review the
literature on vitamin D nutrition and bone health by searching
PubMed with the MeSH terms of “Vitamin D”, “Bone Den-
sity”, and “Fractures”. The search yielded 1118 articles, and
they were examined to determine whether they met the inclu-
sion criteria. Although this process should be appropriate for
selecting relevant articles with good specificity, these MeSH
terms may not retrieve all of the relevant literature, and studies
showing negative results may not have been be retrieved, and
this may have biased the results toward positive effects in
general.

“Publication bias”, i.e., the tendency for negative data not
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