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Introduction

Recent meta-analyses on vitamin D and
fracture reduction have led physicians
and patients to question current guide-
lines on vitamin D. Vitamin D and cal-
cium are key nutrients for bone health
and vitamin D deficiency is an estab-
lished risk factor for falls and fractures
among adults aged 65 years and older.
In 2016-2018 efforts were undertaken
in 4 meta-analyses to review the bene-
fit of vitamin D on fracture prevention.
This article summarizes the findings of
these meta-analyses and discusses their
potential impact on current guidelines on
vitamin D. Of these meta-analyses two
focused on primary prevention of frac-
tures among adults aged 50 years and
older, who are not at risk of fracture or
vitamin D deficiency [1, 2], which has
not been established before: one focused
on the combination of vitamin D plus
calcium only [3] and one on the indi-
vidual effect of vitamin D without cal-
cium [4]. Only the meta-analysis that
focused on the combined effects of vita-
min D and calcium [3] targeted primarily
adults aged 65 years and older living in
the community or in institutions.
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Should vitamin D administration
for fracture prevention be

continued?

A discussion of recent meta-analysis findings

Individual summary and brief
discussion of the four meta-
analyses

Fracture prevention in adults aged
65+ years for combined vitamin D
plus calcium

The first meta-analysis published in 2016
by Weaver et al. [3] aimed to investigate
the combined effect of vitamin D with cal-
cium compared with placebo. With this
selection, this meta-analysis included ap-
proximately 40% of high-quality data on
fracture reduction that contributed to the
current guidelines recommending 800 IU
vitamin D. In total, the authors sum-
marized 8 randomized-controlled trials
(n=30,970 older adults) [3] and found
a significant 15% reduction of total frac-
tures (relative risk [RR] = 0.85; 95% con-
fidence interval, CI 0.73-0.98) and a sig-
nificant 30% reduction of hip fractures
(RR=0.70; 95% CI 0.56-0.87) [3]. No-
tably, the benefit observed in this meta-
analysis may be explained by the fact that
most of the trials tested 800 IU vitamin D
and that the majority of the study popula-
tion was comprised of more adults aged
65 years and older, vulnerable to both
vitamin D deficiency and fracture risk.
Also, the authors included both commu-
nity-dwelling and institutionalized older
adults, and given the combination of cal-
cium and vitamin D, the dose administra-
tion was daily and did not include trials
with large bolus doses of vitamin D that
have been shown to be detrimental [5,
6.

Primary fracture prevention in
community-dwelling adults aged
50+ years

The second meta-analysis published in
JAMA in 2017 by Zhao et al. [1] aimed
at assessing the effect of calcium and
vitamin D individually as well as their
combination on the primary prevention
of fractures among community-dwelling
adults aged 50+ years. The authors in-
cluded 33 trials that recruited a total of
51,145 community-dwelling participants
aged 50 years and older [1]. The primary
endpoint was hip fracture and secondary
endpoints included non-vertebral frac-
tures, vertebral fractures, and total frac-
tures. Regarding trial quality, the au-
thors included any randomized clinical
trial with a placebo or no treatment in
the control group. The authors found
no significant association of calcium or
vitamin D with risk of hip fracture com-
pared with placebo or no treatment (cal-
cium: RR 1.53, 95% CI 0.97-2.42; vi-
tamin D: RR 1.21, 95% CI 0.99-1.47).
Furthermore, the authors found no sig-
nificant association of combined calcium
and vitamin D with hip fracture com-
pared with placebo or no treatment (RR
1.09, 95% CI 0.85-1.39). Also, no sig-
nificant associations were found between
calcium, vitamin D or combined calcium
and vitamin D supplements and the inci-
dence of non-vertebral, vertebral or total
fractures. The authors performed sev-
eral subgroup analyses and documented
that the results were generally consistent
regardless of the calcium or vitamin D
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Table 1  Summary of the four recent meta-analyses on vitamin D and fracture prevention

Author of Intervention Target population and limitations Result fractures
meta-analy- tested
sis and trials

Weaveretal. Combined Mostly adults age 65+ years - 15% reduction of total fractures (RR= 0.85; 95%

2016 [3] effect of — Excluded studies that tested vitamin D without calcium C10.73-0.98)

8 random- daily vita- - Included 40% of the literature that contributed to current - 30% reduction of hip fractures (RR=0.70; 95%

ized-con- min D with guidelines on vitamin D C10.56-0.87)

trolled tri- calcium

als (RCTs) compared

(n=30,970) with placebo

Zhao et al. Calciumand  Community-dwelling participants age 50+ years for primary No significant effect of calcium or vitamin D on

2017 [1] vitaminDin- prevention without a prior fracture risk of hip fracture compared with placebo or no

33 RCTs dividuallyas - Exclusion of older adults living in institutions, most vulnera-  treatment:

(n=51,145) well as the ble to low calcium intake, vitamin D deficiency and fracture - Calcium: RR=1.53; 95% Cl 0.97-2.42
combination risk - Vitamin D: RR=1.21; 95% C1 0.99-1.47

- 11 out of 33 with follow-up of <12 months with little po-
tential to show benefit on fracture reduction, 4 trials had an
open study design without a treatment in the control group,
and 1 study had an incorrect fracture report [8]

- No adjustment for adherence

- For vitamin D alone 8 of the 12 trials gave vitamin D in bolus
doses (orally or intramuscular administration), which has
repeatedly raised concerns in the literature about promoting
both falls and fractures [5, 12]

Community-dwelling adults age 50+ years not at risk for osteo-  For vitamin D doses greater than 400 IU (according

No significant association of combined calcium
and vitamin D with respect to hip fracture com-
pared with placebo or no treatment: RR=1.09,
95% C10.85-1.39

No significant benefit on any intervention on the
incidence of non-vertebral, vertebral, or total frac-
tures

US Preventive  Calcium and

Task Force vitamin D in-  porosis or vitamin D deficiency to current recommendations), the panel concluded

2018 (2] dividuallyas  Panel acknowledged limited trial data for primary prevention  that there is insufficient evidence to assess a bene-

11 RCTs well as the fit

(N=51,419)  combination

Bolland etal.  VitaminD Adults age 50+ years — The authors report no benefit for BMD although,

2018 [4] compared — Authors excluded trials that combined vitamin D with cal- in 3 of 5 BMD locations, benefits of vitamin D

81 unblinded  to untreated cium and thereby 40% of the literature that contributed to were significant, with 0.34% on total hip BMD

andblinded  controls, current guidelines (p=10.002), 0.76% on femoral neck (p < 0.001),

randomized  placebo — Authors included large bolus doses that have consistently and 0.25% on lumbar spine (p=0.05)

trialsamong  or another increased the risk of falls and fractures [5, 6] — Authors report no benefit on falls and fractures

(n=44,790) dose of - Biased reporting on dose assessment combining low-dose — Re-analysis of 800-1000 IU vitamin D trials of
vitamin D vitamin D with 800 [U vitamin D trials this meta-analysis and excluding bolus trials

- Biased reporting on BMD findings suggests a significant 14% reduction in total

fractures and 12% reduction in falls [16]
BMD bone mineral density, RR relative risk, Cl confidence interval, RCT randomized controlled trial

dose, sex, fracture history, dietary cal-
cium intake and baseline serum 25-hy-
droxyvitamin D concentration. The au- of many relevant data on the overall
thors concluded that the routine use of efficacy of calcium and vitamin D.
calcium, vitamin D and the combination =~ == Second, the authors included many
in community-dwelling older people is studies that had little chance to
notsupported by the findings. Inareview demonstrate a benefit of the interven-
of the meta-analysis by Zhao et al. [1], tions. In one third of the trials follow-
four aspects of their approach were iden- up was too short to demonstrate
tified that may affect the validity of their a benefit on fracture risk by the inter-
conclusions and implications for public ventions as skeletal benefits cannot

vitamin D deficiency and fracture
risk. Notably, this led to exclusion

== Third, adherence to supplements was
not addressed. While the authors
acknowledged this limitation with
their argument that assessment of
adherence substantially differed
between included trials, this was
achieved in two prior meta-analyses
demonstrating its significance [9,
10]. Notably, in the heavily weighted
Record trial in the Zhang meta-
analysis, only about half of the

health [7]:

== First, with the inclusion of trials
among middle-aged adults age 50+
years and exclusion of older adults
living in institutions, the authors
selected a target population less
vulnerable to low calcium intake,
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be expected to occur immediately (11
of 33 with follow-up of <12 months),
4 trials had an open study design
without a treatment in the control
group, and 1 study had an incorrect
fracture report [8].

participants were taking any of the
vitamin D or calcium supplements at
the halfway point in the 5-year trial
[11].

== Fourth, for vitamin D alone 8 of
the 12 trials gave vitamin D in
bolus doses (orally or intramuscular
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administration), which has repeatedly
raised concerns in the literature about
promoting both falls and fractures [5,
12]. While it may be hard to make
an a priori case to exclude all bolus
studies of vitamin D, the Sanders
trial [5] made a fairly convincing case
that high dose bolus supplementation
annually is bad, and so it is very
possible that high monthly boluses
are also bad; however, the authors
have failed to address this concern in
a subgroup analysis.

Primary prevention in community-
dwelling adults aged 50+ years
without osteoporosis and without
vitamin D deficiency

The US Preventive Task Force panel [2]
performed a careful review of the ev-
idence in 2018 if and to what extent
supplements containing vitamin D or
calcium individually and in combina-
tion contribute to the primary prevention
of fractures among community-dwelling
adults age 50+ years not at risk for os-
teoporosis or vitamin D deficiency [13].
Acknowledging the limited data avail-
able for primary prevention, the panel
recommended against daily supplemen-
tation with 400 IU or less of vitamin D
and 1000mg or less of calcium for the
primary prevention of fractures among
community-dwelling adults. For vita-
min D doses greater than 400 IU and
calcium doses greater than 1000 mg, the
panel concluded that there is insufficient
evidence to assess a benefit. For example,
for the higher dose of vitamin D, the panel
identified one large trial with 4-monthly
100,000 IU vitamin D with a benefit on
fracture risk [14] and one large trial with
monthly 100,000 IU vitamin D without
a benefit on fracture risk [15].

Fracture prevention with vitamin D
without a combination with
calcium

The authors [4] identified 81 unblinded
and blinded randomized trials among
44,790 adults that compared vitamin D
to untreated controls, placebo or another
dosage of vitamin D. The authors re-
ported no effect of vitamin D supple-
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Abstract

In consideration and critical review of four
recent meta-analyses on vitamin D and frac-
ture prevention, vitamin D supplementation
with or without calcium is supported among
older adults age 65 years and older at risk of
vitamin D deficiency and fractures if given in
daily or equivalent weekly or monthly doses
of 800 to 1000 IU and with good adherence.
Vitamin D supplementation might not be
effective in primary prevention among adults
age 50 years and older without vitamin D
deficiency and osteoporosis; however, clinical
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Should vitamin D administration for fracture prevention be
continued? A discussion of recent meta-analysis findings

trials on primary prevention are limited.
Notably, large annual bolus administration
of vitamin D is detrimental with regard to
falls and fractures among older adults at risk
of fractures and should not be continued in
clinical care. Larger monthly doses of 100,000
IU need further evaluation with respect to
efficacy and safety.

Keywords
Review - Deficiency - Guidelines - Vitamin D -
Old age

Zusammenfassung

Nach kritischer Uberpriifung von vier
aktuellen Metaanalysen zu Vitamin D

und Frakturpravention ist die Vitamin-D-
Supplementierung mit oder ohne Kalzium
bei >65-jahrigen Erwachsenen mit Risiko
eines Vitamin-D-Mangels und von Frakturen
zu befiirworten, wenn bei guter Adharenz
tdglich oder dquivalent wochentlich bis
monatlich Dosen von 800 bis 10001U pro

Tag gegeben werden. Eine Vitamin-D-
Supplementierungist in der Primarpravention
bei >50-jahrigen Erwachsenen ohne Vitamin-
D-Mangel und Osteoporose moglicherweise
nicht wirksam; allerdings ist die klinische

Sollte die Frakturpravention mit Vitamin D fortgesetzt werden?
Eine Betrachtung aktueller Metaanalysen

Studienlage zur Primérpravention beschrankt.
Anzumerken ist, dass die Applikation hoher
jahrlicher Vitamin-D-Boli bei dlteren Patienten
mit Frakturrisiko negative Effekte auf das
Sturz- und Frakturrisiko hat und in der Klinik
keine Anwendung mehr finden sollte. Hohere
monatliche Dosen von 100.000 IU miissen
beziiglich ihrer Wirksamkeit und Sicherheit
weiter untersucht werden.

Schliisselworter
Ubersicht - Mangel - Leitlinien - Vitamin D -
Hohes Alter

mentation on fractures and falls. They
also reported no benefit for bone mineral
density (BMD) given the subjectively de-
fined futility boundary of 0.5% improve-
ment. Notably, in 3 out of 5 BMD skele-
tal locations the benefits of vitamin D
were significant, with 0.34% on total hip
BMD (p=0.002), 0.76% on femoral neck
(p<0.001) and 0.25% on lumbar spine
(p=0.05), in fact suggesting that vita-
min D does have a benefit on BMD and
especially so at the hips. Also, with re-
spect to fracture risk this meta-analysis
has several limitations according to a re-
view and re-analysis of this meta-analysis
[16]:
== First, the authors excluded a sig-
nificant portion of the literature on
vitamin D, namely all trials that

combined vitamin D with calcium
and compared to placebo. Such tri-
als constitute approximately 40% of
high-quality data on fracture reduc-
tion and contributed to the current
guidelines recommending 800 IU
vitamin D. The extent of this bias
is documented by the 2016 meta-
analysis by Weaver et al. described
above, who documented a significant
15% reduction of total fractures and
a 30% reduction of hip fractures [3].

== Second, the authors suggest that cur-

rent recommendations on vitamin D
should be revised according to their
results; however, current guidelines
refer to a daily dose of 800-1000
IU vitamin D, while lower doses are
considered ineffective [17, 18]. Also,
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large annual bolus applications have
consistently increased the risk of
falls and fractures [5, 6] and are not
reflected by current guidelines on
vitamin D. A re-analysis of 8 of the
authors’ randomized placebo-con-
trolled trials for total fractures and
11 for falls [16], that tested 800-1000
IU vitamin D with more than 50%
adherence, and excluding the large
annual dosing trials, suggests a signif-
icant 14% reduction in total fractures
(RR=10.86; 95% CI 0.75-0.98) and

a significant 12% reduction in falls
(RR=0.88; 95% CI 0.81-0.95).

Next to these limitations that raise ques-
tions regarding the conclusions by Bol-
land et al. [16], and relevant to clinical
care, the re-analyses of the subset of stud-
ies included by Bolland et al. that reflect
current guideline practice [16], suggest
that vitamin D supplementation in a daily
dose of 800-1000 IU does reduce the risk
of both falls and fractures.

Discussion

Among the four recent meta-analysis dis-
cussed individually above and summa-
rized in @Table 1, only the meta-anal-
ysis by Weaver et al. found a signif-
icant 15% reduction of total fractures
(RR=0.85; 95% CI 0.73-0.98) and a sig-
nificant 30% reduction of hip fractures
(RR=0.70; 95% CI 0.56-0.87) for a daily
combination of vitamin D plus calcium
[3]. The other three meta-analyses sug-
gested that there is no benefit of vita-
min D. In order to transfer these find-
ings to clinical care, it is important to
understand the goals and target groups
of these recent meta-analyses.

Regarding the meta-analyses by Zhao
et al. [1] and the US Preventive Task
Force [2], both teams of authors stated
that the recommendations only apply to
community-dwelling adults who are not
known to have osteoporosis or vitamin D
deficiency, or are not at high risk of
falling. The results therefore do not ap-
ply to a large segment of older adults that
have these risk factors.

The fourth meta-analysis by Bolland
et al. [4] included trials of primary and
secondary prevention among adults aged
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50 years and older. The findings regard-
ing no benefit of vitamin D has been
questioned based on the exclusion of ap-
proximately 40% of high-quality trials
on the combined effect of vitamin D and
calcium, and concern about the biased
results by vitamin D dose [16]. In fact,
a re-analysis of the Bolland et al. meta-
analysis for trials that tested the currently
recommended dose of 800-1000 IU vi-
tamin D with more than 50% adherence,
and excluding the large annual dosing
trials, suggested a significant 14% reduc-
tion in total fractures (RR = 0.86; 95% CI
0.75-0.98) and a significant 12% reduc-
tion of falls (RR = 0.88; 95% CI 0.81-0.95)
[16].

Practical conclusions

Based on the limitations of the Bolland
et al. meta-analysis, the primary preven-
tion target group of Zhao et al. [1] and
the US Preventive Task Force [2] it may
be too early to recommend the cessation
of vitamin D with or without calcium
for the prevention of fractures among all
community-dwelling adults. Notably, for
older adults at increased risk for fractures
and/or vitamin D deficiency it is still rea-
sonable to take 800-1000 IU vitamin D
per day, following recommendations by
the International Osteoporosis Founda-
tion [19], the US Endocrine Society [20]
and National Osteoporosis Foundation
(NOF) [21] guidelines. Reducing the
risk of fractures among vulnerable older
adults age 65 years and older, who sustain
75% of all osteoporotic fractures [22], re-
mains a major public health target. Also,
in view of the small risk and cost it is
believed that it is essential not to dis-
courage older adults from receiving daily
800-1000 IU vitamin D and to further
study the optimal dose and application
of vitamin D.
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