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Background. Previous meta-analyses to determine the
efficacy of vitamin D supplementation to prevent
falls in the elderly have shown mixed results.
Inconsistencies might depend on the dose of sup-
plements, suggesting that serum 25-hydroxyvita-
min D (250HD) concentration could influence the
risk of falling. Our objective was to systematically
review and quantitatively analyse the relationship
between serum 250HD concentration and the
occurrence of falls.

Methods. A Medline search was conducted in Decem-
ber 2013, with no date limit, using the Medical
Subject Heading terms <Vitamin D’ OR ‘Ergocal-
ciferols’ OR Vitamin D deficiency’ combined with
‘Accidental Falls’ OR ‘Gait disorders, neurologic’
OR ‘Gait apraxia’ OR ‘Gait’ OR ‘Recurrent Falls’
OR ‘Falling’. Fixed and random-effects meta-
analyses were performed to determine the follow-
ing: (i) the effect size of the difference in 250HD
concentration between fallers and nonfallers and

(i) the risk of falling according to serum 250HD
concentration.

Results. Of the 659 retrieved studies, 18 observa-
tional studies — including ten cross-sectional and
eight cohort studies — met the selection criteria. All
were of good quality. The number of participants
ranged from 80 to 2957 (44-100% women); 11.0%
to 69.3% were fallers. Serum 250HD concentra-
tions were 0.33 x SD lower in fallers compared to
nonfallers [pooled effect size 0.33; 95% confidence
interval (CI) 0.18-0.47]. The risk of falls was
inversely associated with serum 250HD concen-
tration [summary odds ratio (OR) 0.97; 95% CI
0.96-0.99]. The association between falls and
hypovitaminosis D varied according to the defini-
tion used; the summary OR for falls was 1.23 (95%
CI 0.94-1.60) for 250HD <10 ng mL ™!, 1.44 (95%
CI 1.17-1.76) for 250HD <20 ng mL~' and 0.95
(95% CI 0.81-1.11) for 250HD <30 ng mL™".

Conclusions. Fallers have lower 250HD concentra-
tions, notably more often <20 ng mL™', than nonf-
allers. These findings help to determine the profile
of target populations that would most benefit from
vitamin D supplements to prevent falls.
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Introduction

In addition to its classical effects on bone metabo-
lism, vitamin D exhibits various nonbone effects,
the most of significant which is the prevention of
falls with vitamin D supplementation in the elderly
[1-4]. Fall prevention with vitamin D supplementa-
tion, which has been explained mainly by improve-
ments in neuromuscular function [3, 4], is
particularly important in which it may explain part
of vitamin D-related prevention of nonvertebral

16 © 2014 The Association for the Publication of the Journal of Internal Medicine

bone fractures [5], and also because it has been
studied extensively. To date, 17 randomized con-
trolled trials (RCTs) have examined the effects of
vitamin D supplementation on falls, further rein-
forced by nine meta-analyses of the RCTs [6]. This
has led to the dissemination of information on this
nonclassical effect of vitamin D within the medical
and scientific community; however, so many analy-
ses and re-analyses also eventually led to contra-
dictory conclusions, with some analyses reporting
effective prevention of falls and others reporting
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inconclusive results [6]. Such diverging conclu-
sions suggested that the efficiency of vitamin D
supplementation to prevent falls in the elderly could
depend on the dose of supplements, the lowest
doses failing to reach serum 25-hydroxyvitamin D
(250HD) concentrations associated with a reduced
fall risk (if any). This would signify that serum
250HD concentration influences the risk of falls. It
is surprising that despite the large number of
publications on this topic, and whilst it would seem
logical to have completed this step before conduct-
ing clinical trials, hypovitaminosis D has not yet
been critically evaluated in a structured manner as
a biological characteristic of fallers. This ‘forgotten
step’ is essential to characterize target populations
that would most benefit from vitamin D supple-
ments to prevent falls. Here, our aim was to
systematically review and quantitatively analyse
the relationship between serum 250HD concentra-
tions and the occurrence of falls.

Methods
Data sources and searches

A systematic Medline literature search was con-
ducted on 4 December 2013 with no date limit or
language restriction, using the Medical Subject
Heading (MeSH) terms Vitamin D’ OR ‘Ergocalcife-
rols’ OR Vitamin D deficiency’ combined with the
MeSH terms ‘Accidental falls’ OR ‘Gait disorders,
neurologic’ OR ‘Gait apraxia’ OR ‘Gait’ OR the
keywords ‘Recurrent falls’]All Fields] OR Fall-
ing’[All Fields]. An iterative process was used to
ensure all relevant articles had been obtained. A
further hand search of the references from
extracted papers was also conducted to identify
potential studies not captured in the electronic
database searches.

Study selection

One of the authors (CA) screened abstracts from
the initial search and obtained articles deemed
potentially relevant. Initial screening criteria for
the abstracts were the following: (i) observation
studies (case—control, cross-sectional and cohort
studies were included), (ii) interventional studies,
(iii) data collection of fall and serum vitamin D
concentration as outcomes, and (iv) nonpregnant
adult human participants. If a study met the initial
selection criteria or its eligibility could not be
determined from the title and abstract, the full
text was retrieved. Both authors then indepen-
dently assessed the full text for inclusion status.

Disagreements were resolved through discussion.
Papers were finally selected if serum vitamin D
concentration was provided in fallers and nonfal-
lers, or alternatively if the association between
serum vitamin D status and fall was examined. The
study selection is shown as a flow diagram in
Fig. 1.

Of the 439 originally identified abstracts, 70 met
the initial inclusion criteria (see Appendix 1). Fol-
lowing thorough examination, we excluded 52 of
these 70 studies because falls and vitamin D were
not study outcomes (n = 9 and n = 3, respectively),
or because the relationship between vitamin D and
falls was not examined (n = 40, including 36 inter-
ventional trials that did not provide the vitamin D
status at baseline of participants with a history of
falls). The remaining 18 studies were included in
this review [7-24].

Data extraction and quality assessment

The quality of each study was assessed indepen-
dently by both authors using the Newcastle—
Ottawa Scale [25], a validated technique for assess-
ing the quality of case—control and nonrandomized
cohort studies. The instrument uses a star system
to evaluate observational studies based on three
criteria: participant selection, comparability of
study groups and assessment of outcome or expo-
sure (see Appendix 2). Important details regarding
the methods and results of the selected articles
were independently extracted and summarized by
both authors (Table 1).

Definition of outcomes

We examined the serum concentration of 250HD
because this measure is generally accepted as a
better indicator of vitamin D status than 1,25-
dihydroxycholecalciferol [1, 2]. The study popula-
tion of fallers’ was estimated as the participants
who reported at least one fall over a defined period
of time. ‘Nonfallers’ did not report any falls during
the same period of time.

Meta-analysis

All studies evaluating serum 250HD concentra-
tions in relation to falls were analysed. Two
consecutive analyses were performed.

The first meta-analysis was to compare fallers
and nonfallers. The difference in serum 250HD
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Articles identified through Additional articles identified
database searching through other sources
n =656 n=3

! !
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1
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Case report (15)

Position paper or literature review or guidelines (207)

Editorial or letter to the editor (53)

Protocol (3)

Fall not outcome (45)

Vitamin D not outcome (13)

Vitamin D supplies as outcome (10)

Vitamin D seasonality as outcome (2)

Vitamin D receptor as outcome (1)

Pediatrics (10)

Pregnancy (2)

i ion or animals testing (8)

Full-text articles retrieved
n=70

Full-text articles assessment for eligibility
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Fall not outcome (9)
Vitamin D concentration not outcome (3)
Relationship between vitamin D concentration and fall not
examined (40)

Studies included in qualitative synthesis
n=18

!

Studies included in quantitative synthesis
(meta-analysis)

n=11

Fig. 1 Flow diagram of selection of studies focusing on
vitamin D and falls in adults.

concentrations between the two groups was
expressed in terms of a bias-corrected ‘effect size’
of the difference. An effect size calculator work-
sheet was used to derive bias-corrected effect sizes
from the mean, standard deviation and size of each
group (Coe’s Calculator retrieved on 6 December
2013 from http:/ /www.cemcentre.org/evi-
dence-based-education/effect-size-calculator) (see
Appendix 3). Qualitative descriptors of the effect
sizes obtained were <0.3, small; 0.3-0.8, moderate;
and >0.8, large [26]. Individual study data were
then pooled using an inverse-variance method, and
a random-effects meta-analysis was performed on
the estimates with Review Manager (RevMan) ver-
sion 5.1 (The Nordic Cochrane Centre, Copenha-
gen, Denmark) to generate summary values.
Results were presented as forest plots (Fig. 2).

The second meta-analysis was conducted to sum-
marize the risk of fall according to serum 250HD
concentration. When applicable, odds ratio (OR)
[95% confidence interval (CI)] values were extracted
from selected papers, or calculated with contin-
gency tables and Dag-stat [27] (see Appendix 4).
Statistical analyses were then performed using

18 © 2014 The Association for the Publication of the Journal of Internal Medicine
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Computer Programs for Epidemiologists (WINPEPI)
version 11.19. Results were presented as forest
plots for the prediction of falls according to 250HD
concentration as a continuous variable (Fig. 3a) or
as a categorical variable (Fig. 3b).

Lastly, heterogeneity between studies was
assessed using Cochran’s chi-squared test for
homogeneity, and the amount of variation due to
heterogeneity was estimated by calculating the I
statistic [28]. Publication bias was appraised by
visual inspection of the funnel plot of effect size
against the standard error (see Appendix 5).

Results
Study characteristics

The 18 studies included in this review are summa-
rized in Table 1 [7-24]. All studies were published
over the last 14 years and were judged to be of good
quality using the Newcastle-Ottawa Scale (see
Appendix 2). With the exception of four Australian
studies [7, 10, 11, 22], they were all conducted in
the Northern Hemisphere. Data collection was
based either on cross-sectional (Table 1a) or pro-
spective longitudinal design (Table 1b). No trials
were identified that provided the baseline vitamin
D status of participants with a history of falls. The
number of participants ranged from 80 [15] to
2957 [16], with a total of 11 to 475 fallers [16, 17]
and a prevalence of falls between 11% and 69%
[17, 19]. The mean age of studied cohorts ranged
between 63 and 86 years [9, 11, 23], and the
proportion of women between 44% [21] and 100%
[9, 10, 12, 13, 15, 18, 20, 24]. The serum 250HD
concentration was used as a continuous variable in
six studies [7-9, 11, 18, 23] and as a categorical
variable (i.e. quartiles [13] or threshold values
defined a priori [12, 15, 16, 20]) in five studies; in
the remaining seven studies, 250HD concentration
was used as both a continuous and a categorical
variable [10, 14, 17, 19, 21, 22, 24]. As shown in
Table 1, different methods were used to determine
250HD concentrations, the most frequent being
radioimmunoassay [9-11, 13, 15, 16, 19, 21, 23,
24]. In none of the studies was polymorphisms of
the vitamin D receptor (VDR) gene evaluated. In 10
studies [10, 13, 14, 17-19, 21-24], a specific
definition was used to search for fallers, and falls
data were collected retrospectively and/or prospec-
tively over a period ranging from 1 month [8] to
S years [12]. Nonfallers received the same ques-
tionnaire and/or follow-up and reported no falls
during the same period of time.
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Fallers Non-Fallers Effect size Effect size Effect size

Study or Subgroup Year Effect size SE Total Total Weight 1V, Fixed, 95% CI IV, Random, 95% CI 1V, Random, 95% CI|
Mowé et al. (8) Community-dwellers 1999 1.03 0.36 9 86 3.7% 1.03[0.32, 1.74) 1.03 [0.32, 1.74]
Mowe et ai. (8) Patients 1999 0.58 0.15 70 144 13.4% 0.58 [0.29, 0.87] 0.58 [0.29, 0.87]
Sambrook et al. (11) 2004 0.29 0.08 274 363 22.4% 0.29 [0.13, 0.45] —- 0.29 [0.13, 0.45)
Shahar et al. (17) 2009 0.49 0.34 11 43 4.0% 0.49 [-0.18, 1.16] — 0.49 [-0.18, 1.16]
Sai et al. (19) 2010 0.34 0.19 95 42 10.0% 0.34 [-0.03, 0.71] T—= 0.34 [-0.03, 0.71]

2011 0.16 0.09 135 276 20.9% 0.16 [-0.02, 0.34] -— 0.16 [-0.02, 0.34]

Beauchet et al. (21)

Peterson et al, (23) 2012 0.44 0.19 37 122 10.0% 0.44 [0.07, 0.81] —_— 0.44 [0.07, 0.81]
Menant et al. (22) 2012 0.1 0.13 209 254  15.6% 0.10 [-0.15, 0.35] —+— 0.10 [-0.15, 0.35]
Total (95% CI) 840 1330 100.0% 0.29 [0.19, 0.38] L 2 0.33 [0.18, 0.47]
Heterogeneity: Tau® = 0.02; Chi* = 13.22,df = 7 (P = 0.07); F = 47% 5 " 1 7

Test for overall effect: Z= 4.46 (P < 0.00001)

250HD lower in Non-Fallers  250HD lower in Fallers

Fig. 2 Forest plot comparing serum 25-hydroxyvitamin D concentrations in fallers and nonfallers. The area of the black box
is proportional to the sample size of each study, and horizontal lines correspond to the 95% confidence interval. The black
diamond represents the summary value. The vertical line corresponds to an effect size of 0.0, equivalent to no difference.

Fallers and vitamin D

In four of the eight studies comparing serum
250HD concentrations between the two groups,
significantly lower concentrations were found in
fallers compared to nonfallers (Table 1) [7, 8, 11,
23]. The proportion of fallers amongst participants
with 250HD <10, <20 and <30 ng mL™' was
between 38% and 53% [14, 15], 24% and 35%
[16, 21], and 23% and 32% [14, 24], respectively. In
one study, a decreasing trend in the prevalence of
fallers was found in participants with 250HD
>40 ng mL™' compared to those with 250HD
between 20 and 40 ng mL ™', and compared to
those with 250HD <20 ng mL~! (P = 0.033) [20].
Consistently, three cross-sectional analyses
reported an inverse association between the serum
concentration of 250HD and the likelihood of being
a faller [16, 21, 23]. There was also a positive
association between hypovitaminosis D (regardless
of the definition used) and being a faller [15, 16,
21]. This association remained significant after
adjustment for a number of potential confounders
including age, gender, body mass index, comor-
bidities, polypharmacy, depression, cognitive
decline, muscular strength and visual acuity. A
similar positive association, but of greater magni-
tude, was also detected between hypovitaminosis D
and recurrent falling (i.e. two or more falls during
the follow-up) [14], and recurrent fallers had lower
250HD concentrations than nonfallers [23].
Finally, longitudinal prospective cohort studies
showed that increased 250HD concentrations at
baseline predicted a decreased fall risk during
follow-up, with hazard ratio and relative risk val-
ues <1.0 [10-12]. Similarly, in another study, the
incident rate ratio (IRR) for falls increased from the
highest quartile of 250HD to the lowest quartile,
with a P-trend value close to significance (0.089)
[13]. Consistently, the IRR for falls was found to be
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increased approximately twofold for male partici-
pants with serum 250HD <20 ng mL™' during a
mean follow-up of 12 months [22].

Results of meta-analyses

For ease of interpretation, results of published
studies were included in two meta-analyses. The
first meta-analysis evaluated the differences in
serum 250HD concentrations between 840 fallers
and 1330 nonfallers in seven studies (Fig. 2) [8, 11,
17, 19, 21-23]. One study (reporting lower serum
250HD concentration in fallers compared to nonf-
allers) could not be included in the meta-analysis
because the median and interquartile range of
serum 250HD concentration, but not the
mean + standard deviation, were reported [7]. All
effect sizes were positive, ranging from 0.10 to 1.03
(see Appendix 3), on a scale where O corresponded
to no difference between fallers and nonfallers, and
positive effect sizes indicated that fallers have
lower 250HD concentrations than nonfallers. In
four reports, the lower limits of the CIs for the effect
size were greater than zero [8, 11, 23]. The total
random effect size of 0.33 (95% CI 0.18-0.47)
indicated that the average serum 250HD concen-
tration amongst fallers was 0.33 x the SD below
the average concentration of nonfallers (Fig. 2).
This represents a ‘moderate’ association between
low 250HD concentration and falls [26], which is
‘educationally significant’ according to Wolf (i.e.
‘something is learnt’) [29]. Using the ‘Common
Language Effect Size’ approach of McGraw and
Wong, the probability is about 33% that a faller
would have a lower serum 250HD concentration
than a nonfaller if both individuals were chosen at
random from a population [30].

A second meta-analysis was conducted to examine
falls in relation to serum 250HD concentration.
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@ 0Odds ratio

Study or subgroup Year Total Collection period (years) Odds ratio, Fixed, 95% CI Fixed, 95% Cl

Suzuki et al. (16) Males 2008 950 1 1.00(0.95; 1.06] | - ]
Suzuki et al. (16) Females 2008 2007 1 0.97[0.94 ; 0.99] I =

Beauchet et al. (21) 2011 41 1 0.98[0.96; 1.01] = i

Peterson et al. (23) 2012 159 0.5 0.96 [0.93 ; 0.99]

Total [95% CI] 3527

0.97 [0.96 ; 0.99]
Heterogeneity: Chi2= 2.03, df = 3 (P = 0.567); 7= 0.0%

A el o L 2 e e ]
094 096 098 1.00 102 104 1.06
Decreased risk of  Increased risk of

being a Faller  being a Faller
(b)
Vitamin D status Study Odds Ratio, Fixed, 95% CI
250HD <10 ng/mL  Snijder et al. (14) 1.30 [0.89 ; 1.90) ———
LeBoff et al. (15) 267 [1.04 ;6.81] | = |
Beauchet et al. (21) 1.14[0.66 ; 1.97) ]
Annweiler et al. (24) 0.83 [0.45 ; 1.53] | m— }
Total [95% CI| 1.23[0.94 ; 1.60] : .
Heterogeneity: Chi’=4.36, df = 3 (P=0.225): I’= 31.1%
250HD <20ngimL o . i ot at. (16) 1.77 [1.37 ; 2.28] —
Beauchet et al. (21) 1.18 [0.78 ; 1.79] -
Annweiler et al. (24) 0.74 [0.42 ; 1.30] | - |

Heterogeneity: Chi* = 8.74, df = 2 (P = 0.013): = 77.1%

Total [95% CI] 1.44 [1.17 ; 1.76] |_‘_¢

250HD < 30 ng/mL Holick et al. (12) 0.97 [0.79 ; 1.19] I

Snijder et al. (14) 0.82[0.61;1.12) = 5
Beauchet et al. (21) 2.08[1.04;4.18] Y |

| = I
Annweiler ef al. (24) 0.65[0.29 ; 1.43] | o : |

H
Total [95% CI] 0.95 [0.81 ; 1.11] '
Heterogeneity: Chi® = 6.69, df = 3 (P = 0.083): 1= 55.1%

T T T T T T 11 LB B ™
05 1 2
Decreased risk of Increased risk of

being a Faller being a Faller

Fig. 3 Forest plots showing the risk of being a faller according to serum 25-hydroxyvitamin D concentration as a continuous
variable (a) and hypovitaminosis D (b). The area of the black box is proportional to the sample size of each study, and

horizontal lines correspond to the 95% confidence interval. The grey diamonds represent the summary value. The dashed
lines correspond to an odds ratio of 1.0, equivalent to no association.

Whilst using serum 250HD concentration as a 1.76) for <20 ng mL~' and 0.95 (95% CI1 0.81-1.11)
continuous variable, the summary OR for falls was for <30 ng mL~! (Fig. 3b).

0.97 (95% CI 0.96-0.99; Q=2.03, df=3,

P=0.567; P =0.0%) (Fig. 3a) [16, 21, 23]. Addi- Discussion

tionally, using thresholds relevant for clinicians,

the summary OR for falls was 1.23 (95% CI 0.94-

This systematic review and meta-analysis provides
1.60) for 250HD <10 ng mL™ ", 1.44 (95% CI 1.17-

evidence that serum 250HD concentrations are
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lower in fallers compared to nonfallers and high-
lights a direct cross-sectional and longitudinal asso-
ciation between lower 250HD concentrations and
falls, specifically with concentrations <20 ng mL .

Vitamin D and falls

Our results indicated a ‘moderate’ association
between lower 250HD concentration and falls,
with 250HD concentrations being 0.33 SD lower
in fallers compared to nonfallers (Fig. 2). How
vitamin D and falls are associated can be explained
in two ways. First, falls may precipitate lower
250HD concentrations. The adverse outcomes of
falls include trauma, hospitalization, loss of inde-
pendence and institutionalization, which in turn
may result in insufficient exposure to the sun to
synthesize adequate amounts of vitamin D, as well
as feeding difficulties with subsequent inadequate
consumption of vitamin D-rich foods [1, 2]. Such
restrictions of exogenous sources of vitamin D
could then lead to low vitamin D serum concentra-
tions amongst fallers. However, this first hypothe-
sis is weakened by the fact that, in the selected
longitudinal prospective studies, vitamin D status
at baseline predicted the occurrence of incident
falls [10, 11, 13-15]. In addition, supplementation
trials showed that correcting hypovitaminosis D
prevented falls [3, 4, 6], thereby highlighting a
second possible scenario in which lower serum
250HD concentrations increase the risk of falls.

Avoiding falls requires correct neuromuscular func-
tion to maintain posture and balance during motor
activities. This explains why, although there are
multitudes of recognized fall risk factors, abnormal-
ities in muscle and central nervous system (CNS)
function predict a particularly high fall risk. Several
lines of evidence suggest the existence of a link
between vitamin D and muscles. Cases of myopathy
have been described in individuals with profound
vitamin D deficiency, associated with proximal
lower limb muscle weakness [31]. Muscle biopsies
showed predominantly type Il muscle fibre atrophy,
i.e. the fast-twitch fibres recruited to prevent falls
[32]. The relationship between vitamin D and mus-
cular strength remains controversial as a larger
number of clinical trials showing a lack of effect of
vitamin D supplementation on muscle strength
have been reported compared to studies showing
beneficial effects [33]. A recent meta-analysis
showed no improvement in muscle strength after
vitamin D supplementation [34]. It thus appears
that vitamin D might affect neuromuscular function
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and fall risk in a way that not only involves the
muscle but also involves the CNS [35].

Growing evidence supports the notion that vitamin
D is involved in brain function [36-38]; it regulates
the gene expression of several neurotrophins [39]
and regulates intraneuronal calcium homoeostasis
and oxidative and inflammatory changes in the
brain [38, 40], thus promoting neuron viability and
function. Specifically, VDRs are present in almost
all brain areas including structures involved in
motor control and balance such as the substantia
nigra, hypothalamus and cerebellum [41]. The
influence of vitamin D on motor control and on
the pathophysiology of falls was recently confirmed
with magnetic resonance spectroscopy, as reduced
neuronal function was reported in the caudal
primary motor cortex of elderly individuals with
hypovitaminosis D [42].

It should be noted that not all elderly individuals
will fall, even though most have a reduced vitamin
D concentration. It is thus unlikely that low vita-
min D concentration by itself explains the occur-
rence of every fall. This is probably why we found a
U-shaped association between hypovitaminosis D
and falls, with the 250HD threshold of 20 ng mL™*
being associated with falls (although this was not
the case for the other two previously proposed
thresholds, i.e. 10 and 30 ng mL™') (Fig. 3b).
However, the reason for this finding remains
unclear. The explanation we propose is that the
fall risk amongst participants with either very low
or particularly high 250HD concentrations is not
only related to vitamin D but also related to other
specific risk factors. Below 10 ng mL™", it can be
assumed that participants are older with poorer
health and a number of advanced diseases increas-
ing the risk of falling independently of vitamin D
status [43]. Conversely, above 30 ng mL™', partic-
ipants are likely to be elderly individuals in good
physical health with a high degree of mobility and,
thus, an increased probability of falling. The
involvement of the risk-taking that results from
higher vitamin D levels has already been empha-
sized in an Australian clinical trial that showed,
amongst older adults who received a massive dose
of vitamin D supplements, a renewed walk with
consequent greater risk-taking and more falls [44].
Moreover, it is also possible that participants with
high vitamin D status formerly had 250HD levels
<10 ng mL~! and received vitamin D supplements,
for example to treat osteoporosis. The same
reasoning has already been used to explain the
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U-shaped relation between vitamin D status and
frailty in women, which was absent in men [45, 46].
Finally, a high 250HD concentration of approxi-
mately 30 ng mL~! may have masked the differen-
tial impact (if such impact exists) of vitamin D on
falls between cases and controls because it was
probably higher than the physiological neuromus-
cular requirements. The exact magnitude of these
requirements remains unknown. Of note, a previ-
ous meta-analysis of RCTs demonstrated that a
serum 250HD concentration of 24 ng mL™' was
necessary to prevent falls [3]. Consistently, phys-
iological serum 250HD concentrations are at least
20 ng mL™' amongst healthy individuals inten-
sively exposed to sunlight in tropical regions [2].
In line with the definitions of hypovitaminosis D
proposed by the World Health Organization (WHO)
[47] and the Institute of Medicine [48], we propose
this threshold as a reasonable target for the elderly
with regard to falls.

Critical literature analysis

Differences in populations and methodology may
partly explain some inconsistencies in the individ-
ual previously published studies.

First, in all cases, no information about the num-
ber of participants required to show a cross-
sectional association or to predict hypovitaminosis
D-related falls was reported, and studies did not
include a power analysis. As a consequence,
equivocal or negative results could be the result
of small sample sizes with a lack of statistical
power.

Secondly, some divergent results could also be
related to the definition of ‘fallers’, which varied
between studies. According to the WHO, a fall is ‘an
event which results in a person coming to rest
inadvertently on the ground or floor or other lower
level’ [49]. Of the 18 studies selected in our review,
only 10 have clearly defined the term fall [10, 13,
16-19, 21-24], including eight using a definition
similar to that of the WHO [10, 16, 18, 19, 21-24].
Furthermore, the collection period was different
from one study to another, ranging from 1 month
to 5 years for the retrospective collection [8, 9, 12],
and from 159 days to 3.8 years for the prospective
collection [10, 13]. Thus, even using an equivalent
definition of fall, being a faller in the study by
Holick et al. [12] (i.e. having fallen at least once in
the last 5 years) should not be interpreted in the
same way as being a faller in the study by Mowé

et al. [8] (i.e. having fallen at least once in the last
month). Moreover, the retrospective collection of
falling data in several studies may have underes-
timated the frequency of falls. This is usually
underreported because of the cognitive decline of
those who fail to remember falling and because
reporting depends on the occurrence of fall-related
adverse health outcomes [50]. A systematic review
showed that the recall bias could also be related to
the methods used to report falls [S51]. Prospective
registration systems, shorter recall periods or the
use of fall diaries have proven superior to other
methods of data collection and could lead to a
substantial increase in the number of reported
falls.

Thirdly, as highlighted above, inconsistencies may
result from differences in the choice of 250HD
threshold used to define hypovitaminosis D. We
found that serum 250HD concentrations lower
than 20 ng mL™' were associated with falling
(Fig. 3b). As a consequence, categorizing popula-
tions with either too low or too high threshold
concentrations may have reduced the association
(if any) between vitamin D and falling. This finding
is also consistent with results from supplementa-
tion studies as most inconclusive trials, in which it
was found that vitamin D supplementation did not
prevent falling, recruited participants with serum
250HD either below 10 ng mL™! [52-55] or as a
high as 30 ng mL~! [56-58], and thus, their risk of
falling might have been at least in part independent
of vitamin D status. Finally, this is also in line with
research into nonbone effects of vitamin D,
because the greatest risk of cancer, infections
and cardiovascular and metabolic diseases
appears to be associated with 250HD concentra-
tions below 20 ng mL~! [59].

Fourthly, another explanation for inconclusive
results may be related to polymorphisms of the
VDR gene as recent evidence suggests that these
polymorphisms may confer genetic risk for falls.
Individuals with some variants appear to be less
sensitive to vitamin D and more likely to develop
muscle weakness or to experience cognitive
decline. For instance, higher quadriceps isometric
and concentric strength was found in f/f homozyg-
otes compared to F allele carriers [60]. Similarly, a
significant association has been shown between
the VDR gene APA1 polymorphism and the occur-
rence of Alzheimer’s disease [61]: the Aa genotype
increases the risk of Alzheimer’s disease 2.3-fold
compared to the AA genotype. Taken together,
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these findings suggest that polymorphisms in the
ligand-binding site of the VDR gene affect vitamin
D-related neuromuscular effects and increase the
risk of falls. Unfortunately, none of the selected
studies took into account VDR polymorphisms,
although it could obviously shed new light on
inconclusive and negative results.

Finally, it is worth noting that the methods of
serum collection and duration of preservation
before 250HD assay were not reported by the
authors of any of the selected studies. The effects of
temperature, light and collection vial as well as the
effects of long-term serum storage on measure-
ments are uncertain, especially regarding 250HD
stability.

Study limitations

Some potential limitations of this review should be
considered. In particular, whilst a meta-analysis of
effect sizes is equivalent to a meta-analysis of odds
ratios — albeit with loss of power — when there is an
underlying normal distribution and common vari-
ance [62], this assumption may be not entirely
correct in some populations selected in the present
analysis because of relatively small sample sizes.
Furthermore, the summary effect size we found
should be interpreted with caution as the qualita-
tive and quantitative analyses indicated substan-
tial heterogeneity (Fig. 2). However, the use of a
random-effects meta-analysis model controlled for
this limitation and compensated for the different
distributions of effect across the different studies
[63]. Finally, inspection of the funnel plot suggests
the presence of publication bias; i.e. an empty
quadrant in which potentially small unpublished
studies may have shown a smaller effect size (see
Appendix 5). However, the funnel plot was broadly
within the pseudo 95% confidence limits, which
makes publication bias less likely.

Implications for practice and research

The existing body of evidence suggests that (i)
fallers have lower serum vitamin D concentrations
than nonfallers and (ii) decreased 250HD concen-
tration, especially <20 ng mL™!, is associated with
increased fall risk. The implications for practice
and research are manifold. First, our results sup-
port the idea that age-related hypovitaminosis D is
a risk factor for falls and may explain part of the
tendency of the elderly to fall. Secondly, these
findings reinforce the notion of hypovitaminosis D

36  © 2014 The Association for the Publication of the Journal of Internal Medicine
Journal of Internal Medicine, 2015, 277; 16-44

as a biological characteristic of elderly fallers,
which supports the proposal that older adults with
a history of falls should routinely receive vitamin D
supplementation to prevent both bone and non-
bone adverse events. Thirdly, these results provide
a strong rationale for conducting clinical trials in
elderly fallers as these participants are likely to
have low vitamin D levels at baseline, which is
expected to reveal the negative effect on falling of
vitamin D supplements [64, 65]. In particular,
future clinical trials should recruit elderly fallers
with an initial concentration of serum 250HD
between 10 and 20 ng mL .

From the clinical perspective, our findings help to
further elucidate the profile of the ideal target
populations, which is the first step towards provid-
ing effective guidelines on the proper use of vitamin
D supplements for fall prevention in the elderly.

Conclusions

Amongst the elderly, fallers have lower serum
250HD concentrations, notably more often
<20 ng mL™ !, than nonfallers. The association with
falling for 250HD <10 ng mL~! or <30 ng mL ' did
not reach statistical significance. These findings
provide a rationale for prescribing vitamin D sup-
plementation amongst elderly fallers and help to
determine the profile of the subpopulations that
would most benefit from vitamin D supplements to
prevent falls.
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Appendix: 3

Serum 25-hydroxyvitamin D concentrations in studies comparing fallers and nonfallers with effect

size estimates for the difference

Fallers Nonfallers Effect Size
Standard Standard Bias Standard

Reference n Mean deviation n Mean deviation Uncorrected corrected * error 95% CI

Mowé et al. [8] 9 12.6 10.0 86 23.0 10.0 1.03 1.04 0.36 0.32; 1.74
community-
dwellers

Mowé et al. [8] 70 12.7 8.8 144 18.0 9.2 0.58 0.58 0.15 0.29; 0.87
patients

Sambrook 274 11.5 5.7 363 13.3 6.6 0.29 0.29 0.08 0.13; 0.45
et al [11]

Shahar 11 31.1 9.7 43 35.7 9.1 0.49 0.50 0.34 —0.18; 1.16
et al [17]

Sai et al. [19] 95 23.5 7.7 42 26.1 7.6 0.34 0.34 0.19 —0.03; 0.71

Beauchet 135 18.1 8.4 276 19.7 10.5 0.16 0.16 0.11 —0.02; 0.34
et al. [21]

Menant 209 24.3 9.7 254 25.3 10.0 0.10 0.10 0.09 -0.15; 0.35
et al. [22]

Peterson 37 329 10.3 122 39.2 15.2 0.44 0.44 0.19 0.07; 0.81
et al. [23]

Note CI, confidence interval.
* Hedges’ correction.

Appendix: 4
Prevalence of hypovitaminosis D (hypoD) in
ratio estimates

studies comparing fallers and nonfallers with odds

Total Faller Nonfaller Odds ratio for faller
n (%) with n (%) with Standard
Reference n n hypoD n hypoD Estimate error 95% CI
HypoD defined as 250HD <10 ng mL™!
Snijder et al. [14] 1231 405 49 (12.1) 826 79 (9.6) 1.30 1.21 0.89; 1.90
LeBoff et al. [15] 80 31 16 (51.6) 49 14 (23.7) 2.67 1.61 1.04; 6.81
Beauchet et al. [21] 411 135 24 (17.8) 276 44 (15.9) 1.14 1.32 0.66; 1.97
Annweiler et al. [24] 329 80 17 (21.3) 249 61 (24.6) 0.83 1.36 0.45; 1.53
HypoD defined as 250HD <20 ng mL ™"
Suzuki et al. [16] 2957 475 95 (20.0) 2482 307 (12.37) 1.77 1.14 1.37;2.28
Beauchet et al. [21] 411 135 78 (57.8) 276 148 (53.6) 1.18 1.24 0.78; 1.79
Annweiler et al. [24] 329 80 56 (70.0) 249 188 (75.8) 0.74 1.33 0.42; 1.30
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Appendix: 4 (Continued)

Total Faller Nonfaller Odds ratio for faller
n (%) with n (%) with Standard
Reference n n hypoD n hypoD Estimate error 95% CI
HypoD defined as 250HD <30 ng mL~*
Holick et al. [12] 1488 860 444 (51.6) 628 329 (52.4) 0.97 1.11 0.79; 1.19
Snijder et al. [14] 1231 405 323 (79.8) 826 683 (82.7) 0.82 1.17 0.61; 1.12
Beauchet et al. [21] 411 135 124 (91.9) 276 233 (84.4) 2.08 1.43 1.04; 4.18
Annweiler et al. [24] 329 80 70 (87.5) 249 228 (91.6) 0.65 1.50 0.29; 1.43

Note 250HD, 25-hydroxyvitamin D; CI, confidence interval.

Appendix: 5
Funnel plot with pseudo 95% confidence limits for studies on serum concentration of 25-
hydroxyvitamin D in fallers and nonfallers.

0 _ SE(Effect size)

n
I
A
TR
L
r’ ! ‘\
Sogoh
\
T
0.1 T N
,/D ! af
I3 | o]
s I \
J | \
/ oo N
0.2+ / ! A
/ ! \
/ ! Y
JI 3 ‘\
‘ 4 "
# ; k)
/ \
1 |
0.3 J ! \
S 1 \
/ \
s ] \
J ! ful
/ ! T
/ ! \
0.4 T / ! Y
’ . v
I : A
i’ ! v
i I )
/ | \
Vi 1 \
! 1 i Effect size
! i \
0.5 t t t i
=2 =1 0 1 2

SE: standard error.®

44  © 2014 The Association for the Publication of the Journal of Internal Medicine
Journal of Internal Medicine, 2015, 277; 16-44



Copyright of Journal of Internal Medicine is the property of Wiley-Blackwell and its content
may not be copied or emailed to multiple sites or posted to alistserv without the copyright
holder's express written permission. However, users may print, download, or email articles for
individual use.



