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Vitamin D, Falls and Balance Capacity Impacts in Older Adults: Update
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Abstract
Background: Falls injuries continue to contribute to numerous premature deaths as well as high disability
levels, and excess morbidity rates among older adults, worldwide. But can vitamin D account for excess falls
injuries among older adults? This review specifically focuses on what is known about vitamin D in the context of
postural stability or balance control, both fairly consistent independent predictors of falls among older adults.
Methods and Procedures: Drawn largely from a review of current relevant English language peer reviewed
research publications published over the last 10 years detailing the relationship between vitamin D levels and
balance control among the elderly, as this relates to falls injuries, evidence for any emerging consensus on this
controversial topic was sought. Used to conduct the search were various key word combinations including: falls

injuries and older adults, vitamin D or vitamin D deficiency and balance or postural control. The database used
predominantly to provide input into this largely descriptive assessment and narrative overview was PUBMED.
Results: The prevailing data show falls injuries currently constitute a widespread costly major impediment to
successful aging and longevity for many older adults, despite numerous efforts to prevent this disabling set of
events over the past two to three decades. However, no consistent association appears to exist between the
variables of vitamin D, falls, and balance attributes in the older population-despite years of research, regardless
of study approach, and a strong rationale for hypothesizing a clinically meaningful relationahip.
Conclusion: It is not possible to arrive at any universal recommendation concerning the value of vitamin D
supplementation as regards its possible influence on balance capacity among older adults in the realm of falls
prevention efforts, as has been frequently proposed. However, until more definitive research is conducted, there
still appears sufficient justification for considering the screening of vulnerable aging adults for serum vitamin D
levels, along with balance impairments, and intervening as required in the case of deficits in either or both of
these possible falls determinants.

Corresponding author: Marks R, Department of Health and Behavior Studies, Teachers College, Columbia
University, Box 114, 525W, 120th Street, New York, NY 10027, Tel: 1-212-678-3445, Fax: 1-212-678-8259;
E-mail: rm226@columbia.edu
Keywords: Balance control, falls, falls injuries, older adults; postural stability, prevention, risk factors,
screening, therapeutic use of vitamin D, vitamin D deficiency
Received: Feb 22, 2021

www.openaccesspub.org

JARH

Accepted: Feb 22, 2021

CC-license

Published: Feb 24, 2021

DOI : 10.14302/issn.2474-7785.jarh-21-3752

Vol-3 Issue 4 Pg. no.– 22

Freely Available Online

strategies, that a current review of all salient literature

Introduction
For more than 35 years, falls have been a
leading cause of death among persons 65 years of age
and above, both within the United States, as well as
most other countries [1, 2]. In addition to their
associated healthcare costs, falls injuries continue to be
associated with high premature death or fatality rates
among the elderly, while many previously unimpaired
elders, who survive this injury, may experience post
falling-associated non-fatal albeit debilitating mobility
and independence losses, including those requiring
placements in assisted living centers [2, 3].
Fortunately, there is currently great interest in
this topic as demonstrated by the number of research
articles posted on PUBMED as of February 2021 over
last 5 years, which yields more than 3600 citations.
Moreover, cumulative evidence from available data
show that reducing the magnitude of falls injuries and
their consequences is a health issue of great promise
because they indicate several potentially modifiable
factors that if prevented or mitigated, might significantly
reduce the risk of falling and sustaining a potentially life

may help to avoid management errors and omissions
that could be highly costly to the individual as well as
society.
To this end, this present review strove to access
and update the available information related to the
claim that an appropriate daily supplement of vitamin D
or efforts to ensure optimal vitamin D serum levels via
other methods may go a long way to reducing the risk
of falls due to poor balance capacity among older
adults. That is, the paper specifically examines salient
past and recent reports that may help establish if
vitamin D supplementation is likely to positively affect
balance capacity among older individuals, if they present
with any deficiency or insufficiency.
It was believed the issue of vitamin D in the
context of balance and falling is of high import to
resolve

because

if proved

efficacious,

vitamin D

supplementation as warranted, is easy to administer,
and adhere to, as well as economically feasible, and
practical, when compared to exercise and cognitive
approaches commonly employed in falls prevention

threatening or chronically disabling injury. These factors

efforts to improve balance control.

include, but are not limited to deficient muscle strength,

The Specific Themes Examined Were

confusion, sensory losses, vitamin D deficiencies, and

1. Whether vitamin D serum levels have an impact on

poor postural control or balance impairments [1, 3-5].
However,

despite

being

advocated

as

falls risk in the elderly.
an

effective adjunct to offsetting falls risk among the
elderly [6], the specific mediating influence of vitamin D,
as well as that of balance capacity in this regard, topics
of independent and collective study for some time [7],
remains in question.
That is, despite a converging research base that
implies optimal serum levels of vitamin D, believed to
potentially

impact

muscle

function,

bone

quality,

cartilage metabolism, pain, depression, comorbid health

2. Whether vitamin D serum levels impact balance
capacity in older adults.
3. Whether the effect of vitamin D supplementation is
more strongly evident in older adults at risk for falls
and who are vitamin D deficient.
4. Whether the mechanisms that impact balance
capacity are likely to be impacted favorably by the
presence of adequate vitamin D in older adults.
Materials and Methods

conditions, may also be helpful in offsetting falls risk

To best address the specific topics highlighted

among the elderly [7-10], this idea remains a topic of

above, and consequently whether there is support for

contention, especially with regard to the influence of

ensuring aging adults at risk for falls and low vitamin D

vitamin D on balance capacity in older populations

and balance are tested for this risk, and treated

Before continuing to base public health as well
as private practitioner recommendations on inconsistent
research findings, it is our view that given the problems
associated with falls, and their meager intervention
www.openaccesspub.org
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accordingly, a search was conducted for the most
salient preventable falls determinants, plus current
recommended approaches to falls prevention for older
adults residing in the community. This was followed by
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a review of the research that has attempted to establish
the health associated attributes of adequate vitamin D
relative to both falls and balance capacity.

diabetes [15]
•

Reduced muscular strength, impaired gait, and poor
balance [16, 17, 25]

To this end, data housed electronically in
PUBMED, the worlds’ largest health research data base,

•

Serum vitamin D insufficiencies [18, 19]

plus data housed in Google Scholar, Science Direct,

While no one factor listed above appears to

Scopus, and Web of Science were sought. Key words or

predominate, a number of review articles and stand-

phrases such as falls, vitamin D deficiency and older

alone reports have demonstrated reasonable support for

adults, balance, postural control and interventions were

the role of vitamin D in balance control as well as falls

used to locate relevant resources. Excluded from the

risk [e.g., Korkmaz et al., [20].

detailed descriptive analysis were studies of subjects

Other data show vitamin D has widespread

younger than 60 years of age, those with neurological

effects on many body systems, including those that

diseases, most research studies conducted prior to

affect balance and falls risk, such as physical and

2010, and that are detailed in Muir et al. [12]. Others

cognitive

were excluded if they did not focus on the topic of

function [22, 23], muscle strength, [24, 25], chair rising

interest, or were written in a language other than

time [26], and muscle mass and its contractile

English or were not complete articles. The studies

capacity [27]. As well, the benefits of vitamin D may

presently reviewed included observational, as well as

extend to improved navigational performance [27], the

prospective or case controlled studies, with an emphasis

ability to adapt favorably to postural perturbations [28],

on those published between January 1 2016 and

and lower extremity and physical performance indicators

January 31 2021. The review is largely limited to studies

in the elderly [29, 30]. Conversely, data reveal balance,

conducted in health centers or the community, rather

a strong predictor of falls in later life [31], can increase

than the nursing home or residential setting as the goal

falls rates if impaired in some way [32], such as in the

was to derive implications for community dwelling older

presence of a vitamin D deficiency.

adults who wish to remain independent in their own
homes.
After the available data were scrutinized the
studies and their key features were described in
narrative rather than in any aggregated format, given
the diversity of the available research including design
consistency and methodological approaches.

health

correlates

[21],

muscle

Balance and Vitamin D
While postural as well as dynamic balance have
been cited to favorably influence falls risk in the
presence

of

adequate

vitamin

D

combined

with

calcium [8], observational or cross-sectional studies
conducted over the past two decades to examine
support the idea that interventions to improve vitamin D

Key Observations

status may help to optimize balance capacity, and hence

Falls Risk Factors

reduce falls risk have yet to produce any firm consistent

Among the numerous citations detailing some

findings.

aspect of falls injuries and/or falls injury determinants in

For example, contrary to studies depicting a

the older adult population that have been housed over

relationship between vitamin D levels and various

time in the PUBMED database and others there is

functional

general agreement on several key risk factors including:

investigated the baseline relationship between muscle

•

Impairments in cognitive function and postural
reflexes [13]

•

Dizziness,

Mathei

et

al.

[33]

who

function and vitamin D status among 367 frail elderly 80
years and older in a prospective study found no
significant vitamin D, balance relationship. Only 12.8%

pain,

selected

pain/psychoactive

medications, and visual impairments [2, 14, 25]
•

parameters,

Vestibular and various co-morbid disorders such as

www.openaccesspub.org
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of the sample had sufficient vitamin D levels, yet this
did not translate into any meaningful association of
balance impairment using a static tandem stance
balance test. However, dividing the cohort into four
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unequally sized groups based on vitamin D serum levels,

feet in closed stance or hip-width stance, open eyes and

wherein some had divergent gait and hand grip scores

closed eyes. Results showed vitamin D was not an

may have affected the nature of the associations

independent risk factor for falls experienced in the last

examined and their observed relationships that did not

12 months, but postural body sway was higher in cases

concur with previous work. The sample too may not

with vitamin D deficiency (<10 μg/l). The independent

have been comparable to those of other studies as a

risk factors for increased postural sway namely, being

whole, as the participants were defined as being frail

male and performing the test in the absence of vision

and the ‘oldest of the old’ according to the researchers.

were additionally compromised in the face of any

Conversely, Korkmaz et al. [20] who assessed

vitamin D deficiency.

the interrelationships between vitamin D serum levels,

Akdeniz

et

al.

[36]

who

evaluated

the

balance, falls, muscular strength, and life quality in a

association between vitamin D and risk of falling,

cohort of 46 women with postmenopausal osteoporosis

balance, and lower extremity neuromuscular function

and 46 healthy women, the researchers found that

among women aged 60 or older also found those with

vitamin D does have a direct effect on balance using

serum vitamin D levels greater than 50.0 nmol/l to have

three

better balance control than those with lower values.

different

balance

test

approaches.

After

subdividing the patient group, it was shown those with

Using

serum vitamin D levels greater than 15 ng/ml had

posturography, after classifying 200 women according

significantly better balance scores than those with

to their vitamin D levels and stability, their data

vitamin D levels lower than 15 ng/ml as shown by the

revealed a significant association to exist between the

longer chair rise time and rise times in the group with

subject's serum vitamin D levels and their stability

low vitamin D levels. The authors concluded that

scores, as well as their lower extremity functional

vitamin D is necessary as well for maintaining back

scores, and falling risk.

extensor muscle strength, lumbar range of motion, and
balance in this patient subgroup.

an

instrumentation

known

as

Tetrax

Menant et al. [31] however, found the presence
of a vitamin D deficiency or insufficiency appeared to

In support of the aforementioned findings,

reduce their subjects leaning balance ability, but not

Boersma et al. [34] who examined 145 community

their postural sway. The results of this study involving a

dwelling adults over the age of 65 with a history of at

sample consisting of 463 community-dwelling older men

least one recent falls associated injury or episode noted

and women 70-90 years of age, of which 21 percent of

their measures of postural instability assessed using a

the men and 44 percent of the women were classified

computerized virtual reality system that assessed limits

as vitamin D deficient, showed that after controlling for

of stability and centre of pressure under eyes closed on

age and body mass, these vitamin D levels and leaning

foam and visual vestibular simulation were negatively

balance scores were more strongly related in men than

correlated with prevailing levels of vitamin D after

women. Other observations showed those subjects with

adjusting

and

deficient vitamin D levels to have weaker upper and

anthropometric variables. It was concluded that low

lower limb strength, slower simple finger press and

levels of vitamin D are associated with increases in

choice stepping reaction time, poorer leaning balance

postural instability, and that this association could also

and slower gait speed, after controlling for age and

have an effect on slowing gait velocity and increasing

body mass index. They had poorer executive function

the risk of falls.

and visuo-spatial ability, after controlling for age and

for

demographics,

biochemical

Similarly Krause et al. [35] found the postural
body sway records of 342 older individuals to be higher

education. Vitamin D insufficiency also increased the
rate of falls in men significantly.

among those defined as being vitamin D deficient. In

Huang et al. [38] who assessed women ages

this cross-sectional study, falls risk was evaluated using

29-95 and where about 70.9% had a vitamin D

the New York-Presbyterian Fall Risk Assessment Tool.

deficiency showed no significant associations with

Postural stability was assessed on a pressure plate with

hand-grip strength and balance ability after adjusting
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for confounding factors. Hand-grip strength and balance

by a significantly increased balance capacity at three

ability decreased with age, but vitamin D level was not a

months. This effect increased after six months of

factor. Yet, according to study by Pfeiffer et al. [42]

therapy and was accompanied by a decrease in the

where the overall hypothesis tested was that trunk

absolute number of fallers and falls, compared to the six

muscle strength, body sway and hypovitaminosis D

months before starting the therapy. It was concluded

would influence daily activities and the likelihood of falls

that the supplementary treatment with alfacalcidol

and fractures, the authors did find there were significant

containing vitamin D3 was effective in improving muscle

associations between the body sway measures and

strength, and balance, and in reducing falls numbers

vitamin D, as well as between body sway and falls, body

and rates.

sway and rib fractures. The authors, who examined 237
women mean age 62.9 years with osteoporosis, and
measured trunk muscle strength, body sway, and the
patient’s falls history suggested that hypovitaminosis D
is associated with increases in body sway and an
elevated risk for falls and falls-related fractures.

Bogaerts et al. [43] who compared the effect of
a regular dosage versus a higher dosage of daily vitamin
D 3 (880 IU vs 1600 IU) versus exercise to improve
balance among 113 older institutionalized individuals
randomized to a vibration exercise group or control
group found dosage rates of vitamin D did not impact

As per von Berens et al. [39] who examined the

their measures of balance and gait differentially.

potential association between serum vitamin D and the

Studying only healthy adults, average age 79.6 years,

performance and sub-components of five repeated chair

this group measured the subjects’ dynamic balance

stands test, 4 meters walk test and balance in older

along with their falls risk before and after six months.

mobility-limited community-dwelling men and women

Results showed no differences in any outcome were

the relationship between vitamin D levels and seconds

predicted by the vitamin D dosages, and that there were

to perform the chair stands did yield a quadratic

also no differences in falls risk, regardless of exercise

relationship. That is, at vitamin D serum levels above 74

status, nor any postural control differences. These

nmol/L, the high vitamin D levels appeared to be

results by Bogaerts et al. [43] were however, not

advantageous for the chair stand test, whereas for

consistent with those of Annweiler et al. [28] where

serum levels below 74 nmol/L this association was not

higher serum vitamin D concentrations were associated

observed. In addition, according to Vaes et al. [40] who

with better balance among older adults categorized as

studied 756 men and women, aged ≥ 65 years

having supra-optimal vitamin D status. They did align

participants with vitamin D status < 50 and 50-75 nmol/

however with those of Bird et al. [32] who found no

L to have significantly lower scores on the Timed Get

association between seasonal vitamin D variations and

Up and Go balance test, compared to participants with

postural sway measures in independently mobile older

vitamin D status > 75 nmol/L.

adults assessed prospectively.

In short, as in summary table below, more

The findings in the literature may however,

supportive studies than not prevail as regards the

depend on what is measured. For example, in a study

clinical influence of vitamin D on balance control in older

by Iwamoto and Saito [26] designed to clarify the effect

adults, when applying cross-sectional observations, but

of a vitamin D derivative on body balance, these authors

no uniform conclusion or cause effect association, has

found no significant improvement in the unipedal

been forthcoming to date among the diverse samples

standing time measure in the experimental group,

studied over time. Tab 1.

compared

Intervention and Prospective Studies

chair-rising time decreased significantly in that group

In terms of controlled or prospective studies
that have examined vitamin D and balance associations,
Dukas et al. [22] who studied 237 participants, mean
age 75.9 years who received daily vitamin D treatments
found the supplementary treatment was accompanied
www.openaccesspub.org
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with

the

control

group,

even

though

compared with the control group. In this study, 106
postmenopausal women with osteoporosis, average age
70.8 years were randomized into two equal size groups:
a

bisphosphonate

group

(control

group)

and

a

bisphosphonate plus vitamin D group. Biochemical
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Table 1. Table depicting variations in conclusions and samples studied in the context of the issues of
vitamin D sufficiency, balance control, and falls risk in the older population in observational approaches

a

Sample

Vitamin D/Balance Association

145 community dwelling adults
Boersma et al. [34]

> age 65 with history of at
least 1 recent falls injury

Association prevails, whereby low vitamin D
levels, are related to poorer balance

46 women with postmenopau-

Korkmaz et al. [20]

sal osteoporosis and 46

Association prevails

healthy women
342 individuals, av. age 68.3

Krause et al. [35]

yrs

Partially supported for balance, esp. for men

463 community-dwelling older
men + women 70-90 yrs,

Menant et al. [37]

where 21% men and 44%
women were vitamin D defi-

Partial association prevails primarily for men for
vitamin D deficiency and dynamic balance

cient
Post menopausal women over

Brech et al. [41]

age 60 with osteoporosis
Osteoporotic women av. age

Pfeiffer et al. [42]

62.9 yrs

Partial association, vitamin D presence is positive
for timed get up and go test, not related to
postural control test
Association prevails

Mattei et al. [33]

367 frail elderly 80 yrs

No association

Akdeniz et l. [36]

200 women 60 yrs and above

Association prevails

Huang et al. [38]

1095 women, ages 29-95 yrs

No association

756 adults older than 65 yrs,

Inverse association affirmed between vitamin D

45% vitamin D deficient

status and timed balance test

Vaes et al. [40]

610 community dwelling
Von Berens et al. [39]

mobility limited men/women,

Partially supported

av. age 77.6 yrs
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markers, unipedal standing time-a measure of balance,

did yield improvements in balance ability at the post test

and five-repetition chair-rising time (a measure of

conducted

muscle power) were evaluated before and after the

experimental subjects were compared with a control

6-month study period. The present study showed that

group. This group divided post-menopausal women into

although the intervention improved the chair-rising time

two equal size groups, 26 who received vitamin D

of postmenopausal osteoporotic women treated with

supplementation, and 26 who served as a control group.

bisphosphonates, it had no effect on the functional

The experimental group received 20,000 IU of vitamin

balance measure.

D2 per week, for a period of 4 weeks. The control group

To add to the confusion, a two year follow up
study by Uusi-Rasi et al. [44] concluded vitamin D
supplementation

and

exercise

recommended

for

on

normal

stability

surfaces

when

did not receive vitamin D2. It was concluded that a
short-term vitamin D2 supplementation period may
reduce the falls risk that prevails among older women.

prevention of falls for older people were not efficacious,

Similarly in a study by Cangussu et al. [46] the

but that strength and balance training were more

authors who applied vitamin D supplementation to

helpful. The cohort were all 70 years and older with a

postmenopausal women fallers found falls rates were

falls history. The four study groups included a placebo

almost 50% higher in the control group, and the relative

group without exercise, a vitamin D (800 IU/d) group

risk for recurrent falls was 2.80 times higher for the

without exercise, a placebo and exercise group, and a

control group compared to the experimental group. The

vitamin D (800 IU/d) and exercise group. The main

experimental group who received the supplementation

outcome assessed monthly was reported falls. Injurious

showed a reduction in body sway in both the

falls and the number of fallers and injured fallers were

antero-posterior and latero-lateral directions, indicating

reported as secondary outcomes. As well, bone density,

a positive independent outcome of D supplementation

physical functioning (muscle strength, balance, and

on postural balance after 9 months, along with a

mobility), and vitamin D metabolism were assessed.

significant falls reduction rate. Cangussa et al. [46] who

Vitamin D maintained femoral neck bone mineral density

conducted one of the very few studies that have been

and increased tibial trabecular density slightly, but only

designed specifically to evaluate the impact of isolated

exercise improved muscle strength and balance. While

vitamin D supplementation on falls rates and postural

vitamin D had no mediating exercise effect on physical

balance

functioning, those using vitamin D without exercise or

double-blind, placebo controlled trial design found

exercise alone, showed evidence of lower Hazard ratios

reductions in both these factors at 9 months. Moreover,

for fall injuries. However, the accuracy of monthly falls

the mean vitamin D values over the 9 months increased

diary reports, the definition of falls applied, the nature

in the experimental, but not the control groups where

of the ‘balance’ measures, the method of classifying and

they declined and where there were proportionately

analyzing falls incidents, baseline serum levels all above

more falls as deduced through interviews. As well,

26 nm/ml, and the exclusion of non-injurious falls in the

balance parameters improved only in the supplemented

analysis may have influenced the outcomes observed.

group. Studied were 160 postmenopausal women, ages

As argued by Anek et al. [45], the impact of
vitamin D supplementation may not only depend on
what is measured in clinical trials, but may well depend
on the extent of the vitamin D dosage or its mode of
delivery or both among a multitude of other factors,
such as type of vitamin D analog applied. For example,
despite some negative findings between balance and
vitamin D correlates when vitamin D3 supplementary
dosages prevail [44], Anek et al. [45] showed that high
supplementary doses of vitamin D2 [as opposed to D3]
www.openaccesspub.org
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among

older

women

fallers

using

a

50-65 years, with a history of at least one fall in the
past 12 months of which 80 received vitamin D3
supplementation of 1,000 IU/day administered orally for
nine months. The researchers omitted adults with
neurological

or

musculoskeletal

disorders,

balance

disorders, drugs that could affect balance and those
with osteoporosis. The subjects' postural balance was
assessed

using

computerized

stabilometry,

serum

vitamin D was assessed by high performance liquid
chromatography, and the numbers of falls incidents
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were recorded by interviews.

of older adults with either osteoporosis or osteoarthritis.

The application of vitamin D to increase a
vulnerable older subjects serum levels, as well as
potentially impacting fall risk favorably [47], has
however, been disputed quite recently as far as its
possible influence on musculoskeletal health, including
falls prevention by Bolland et al. [48] and Smith et al

These data implied that vitamin D sufficiency or its
attainment may yet have an indirect bearing on the
relationship between sarcopenia measures, vitamin D
receptor protein expression and TaqI/Cdx2/FokI VDR
genotype measures, and hence on the extent to which
balance control impacts falls risk.

[49]. Vitamin D therapy, may also fail to prevent falls

Other data have shown that intra muscular

and fractures if delivered in the form of 500,000 IU of

vitamin D applications, which are not well studied, can

oral vitamin D ingested annually to avert declines in

indeed have a marked effect on balance in vitamin D

vitamin D exposure during the autumn and winter

deficient elderly women [56], while more recently,

months in older adults who are mostly not vitamin D

Susuki et al. [57] who evaluated the effects of

deficient [50]. However, Hillstrom et al. [51] who

anti-osteoporosis agents, eldecalcitol, an analog of

recently reported on pilot work that attempted to

vitamin D and alendronate, a drug for treating

determine if attaining higher than recommended vitamin

osteoporosis on dynamic and static postural balance in

D levels of > 20 ng/ml believed to foster overall health,

aged patients with osteoporosis in a randomized,

plus bone health, and balance would in fact do so,

open-label, controlled clinical trial of 124 female patients

generally found vitamin D to impact favorably on muscle

aged 65 or over with osteoporosis found the vitamin D

function, balance, and overall muscle size of post

analog to produce favorable results after 24 weeks. The

menopausal women. Similarly Sahin Alek et al. [52] who

primary endpoint assessed was the change in a postural

strove to verify that vitamin D is not only associated

balance index, adjusted composite equilibrium score of

with calcium homeostasis, but skeletal muscle health

sensory organization test, wherein there was no

and some chronic diseases found that vitamin D

statistically significant dynamic balance improvements

replacement administered especially to their most

that were noted over time between the two groups,

deficient cases tended to improve their elderly subject’s

static postural balance was maintained in the vitamin D

balance.

group, but not in the alendronate group.

Levis and Gomez-Marin [53] however, found no
added

benefit

in

this

regard

post

vitamin

In sum, despite efforts to control for extraneous

D

factors, and to undertake follow up studies, on an array

supplementation of 4000IU per day for 9 months, nor in

of samples, not all researchers concur that there is an

regards falls risk among older sedentary men m/ml)

association between balance and vitamin D status in

ages 65-90 with low vitamin D baseline levels [< 30 nm/

older adults that can be mobilized to explain falls risk as

ml] in a randomized, double-blinded controlled trial of

well as mobilized to consistently prevent or reduce falls

130 men. Although vitamin D levels increased markedly,

risk [see Table 2].

gait and balance did not improve in the experimental

Possible Mechanisms of Vitamin D Influences on Balance

group compared to the control group.
In other research involving 68 sarcopenic
patients, an 8-week intervention of branched-chain
amino acids and vitamin D supplementation with
low-intensity resistance training did indeed improve
muscle-related outcomes in these older adults [54].
Analagous data from Smimeca et al. [55] recently
showed that there is a possible clinically relevant
relationship between sarcopenia (evaluated in term of
fibers atrophy), vitamin D receptor protein expression
and TaqI/Cdx2/FokI VDR genotypes in an Italian cohort
www.openaccesspub.org

JARH
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As outlined in additional clinical studies related
to the present topic, vitamin D supplementation may be
expected to have a bearing on balance capacity by
improving corticospinal neural transmission [60], gait
control [21], cognitive function [61] and healing post
surgery [62, 63]. As well, recent data show all analyzed
human

brain

regions

to

contain

some

level

of

vitamin D [64], and implying that vitamin D appears to
have a bearing on the speed of intracranial processing
and cerebellar volume [65, 66]. Vertigo that could
impact

falls

risk

negatively
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its
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Table 2. Summary of the overall conclusions reached by researchers in the field who have employed
controlled and prospective follow-up studies to examine vitamin D impacts as regards balance among the
elderly population
Research Group

Vitamin D influences Balance Capacity

Brech et al. [58]

Disagree

Dukas et al. [22]

Agree

Bogaerts et al. [43]

Disagree

Annweiler et al. [28]

Agree

Bird et al. [32]

Agree

Iwamoto and Saito [26]

Somewhat agree

Uusi-Rasi et al. [44]

Somewhat agree

Anek et al. [45]

Agree

Cangussa et al. [46]

Agree

Sahin Alek et al. [52]

Agree

Hillstrom et al. [51]

Agree

Levis and Gomez-Marin [53]

Disagree

Tellioglu et al. [56]

Agree

Susuki et al. [57]

Somewhat agree

destabilizing effects may be also be influenced by the

vitamin D levels.

prevailing level of vitamin D [67]. Other data show

Discussion

vitamin D supplementation can enhance both physical
and cognitive health [59], muscle function [22, 23, 69],
muscle strength, [24, 25], muscle mass, power and
contractile capacity [68-70], navigational and cognitive
performance [27, 71], postural control [72] postural
adaptations [28], and lower extremity function in the
elderly [68, 73, 74].

Falls prevention itself also

continues to be demonstrated in cases that receive daily
vitamin D supplementation [75] as well as bone, muscle,
and nerve health [76].
Low vitamin D levels, in contrast, tend to be
linked to muscle mass, strength and contractile capacity
declines, poor muscle endurance capacity [77, 78] plus
suboptimal physical performance ability [68]. The
accuracy of motor imagery during gait [59] is also found
to be reduced in the presence of insufficient serum
www.openaccesspub.org
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Falls, which continue to increase in both
incidence and prevalence, remain a widespread health
concern despite years of research designed to prevent
falls injuries in adults over age 65 [76]. Commonly
associated

with

the

onset

or

perpetuation

of

longstanding pain, disability, independence losses, and
premature deaths for many, the outlook for older adults
in this regard, remains bleak [79]. Indeed falls and their
consequences, currently deemed one of the most
serious major public health issues facing aging nations
[80], are not only especially problematic in the case of
those older adults who are frail [6] due to their high
mortality and morbidity rates, but falls injuries requiring
hospitalization during the COVID-19 pandemic may
inadvertently place the individual at an ever than
anticipated risk for mortality and excess morbidity.
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Moreover, even if falls do not require hospitalization,

favorably in older populations or does not affect falls risk

falls that tend to constrain movement, individual

in any way [48] remains in question [89]. The negative

freedom and confidence, while heightening sedentary

studies that prevail in this regard [eg 90] are also

behaviors, and excess falling fears, may be sufficiently

contrary to recommendations for the supplementation of

injurious in their own right to warrant considerable or

vitamin D where indicated to maintain musculoskeletal

definitive care from health professionals or others, as

health in older adults [91], especially those with low

well as the usage of high levels of health care

vitamin D levels [92] and in the context of falls

resources

targeted

prevention efforts among the elderly [78, 93-95]. This

pharmacological management strategies to offset the

also includes overall health status, as well as muscle

risk for falling among the elderly are largely non-

endurance,

existent,

[81-84].

with

At

the

the

same

time

exception

of

muscle

mass

and

strength,

bone

possible

mineralization [95], and neuropsychological functional

recommendations to reduce certain medications that

benefits [37]. Yet, despite being quite well grounded in

may provoke dizziness or confusion [76, 85]. Instead, in

a fairly strong rationale and set of contemporary

the vast majority of cases, preventive measures in and

studies [42, 52, 81, 94, 95], not all authors concur.

out of the home, plus daily activity management

Indeed, as outlined in Tables 1 and 2, even though

programs are currently advocated to help the aging

negative or null findings are often not published, there

individual to avoid the partial or complete loss of

are several non-supportive and basically unanticipated

personal freedom associated with falls, as well as excess

adverse findings in this regard in both the recent and

rates of premature mortality, and morbidity [76].

past literature concerning vitamin D and balance and

These approaches commonly include but are not
limited to one or more of the following:
Recommendations to carry out regular exercise
such as Tai Chi balance exercises

•

Depression identification and treatment

•

Vision interventions

•

Environmental assessments and modifications [84-

especially the aggregation of diverse input and output
variables, and the limited power to demonstrate effects
that

86]
In this regard, and for almost two decades, the
recommendation that optimal levels of vitamin D be
employed as one of the multiple efforts advocated to
prevent falls injuries among older adults has been
favorably by some [75, 87, 88],

and

mentioned by others [eg 4, 6, 85]. However, even
though vitamin D supplementation, is emerging, as a
potentially safe and well-tolerated falls prevention
strategy due to its potential beneficial effects on the
system
in

along

muscle

with

strength,

anticipated
balance

and

navigational abilities [86] when applied to achieve
adequate serum levels [87], the question of whether
vitamin D can impact muscle-associated falls injury risk
www.openaccesspub.org

variations in the nature of the study sample, possible

outcomes assessed. As well, flaws in available studies,

Withdrawal of psychoactive drugs

improvements

of these observed differences clearly implicate the

nutritional status [97], vitamin D dosages [37, 49], and

•

musculoskeletal

as implied in other falls vitamin D reports [75, 88] some

gender issues, the study duration, design and its quality,

Vitamin D Supplementation with or without Calcium

discussed

falls risk correlates in the elderly [96]. At the same time,

JARH
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exist

may

be

leading

to

these

competing

conclusions [98]. Moreover, the impact of medical
status, vision, sleep factors, dietary factors, food intake,
nutrition and falls education, and other co-intervention
effects, plus variations in initial vitamin D status and
vitamin D supplementation adherence rates, is often
hard to tease out in studies examining falls injury risk,
vitamin

D

and

balance

attributes.

As

well

the

confounding role of falls history, fear of falling, frailty,
type of vitamin D analog used, genetic influences of
vitamin D receptors on muscles in sarcopenic adults
[99], plus mode of vitamin D administration remains
relatively

understudied

[98].

According

to

Thanapleutiwong et al. [75] the results of a prior
negative meta-analysis by Bolland et al. [48] may have
been due to its focus on vitamin D monotherapy rather
than including studies employing vitamin D analogues,
plus studies which compared vitamin D plus calcium and
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placebo.

support both a rationale for validating these findings as

Moreover, how balance is defined and measured
is not standardized in any way between studies, and
may include measures of perceived subjective balance
perceptions, postural perturbation tests, and static
balance tests often conducted indoors that may not
emulate those protective responses occurring or needed
in actual fall situations. Similarly, how vitamin D intake is
assessed may be questionable, as may serum measures
of vitamin D over differing seasons, or fluctuations in
health states

At the same time, balance associated

assessments using the sit-to-stand timed tests are often
employed differentially, sometimes representing balance

well as a linkage to falls risk [94, 104], and/or recurrent
falls [34], it is hard to accept the idea that vitamin D
administered on an individualized basis [102] should be
withheld from older adults who are clearly vitamin D
deficient and at high risk for falling. Even if falls are not
impacted, health status as well as muscular status may
in fact at the very least be potentially improved [34, 95].
Moreover, given the ongoing COVID-19 pandemic and
associated health care restrictions, and the fact that
fallers who enter the hospital are at high risk for COVID19 infection, more protective care in this regard appears
imperative.

capacity, at other times representing muscle power. It is

At the same time, researchers who desire to

also challenging to account for how vitamin D found to

advance this line of research in a meaningful way might

improve vitamin D levels in fallers with vitamin D

consider more careful subgroup analyses along with

insufficiency, is observed by some to produce more

carefully designed single case studies, case reports,

injurious results than not [48, 49, 100], for example

basic laboratory studies, and larger well powered clinical

Thanapleutiwong et al. [75] implies this might be linked

studies that employ more universal agreed upon

to non-adherence to daily vitamin D supplementation,

standardized

rather than excess vitamin D intake, but this has not

understandings of what constitutes a fall, and balance

been well studied. At the same time, Burt et al. [101]

associated measures that can serve as a proxy for falls

found no differences in balance control effects after

risk. The use of more universally agreed upon objective

three years, between participants who took either high,

outcome assessment procedures in studies of both short

medium or low supplementary doses of vitamin D

-term as well as of longer duration and that employ

Limitations

have

discussed

classifications,

clear

more sophisticated technologies to measure falls over

explanations for the diverse study findings in the present

time [102], rather than relying on interviews and

context, include the use of control groups that are

surveys are strongly encouraged. As per findings of

actually receiving vitamin D3 overtly or inadvertently, per

Bischoff Ferrari et al. [103], and in light of current fiscal

day, rather than a placebo. As well, dose findings may

as well as other health services constraints, dedicated

end before the pre-specified thresholds for dose

efforts to define what constitutes safe efficacious

suspension and dose selection are reached [90]. High

vitamin D supplementation as well as unsafe levels are

dose application studies also require careful investigation

also highly desirable. Delineating the role of age,

[eg 100] to rule out other factors for their generally

gender, health status, falls history, and environmental

discordant results. As well, the optimal approach for

factors in this regard is also paramount and may not

helping to raise vitamin D serum levels in deficient cases

only greatly help to allay considerable human suffering,

in the older adult population to an optimally beneficial

but the potentially highly negative consequences of

vitamin D level has not been thoroughly examined.

referral to hospitals during COVID-19 due to falls, which

Similarly,

seem to have increased in frequency and poor outcomes

possible

been

D

as

other

that

vitamin

confounding

impacts

of

prevailing studies that merit study are the role of

during the pandemic, rather than decreased [105].

outdoor vitamin D exposure, food based vitamin D

Conclusion

components, supplements that already contain vitamin
D, plus prevailing health and medication status.
In the meantime, and in light of several study
outcomes implicating low vitamin D levels in balance
control [eg 42, 44, 52], along with basic research to
www.openaccesspub.org
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Based on the severity of disability incurred,
among other costs, current data clearly show that falls
prevention approaches must remain a priority in the
realm of fostering successful aging for all, in all countries
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with aging populations. However, considerable data

balance according to clinical tests and Tetrax

demonstrate inconsistent study results as to whether

posturography. J Phys Ther Sci. 28(4):1272-7. doi:

vitamin D, a powerful steroid serving many body

10.1589/jpts.28.1272.

functions, does or does not influence falls risk as well as
balance capacity among older adults at risk for falling as
is outlined in most current preventive framework
recommendations. Since sufficient data support the idea
that routine efforts to screen older adults for vitamin D
serum levels as well as balance capacity are likely to be
helpful in guiding targeted potentially efficacious falls
prevention efforts in those vulnerable elderly with
vitamin D insufficiencies it is recommended more
research in this regard be forthcoming and should be
encouraged. The promising role of vitamin D receptor
influences in sarcopenic muscle, which is not well
studied, should be specifically investigated in this
regard.

1. Kruschke C, Butcher HK. (2017) Evidence-based
practice guideline: Fall prevention for older adults. J
Nurs.

43(11):15-21.

doi:

10.3928/00989134-20171016-01.
2. Gazibara T, Kurtagic I, Kisic-Tepavcevic D, Nurkovic
S, Kovacevic N, et al. (2017) Falls, risk factors and
fear of falling among persons older than 65 years of
age. Psychogeriatrics. 17(4):215-223. doi: 10.1111/
psyg.12217.
3. Burns ER, Stevens JA and Lee R. (2016) The direct
costs of fatal and non-fatal falls among older
adults - United States. J Safety Res. 58:99-103. doi:
10.1016/j.jsr.2016.05.001.
4. Moncada LVV and Mire LG. (2017) Preventing falls in
older persons. Am Fam Physician. 96(4):240-247.
5. Choi NG, Choi BY, DiNitto DM, Marti CN and Kunik
ME. (2019) Fall-related emergency department visits
and

Dick W, Carpenter MG, et al. (2006) Is fall
prevention by vitamin D mediated by a change in
postural or dynamic balance? Osteoporos Int. 17
(5):656-663. doi: 10.1007/s00198-005-0030-9.
9. Hopewell S, Adedire O, Copsey BJ, Boniface GJ,
Sherrington C, et al. (2018) Multifactorial and
multiple component interventions for preventing falls
in older people living in the community. Cochrane
Database

Syst

Rev.

7(7):CD012221.

doi:

10.1002/14651858.CD012221.pub2..
10. Gallagher JC. (2016) Vitamin D and falls - the
dosage conundrum. Nat Rev Endocrinol. 12(11):
680-684. doi: 10.1038/nrendo.2016.123.

References

Gerontol

8. Bischoff-Ferrari HA, Conzelmann M, Stähelin HB,

hospitalizations

among

community-dwelling

older adults: examination of health problems and
injury characteristics. BMC Geriatr. 11;19(1):303.
doi: 10.1186/s12877-019-1329-2.
6. Berková M and Berka Z. (2018) Falls: A significant
cause of morbidity and mortality in elderly people.
Vnitr Lek. 64(11):1076-1083.
(2016) The relation between vitamin D and postural
JARH

Curry SJ, Owens DK, Barry MJ, Caughey AB, et al.
(2018)

Interventions

to

prevent

falls

in

community-dwelling older adults: US Preventive
Services Task Force recommendation statement.
JAMA.

24;319(16):1696-1704.

doi:

10.1001/

jama.2018.3097.
12. Muir SW and Montero-Odasso M. (2011) Effect of
vitamin D supplementation on muscle strength, gait
and balance in older adults: A systematic review and
meta-analysis. J Am Geriatr Soc. 59(12):2291-300.
doi: 10.1111/j.1532-5415.2011.03733.x.
13. Takakusaki K. (2017) Functional neuroanatomy for
posture and gait control. J Mov Disord. 10(1):1-17.
doi: 10.14802/jmd.16062.
14. Yoo JS, Kim CG, Yim J and Jeon MY. (2016) Factors
influencing falls in the frail elderly individuals in
urban and rural areas. Aging Clin Exp Res. 28
(4):687-697. doi: 10.1007/s40520-015-0469-2.
15. Rodrigues ARGM, Assef JC and Lima CB. (2019)
Assessment of risk factors associated with falls
among the elderly in a municipality in the state of
Paraíba, Brazil. A cross-sectional study. Sao Paulo
Med

J.

137(5):430-437.

doi:

10.1590/1516-

3180.2018.0198120619.

7. Akdeniz S, Hepguler S, Öztürk C and Atamaz FC.

www.openaccesspub.org

11. US Preventive Services Task Force, Grossman DC,

CC-license

16. Hicks C, Levinger P, Menant JC, Lord SR, Sachdev
PS, et al. (2020) Reduced strength, poor balance

DOI : 10.14302/issn.2474-7785.jarh-21-3752

Vol-3 Issue 4 Pg. no.– 33

Freely Available Online

and concern about falls mediate the relationship

randomised trial. Osteoporos Int. 26(1):131-140.

between knee pain and fall risk in older people. BMC

doi: 10.1007/s00198-014-2855-6.

Geriatr. 20(1):94. doi: 10.1186/s12877-020-1487-2.
17. Reuben DB, Gazarian P, Alexander N, Araujo K,
Baker D, et al. (2017) The strategies to reduce
injuries

and

intervention:

develop
Falls

management,

risk

patient

co-management.

confidence

J

factor

in

assessment

engagement,
Am

elders

Geriatr

and

and
nurse

Soc.;65(12):

2733-2739. doi: 10.1111/jgs.15121.
18. Tramontana F, Napoli N, El-Hajj Fuleihan G and
Strollo

R.

(2020)

musculoskeletal

The

D-side

benefits

of

of

COVID-19:

vitamin

D

and

beyond. Endocrine. 69(2):237-240. doi: 10.1007/
s12020-020-02407-0.
19. Guo JL, Tsai YY, Liao JY, Tu HM, Huang CM. (2014)
Interventions to reduce the number of falls among
older adults with/without cognitive impairment: An
exploratory meta-analysis. Int J Geriatr Psychiatry.
29(7):661-669. doi: 10.1002/gps.4056.
20. Korkmaz N, Tutoğlu A, Korkmaz I and Boyacı A.
(2014) The relationships among Vitamin D level,
balance, muscle strength, and quality of life in
postmenopausal patients with osteoporosis. J Phys
Ther

Sci.

26(10):1521-1526.

doi:

10.1589/

jpts.26.1521.
21. Beauchet O, Annweiler C, Verghese J, Fantino B,
Herrmann FR, et al. (2011) Biology of gait control:
Vitamin

D

involvement.

Neurology.

76(19):

1617-1622. doi: 10.1212/WNL.0b013e318219fb08.
22. Dukas L, Schacht E, Runge M and Ringe JD. (2010)
Effect of a six-month therapy with alfacalcidol on
muscle power and balance and the number of fallers
and falls. Arzneimittelforschung. 60(8):519-525. doi:
10.1055/s-0031-1296321.
23. Muschitz C, Kocijan R, Stütz V, Kaider A, Muschitz
GK, et al. (2015) Vitamin D levels and comorbidities
in ambulatory and hospitalized patients in Austria.
Wien Klin Wochenschr. 127(17-18):675-684. doi:
10.1007/s00508-015-0824-5.
24. Pirotta S, Kidgell DJ and Daly RM. (2015) Effects of
vitamin D supplementation on neuroplasticity in
older adults: a double-blinded, placebo-controlled

www.openaccesspub.org

JARH

CC-license

25. Shuler FD, Schlierf T and Wingate M. (2014)
Preventing falls with vitamin D. W V Med J. 110
(3):10-12.
26. Iwamoto J and Sato Y. (2014) Eldecalcitol improves
chair-rising time in postmenopausal osteoporotic
women treated with bisphosphonates. Ther Clin Risk
Manag. 16;10:51-59. doi: 10.2147/TCRM.S54772.
27. Marcelli C, Chavoix C and Dargent-Molina P. (2015)
Beneficial effects of vitamin D on falls and fractures:
is cognition rather than bone or muscle behind these
benefits? Osteoporos Int 26(1):1-10. doi: 10.1007/
s00198-014-2829-8.
28. Annweiler C, Montero-Odasso M, Schott AM, Berrut
G, Fantino B, et al. (2010) Fall prevention and
vitamin D in the elderly: an overview of the key role
of the

non-bone effects. J Neuroeng Rehabil.

11;7:50. doi: 10.1186/1743-0003-7-50.
29. Takata S. (2015) Active vitamin D3 analog. Nihon
Rinsho.73(10):1701-1705.
30. Saito K, Miyakoshi N, Matsunaga T, Hongo M,
Kasukawa Y, et al. (2016) Eldecalcitol improves
muscle

strength

postmenopausal

and
women

dynamic
with

balance

in

osteoporosis:

An

open-label randomized controlled study. J Bone
Miner Metab. 34(5):547-554
31. Wihlborg A, Englund M, Åkesson K and Gerdhem P.
(2015)

Fracture

predictive

ability

of

physical

performance tests and history of falls in elderly
women: A 10-year prospective study. Osteoporos
Int. 26(8):2101-2109. doi: 10.1007/s00198-0153106-1.
32. Bird ML, Hill KD, Robertson I, Ball MJ, Pittaway JK,
et al. (2013) The association between seasonal
variation in vitamin D, postural sway, and falls risk:
an

observational

cohort

study.

J

Aging

Res.

2013:751310. doi: 10.1155/2013/751310.
33. Matheï C, Van Pottelbergh G, Vaes B, Adriaensen W,
Gruson D et al. (2013) No relation between vitamin
D status and physical performance in the oldest old:
results from the Belfrail study. Age Ageing. 42
(2):186-190. doi: 10.1093/ageing/afs186.

DOI : 10.14302/issn.2474-7785.jarh-21-3752

Vol-3 Issue 4 Pg. no.– 34

Freely Available Online

34. Boersma D, Demontiero O, Mohtasham Amiri Z,
Hassan S, Suarez H, et al. (2012) Vitamin D status
in relation to postural stability in the elderly. J Nutr
Health Aging. 16(3):270-275.

10.6061/clinics/2017(01)03.
42. Pfeifer M, Begerow B, Minne HW, Abrams C,
Nachtigall D, et al. (2000) Effects of a short-term
vitamin D and calcium supplementation on body

35. Krause M, Anschütz W, Vettorazzi E, Breer S, Amling

sway and secondary hyperparathyroidism in elderly

M, et al. (2014) Vitamin D deficiency intensifies

women. J Bone Miner Res. 15(6):1113-1118. doi:

deterioration of risk factors, such as male sex and

10.1359/jbmr.2000.15.6.1113.

absence of vision, leading to increased postural body
sway. Gait Posture. 39(1):166-171. doi: 10.1016/
j.gaitpost.2013.06.017

43. Bogaerts A, Delecluse C, Boonen S, Claessens AL,
Milisen K, et al. (2011) Changes in balance,
functional performance and fall risk following whole

36. Akdeniz S, Hepguler S, Öztürk C and Atamaz FC.

body

vibration

training

and

vitamin

D

(2016) The relation between vitamin D and postural

supplementation in institutionalized elderly women.

balance according to clinical tests and tetrax

A 6 month randomized controlled trial. Gait Posture.

posturography. J Phys Ther Sci. 28(4):1272-1277.

33(3):466-472. doi: 10.1016/j.gaitpost.2010.12.027.

doi: 10.1589/jpts.28.1272.

44. Uusi-Rasi K, Patil R, Karinkanta S, Kannus P, Tokola

37. Menant JC, Close JC, Delbaere K, Sturnieks DL,

K, et al. (2017) A 2-year follow-up after a 2-year rct

Trollor J, et al. (2012) Relationships between serum

with vitamin D and exercise: effects on falls,

vitamin

and

injurious falls and physical functioning among older

neuropsychological function and falls in older men

women. J Gerontol A Biol Sci Med Sci. 72(9):

and women. Osteoporos Int. 23(3):981-989. doi:

1239-1245. doi: 10.1093/gerona/glx044.

D

levels,

neuromuscular

10.1007/s00198-011-1637-7.

45. Anek A, Bunyaratavej N and Jittivilai T. (2015)

38. Huang YY, Wang Q, Lu CY, Xu Y, Cao HY, et al.

Effects of short-term vitamin D supplementation on

(2018) Association of serum vitamin D with hand-

musculoskeletal and body balance for prevention of

grip strength and balance ability: a cross-sectional

falling in postmenopausal women. J Med Assoc Thai.

study on community-dwelling women in Sichuan,

98 Suppl 8:S26-31.

China. Sichuan Da Xue Xue Bao Yi Xue Ban. 49
(4):665-669.

46. Cangussu LM, Nahas-Neto J, Orsatti CL, Poloni PF,
Schmitt EB, et al. (2016) Effect of isolated vitamin

39. von Berens Å, Cederholm T, Fielding RA, Gustafsson

D supplementation on the rate of falls and postural

T, Kirn D, et al. (2018) Physical performance and

balance

serum 25(OH) vitamin D status in community

randomized, double-blind, placebo-controlled trial.

dwelling old mobility limited adults: A cross-sectional

Menopause.

study.. J Nutr Health Aging. 22(1):1-7. doi: 10.1007/

GME.0000000000000525.

s12603-016-0849-0.

in

postmenopausal

women

23(3):267-274.

doi:

fallers:

a

10.1097/

47. Duval GT, Paré PY, Gautier J, Walrand S, Dinomais

40. Vaes AMM, Brouwer-Brolsma EM, Toussaint N, de

M, et al. (2017) Vitamin D and the mechanisms,

Regt M, Tieland M, et al. (2019) The association

circumstances and consequences of falls in older

between

adults: A case-control study. J Nutr Health Aging. 21

25-hydroxyvitamin

D

concentration,

physical performance and frailty status in older
adults. Eur J Nutr. 58(3):1173-1181. doi: 10.1007/
s00394-018-1634-0.

(10):1307-1313. doi: 10.1007/s12603-016-0857-0.
48. Bolland MJ, Grey A and Avenell A. (2018) Effects of
vitamin

D

supplementation

on

musculoskeletal

41. Brech GC, Ciolac EG, Peterson MD and Greve JM.

health: A systematic review, meta-analysis, and trial

Serum (2017) 25-hydroxyvitamin D levels are

sequential analysis. Lancet Diabetes Endocrinol. 6

associated with functional capacity but not with

(11):

postural balance in osteoporotic postmenopausal

30265-1.

women. Clinics (Sao Paulo). 72(1): 11-16. doi:
www.openaccesspub.org

JARH

CC-license

847-858.

doi:

10.1016/S2213-8587(18)

49. Smith LM, Gallagher JC and Suiter C. (2017) Medium

DOI : 10.14302/issn.2474-7785.jarh-21-3752

Vol-3 Issue 4 Pg. no.– 35

Freely Available Online

doses of daily vitamin D decrease falls and higher

aged women with osteoporosis. J Bone Miner Metab.

doses

38(6):859-867. doi: 10.1007/s00774-020-01118-w.

of

daily

vitamin

D3

increase

falls:

A

randomized clinical trial. J Steroid Biochem Mol Biol.
173:317-322. doi: 10.1016/j.jsbmb.2017.03.015.

58. Brech GC, Machado-Lima A, Bastos MF, de Jesus
Bonifácio W, Peterson MD, et al. (2020) Vitamin D

50. Sanders KM, Stuart AL, Williamson EJ, Simpson JA,

supplementation

associated

with

12-weeks

Kotowicz MA, et al. (2010) Annual high-dose oral

multimodal training in older women with low bone

vitamin D and falls and fractures in older women: a

mineral

randomized

placebo-controlled trial. Exp Gerontol.146:111211.

controlled

trial.

JAMA.

303(18):

1815-1822. doi: 10.1001/jama.2010.594.

density:

Allali

and

non-demented

post-menopausal

structure
women:

A

double-blind

59. Beauchet O, Launay CP, Fantino B, Annweiler C and

J, et al. (2020) Effect of increased serum 25(OH)D
on

randomized

doi: 10.1016/j.exger.2020.111211.

51. Hillstrom HJ, Soeters R, Miranda M, Backus SI, Hafer
calcium

A

and

function

pilot

study.

of

G.

(2015)

Motor

imagery

older

of

gait

in

community-dwellers:

Arch

performance depends on serum 25-hydroxyvitamin

Osteoporos. 3;15(1):154. doi: 10.1007/s11657-020-

D concentrations. Age (Dordr). 37(2):18. doi:

00814-4.

10.1007/s11357-015-9755-3.

52. Sahin Alak ZY, Ates Bulut E, Dokuzlar O, Yavuz I,

60. Pirotta S, Kidgell DJ and Daly RM. (2015) Effects of

Soysal P, et al. (2020) Long-term effects of vitamin

vitamin D supplementation on neuroplasticity in

D deficiency on gait and balance in the older adults.

older adults: a double-blinded, placebo-controlled

Clin

randomised trial. Osteoporos Int. 26(1):131-140.

Nutr.

39(12):3756-3762.

doi:

10.1016/

j.clnu.2020.04.003.

doi: 10.1007/s00198-014-2855-6.

53. Levis S and Gómez-Marín O. (2017) Vitamin D and

61. Tian A, Ma H, Cao X, Zhang R, Wang X et al. (2015)

physical function in sedentary older men. J Am

Vitamin

Geriatr Soc. 65(2):323-331. doi: 10.1111/jgs.14510.

modulates

54. Takeuchi I, Yoshimura Y, Shimazu S, Jeong S,
Yamaga M, et al. (2019) Effects of branched-chain

D

improves
Th17/T

cognitive
reg

cell

function
balance

and
after

hepatectomy in mice. Inflammation. 38(2):500-509.
doi: 10.1007/s10753-014-9956-4.

amino acids and vitamin D supplementation on

62. Skrobot W, Liedtke E, Krasowska K, Dzik KP, Flis DJ,

physical function, muscle mass and strength, and

et al. (2019) Early rehabilitation program and

nutritional

vitamin D supplementation improves sensitivity of

undergoing
multicenter

status

in

sarcopenic

hospital-based
randomized

older

adults

rehabilitation:

controlled

trial.

A

balance and the postural control in patients after

Geriatr

posterior lumbar interbody fusion: A randomized

Gerontol Int. 19(1):12-17. doi: 10.1111/ggi.13547.
55. Scimeca M, Centofanti F, Celi M, Gasbarra E, Novelli

trial.

Nutrients.

11(9):2202.

doi:

10.3390/

nu11092202.

G, et al. (2018) Vitamin D receptor in muscle

63. Skrobot W, Perzanowska E, Krasowska K, Flis DJ,

atrophy of elderly patients: a key element of

Dzik KP, et al. (2020) Vitamin D supplementation

osteoporosis-sarcopenia connection. Aging Dis. 9

improves the effects of the rehabilitation program on

(6):952-964. doi: 10.14336/AD.2018.0215.

balance and pressure distribution in patients after

56. Tellioglu A, Basaran S, Guzel R and Seydaoglu G.
(2012)

Efficacy

and

safety

of

high

dose

intramuscular or oral cholecalciferol in vitamin D
deficient/insufficient

elderly.

Maturitas.

72(4):

332-338. doi: 10.1016/j.maturitas.2012.04.011.
57. Suzuki T, Harada A, Shimada H, Hosoi T, Kawata Y,
ET AL. (2020) Assessment of eldecalcitol and
alendronate effect on postural balance control in
www.openaccesspub.org

JARH

CC-license

anterior cervical interbody fusion-randomized control
trial.

Nutrients.

12(12):3874.

doi:

10.3390/

nu12123874..
64. Fu

X,

Dolnikowski

Dawson-Hughes

B,

GG,

Zheng

Patterson
T,

et

al.

WB,
(2019)

Determination of vitamin D and its metabolites in
human brain using an ultra-pressure lc-tandem mass
spectra method. Curr Dev Nutr. 3(7):nzz074. doi:

DOI : 10.14302/issn.2474-7785.jarh-21-3752

Vol-3 Issue 4 Pg. no.– 36

Freely Available Online

10.1093/cdn/nzz074.

D, Plasma Klotho, and lower-extremity physical

65. Darwish H, Farran N, Hannoun S, Tadros N, Yamout
B, et al. (2020) Serum vitamin D level is associated
with speed of processing in multiple sclerosis
patients. J Steroid Biochem Mol Biol. 200:105628.
doi: 10.1016/j.jsbmb.2020.105628.
25-hydroxyvitamin

D3

concentration

in

Iranian patients with Parkinson's disease. Iran J
Neurol. 12(2):56-59.
67. Jeong SH, Kim JS, Kim HJ, Choi JY, Koo JW, et al.
(2020) Prevention of benign paroxysmal positional
vertigo

with

vitamin

D

supplementation:

A

randomized trial. Neurology. 95(9):e1117-e1125.
doi: 10.1212/WNL.0000000000010343.
68. Walrand S. (2016) Effect of vitamin D on skeletal
muscle. Geriatr Psychol Neuropsychiatr Vieil. 14
(2):127-34.
69. Schacht
improves

E

and

Ringe

muscle

JD.

power,

(2012)

muscle

Alfacalcidol

function

and

balance in elderly patients with reduced bone mass.
Rheumatol Int. 32(1):207-215. doi: 10.1007/s00296
-010-1607-y.
70. El Hajj C, Fares S, Chardigny JM, Boirie Y and
Walrand S. (2018) Vitamin D supplementation and
muscle strength in pre-sarcopenic elderly Lebanese
people:

A

randomized

controlled

trial.

Arch

Osteoporos. 14(1):4. doi: 10.1007/s11657-018-0553
-2.
71. Beauchet O, Launay CP, Galery K, Vilcocq C,
Dontot-Payen F, et al. (2019) Effects of vitamin D
and calcium fortified yogurts on gait, cognitive
performances, and

serum

InCHIANTI Study. J Gerontol A Biol Sci Med Sci. 70
(9):1156-1162. doi: 10.1093/gerona/glv017.
74. Miyakoshi N, Masutani N, Kasukawa Y, Kudo D, Saito
K, et al. (2020) Comparison of the Effects of native

66. Moghaddasi M, Mamarabadi M and Aghaii M. (2013)
Serum

performance among older adults: findings from the

Vitamin D and Eldecalcitol on muscular strength and
dynamic balance in patients with postmenopausal
osteoporosis. Prog Rehabil Med. 5:20200026. doi:
10.2490/prm.20200026.
75. Thanapluetiwong S, Chewcharat A, Takkavatakarn
K, Praditpornsilpa K, Eiam-Ong S, et al. (2020)
Vitamin D supplement on prevention of fall and
fracture. Medicine.

99(34):e21506 doi: 10.1097/

MD.0000000000021506
76. Bergen G, Stevens MR and Burns ER. (2016) Falls
and

fall

injuries

among

adults

aged

≥65

years - United States, 2014. MMWR Morb Mortal
Wkly

Rep.

65(37):993-998.

doi:

10.15585/

mmwr.mm6537a2. PMID: 27656914.
77. Duval

G,

Rolland

Y,

Schott

Dargent-Molina P, et al. (2018)

AM,

Blain

H,

Association of

hypovitaminosis D with triceps brachii muscle
fatigability among older women: Findings from the
EPIDOS cohort. Maturitas. 111:47-52. doi: 10.1016/
j.maturitas.2018.02.007.
78. Annweiler C and Beauchet O. (2015) Questioning
vitamin D status of elderly fallers and nonfallers: a
meta-analysis to address a 'forgotten step'. J Intern
Med. 277(1):16-44. doi: 10.1111/joim.12250.
79. Fuller GF. (2000) Falls in the elderly. Am Fam
Physician. 61(7):2159-2168, 2173-2174.

25-hydroxyvitamin d

80. Park SH. (2018) Tools for assessing fall risk in the

concentrations in older community-dwelling females:

elderly: A systematic review and meta-analysis.

Results from the gait, memory, dietary and vitamin

Aging Clin Exp Res. 30(1):1-16. doi: 10.1007/s40520

D (game-D2) randomized controlled trial. Nutrients.

-017-0749-0.

11(12):2880. doi: 10.3390/nu11122880.

81. Cuevas-Trisan R. (2017) Balance problems and fall

72. Dhesi JK, Jackson SH, Bearne LM, Moniz C, Hurley
MV, et al. (2004) Vitamin D supplementation
improves neuromuscular function in older people
who fall. Age Ageing. 33(6):589-595.
Bandinelli S, et al. (2015) Serum 25-hydroxyvitamin

JARH

CC-license

(4):727-737. doi: 10.1016/j.pmr.2017.06.006.
82. Ambrose AF, Paul G and Hausdorff JM. (2013) Risk
factors for falls among older adults: a review of the

73. Shardell M, Semba RD, Kalyani RR, Hicks GE,

www.openaccesspub.org

risks in the elderly. Phys Med Rehabil Clin N Am. 28

literature. Maturitas. 75(1):51-61. doi: 10.1016/
j.maturitas.2013.02.009.

DOI : 10.14302/issn.2474-7785.jarh-21-3752

Vol-3 Issue 4 Pg. no.– 37

Freely Available Online

83. Moncada LVV and Mire LG. (2017) Preventing falls in
older persons. Am Fam Physician.15;96(4):240-247.
84. Fraix M. (2012) Role of the musculoskeletal system
and the prevention of falls. J Am Osteopath Assoc.
112(1):17-21.
85. Kannus P, Sievänen H, Palvanen M, Järvinen T and
Parkkari

J.

(2005)

Prevention

of

falls

and

consequent injuries in elderly people. Lancet. 366

Effects of enhanced exercise and combined vitamin
D and calcium supplementation on muscle strength
and

fracture

risk

in

postmenopausal

Chinese

women. Zhongguo Yi Xue Ke Xue Yuan Xue Bao. 39
(3):

345-351.

doi:

10.3881/j.issn.1000-

503X.2017.03.008.
94. Luk JK, Chan TY and Chan DK. (2015) Falls
prevention in the elderly: translating evidence into

10.1016/S0140-6736(05)

practice. Hong Kong Med J. 21(2):165-171. doi:

86. Lappe JM, Binkley N. (2015) Vitamin D and

95. Stachowicz M and Lebiedzińska A. (2016) The role of

(9500):1885-1893.

doi:

67604-0.
sarcopenia/falls. J Clin Densitom. 18(4):478-82. doi:
10.1016/j.jocd.2015.04.015.
87. Wu H and Pang Q. (2017) The effect of vitamin D
and calcium supplementation on falls in older
adults : A systematic review and meta-analysis.
Orthopade. 46(9):729-736.
88. Ringe JD. (2012) The effect of vitamin D on falls and
fractures. Scand J Clin Lab Invest Suppl. 243:73-78.
doi: 10.3109/00365513.2012.681965.
89. Remelli F, Vitali A, Zurlo A and Volpato S. (2019)
Vitamin D deficiency and sarcopenia in older
persons. Nutrients. 11(12):2861. doi: 10.3390/
nu11122861.
90. Appel LJ, Michos ED, Mitchell CM, Blackford AL,
Sternberg AL, et al. (2021) The effects of four doses
of vitamin d supplements on falls in older adults: A
response-adaptive, randomized clinical trial. Ann
Intern Med. 174(2):145-156. doi: 10.7326/M203812.
91. Rizzoli R, Boonen S, Brandi ML, Bruyère O, Cooper
C,et al. (2013) Vitamin D supplementation in elderly
or postmenopausal women: A 2013 update of the
2008 recommendations from the European Society
for Clinical and Economic Aspects of Osteoporosis
and Osteoarthritis (ESCEO). Curr Med Res Opin. 29
(4):305-13. doi: 10.1185/03007995.2013.766162.
92. Abrahamsen B and Harvey NC. (2019) Vitamin D
supplementation
outcomes
beginning?.

in

for
adults

Maturitas.

musculoskeletal
-

The

end

122:87-88.

health
of

the

doi:10.1016/

j.maturitas.2018.10.011

93. Xue Y, Hu Y, Wang O, Wang C, Han G, et al. (2017)
www.openaccesspub.org

JARH

CC-license

10.12809/hkmj144469.
vitamin D in health preservation and exertional
capacity
Dosw

of

athletes.

(Online).

Postepy

70(0):

Hig

637-643.

Med
doi:

10.5604/17322693.1205363.
96. Heneghan C and Mahtani KR. (2019) Vitamin D does
not prevent fractures and falls. BMJ Evid Based Med.
24(4):147-148. doi: 10.1136/bmjebm-2018-111129.
97. Neelemaat F, Lips P, Bosmans JE, Thijs A, Seidell JC,
et al. (2012) Short-term oral nutritional intervention
with protein and vitamin D decreases falls in
malnourished older adults. J Am Geriatr Soc. 60
(4):691-699. doi: 10.1111/j.153298. Chiodini I and Gennari L. (2019) Falls, fractures and
vitamin

D:

a

never-ending

story?

Nat

Rev

Rheumatol. 15(1):6-8. doi: 10.1038/s41584-0180135-0.
99. Roh YH, Hong SW, Chung SW and Lee YS. (2019)
Altered gene and protein expressions of vitamin D
receptor in skeletal muscle in sarcopenic patients
who sustained distal radius fractures. J Bone Miner
Metab. 37(5):920-927. doi: 10.1007/s00774-01900995-0.
100.Khaw KT, Stewart AW, Waayer D, Lawes CMM,
Toop L, et al. (2017) Effect of monthly high-dose
vitamin

D

supplementation

on

falls

and

non-vertebral fractures: secondary and post-hoc
outcomes

from

placebo-controlled

the

randomised,

ViDA

trial.

double-blind,

Lancet

Diabetes

Endocrinol. 5(6):438-447. doi: 10.1016/S2213-8587
(17)30103-1.
101.Burt LA, Gabel L, Billington EO, Hanley DA and Boyd
SK. (2020) Postural balance effects associated with
400, 4000 or 10,000 IU vitamin D3 daily for three

DOI : 10.14302/issn.2474-7785.jarh-21-3752

Vol-3 Issue 4 Pg. no.– 38

Freely Available Online

years: A secondary analysis of a randomized clinical
trial.

Nutrients.

12(2):527.

doi:

10.3390/

nu12020527.
102.Uusi-Rasi K, Patil R, Karinkanta S, Tokola K, Kannus
P, et al. (2019) Serum 25-hydroxyvitamin D levels
and incident falls in older women. Osteoporos Int.
30(1):93-101. doi: 10.1007/s00198-018-4705-4.
103.Faulkner KA, Cauley JA, Zmuda JM, Landsittel DP,
Newman

AB,

et

al.

(2006)

Higher

1,

25-dihydroxyvitamin D3 concentrations associated
with lower fall rates in older community-dwelling
women. Osteoporos Int. 17(9):1318-1328. doi:
10.1007/s00198-006-0071-8.
104.Bischoff-Ferrari HA, Dawson-Hughes B, Willett WC,
Staehelin HB, Bazemore MG, et al. (2004) Effect of
vitamin D on falls: A meta-analysis. JAMA. 291
(16):1999-2006. doi: 10.1001/jama.291.16.1999.
105.Sugand K. (2021) The impact of COVID-19 on
acute

trauma

and

orthopaedic

referrals

and

surgery in the UK: the ‘golden peak weeks’ of the
first

national

The

COVid-Emergency

Orthopaedics

multi-centre
(COVERT)

observational

Related

Trauma

Collaborative

study:
and
med

Rxiv 2020.08.22.20179770; doi: 0.1101/2020.08.22
.20179770

www.openaccesspub.org

JARH

CC-license

DOI : 10.14302/issn.2474-7785.jarh-21-3752

Vol-3 Issue 4 Pg. no.– 39

