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ABSTRACT

Background/Purpose: Supplementation with vitamin D; has been reported
to increase appendicular muscle strength. This meta-analysis reports the
effects of oral vitamin D5 supplementation on sarcopenia.

Methods: We conducted a systemic search of the electronic databases:
PubMed, Cochrane Library and CINAHL from January 2008 to July 2020. We
included clinical trials on humans. The outcome was change in handgrip strength.

Results: A total of 269 studies were identified. Eight studies were included.
The cumulative sample size was 1,334 patients. The majority were elderly
(mean 65.2 years) and women (63.6%). The intervention period ranged from
3 to 12 months with daily doses from 100 IU to 20,000 IU per week. The total
mean difference in handgrip strength change was 0.60 kg (95% confidence
interval (Cl): -0.78 to 1.98). In studies with daily vitamin D; dosage over 800
IU, there was a trend of association between handgrip strength and vitamin
D; with a total mean difference of 0.62 kg (95% CI: 0.07 to 1.17).

Conclusion: Oral vitamin D; supplementation may not be effective in
increasing handgrip strength among older adults. However, there was a
tendency of increased handgrip strength in studies with a daily dosage of
vitamin D; over 800 IU. Dosage may play a crucial role.

ISSN 2663-8851/Copyright © 2020, Asian Association for Frailty and Sarcopenia and Taiwan
Association for Integrated Care. Published by Full Universe Integrated Marketing Limited.

1. INTRODUCTION

A well locomotor function, including balance and
protective responses, needs optimal skeletal muscle
mass and strength. Age-related deteriorated balance

function, muscle function and protective responses
may increase risks of fall-related injuries and initiate a
vicious cycle of disabilities and death. How to prevent
sarcopenia in the elderly becomes an urgent global
health issue.
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The common symptoms and signs of sarcopenia
include poor handgrip strength, slow walking speed,
easy fall, slow protective response, and decreased
appendicular skeletal muscle mass." Lindle et al.
indicated that among people aged above 80, 53~57%
of men and 43-60% of women had sarcopenia.’
Sarcopenia is associated with high risk of frailty,
osteoporosis, falls and related injuries, mortality, and
numerous other adverse health outcomes.

Sarcopenia has been reported to be closely related
to nutritional deficiency and osteoporosis. They
share some common risk factors, including genetics,
endocrine, nutritional factors, and mechanical
factors. Regarding the operational definition of
sarcopenia which comprises of loss of physical
performance, muscle mass and strength, the latter
was the most objective parameter. Early recognition
and diagnosis of sarcopenia in primary care
settings can enable timely detection and treatment
of vulnerable subjects and improve prognosis.
Treatment of sarcopenia requires maintenance of a
higher skeletal muscle mass, strength, and physical
performance through regular muscle strengthening
exercise as well as adequate calcium, vitamin D
and protein intake, especially in patients with both
sarcopenia and osteoporosis."”

Low dietary intake, reduced sunlight exposure,
and impaired hydroxylation in the liver and kidneys
in the elderly render them at high risk for vitamin
D deficiency. Hypovitaminosis D had a marked
negative influence on muscle mass, strength, and
physical performance.” Adequate supplementation of
protein, vitamin D combined with calcium contributes
beneficial effects to musculoskeletal health, especially
in older vulnerable vitamin D insufficient subjects.”*

Studies on the relationships between vitamin D
supplementation and sarcopenia became a hot focus
recently. However, there is still no consensus about
the effects of isolated vitamin D supplementation on
sarcopenia. Some studies suggested that vitamin D
appears to improve muscle strength and performance
effectively.””"" On the other hand, other studies
showed no effects.'”' For those individuals deficient
in vitamin D, the effect of vitamin D supplementation
is more obvious. For older adults with serum
25-hydroxyvitamin D (25(OH)D) levels <16 ng/ml,
vitamin D supplementation most likely improved
muscle performance and decreasing fall risks. A 800-
1,000 IU daily dose of vitamin D was shown to be
effective in many studies."’

On the other hand, lower doses of vitamin D
supplementation have generally been ineffective and
higher doses above this range may increase the risk
of falls. The minimal 25(OH)D level required for bone
health was 24 up to 40 ng/ml. Doses of 700-1,000 U/
day significantly decreased fall risk. Doses up through
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600 IU/day were ineffective.”'® However, other studies
did not show positive effects on reducing risks of
falls'”** or even showed increased risk of falls and
fractures with vitamin D administration.” Although
higher serum levels of vitamin D were associated
with reduced injury rates and improved sports
performance,’’ one study reported that the maximum
decrease in falls corresponded to a 12-month serum
25(OH)D of 32-38ng/ml. On the other hand, fall
rates increase when serum 25(OH)D level was more
than 40-45ng/ml. Therefore, an optimal range of
vitamin D supplementation warrants determination,
especially for those elderly with a fall history.**
Therefore, we aimed to investigate whether vitamin D
supplementation is associated with improvement of
handgrip strength in patients with sarcopenia.

2. METHODS
2.1. Search Strategy

We searched literature published from January
2008 to July 2020 using three electronic databases:
PubMed, EMBASE and Cochrane Library. We
restricted to English language. We also scrutinized
manually the reference lists of the retrieved articles for
eligible studies. Search was conducted using medical
subject heading terms, textwords and keywords
focusing on synonyms of vitamin D and sarcopenia.
The following terms were used: older/elderly, frail*,
sar-copeni*, muscle metabolism/loss/mass, muscle
strength, nutrition*, vitamin D (cholecalciferol,
ergocalciferol), and supplement* (*and all variations
on these terms). We excluded articles focusing on hip
fracture, obesity, and outcomes not of interest. The
search was restricted to articles that contained these
terms in their title or abstract.

2.2. Study Selection

The criteria for retrieved studies eligible for qualitative
and quantitative analysis are listed as following:
1) randomized controlled trials; 2) studies which
investigated patients with sarcopenia; 3) studies which
provided measurement of handgrip strength; and
4) studies which reported data related to vitamin D
dosage. The studies were excluded if it was: 1) not a
randomized controlled trial; 2) non-human studies; 3)
outcomes not of interest (hip fracture, obesity, etc.);
4) both groups were taking vitamin D; and 5) lacked
definition of muscle strength and vitamin dosage.

2.3. Data Extraction and Quality Assessment

All related systematic reviews and reference lists of
the retrieved studies were manually scrutinized for
other potentially eligible studies. Two authors (Yan TH,
Wu TY) independently reviewed all retrieved articles
and extracted the data from the eligible studies. The
quality of the studies was assessed using the Jadad
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score.” Discrepancy between both reviewers was
resolved by discussion and consensus.

2.4. Statistical Analysis

Our main outcome was improved handgrip strength
after vitamin D supplement expressed by mean
difference. As the severity of sarcopenia of these
included participants might vary among studies,
a random effect model was used to calculate the
summary total mean difference, along with a 95%
confidence interval (Cl) for the association between
improved handgrip strength sarcopenia and vitamin
D supplementation. Higher weighting was assigned
to studies with smaller standard deviation (SD) and
a larger sample size. We used Cochrane Q test and
I” statistics to check between-study heterogeneity,
and an 1> >50% was assumed statistically significant.
The Egger test and funnel plots were used to detect
potential publication bias. We conducted subgroup
analysis based on the dosage of oral vitamin D; (>
800 IU/day). P <0.05 was considered statistically
significant. These calculations were done using
Comprehensive Meta-Analysis Software version 3
(Biostat, Englewood, NJ, USA).

3. RESULTS
3.1. Search Results

We identified a total of 269 studies related to
sarcopenia and vitamin D; from literature search. We
selected 36 clinical trials for more detailed evaluation.
After further excluding studies not reporting
outcomes of interest and those presenting vitamin
D; supplementation in both arms, eight studies were
finally included (Figure 1).

3.2. Study Characteristics

The final meta-analysis included a cumulative sample
size of 1,334 patients (Table 1). The majority of the
enrolled patients were elderly (mean age 65.2 years)
and women (63.6%). Muscle strength was estimated
using handgrip strength in all selected studies. The
intervention period ranged from 3 to 12 months
with daily doses from 100 IU to 20,000 IU per week.
The crude pooled mean difference of vitamin D
supplement for handgrip strength from 8 included
studies was calculated to be 0.60 kg (95% CI: -0.78
to 1.98)"%1>2¢3! (Figure 2). There was no significant
difference between intervention and placebo groups.

Because the cut-off points for vitamin D supplement
dosage varied among studies, we categorized them
into two subgroups: vitamin D dosage =800 |U/day
and vitamin D dosage <800 |U/day. Two studies were
excluded due to either much lower (100 |U/day) or
much higher dosage of vitamin D (2,800 IU/day) (Table
1). With increasing threshold values for vitamin D
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dosage, the association between handgrip strength
and vitamin D dosage showed statistically significant.
In subgroup analysis, the total mean difference was
0.62 kg (95% Cl: 0.07 to 1.17) (Figure 3).

The funnel plot of the selected studies was shown in
Figure 4. The test for heterogeneity was not significant
(1?=94%, p <0.01). The evaluation of the quality of
these included studies is presented in Table 2.

4. DISCUSSION

Sarcopenia incurs many common geriatric
comorbidities and disabilities. Concomitant
sarcopenia and vitamin D deficiency is rather
common, especially in the dwelling elderly. The
current study demonstrated that low dose vitamin
D; supplementation may not be enough to show
statistical significance in increasing handgrip
strengths. However, a higher daily dosage of vitamin
D; over 800 IU could possibly increase handgrip
strength, implicating a crucial role of dosage in the
effect of vitamin D; on sarcopenia. Previous studies
showed that post-menopausal women with vitamin D
deficiency had a significant reduction of appendicular
muscle strength and physical performance.”"”?*%
The results from this study implicated a potential
therapeutic effect of nutritional supplementation for
management of sarcopenia.

Adequate nutrition and exercise will improve protein
synthesis and energy engineering for musculoskeletal
health.*** Previous studies confirmed that nutritional

Figure 1. Flowchart of study selection. Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) are included
(identification, screening, eligibility, included).

Identificati Potentially relevant studies identified
eniification and screened for refrieval (N =269)
Studies excluded after
; abstract screening
Sereening —> | - Not a randomized controlled
frial (RCT) (N=176)
- Non-human study (N=57)
v
RCTs retrieved for more detailed
evaluation (N=36)
Eligibility
RCTs excluded based on
detailed review
» | Oufcomes not of inferest
(Hip fracture, obesity...)
- Both groups were taking
Included vitamin D
v
Studies included for meta-analysis
(N=8)
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deficiency is a major cause of sarcopenia. The rationale
relating sarcopenia to vitamin D supplementation is
through a common pathway. Previous studies showed
that active form of vitamin D, calcitriol, activates
vitamin D receptor (VDR) in the myocytes nucleus to
drive their cellular differentiation and proliferation."
On the other hand, low vitamin D status in the elderly
is consistently associated with the frail phenotype.
Adequate vitamin D supplementation has been shown
to improve muscle strength,”® muscle quality and fiber
type morphology, especially in the elderly.® The finding
in our study further strengthens the previous studies on
adequate dose vitamin D supplementation and positive
effects on sarcopenia, including healthy elderly, post-
menopausal women, healthy individuals or athletes,
or patients with knee osteoarthritis.”®*"***' Further
analysis showed that vitamin D supplementation has a
small positive impact on muscle strength. The effects
of vitamin D on muscle strength were significantly
more important with people who presented a 25(OH)
D level <75 ng/mL. Supplementation seems also more
effective in people aged 65 years or older compared
to younger subjects.”

However, some controversies exist about the
optimal dose, mode of administration and duration
of supplementation to influence treatment
outcome.” Regarding the effects of vitamin D on

muscle strength, the results of several studies were
contradictory, with some showing positive for vitamin
D’7'" whereas others showing null results even in
the vitamin D deficiency status.'*'***** This situation
may be probably related to the high heterogeneity of
the study designs. Theoretically, vitamin D, calcium
and protein should be supplemented at the same
time instead of assessment of single parameter.
Therefore, therapeutic effect of vitamin D remains to
be confirmed by large comprehensive studies.

The measurement of handgrip strength can be used
to reflect muscle strength and muscle mass, which
can be used to assess current physical condition and
even predict muscle deterioration, walking speed,
disability status, post-operative resilience, and even
mortality. Handgrip is one of the indicators of "frailty
syndrome" and has the highest correlation with frailty.
The advantages of grip strength assessment include
high acceptance, accuracy, good reproducibility,
simple equipment, high accessibility, low cost, and
good feasibility. However, handgrip strength alone
cannot represent the real strength of the limbs.
Elderly patients preserved handgrip strength rather
well as compared with muscle strength of lower
limbs that decrease much alongside the decrease of
activities. In addition, handgrip strength will decrease
due to cervical spine spondylosis or wrist fractures

Figure 2. Random effects meta-analysis of the mean difference between vitamin D supplement and placebo group.

Vitamin D Placebo Mean Difference Mean Difference
Study or Subgroup __Mean _ SD Total Mean _SD Total Weight _IV. Random. 95% CI IV. Random, 95% CI A
BauerJ M 2015 079 36 184 054 32 19 13.6% 0.25 [-0.44, 0.94] '
Bislev L S 2018 -1.43 169 40 1.23 132  #1 136%  -2.66[3.32,-2.00] -
Bo'Y 2019 1.91 424 30 -088 32 30 11.1% 2.79 [0.89, 4.69) —_—
Cangussu LM 2015 06 203 80 -0.3 1.67 80 13.7% 0.90 [0.32, 1.48) -
Grimnes G 2019 1 42 208 05 43 203 134% 0.50 [-0.32,1.32] N
Rondanelli M 2016 32 413 69 -047 237 B 128% 3.67 [2.53, 4.81] ——
Vaes AMM 2018 11 364 26 13 364 26 109%  -0.20[-2.18,1.78] —r
Verreijen A M 2015 2 46 40 22 41 40 111%  -0.20[2.11,1.71] —r—
Total (95% CI) 677 677 100.0%  0.60 [-0.78, 1.98] ?
Heterogeneity: Tau®= 3.53; Chi*=120.78, df = 7 (P < 0.00001); I*= 94% te o 3 £ -
Test for overall effect: Z= 0.85 (P = 0.40) Favours placebo Favours vitamin D

Figure 3. Subgroup analysis of the mean difference befween vitamin D3 supplement and placebo group based on oral vitamin D3 dosage (>

Mean Difference Mean Difference

IV. Random. 95% CI

800 IU/day).
Vitamin D Placebo

Study or Subgroup Mean SD Total Mean SD Total Weight
BauerJ M 2015 079 36 184 054 32 196 26.6%
BoY 2019 1.91 424 30 -088 32 30 7.0%
Cangussu LM 2015 06 203 80 -0.3 1.67 80 30.3%
Grimnes G 2019 1 42 208 05 43 203 225%
Vaes AMM 2018 11 3.64 26 1.3 3.64 26 6.6%
Verreijen A M 2015 2 48 40 22 41 40 7.0%
Total (95% CI) 568 575 100.0%
Heterogeneity: Tau®*= 0.17;, Chi*=8.48,df =5 (P=013), F=41%

Test for overall effect Z= 2.22 (P = 0.03)

IV, Random, 95% CI
0.25 [-0.44, 0.94] -
2.79[0.89, 4.69]
0.90 [0.32, 1.48]
0.50 [-0.32,1.32]
-0.20[-2.18, 1.78]
-0.20-2.11,1.71]

-
-
—_—
—_—

N N

0.62 [0.07, 1.17]
T T 10]

0 -5 5
Favours placebo Favours vitamin D
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which are common in elderly people. Caution should
be taken in the interpretation of our results. Studies
have shown that factors affecting handgrip included
age, gender, basal metabolic rate, and static balance.
There was a negative correlation between female,
age and handgrip strength whereas basal metabolic
rate and static balance were positively correlated with
handgrip strength.

Previous studies showed significant improvements in
handgrip strength, lower limb strength and physical
performance after vitamin D supplementation.” The
relationship between sarcopenia, handgrip strength
and vitamin D intake was systematically assessed
in this meta-analysis. The current study showed a
borderline significance between sarcopenia and
vitamin D intake, with an increase in handgrip strength
with higher vitamin D intake more than 800 IU/day.*
Handgrip strength is an indicator of sarcopenia and
frailty syndrome. However, sarcopenia and grip
strength are multifactorial. Assessment of vitamin D
intake alone may not be enough to explain the whole
picture of a geriatric syndrome.

There are several limitations in this study. First,
the nutrition status of the recruited subjects varied
among studies. This might partially reflect the real
world picture of nutritional deficiencies, especially
protein intake. It remains unclear whether increase
in protein intake alone or combined with vitamin D
intake can definitely improve the prognosis. Second,
a large difference among individual’s handgrip
strength make it difficult to reach a consensus of the
normal reference values for different age groups,
gender, etc., not to mention about the measurement
using different instruments (Table 1). Because the

Table 2. Quality of included studies.

Bauer JM,
2015

Cangussu
LM, 2015

Jadad Score items

Verreijen
AM, 2015

method or machines adopted may be different
among different studies, percentage of change may
be used for comparison. In addition, many enrolled
studies showed group data instead of age-specific
or gender specific data. Such a mean change of
handgrip strength may not indicate a definite clinical
significance. Some authors recommend weight
correction. Third, handgrip strength deteriorated
progressively during aging, whereas the condition
may improve after training. Such assessment of
weakness might be under- or over-estimated in
the case of a short follow-up period. The follow-
up duration was different among studies. Both
experience and duration might potentially influence
our measurements. Fourth, the effect of vitamin D
intake may be influenced by the baseline status of
vitamin D deficiency. Baseline data of vitamin D levels
are important for analysis, but such data were not
reported in many enrolled studies. Therefore, we
could not perform a stratified analysis based on the
extent of vitamin D deficiency in the present meta-
analysis. Finally, data of daily calcium intake amount
were estimated or reported in the enrolled studies
and the effects could be a mix of vitamin D plus
calcium. All these limitations may incur a potential
publication bias, and our finding should be carefully
interpreted before application to clinical practice.

In conclusion, optimal nutritional status which
keeps adequate serum vitamin D levels and regular
exercise programs can maintain muscle strength,
body function, as well as improve sarcopenia. From
the current study, oral vitamin D; supplementation
may not be significantly effective in increasing
handgrip strength among older adults. However,
a daily dosage of vitamin D; over 800 IU daily may

(27) (28)

Was the study described as
randomized?

Was the method used to generate
the sequence of randomization 1 1
described and appropriate?

Was the sfudy described as double
blind?

\Was the method of double blinding
described and appropriate?

Was there a description of
withdrawals and dropouts?

Deduct one point if the method
used fo generate the sequence of

randomization was described and if g g
was inappropriate.

Deduct one point if the study

was described as double blind 0 0
but the method of blinding was

inappropriate.

Total B B

(26)

Rondanelli Bislev LS, Vaes AMM, Grimnes G,
M, 2016 2018 2018 2019
(29) (30) (14) (15)
1 1 1 1 1
0 1 1 1 1
1 1 1 1 1
1 1 1 1 1
0 1 1 1 0
0 0 0 0 0
0 0 0 0 0
3 5 5 5 4
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show a tendency of increased handgrip strength,
implicating that dosage may play a crucial role in the
effect of vitamin D; on improvement of sarcopenia.
Considering the study limitations, further prospective
studies assessing handgrip strength, protein intake,
baseline vitamin D status, exercise training program
and vitamin D; supplementation are warranted.

CONFLICTS OF INTEREST

The authors declare no conflict of interest and no
source of funds in this study.

Acknowledgements

We thank the assistant Po-Yu Huang for his kind
managerial help.

REFERENCES

10.

11.

12.

. Cruz-Jentoft AJ, Landi F, Schneider SM, Zuniga C, Arai H,

Boirie Y, et al. Prevalence of and interventions for sarcopenia in
ageing adults: a systematic review. Report of the International
Sarcopenia Initiative (EWGSOP and IWGS). Age Ageing.
2014;43(6):748-59.

. Lindle RS, Metter EJ, Lynch NA, Fleg JL, Fozard JL, Tobin J, et al.

Age and gender comparisons of muscle strength in 654 women
and men aged 20-93 yr. J Appl Physiol. 1997;83(5):1581-7.

. Yanai H. Nutrition for Sarcopenia. J Clin Med Res. 2015;7(12):
926-31.
. Stockton KA, Mengersen K, Paratz JD, Kandiah D, Bennell

KL. Effect of vitamin D supplementation on muscle strength:
a systematic review and meta-analysis. Osteoporos Int.
2011;22(3):859-71.

. Agostini D, Zeppa Donati S, Lucertini F, Annibalini G, Gervasi M,

Ferri Marini C, et al. Muscle and bone health in postmenopausal
women: role of protein and vitamin D supplementation
combined with exercise training. Nutrients. 2018;10(8):1103.

. Ten Haaf DSM, van Dongen EJI, Nuijten MAH, Eijsvogels TMH,

de Groot L, Hopman MTE. Protein intake and distribution in
relation to physical functioning and quality of life in community-
dwelling elderly people: acknowledging the role of physical
activity. Nutrients. 2018;10(4):506.

. lolascon G, Moretti A, de Sire A, Calafiore D, Gimigliano F.

Effectiveness of calcifediol in improving muscle function in post-
menopausal women: a prospective cohort study. Adv Ther.
2017;34(3):744-52.

. Agergaard J, Trestrup J, Uth J, Iversen JV, Boesen A, Andersen

JL, et al. Does vitamin-D intake during resistance training
improve the skeletal muscle hypertrophic and strength response
in young and elderly men? - a randomized controlled trial. Nutr
Metab. 2015;12:32.

. Dawson-Hughes B. Serum 25-hydroxyvitamin D and muscle

atrophy in the elderly. Proc Nutr Soc. 2012;71(1):46-9.

Halfon M, Phan O, Teta D. Vitamin D: a review on its effects
on muscle strength, the risk of fall, and frailty. Biomed Res Int.
2015;2015:953241.

Abrams GD, Feldman D, Safran MR. Effects of vitamin D on
skeletal muscle and athletic performance. J Am Acad Orthop
Surg. 2018;26(8):278-85.

Goswami R, Vatsa M, Sreenivas V, Singh U, Gupta N, Lakshmy
R, et al. Skeletal muscle strength in young Asian Indian females
after vitamin D and calcium supplementation: a double-blind

114

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

27.

28.

29.

randomized controlled clinical trial. J Clin Endocrinol Metab.
2012;97(12): 4709-16.

Rosendahl-Riise H, Spielau U, Ranhoff AH, Gudbrandsen OA,
Dierkes J. Vitamin D supplementation and its influence on
muscle strength and mobility in community-dwelling older
persons: a systematic review and meta-analysis. J Hum Nutr
Diet. 2017;30(1):3-15.

Vaes AMM, Tieland M, Toussaint N, Nilwik R, Verdijk LB, van
Loon LJC, et al. Cholecalciferol or 25-hydroxycholecalciferol
supplementation does not affect muscle strength and
physical performance in prefrail and frail older adults. J Nutr.
2018;148(5):712-20.

Grimnes G, Kubiak J, Jorde R. Four months vitamin D
supplementation to vitamin D insufficient individuals does not
improve muscular strength: A randomized controlled trial. PLoS
One . 2019; 14:e0225600. doi: 10.1371/journal.pone.0225600.
eCollection 2019.

Wright CS, Laing EM, Pollock NK, Hausman DB, Weaver
CM, Martin BR, et al. Serum 25-hydroxyvitamin D and intact
parathyroid hormone influence muscle outcomes in children
and adolescents. J Bone Miner Res. 2018;33(11):1940-47.

Dawson-Hughes B. Vitamin D and muscle function. J Steroid
Biochem Mol Biol. 2017;173:313-6.

Toffanello ED, Perissinotto E, Sergi G, Zambon S, Musacchio E,
Maggi S, et al. Vitamin D and physical performance in elderly
subjects: the Pro.V.A study. PLoS One. 2012;7(4):e34950.

Glendenning P, Zhu K, Inderjeeth C, Howat P, Lewis JR, Prince
RL. Effects of three-monthly oral 150,000 IU cholecalciferol
supplementation on falls, mobility, and muscle strength in older
postmenopausal women: a randomized controlled trial. J Bone
Miner Res. 2012;27(1):170.

Duque G, Daly RM, Sanders K, Kiel DP. Vitamin D, bones and
muscle: myth versus reality. Australas J Ageing. 2017;36(Suppl
1):8-13.

Levis S, Gomez-Marin O. Vitamin D and physical function in
sedentary older men. J Am Geriatr Soc. 2017,65(2):323-31.

. Lappe JM, Binkley N. Vitamin D and sarcopenia/falls. J Clin

Densitom. 2015;18(4):478-82.

Gallagher JC. Vitamin D and falls - the dosage conundrum. Nat
Rev Endocrinol. 2016;12(11):680-4.

Smith LM, Gallagher JC, Suiter C. Medium doses of daily
vitamin D decrease falls and higher doses of daily vitamin D3
increase falls: a randomized clinical trial. J Steroid Biochem Mol
Biol. 2017;173:317-22.

Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds
DJ, Gavaghan DJ, et al. Assessing the quality of reports of
randomized clinical trials: is blinding necessary? Control Clin
Trials. 1996;17(1):1-12.

Verreijen AM, Verlaan S, Engberink MF, Swinkels S, de Vogel-
van den Bosch J, Weijs PJ. A high whey protein-, leucine-, and
vitamin D-enriched supplement preserves muscle mass during
intentional weight loss in obese older adults: a double-blind
randomized controlled trial. Am J Clin Nutr. 2015;101(2):279-86.

Bauer JM, Verlaan S, Bautmans |, Brandt K, Donini LM, Maggio
M, et al. Effects of a vitamin D and leucine-enriched whey
protein nutritional supplement on measures of sarcopenia in
older adults, the PROVIDE study: a randomized, double-blind,
placebo-controlled trial. J Am Med Dir Assoc. 2015;16(9):740-7.

Cangussu LM, Nahas-Neto J, Orsatti CL, Bueloni-Dias FN,
Nahas EA. Effect of vitamin D supplementation alone on
muscle function in postmenopausal women: a randomized,
double-blind, placebo-controlled clinical trial. Osteoporos Int.
2015;26:2413-21.

Rondanelli M, Klersy C, Terracol G, Talluri J, Maugeri R,



30.

31.

32.

33.

34.

35.

36.

37.

38.

39

40.

41.

42.

43.

44.

45.

Aging Medicine and Healthcare 2020;11(4):108-115. doi:10.33879/AMH.114.2020.05014

Guido D, et al. Whey protein, amino acids, and vitamin D
supplementation with physical activity increases fat-free
mass and strength, functionality, and quality of life and
decreases inflammation in sarcopenic elderly. Am J Clin Nutr.
2016;103(3):830-40.

Bislev LS, Langagergaard Rgdbro L, Rolighed L, Sikjaer T,
Rejnmark L. Effects of vitamin D3 supplementation on muscle
strength, mass, and physical performance in women with
vitamin D insufficiency: a randomized placebo-controlled trial.
Calcif Tissue Int. 2018;103(5):483-93.

Bo Y, Liu C, Ji Z, Yang R, An Q, Zhang X, et al. A high whey
protein, vitamin D and E supplement preserves muscle mass,
strength, and quality of life in sarcopenic older adults: A double-
blind randomized controlled trial. Clin Nutr. 2018;38(1):159-64.

Dhaliwal R, Aloia JF. Effect of vitamin D on falls and physical
performance. Endocrinol Metab Clin North Am. 2017,46(4):919-33.

Beaudart C, Dawson A, Shaw SC, Harvey NC, Kanis JA, Binkley
N, et al. Nutrition and physical activity in the prevention and
treatment of sarcopenia: systematic review. Osteoporos Int.
2017;28(6):1817-33.

Robinson SM, Reginster JY, Rizzoli R, Shaw SC, Kanis JA,
Bautmans |, et al. Does nutrition play a role in the prevention
and management of sarcopenia? Clin Nutr. 2018;37(4):1121-32.

Tomlinson PB, Joseph C, Angioi M. Effects of vitamin D
supplementation on upper and lower body muscle strength
levels in healthy individuals. A systematic review with meta-
analysis. J Sci Med Sport. 2015;18(5):575-80.

Chiang CM, Ismaeel A, Griffis RB, Weems S. Effects of vitamin
D supplementation on muscle strength in athletes: a systematic
review. J Strength Cond Res. 2017;31(2):566-74.

Wyon MA, Wolman R, Nevill AM, Cloak R, Metsios GS, Gould
D, et al. Acute effects of vitamin D; supplementation on muscle
strength in judoka athletes: a randomized placebo-controlled,
double-blind trial. Clin J Sport Med. 2016;26(4):279-84.

Wyon MA, Wolman R, Kolokythas N, Sheriff K, Galloway S,
Mattiussi A. The effect of vitamin D supplementation in elite
adolescent dancers on muscle function and injury incidence: a
randomised double-blind study. Int J Sports Physiol Perform.
2018;12:1-15.

. Antoniak AE, Greig CA. The effect of combined resistance

exercise training and vitamin D; supplementation on
musculoskeletal health and function in older adults: a systematic
review and meta-analysis. BMJ Open. 2017;7(7):e014619.

Apaydin M, Can AG, Kizilgul M, Beysel S, Kan S, Caliskan M,
et al. The effects of single high-dose or daily low-dosage oral
colecalciferol treatment on vitamin D levels and muscle strength
in postmenopausal women. BMC Endocr Disord. 2018;18(1):48.

Javadian Y, Adabi M, Heidari B, Babaei M, Firouzjahi A,
Ghahhari BY, et al. Quadriceps muscle strength correlates with
serum vitamin D and knee pain in knee osteoarthritis. Clin J
Pain. 2017;33(1):67-70.

Beaudart C, Buckinx F, Rabenda V, Gillain S, Cavalier E, Slomian
J, et al. The effects of vitamin D on skeletal muscle strength,
muscle mass, and muscle power: a systematic review and meta-
analysis of randomized controlled trials. J Clin Endocrinol
Metab. 2014;99(11):4336-45.

Anagnostis P, Dimopoulou C, Karras S, Lambrinoudaki I, Goulis
DG. Sarcopenia in post-menopausal women: is there any role
for vitamin D? Maturitas. 2015;82(1):56-64.

Saha S, Goswami R, Ramakrishnan L, Vishnubhatla S, Mahtab
S, Kar P, et al. Vitamin D and calcium supplementation,
skeletal muscle strength and serum testosterone in young
healthy adult males: randomized control trial. Clin Endocrinol.
2018;88(2):217-26.

Manoy P, Yuktanandana P, Tanavalee A, Anomasiri W,

115

46.

Ngarmukos S, Tanpowpong T, et al. Vitamin D supplementation
improves quality of life and physical performance in
osteoarthritis patients. Nutrients. 2017;9(8):799.

Muir SW, Montero-Odasso M. Effect of vitamin D
supplementation on muscle strength, gait and balance in older
adults: a systematic review and meta-analysis. J Am Geriatr Soc.
2011,;59(12):2291-300.



