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Abstract

Summary This systematic review demonstrates that vitamin
D supplementation does not have a significant effect on
muscle strength in vitamin D replete adults. However, a
limited number of studies demonstrate an increase in proximal
muscle strength in adults with vitamin D deficiency.
Introduction The purpose of this study is to systematically
review the evidence on the effect of vitamin D supplemen-
tation on muscle strength in adults.

Methods A comprehensive systematic database search was
performed. Inclusion criteria included randomised con-
trolled trials (RCTs) involving adult human participants.
All forms and doses of vitamin D supplementation with or
without calcium supplementation were included compared
with placebo or standard care. Outcome measures included
evaluation of strength. Outcomes were compared by
calculating standardised mean difference (SMD) and 95%
confidence intervals.
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Results Of 52 identified studies, 17 RCTs involving 5,072
participants met the inclusion criteria. Meta-analysis showed
no significant effect of vitamin D supplementation on grip
strength (SMD —0.02, 95%CI —0.15,0.11) or proximal lower
limb strength (SMD 0.1, 95%CI —0.01,0.22) in adults with
25(0OH)D levels >25 nmol/L. Pooled data from two studies
in vitamin D deficient participants (25(OH)D <25 nmol/L)
demonstrated a large effect of vitamin D supplementation on
hip muscle strength (SMD 3.52, 95%CI 2.18, 4.85).
Conclusion Based on studies included in this systematic
review, vitamin D supplementation does not have a
significant effect on muscle strength in adults with baseline
25(OH)D >25 nmol/L. However, a limited number of
studies demonstrate an increase in proximal muscle strength
in adults with vitamin D deficiency.
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Introduction

It is estimated that more than a billion people worldwide are
deficient in vitamin D [1]. Those most at risk include older
people in residential care [2], darker-skinned women [3]
(particularly if veiled) and people with medical conditions
that require sun avoidance or cause malabsorption [4]. The
prime source of vitamin D is the conversion of 7-
dehydrocholesterol to previtamin Dj in the skin by solar
ultraviolet B radiation. Very little vitamin D is obtained
from the diet.

It is well established that vitamin D is an integral part of
calcium and phosphate homeostasis and thus essential to
bone health. In addition, vitamin D receptors have been
identified on many other tissues including skeletal muscle
[5, 6]. Severe vitamin D deficiency causes rickets in
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children and osteomalacia in adults resulting in proximal
muscle weakness. Muscle atrophy, particularly of type 2
fibres in vitamin D deficiency has been described histo-
pathologically [7, 8]. There is conflicting evidence as to
whether Vitamin D deficiency contributes to proximal
muscle weakness. Some studies demonstrating an associa-
tion [9—12], others finding no relationship between vitamin
D levels and weakness [13—15]. A recent study investigat-
ing the relationship between quadriceps strength and
vitamin D levels [16] found a significant association with
univariate analysis. However, there were no statistically
significant relationship once potential confounders such as
physical activity, age, and comorbidities were controlled
for. Thus, the effect of vitamin D supplementation on
muscle strength has not been clearly established.

A systematic review conducted in 2003 [17] concluded
that Vitamin D alone cannot be recommended for use in
clinical practice where the primary aim is to improve
muscle strength or physical function or reduce the risk of
falling in frail elderly people. This review [17] investigated
the effect of vitamin D supplementation on muscle strength,
physical function, and falls in the elderly. However, there
was no rating regarding the methodological quality of the
included studies. In addition, effect sizes and confidence
intervals were only calculated for the outcome “falls”.
Further randomised controlled trials (RCTs) have been
published since 2003. In addition, the last few years has
seen an increase in articles reporting the benefits of vitamin
D on muscle strength in both peer-reviewed journals [18]
and public health literature. The aim of this current
systematic review was to critically review the evidence on
the effect of vitamin D supplementation on outcome
measures specifically relating to muscle strength including
all adults, not just the elderly. Thus, the research question
is: Does vitamin D supplementation result in improved
strength in adults?

Materials and methods

A systematic review of the published literature on the effect
of vitamin D supplementation on muscle strength was
conducted. Table 1 outlines the inclusion criteria.

Data sources and study selection

The databases, searched with language restrictions (En-
glish only), included: MEDLINE, CINAHL, EMBASE,
Pubmed, Cochrane Controlled Trials Register, Sportdis-
cus, Scopus and Full text clinicians’ health journals @
Ovid from the earliest time to May 2010. These
databases were searched using the terms vitamin D OR
vitamin D, OR vitamin D3 OR 1-alpha hydroxyvitamin
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Table 1 Inclusion criteria

Design Randomised controlled trials
Participants Adults >18 years of age
All baseline 25(OH)D levels
Humans
Intervention Vitamin D supplementation—all forms
and all doses
Comparisons Vitamin D or vitamin D metabolite

with or without calcium compared
with placebo treatment or standard care

Outcome measure Measure of muscle strength

D3 OR 1-alpha hydroxycalciferol OR 1,25-dihydroxyvi-
tamin D3 OR 1,25 dihydroxycholecalciferol OR 25-
hydroxycholecalciferol OR 25 hydroxyvitamin D OR
calcitriol OR vitamin D OR ergocalciferol OR cholecal-
ciferol calcifediol OR alfacalcidol OR calcidiol OR
“calciferol” AND “muscle”. A detailed search strategy is
presented in Appendix 1.

The search was supplemented by citation tracking,
reference checking, and key author searches. The two
reviewers (KS and KB) independently assessed the titles
and abstracts of articles identified by the initial search
strategy for the inclusion criteria. Differences of opinion
regarding selection of articles were resolved between the
two investigators through discussion and consensus. Full-
text versions of relevant articles were obtained and assessed
by the two independent reviewers.

Assessment of methodological quality of studies

Empirical studies were rated using the Physiotherapy Evi-
dence Database (PEDro) scale (http://www.pedro.org.au)
which is an 11-item checklist suitable for RCTs [19]. High
interobserver reliability has been found for this scale [20].
Differences of opinion regarding scoring of articles were
resolved between the two investigators through discussion
and consensus, and authors were contacted to clarify
important points.

Data extraction and analysis

Data extraction was completed for all included studies by
one reviewer (KS) and cross-checked by a second reviewer
(KB). Data extraction included number of participants,
gender and age of participants, baseline 25(OH)D level,
length of intervention, and outcome measures. To provide a
comparison between outcomes reported by the studies,
effect sizes (standardised mean difference, SMD) with 95%
confidence intervals (CI) were calculated using software
package Comprehensive Meta Analysis, Biostat v2. Effect
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sizes provide a measure of the impact of an intervention.
Conventionally, the effect size is reported as: 0.8, large; 0.5,
moderate; and 0.2, small [21]. A meta-analysis using a
random effects model was applied to investigate specific
muscle groups. Between-study heterogeneity was assessed
firstly by visually inspecting the forest plots. In addition,
Cochran’s X test (p<0.05 indicating significance) and the
P index (values of 25%, 50%, and 75% representative of
low, moderate, and high heterogeneity, respectively) were
calculated; it is noted that visual inspection may be more
informative than 7 values for a small number of trials [22].
All statistical analyses were independently cross-checked
by a statistician (KM).

Results

Figure | details the flow of studies included in the review.
A final library of 17 RCTs remained involving 5,072
participants [23-39].

Study quality assessment

Table 2 provides a summary of the assessment of each
study with respect to the criteria in the PEDro scale. A
median score of 8 out of 10 (range 4-10; mode 8) on the
PEDro scale [19] was found. Fifteen of the 17 studies
reported random allocation [23-27, 29-36, 38, 39], with six
studies also reporting concealment of treatment allocation
[23, 27, 32, 35, 38, 39]. Twelve of the included studies
reported blinding of the assessors to group allocation [23—
27, 30, 32-36, 39] and 13 reported blinding of participants
[23, 24, 26, 27, 29, 30, 32-35, 37-39]. Intention-to-treat
analysis occurred in 13 studies [23-25, 27, 30-36, 38, 39].
Missing data meant that effect sizes could not be calculated
for two papers [29, 33].

Fig. 1 Flow of studies through
the review

Additional articles
identified on
detailed checking of
reference lists n=2

The key features of the studies are summarised in
Tables 3 and 4.

Intervention

The trials used a variety of vitamin D supplementation
regimes. Six trials compared vitamin D alone with placebo
[26, 27, 29, 32, 35, 37], four of which used ergocalciferol
(D») [26, 27, 29, 35], and two cholecalciferol (D3) [32, 37].
One study compared vitamin D metabolite (calcitriol) with
placebo [28]. Treatment with a combination of vitamin Dj
and calcium supplements was used in nine studies [23-25,
30, 31, 33, 34, 38, 39]. Five studies compared vitamin D and
calcium with calcium alone [23, 25, 30, 33, 34], three studies
investigated calcium and vitamin D versus placebo [24, 38,
39] and one study calcium and vitamin D versus nothing
[31]. Finally, one study investigated vitamin D via sunlight
exposure (with clearly defined exposed region and docu-
mented daily exposure time) to usual care [36]. Timeframes
of the intervention period ranged from 12 weeks to 5 years
with the mode being 6 months in duration. Two studies did
not state baseline 25(OH)D level [24, 29], participants in
four studies had baseline 25(OH)D >50 nmol/L [28, 30, 31,
34], the mean baseline 25(OH)D level was 25-50 nmol/L in
seven studies [23, 25, 27, 32, 33, 37, 39], and <25 nmol/L in
four studies [26, 35, 36, 38]. Baseline 1,25(OH),D was
within normal range in the study that used calcitriol as a
supplement [28].

Outcome measures

Grip strength was an outcome in eight studies [23-25,
28, 30, 37-39] and was measured via hand held dyna-
mometry (HHD) in seven studies [24, 25, 28, 30, 37-39]
and using a vigorimeter in one study [23]. Pinch strength
was measured in one study by a pinch gauge [38]. Knee

Records identified and
screened

n=>54

iy

Records retrieved for more
detailed evaluation

Excluded n = 28

Did not meet inclusion criteria

(study design, intervention)

n=26

Excludedn=11

Outcomes not relevant to
review n =9
Narrative review n =1

4,@—,

Placebo included low dose

Final articles included in vitamin D n=1

review

n=17
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Table 2 Quality scores for eligible studies

Author (ref) PEDro scale item Total
1* 2 3 4 5 6 7 8 9 10 11
Bischoff [23] + + + + + + + + + + 9
Brunner [24] + + + + + + + 8
Bunout [25] + + + + + + 7
Corless [26] + + + + + + + + 7
Dhesi [27] + + + + + + + + 9
Grady [28] + + + + 4
Gupta [38] + + + + + + + + + 8
Janssen [39] + + + + + + + + + 9
Johnson [29] + + + + 4
Kenny [30] + + + + + + + + + 8
Kukuljan [31] + + + + + + 5
Latham [32] + + + + + + + + + + + 10
Moreira [33] + + + + + + + + + 8
Pfeifer [34] + + + + + + + + 8
Sato [35] + + + + + + + + + + + 10
Sato [36] + + + + + + + + 7
Smedshaug [37] + + + + + 4
Total 14 15 6 14 13 6 12 12 13 17 16 Median 8

PEDro Physiotherapy Evidence Database, + the item was clearly satisfied

The PEDro scale is based on the Delphi list developed by Verhage et al. at the Department of Epidemiology, University of Maastricht [53]. Only
criterion 2—-11 are scored giving a total out of 10: / eligibility criteria, 2 randomisation, 3 concealed allocation, 4 groups similar at baseline, 5
blinding subjects, 6 blinding therapists, 7 blinding assessors, § Measures obtained for >85%, 9 intention to treat, /0 between-groups statistical

comparison, // point measures and measures of variability

#Column 1 not used in the calculation of the scores

extension strength was measured in eight studies [23, 25,
27, 28, 32-34, 39] by a variety of techniques. HHD was
utilised in two studies [32, 33], four studies used a strain
gauge [23, 27, 34, 39], one study employed a one
repetition maximum (1RM) using a quadriceps table [25]
and one used an isokinetic dynamometer [28]. Two studies
measured leg press by IRM [30, 31]. Two studies
examined knee flexion, one via strain gauge [23] and
one with an isokinetic dynamometer [28]. One study
measured calf strength using isokinetic dynamometry [38].
Four studies measured a combination of proximal muscles:
Moreira-Pfrimer et al. [33] measured hip flexion via HHD,
Kukulijan et al. [31] measured bench press and latissimus
dorsi pull down via 1RM, Sato et al. [36] computed a
combined score of hip external and internal rotators and
knee flexion and extension via manual muscle test
(MMT). In the second study by this group a combined
score of hip extension and flexion strength measured via
MMT was utilised [35]. Finally, two studies derived a
strength score from functional activities [26, 29]. It is
questionable whether a derived score truly reflects
strength; however, the studies have been included in this
review for completeness.
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Effect of vitamin D supplementation on muscle strength
End of trial 25(OH)D level—response to intervention

All but one study [27] achieved mean 25(OH)D
levels >50 nmol/L in the vitamin D-treated group post-
intervention (Table 4).

End of trial 1,25(0OH),D

Calcitriol was the supplement used in one study [28] with the
treatment group achieving an increase in 1,25(OH),D from
85.6 (33.7) to 95.4 pmol/L (baseline and post-supplementation
within accepted normal range). However, seven of 50 patients
in the treatment group required a reduction in dosage due to
elevated serum or urinary calcium levels.

Muscle strength

The Q test for heterogeneity was nonsignificant (p<
0.05) with I* index <15% for all pooled studies when
grouped according to baseline 25(OH)D level i.e. <25
and >25 nmol/L.



Osteoporos Int

a3uer omuenbidyur Y7 {[BAIIUI QIUIPIJUOD 9%GH [D%C6 “udunean xy ‘g UWeNALXoIpAY ¢z A(HO)ST ‘d UIWE)A JO WI0J dANOR A[[ed130[01q € &7 utunpadxoiplyip-¢zr CqQé(HO)ST T

sdnoi3 juswiean; pue [oxuod Jo uedaw q(HO)ST Sulfeseq ,

Tedf | (€L v'e8 $9:6¢ (L0¢) 9'6v SJUSPISI ooy SuISINN 09 [L€] Sneyspowg
Teok (o) gL 001:0 t9) T SIOWIOYZ[Y YHM PIsITeuonmnsuy Y97 [9¢] oreg
SIBA 7 ) TyL 001:0 (T9) s¥e ayoxs pasieuonmysuy 96 [s¢] oreg
Ieak | $6-0L d3uey SLST (61) sS SIOTUOS Ajunuuuio)) we [€] 1031054
(r6-29) 8L (o8uer) uerpolN
sgyuour 9 (ID%$6) uBdN €LLT (89L°¢°00) L'TY Aopre pasieuonmnsuy 9% [¢¢] emaroy
(18-8L) S'6L (ID %56) ueIpoN
syuout 9 (10%56) ueay €SiLY (6¥°s°LE) STv Jun UONENIQeYdI OLIBLIOS Ul [1e1] 374 [z€] wegeT
SLEN (9°1) 809 0:001 08< Apreay—Sur[omp Ajunurwo) 081 [1€] uelnyny
sgyuour 9 ) oL 0:001 (SL'L1) 29 Agyreay—S3urgiomp Ayrunwwo) 9 [og] Auuoyy
GO< SIBIA jue[nqUIE ) USIOM %t |
syuowr 9 09< So[ewd | XIW - pajels 10N pajels 10N Surfomp Ayunwwo)) 601 [62] uosuyor
syjuow 9 (99) §°08 001:0 (9 11) s°¢¢ UowoM JUI[aMP Ajunuitio)) 0L [6¢] uossuer
syjuow 9 Q1) 91¢ 0t:09 (L'6) sTeT SI2UNIOA AYj[esHq ot [8¢] ednp
Kep/3w 00‘] MO0[oq 10 J& O)eIUl WNIO[R)
sypuow 9 (r's) TeL 05:0S (eBuer [eutiou urgiM {qYHO)-ST'1) 09< Suiqjomp Arunuwo) 86 [82] Apein
(ID%S6) ued
syuout 9 (T9) 89L 8L:TT (I'LT9vD) 6'ST "OIUI[d S[[E} WOL) PALIRJaI Sul[oMp Ajrunuiio)) 6€1 [L2] seua
oM (f S8 U 8L:CT (1o 1Lt juonedur oLyeLLD S9 [92] ssap10D
sypuow 6 ) oL 06:01 (19) 6'1¢€ Suremp Ayunwiio) 96 [s2] moung
S[OAQ] ( UTWE)IA
MO] I0J Paldafas jou mEo_Em pajers _mm:mmo:oE.Hmom
s1eak ¢ (e8uer) 6,05 001:0 INQ—UudAI3 Jou QHOST duIjdseqg Suromp Aunwiwo)) LETE [$Z] 1ouunig
(JOD uesy
Syeom 71 (66—€9 d8uer) ¢'¢8 001:0 (ss°€0) o€ jun dLeLRs Aels Suoy 4 [¢2] oyosig
PpajeIs ISIMIAYIO
UONUIAIIUL ssa[un (ps) s1edk uBdN (%) 4N LPareIs 3sIMISYIO SSa[UN (PS) UBIN
Jo p3uay ady helielg) 1owu q(HO)ST Quieseg uonduosap juedronied N (3o1) Apmug

soydeiSowaq ¢ d[qelL

pringer

AQs



Osteoporos Int

Table 4 Interventions and outcome measures

Study (ref) Intervention

End of trial 25(OH)D nmol/L
mean (SD) unless otherwise stated

Strength Outcome
measures (units)

Individual study

Control Treatment Control Treatment Measurement Effect size (95%CI)
Group Group technique
Bischoff ~ Calcium 800 IU D5 and 28.5 (24.5,41.5) 65.5 (49.8,82.8) Knee flexion 0.19 (-0.31,0.69)
[23] 1,200 mg calcium (kiloponds)
Knee extension 0.2 (-0.29,0.69)
(kiloponds)
Median (IQR) Median (IQR)  Strain gauge
Grip strength (bars) 0.12 (—0.38,0.62)
HHD -2
Brunner Placebo 400 IU D5 with Not stated Grip strength (kg) 2 years
[24] 1,000 mg calcium 0.01 (*006 009)
HHD 5 years
0.03 (-0.05,0.11)
Bunout 400 IU D3 and 800 mg 36.3 (11.5) 64.5 (16.3) Pooled right and left —0.29 (-0.86, 0.28)
[25] calcium or calcium alone knee extension (kg)
4 groups: 1RM
 Exercise Pooled right and left 0.30 (=0.27, 0.87)
* No exercise grip strength (kg)
* Vitamin D HHD
* Placebo
Corless Placebo 9,000 IU D, 18 (2) 110 (30) Derived muscle Derived score, thus effect
[26] daily (oral) strength score from sizes not calculated.
functional tasks Authors found no
40 weeks statistically significant
difference between
groups.
Dhesi Placebo of 600,000 D, 31.5 (28.5,34.5) 43.8 (41.3,46.3) Knee extension (N) 0.23 (-0.13, 0.58)
[27] saline by injection Mean (95%CI) Mean (95%Cl) strain gauge
injection
Grady Placebo 0.25 mcg calcitriol Not stated Knee extension
[28] (1,25(0H),D5) twice daily 90 dps (r—m) 0.09 (-0.3, 0.49)
120 dps (n—m) 0.12 (-0.28, 0.52)
180 dps (n—m) 0.17 (-0.22, 0.57)
Work 120 dps (joules) 0.19 (=0.21,0.59)
Knee Flexion
90 dps (n—m) 0.04 (-0.36,0.43)
120 dps (n—m) —0.02 (-0.41,0.38)
180 dps (n—m) —0.03 (-0.42,0.37)
Work 120 dps (joules) —0.07 (-0.46,0.33)
Isokinetic
Grip -0.4 (-0.8,0)
HHD
Gupta Placebo 60,000 IU D3/week for 8 weeks  29.7 (15) 56 (17) Grip strength (kg) _
[38] followed by 60,000 1U D3 per HHD 2.4 (1‘2 3.6)
week for 4 months. ’
Calcium 1,000 mg daily Calf strength 3.0 (0.1,5.9)
180 dps
Isokinetic
Pinch grip 0.2 (-0.01,0.4)
Pinch gauge
Janssen Placebo 400 IU D3 and 500 mg calcium  41.6 (19) 77.2 (19.4) Knee extension (V) 0.2 (-0.27,0.67)
[39] 25“(;% daily Strain gauge
mg . 3
calcium Grip strength (kg) 0.13 (-0.34,0.6)
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Table 4 (continued)

Study (ref) Intervention

End of trial 25(OH)D nmol/L

mean (SD) unless otherwise stated

Strength Outcome
measures (units)

Individual study

Control Treatment Control Treatment Measurement Effect size (95%CI)
Group Group technique
HHD
Leg extension power (W)
Nottingham Power Rig
Johnson Placebo 2,000 IU D, in arachis oil Not stated Actual muscle test used Effect sizes unable to be
[29] not given in detail. A calculated due to
derived score given incomplete data.
One group had arms No difference between
tested, another legs treatment and control
groups
Kenny Calcium D; 1,000 TU/day and 56.5 (17) 87.3 (13.8) Leg press (N) —0.03 (-0.48, 0.53)
[30] 500 mg calcium Leg press (watts)
1IRM
Grip strength (kg) —0.04 (-0.54, 0.47)
HHD
Kukuljan 400 ml milk daily (1,000 mg calcium >80 >80 Leg press (kg) 0.09 (-0.34, 0.51)
[31] and 800 IU D5)
Four groups: Latissimus dorsi pull —-0.32 (-0.75, 0.10)
down (kg)
« Exercise Bench press (kg) —0.23 (-0.66,0.19)
* No exercise IRM -
» Milk
* No milk
Latham 300,000 IU D5 once (oral) 47.5 (40-52.5) 60 (52.5,77.5)  Knee extension (kg) 0 (-0.25,0.25)
[32] Four groups: Median Median HHD
(95%CI) (95%CI)
* Exercise
* No exercise
* Vitamin D
* Placebo
Moreira Calcium 150 000 IU D3 once 51.8 86.6 Knee extension (kg) Effect sizes unable to be
[33] a month for first 2 (23.5,107.8) (52.3,106.5)  HHD calculated due to
months followed by incomplete data.
90 000 IU per month Median Median Hip flexion (kg) No change in strength in
for next 4 mor}ths and (range) (range) HHD control group. Hip
1,000 mg calcium flexion strength
improved by 16.4% and
knee extension strength
by 24.7% in treatment
group.
Pfeifer Calcium 800 IU D3 daily and 57 (20) 84 (18) Knee extension (V) 0.21 (-0.05, 0.47)
[34] 1,000 mg calcium Strain gauge
Sato Placebo 1,000 IU D, daily 133 (2.8) 83.5 (8.3) Hip extension and hip 2.82(2.22,3.42)
[35] flexion
Scale 0-5 on right
Manual muscle test
Sato Calcium Sunlight 15 min per day 10.7 (5.2) 52.2.(9.7) Hip rotation, knee flexion 4.18 (3.73, 4.63)
[36] and 1,200 mg calcium and extension
Scale 0-5 on right
Manual muscle test
Smedshaug Placebo 400 IU Ds in cod liver Actual figure Actual mean Grip strength —0.31 (-0.82, 0.20)
[37] not given but  not given but HHD
stated no estimated All patients
change from to increase by
baseline 21.1 nmol/L
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Table 4 (continued)

Study (ref) Intervention

End of trial 25(OH)D nmol/L
mean (SD) unless otherwise stated

Strength Outcome
measures (units)

Individual study

Control Treatment Control Treatment Measurement Effect size (95%CI)
Group Group technique
49.9 (34.8) thus 250HD —0.24 (—1.43, 0.67)
mean approx <30 nmol/L (control
70.3 n=10, Rx n=9)

*standard deviation (SD), derived from interquartile range (IQR) using formula 1/2IQR=SDx0.675

® Difference in means after adjustment for age, gender, and baseline value

¢ Authors contacted and provided raw data for effect size calculation

250HD 25 hydroxyvitamin D; HHD hand-held dynamometer; /RM one repetition maximum; /U international units; C/ confidence interval, D3

cholecalciferol; D> ergocalciferol

Baseline 25(OH)D level 225 nmol/L

Twelve studies with a total of 4,498 participants [23-25, 27,
28, 30-34, 37, 39].

Grip strength Seven studies [23-25, 28, 30, 37, 39] on 3,648
participants with 25(OH)D >25 nmol/L measured grip
strength. Vitamin D supplementation had no significant effect
on grip strength (SMD —0.02, 95% CI —0.15, 0.11; Fig. 2).

Proximal trunk and upper limb strength One study [31] on
180 community dwelling men with baseline 25(OH)
D >25 nmol/L measured proximal upper limb muscles.
There was no significant effect of vitamin D supplementa-
tion on bench press (SMD —0.23, 95% CI —0.66, 0.19) or
lateral pull downs (SMD —0.32, 95% CI —0.75, 0.10).

Knee strength Of the eight studies that measured knee
extension strength in participants with 25(OH)D >25 nmol/
L, one study [33] did not provide enough data to calculate

Study name Statistics for each study

Std diff Standard
in means error

Lower Upper
Variance limit

effect sizes. This study on 46 institutionalised elderly
participants with insufficient 25(OH)D levels found that
supplementation with vitamin D improved knee extension
strength by 24.7% whilst there was no statistically significant
difference between baseline and end of study strength in the
control group. Vitamin D supplementation had no significant
effect on knee extension strength when data from the
remaining seven studies (n=1,010) was pooled (SMD 0.10,
95%CI —0.02, 0.29) [23, 25, 27, 28, 32, 34, 39]. Vitamin D
supplementation had no significant effect on knee flexion
strength when data was pooled from two studies [23, 28],
total n=220, (SMD 0.10, 95%CI —0.21, 0.41).

Leg press There was no statistically significant difference
between placebo and vitamin D groups in the two studies on
245 community dwelling vitamin D-sufficient men that
measured leg press [30, 317 SMD 0.06 (95% CI —0.26, 0.39).

Hip strength One study [33] measured hip strength but did
not provide enough data to calculate effect sizes. This

Std diff in means and 95% ClI

limit Z-Value p-Value

Bischoff 0.123 0.255 0.065 -0.377 0.622 0.481 0.631

Brunner  0.013  0.039 0.002 -0.064 0.090 0.326 0.744 -i-
Bunout 0.301 0290 0084 -0.268 0.870 1.038 0.299

Grady -0.403  0.204 0.042 -0.803 -0.003 -1.974 0.048 -

Janssen 0130 0.239 0.057 -0.340 0599 0541 0.588

Kenny -0.038 0.258 0.067- 0.544 0.469 -0.146 0.884

Smedshaug -0.308  0.260 0.068 -0.818 0.202 -1.184 0.237

Total -0.019  0.066 0.004 -0.148 0.111 -0.285 0.776 <@

-1.00 -0.50 0.00 0.50 1.00

Favours Control

Favours Vitamin D

Fig. 2 Standardised mean difference, SMD and (95% confidence intervals) of effect of vitamin D supplementation on grip strength: SMD —0.02
(95% CI —0.15, 0.11) in studies with baseline 25(OH)D >25 nmol/L
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study [33] on 46 institutionalised elderly patients with 25
(OH)D >25 nmol/L found that vitamin D supplementation
improved hip flexion strength compared to control group in
those participants with baseline 25(OH)D levels <50 nmol/L
(»=0.003). There was no statistically significant improve-
ment in hip flexion strength in those patients with baseline
25(0OH)D levels >50 nmol/L (p=0.21).

Overall proximal lower limb strength The results from
knee extension, knee flexion, leg press, and hip strength in
studies with 25(OH)D >25 nmol/L. were combined to give
an overall SMD of proximal lower limb strength from eight
studies with a total of 1,255 adults. There was no
significant effect of vitamin D supplementation on proximal
lower limb strength (SMD 0.1, 95%CI —0.01, 0.22) in this
pooled group of studies (Fig. 3).

Baseline 25(OH)D level <25 nmol/L

Four studies with a total of 465 participants with baseline
25(0OH)D <25 nmol/L were identified [26, 35, 36, 38].
Three of the studies included participants from geriatric
inpatient settings [26, 35, 36], the remaining study was on
healthy young adults [38]. One study on inpatient geriatric
participants derived a strength score from functional
activities and found no significant difference between
groups. A recent study on healthy, young adults demon-
strated a statistically significant difference between treat-
ment and control groups in grip strength (»p<0.001) and calf
strength (»p=0.04), but not in pinch grip strength (p=0.07).

Finally, two studies on a total of 360 institutionalised
adults [35, 36] demonstrated a significant effect of vitamin
D supplementation on proximal lower limb muscle strength
(SMD 3.52, 95%CI 2.18, 4.85).

Study name Statistics for each study

Std diff Standard
in means error

Lower Upper

Bischoff KE 0.200 0.250 0.063 -0.290 0.690 0.800 0.424 o
BunoutKE -0.290 0.290 0.084 -0.859 0.279 -0.999 0.318 =
DhesiKE 0227 0.181 0.033 -0.127 0.582 1.256 0.209 o
Grady KE 0120  0.202 0.041 -0.277 0516 0591 0.554 O
Janssen KE 0.197 0240 0.057 -0.273 0.667 0.820 0.412 =
Latham KE 0.000 0.128 0.016 -0.251 0.251 0.000 1.000 ——
Pfeifer KE 0.207 0.133 0.018 -0.053 0.467 1.558 0.119 -——
Bischoff KF 0.191  0.255 0.065 -0.309 0.691 0.749 0.454 =
Grady KF 0038  0.202 0.041 -0.359 0.434 0.186 0.853
KennyLP 0027 0258 0.067 -0480 0533 0.103 0918 F
Kukulijan LP 0.088  0.216  0.047 -0.335 0.511 0.406 0.685 -
Total 0.105  0.058 0.003 -0.009 0.219 1.803 0.071 I‘

Discussion

The aim of this systematic review was to evaluate the
effect of vitamin D supplementation on muscle strength
in adults. The majority of studies were of medium to
high methodological quality as assessed on the PEDro
scale. This systematic review demonstrates no significant
effect of vitamin D supplementation on grip strength,
knee extension strength, and knee flexion strength in
participants with 25(OH)D levels >25 nmol/L. However,
a limited number of studies demonstrate a positive effect
of vitamin D supplementation on proximal muscle [35,
36], calf [38], and grip strength [38] in participants with
25(OH)D levels <25 nmol/L. Studies investigating vitamin
D supplementation in falls and fracture reduction have
recommended that a minimum of 800 IU daily is required.
This recommendation is in the absence of baseline (and
often post-treatment) 25(OH)D levels. The majority of
studies included in this current systematic review provided
baseline and post-treatment 25(OH)D serum levels. With
all but one study achieving 25(OH)D levels of >50 nmol/L
regardless of type or dose of supplementation. Baseline 25
(OH)D levels in the study that did not achieve >50 nmol/L
of vitamin D in the supplemented group [27] were
bordering on deficiency (median 26 nmol/L). The treat-
ment group received 600,000 IU D, once by injection with
outcome measures taken at 6 months. It has been
suggested that D, is more rapidly metabolised than D,
thus a large once off dose may be inadequate at 6 months
given the baseline 25(OH)D status [40, 41]. The role of
calcium in combination with vitamin D on muscle
function is not clear and warrants further investigation
given the recent meta-analyses demonstrating that to
reduce fractures, vitamin D must be given in conjunction
with calcium [42, 43].

Std diff in means and 95% CI

Variance limit limit Z-Value p-Value

-1.00 -0.50 0.00 0.50 1.00

Favours Control Favours Vitamin D

Fig. 3 Standardised mean difference, SMD and (95% confidence intervals) of effect of vitamin D supplementation on proximal lower limb
strength in adults with 25(OH)D levels >25 nmol/L: SMD 0.1 (95% CI —0.01,0.22). KE knee extension, KF knee flexion, LP leg press
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Calcitriol (1,25(OH),D vitamin D) was the supplement
of choice in one of the included studies [28]. However, due
to its expense and the risk of hypercalcaemia, it is only
recommended as a supplement in those patients who cannot
convert standard vitamin D supplement to activated vitamin
D, such as severe renal disease.

Vitamin D receptors have been identified in muscle cells
[5, 6] which supports the concept of a direct effect of
vitamin D on muscle tissue. However, very few studies
have explored this. Vitamin D deficiency is reported to
cause proximal muscle weakness with a reduction in type 2
muscle fibres [44]. Type 2 fibres are fast twitch and are
recruited in activities of high intensity but short duration.
An uncontrolled study [45] on elderly women demonstrated
an increase in cross-sectional area and number of type 2A
muscle fibres in vastus lateralis following 3—6 months
supplementation with 1 hydroxyvitamin D. Only one
study in this current review [35] incorporated muscle fibre
analysis and this was in patients with deficient 25(OH)D
whereby a significant increase in strength and type 2 fibre
cross-sectional area and percentage of vastus lateralis
muscle was found. Type 2 muscle fibres are the first to be
recruited in balance and preventing a fall which may
explain the inverse association between 25(OH)D levels
and falls [46, 47]. In addition, a recent study on healthy
young women [48] demonstrated an inverse relationship
between skeletal muscle fat and 25(OH)D levels. The effect
of this relationship on muscle strength and/or function has
not been established. Future studies investigating the effect
of vitamin D supplementation on muscle should incorporate
analysis of muscle composition.

Isokinetic dynamometry provides an objective, repro-
ducible evaluation of strength more closely aligned to
activities of daily living than isometric evaluation. Howev-
er, only two studies in this review [28, 38] utilised
isokinetic dynamometry. Methods used for evaluation of
strength in the other studies carry an increased risk of error.
Accurate measures from HHD and strain gauge rely on
ensuring that the force transducer is placed in exactly the
same position on the limb at each measurement time point
and that there is adequate stabilisation of the body part
being tested [49] both of which were not mentioned in most
studies [23, 27, 32, 34]. In addition, with HHD, the tester
must be able to exert a force greater than the muscle being
tested [50]. Measurement error of 1RM is high and relies on
adequate familiarisation of the participant and experience of
the investigator [51]. MMT as measured by two studies [35,
36] has been found to be inaccurate at higher grades.
However, the baseline strength of the participants in both
studies was very low, thus MMT would be less prone to
error and possibly a suitable measure for this population.

All studies included in this systematic review inves-
tigated maximal muscle strength which is only one

@ Springer

component of muscle function. In activities of daily
living, maximal force is rarely required. Rate of force
development (RFD) may be more appropriate to test
given the evidence regarding preferential atrophy of type
2 muscle fibres with vitamin D insufficiency. RFD can
be measured using isokinetic/isometric contraction with
electromyography or functionally such as use of jumping
mechanography. Jumping mechanography has been used
in a cross-sectional study of 99 post-menarchal 12—14-
year-old girls demonstrating a relationship between 25
(OH)D level, jump velocity, and power. Due to the
cross-sectional design, causality cannot be determined;
however, the outcome measure utilised may be prefera-
ble to measuring maximal strength alone when investi-
gating the effect of vitamin D supplementation on
muscle function.

Limitations

A positive effect of vitamin D supplementation on muscle if
higher than 25(OH)D levels are achieved cannot be
excluded. Recently, the International Osteoporosis Founda-
tion Position Statement on Vitamin D has been published
[52]. The majority of the working party members felt that
based on RCTs in falls and fracture reduction, the optimal
level for serum 25(OH)D is 75 nmol/L. The optimal level
of 25(OH)D for muscle is not known. This review found no
evidence that vitamin D supplementation improved muscle
strength in patients with levels >25 nmol/L. Measuring
proximal hip muscle strength may yield a different outcome
given that Moreira-Pfrimer et al. [33] found positive effect
of vitamin D supplementation on hip flexion strength in
participants with baseline 25(OH)D 25-50 nmol/L. It is
difficult to draw conclusions regarding this as Moreira-
Pfrimer et al. was the only study included in this review
that measured hip muscle strength in participants with
baseline 25(OH)D >25 nmol/L and effect sizes could not be
calculated due to insufficient data.

Population studied

Despite inclusion criteria aiming to include adults >18 years
of age only one study included participants <60 years of age
[38].

A further limitation of this review is the possible
effect of publication bias. An attempt was made to
decrease the likelihood of this occurring by searching for
registered trials in the area and contacting key research-
ers in the field where appropriate. Only English-language
studies were included; however, as only two non-English
language RCTs were identified, this is unlikely to have
biassed the outcomes.
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Conclusion

Based on studies included in this systematic review; while
vitamin D supplementation may not be effective at
improving muscle strength in vitamin D replete adults,
there is evidence that supplementation may increase muscle
strength in adults with 25(OH)D <25 nmol/L. It would be
difficult to ethically justify randomised placebo-controlled
trials of vitamin D supplementation in patients with clearly
established deficiency (<25 nmol/L) due to the implications
on calcium and phosphate homeostasis and thus bone
health. Further, well-designed randomised controlled trials
using appropriate outcome measures need to be conducted
investigating the effect of vitamin D supplementation on
muscle fibre composition and its relationship to proximal
muscle power and physical function in patients with insuffi-
cient levels of vitamin D (25-50/75 nmol/L). In addition,
there is a distinct lack of randomised controlled trials
investigating vitamin D supplementation in disease-specific
populations where Vitamin D deficiency is common.

Conflicts of interest None.

Appendix 1—search strategy

The databases, searched with language restrictions (English
only) included: MEDLINE, CINAHL, EMBASE, Pubmed,
Cochrane Controlled Trials Register, Sportdiscus, Scopus
and Full text clinicians’ health journals @ Ovid from the
earliest time to May 2010.

Database*
1. Muscle 725,556
2. Vitamin D 46,203
3. Vitamin D2 3,330
4. Vitamin D3 21,590
5. l-alpha hydroxyvitamin D3 924
6. 1-alpha hydroxycalciferol 6
7. 1,25 dihydroxyvitamin D3 15,436
8. 1,25 dihydroxycholecalciferol 14,828
9. 25 hydroxycholecalciferol 2,901
10. 25 hydroxyvitamin D 3,660
11. Calcitriol 14,347
12. Ergocalciferol 2,791
13. Cholecalciferol 19,270
14. Calcifediol 2,319
15. Alfacalcidiol 871
16. Calcidiol 2,438
17. Calciferol 2,931

18. 2 to 17 “OR” 48,722

19. 1. “AND” 18 1,611

20. 19 limits RCT, clinical trial, meta-analysis, review 315

21. eliminate review 53

22. 21 “AND” English 51
*Medline

Search format repeated for Cinahl, Sportdiscus,
Cochrane library, Pubmed and Embase.

References

1. Holick MF (2007) Vitamin D deficiency. N Engl J Med 357:266—
281
2. Allain TJ, Dhesi J (2003) Hypovitaminosis D in older adults.
Gerontology 49:273-278
3. Nesby-O'Dell S, Scanlon KS, Cogswell ME, Gillespie C, Hollis
BW, Looker AC, Allen C, Doughertly C, Gunter EW, Bowman
BA (2002) Hypovitaminosis D prevalence and determinants
among African American and white women of reproductive age:
third National Health and Nutrition Examination Survey, 1988—
1994. Am J Clin Nutr 76:187-192
4. Pappa HM, Grand RJ, Gordon CM (2006) Report on the vitamin
D status of adult and pediatric patients with inflammatory bowel
disease and its significance for bone health and disease. Inflamm
Bowel Dis 12:1162-1174
5. Bischoff HA, Borchers M, Gudat F, Duermueller U, Theiler R,
Stahelin HB, Dick W (2001) In situ detection of 1, 25-
dihydroxyvitamin D3 receptor in human skeletal muscle tissue.
Histochem J 33:19-24
6. Simpson RU, Thomas GA, Arnold AJ (1985) Identification of 1,
25-dihydroxyvitamin D3 receptors and activities in muscle. J Biol
Chem 260:8882-8891
7. Russell JA (1994) Osteomalacic myopathy. Muscle Nerve
17:578-580
8. Ziambaras K, Dagogo-Jack S (1997) Reversible muscle weakness
in patients with vitamin D deficiency. West J Med 167:435-439
9. Houston DK, Cesari M, Ferrucci L, Cherubini A, Maggio D,
Bartali B, Johnson MA, Schwartz GG, Kritchevsky SB (2007)
Association between vitamin D status and physical performance:
the InNCHIANTI study. J Gerontol A Biol Sci Med Sci 62:440-446
10. Bischoff-Ferrari HA, Dietrich T, Orav EJ, Hu FB, Zhang Y, Karlson
EW, Dawson-Hughes B (2004) Higher 25-hydroxyvitamin D
concentrations are associated with better lower-extremity function
in both active and inactive persons aged > or =60 y. Am J Clin Nutr
80:752-758
11. Mowe M, Haug E, Bohmer T (1999) Low serum calcidiol
concentration in older adults with reduced muscular function. J
Am Geriatr Soc 47:220-226
12. Wicherts IS, van Schoor NM, Boeke AJ, Visser M, Deeg DJ, Smit
J, Knol DL, Lips P (2007) Vitamin D status predicts physical
performance and its decline in older persons. J Clin Endocrinol
Metab 92:2058-2065
13. Annweiler C, Schott-Petelaz AM, Berrut G, Kressig RW, Bridenbaugh
S, Herrmann FR, Beauchet O (2009) Vitamin D deficiency-related
quadriceps weakness: results of the Epidemiologie De 1'Osteoporose
cohort. J Am Geriatr Soc 57:368-369
14. Verreault R, Semba RD, Volpato S, Ferrucci L, Fried LP, Guralnik
JM (2002) Low serum vitamin d does not predict new disability or
loss of muscle strength in older women. J Am Geriatr Soc
50:912-917

@ Springer



Osteoporos Int

15.

16.

17.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Boonen S, Lysens R, Verbeke G, Joosten E, Dejaeger E, Pelemans
W, Flamaing J, Bouillon R (1998) Relationship between age-
associated endocrine deficiencies and muscle function in elderly
women: a cross-sectional study. Age Ageing 27:449-454
Annweiler C, Beauchet O, Berrut G, Fantino B, Bonnefoy M,
Herrmann FR, Schott AM (2009) Is there an association between
serum 25-hydroxyvitamin D concentration and muscle strength
among older women? Results from baseline assessment of the
EPIDOS study. J Nutr Health Aging 13:90-95

Latham NK, Anderson CS, Reid IR (2003) Effects of vitamin D
supplementation on strength, physical performance, and falls in older
persons: a systematic review. J] Am Geriatr Soc 51:1219-1226

. Holick MF (2009) Vitamin D: the other steroid hormone for

muscle function and strength. Menopause 16(6):1077-1078

. Maher CG, Sherrington C, Herbert RD, Moseley AM, Elkins M

(2003) Reliability of the PEDro scale for rating quality of
randomized controlled trials. Phys Ther 83:713-721

Tooth L, Bennett S, McCluskey A, Hoffmann T, McKenna K,
Lovarini M (2005) Appraising the quality of randomized
controlled trials: inter-rater reliability for the OTseeker evidence
database. J Eval Clin Pract 11:547-555

Cohen J (1992) A power primer. Psychol Bull 112:155-159
Higgins JP, Thompson SG, Deeks JJ, Altman DG (2003)
Measuring inconsistency in meta-analyses. BMJ 327:557-560
Bischoff HA, Stahelin HB, Dick W, Akos R, Knecht M, Salis C,
Nebiker M, Theiler R, Pfeifer M, Begerow B, Lew RA,
Conzelmann M (2003) Effects of vitamin D and calcium
supplementation on falls: a randomized controlled trial. J Bone
Miner Res 18:343-351

Brunner RL, Cochrane B, Jackson RD, Larson J, Lewis C,
Limacher M, Rosal M, Shumaker S, Wallace R (2008) Calcium,
vitamin D supplementation, and physical function in the Women's
Health Initiative. ] Am Diet Assoc 108:1472—1479

Bunout D, Barrera G, Leiva L, Gattas V, de la Maza MP,
Avendano M, Hirsch S (2006) Effects of vitamin D supple-
mentation and exercise training on physical performance in
Chilean vitamin D deficient elderly subjects. Exp Gerontol
41:746-752

Corless D, Dawson E, Fraser F, Ellis M, Evans SJ, Perry ID,
Reisner C, Silver CP, Beer M, Boucher BJ et al (1985) Do vitamin
D supplements improve the physical capabilities of elderly
hospital patients? Age Ageing 14:76-84

Dhesi JK, Jackson SH, Bearne LM, Moniz C, Hurley MV, Swift
CG, Allain TJ (2004) Vitamin D supplementation improves
neuromuscular function in older people who fall. Age Ageing
33:589-595

Grady D, Halloran B, Cummings S, Leveille S, Wells L, Black D,
Byl N (1991) 1, 25-Dihydroxyvitamin D3 and muscle strength in
the elderly: a randomized controlled trial. J Clin Endocrinol Metab
73:1111-1117

Johnson KR, Jobber J, Stonawski BJ (1980) Prophylactic vitamin
D in the elderly. Age Ageing 9:121-127

Kenny AM, Biskup B, Robbins B, Marcella G, Burleson JA
(2003) Effects of vitamin D supplementation on strength, physical
function, and health perception in older, community-dwelling
men. J] Am Geriatr Soc 51:1762-1767

Kukuljan S, Nowson CA, Bass SL, Sanders K, Nicholson GC,
Seibel MJ, Salmon J, Daly RM (2009) Effects of a multi-
component exercise program and calcium-vitamin-D-3-fortified
milk on bone mineral density in older men: a randomised
controlled trial. Osteoporos Int 20:1241-1251

Latham NK, Anderson CS, Lee A, Bennett DA, Moseley A,
Cameron ID (2003) A randomized, controlled trial of quadriceps
resistance exercise and vitamin D in frail older people: the Frailty
Interventions Trial in Elderly Subjects (FITNESS). J Am Geriatr
Soc 51:291-299

@ Springer

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

44.

45.

46.

47.

48.

49.

Moreira-Pfrimer LD, Pedrosa MA, Teixeira L, Lazaretti-Castro M
(2009) Treatment of vitamin D deficiency increases lower limb
muscle strength in institutionalized older people independently of
regular physical activity: a randomized double-blind controlled
trial. Ann Nutr Metab 54:291-300

Pfeifer M, Begerow B, Minne HW, Suppan K, Fahrleitner-Pammer
A, Dobnig H (2009) Effects of a long-term vitamin D and calcium
supplementation on falls and parameters of muscle function in
community-dwelling older individuals. Osteoporos Int 20:315-322
Sato Y, Iwamoto J, Kanoko T, Satoh K (2005) Low-dose vitamin
D prevents muscular atrophy and reduces falls and hip fractures in
women after stroke: a randomized controlled trial. Cerebrovasc
Dis 20:187-192

Sato Y, Iwamoto J, Kanoko T, Satoh K (2005) Amelioration of
osteoporosis and hypovitaminosis D by sunlight exposure in
hospitalized, elderly women with Alzheimer's disease: a random-
ized controlled trial. J Bone Miner Res 20:1327-1333
Smedshaug GB, Pedersen JI, Meyer HE (2007) Can vitamin D
supplementation improve grip strength in elderly nursing home
residents? A double-blinded controlled trial. Scand J Food Nutr
51:74-78

Gupta R, Sharma U, Gupta N, Kalaivani M, Singh U, Guleria R,
Jagannathan NR, Goswami R (2010) Effect of cholecalciferol and
calcium supplementation on muscle strength and energy metab-
olism in vitamin D deficient Asian Indians: a randomized
controlled trial. Clin Endocrinol (Oxf). doi:10.1111/j.1365-
2265.2010.03816.x

Janssen HC, Samson MM, Verhaar HJ (2010) Muscle strength and
mobility in vitamin D-insufficient female geriatric patients: a
randomized controlled trial on vitamin D and calcium supple-
mentation. Aging Clin Exp Res 22:78-84

Armas LA, Hollis BW, Heaney RP (2004) Vitamin D2 is much
less effective than vitamin D3 in humans. J Clin Endocrinol
Metab 89:5387-5391

. Houghton LA, Vieth R (2006) The case against ergocalciferol

(vitamin D2) as a vitamin supplement. Am J Clin Nutr 84:694—
697

Boonen S, Lips P, Bouillon R, Bischoff-Ferrari HA, Vanderschue-
ren D, Haentjens P (2007) Need for additional calcium to reduce
the risk of hip fracture with vitamin d supplementation: evidence
from a comparative metaanalysis of randomized controlled trials. J
Clin Endocrinol Metab 92:1415-1423

DIPART (The vitamin D Individual Patient Analysis of Random-
ized Trials) Group (2010) Patient level pooled analysis of 68, 500
patients from seven major vitamin D fracture trials in US and
Europe. BMJ 340:b5463

Ceglia L (2008) Vitamin D and skeletal muscle tissue and
function. Mol Aspects Med 29:407-414

Sorensen O, Lund B, Saltin B, Lund B, Andersen H, Hjorth L,
Melsen F, Mosekilde L (1979) Myopathy in bone loss of ageing:
improvement by treatment with 1 alpha-hydroxycholecalciferol
and calcium. Clin Sci (London) 56:157-161

Bischoff-Ferrari HA, Dawson-Hughes B, Willett WC, Stachelin
HB, Bazemore MG, Zee RY, Wong JB (2004) Effect of vitamin D
on falls: a meta-analysis. JAMA 291:1999-2006

Snijder MB, van Schoor NM, Pluijm SM, van Dam RM, Visser
M, Lips P (2006) Vitamin D status in relation to one-year risk of
recurrent falling in older men and women. J Clin Endocrinol
Metab 91:2980-2985

Gilsanz V, Kremer A, Mo AO, Wren TA, Kremer R (2010)
Vitamin D status and its relation to muscle mass and muscle fat in
young women. J Clin Endocrinol Metab 95:1595-1601

Kolber MJ, Beekhuizen K, Cheng MS, Fiebert IM (2007) The
reliability of hand-held dynamometry in measuring isometric
strength of the shoulder internal and external rotator musculature
using a stabilization device. Physiother Theory Pract 23:119-124


http://dx.doi.org/10.1111/j.1365-2265.2010.03816.x
http://dx.doi.org/10.1111/j.1365-2265.2010.03816.x

Osteoporos Int

50. Wikholm JB, Bohannon RW (1991) Hand-held dynamometer
measurements: tester strength makes a difference. J Orthop Sports
Phys Ther 13:191-198

51. Hopkins WG (2000) Measures of reliability in sports medicine
and science. Sports Med 30:1-15

52. Dawson-Hughes B, Mithal A, Bonjour JP, Boonen S, Burckhardt
P, Fuleihan GE, Josse RG, Lips P, Morales-Torres J, Yoshimura

53.

N (2010) IOF position statement: vitamin D recommendations
for older adults. Osteoporos Int. doi:10.1007/s00198-010-
1285-3

Verhage AP et al (1998) The Delphi list: a criteria list for quality
assessment of randomised clinical trials for conducting systematic
reviews developed by Delphi consesus. J Clin Epidemiol 51
(12):1235-41

@ Springer


http://dx.doi.org/10.1007/s00198-010-1285-3
http://dx.doi.org/10.1007/s00198-010-1285-3

	Effect of vitamin D supplementation on muscle strength: a systematic review and meta-analysis
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Data sources and study selection
	Assessment of methodological quality of studies
	Data extraction and analysis

	Results
	Study quality assessment
	Intervention
	Outcome measures
	Effect of vitamin D supplementation on muscle strength
	End of trial 25(OH)D level—response to intervention
	End of trial 1,25(OH)2D
	Muscle strength
	Baseline 25(OH)D level ≥25&newnbsp;nmol/L
	Baseline 25(OH)D level ≤25&newnbsp;nmol/L


	Discussion
	Limitations
	Population studied

	Conclusion
	Appendix 1—search strategy
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


