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ABSTRACT

Background/Purpose: Supplementation with vitamin D3 has been reported 
to increase appendicular muscle strength. This meta-analysis reports the 
effects of oral vitamin D3 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 (CI): -0.78 to 1.98). In studies with daily vitamin D3 dosage over 800 
IU, there was a trend of association between handgrip strength and vitamin 
D3 with a total mean difference of 0.62 kg (95% CI: 0.07 to 1.17). 

Conclusion: Oral vitamin D3 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 D3 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.

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. 

1. INTRODUCTION

A well locomotor function, including balance and 
protective responses, needs optimal skeletal muscle 
mass and strength. Age-related deteriorated balance 
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600 IU/day were ineffective.9,18 However, other studies 
did not show positive effects on reducing risks of 
falls19-22 or even showed increased risk of falls and 
fractures with vitamin D administration.23 Although 
higher serum levels of vitamin D were associated 
with reduced injury rates and improved sports 
performance,11 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.24 

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 

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.1 Lindle et al. 
indicated that among people aged above 80, 53~57% 
of men and 43-60% of women had sarcopenia.2 
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 pr imary 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.1,3-6

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.7 Adequate supplementation of 
protein, vitamin D combined with calcium contributes 
beneficial effects to musculoskeletal health, especially 
in older vulnerable vitamin D insufficient subjects.7,8

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.7,9-11 On the other hand, other studies 
showed no effects.12-16 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.17

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 IU/
day significantly decreased fall risk. Doses up through 
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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% CI: 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 
(I2=94%, p <0.01). The evaluation of the quality of 
these included studies is presented in Table 2.

4. DISCUSSION

Sa rcopen ia  i ncu r s  many  common ge r i a t r i c 
comorbidi t ies  and disabi l i t ies .  Concomitant 
sarcopenia and vitamin D deficiency is rather 
common, especially in the dwelling elderly. The 
current study demonstrated that low dose vitamin 
D3 supplementation may not be enough to show 
statistical signif icance in increasing handgrip 
strengths. However, a higher daily dosage of vitamin 
D3 over 800 IU could possibly increase handgrip 
strength, implicating a crucial role of dosage in the 
effect of vitamin D3 on sarcopenia. Previous studies 
showed that post-menopausal women with vitamin D 
deficiency had a significant reduction of appendicular 
muscle strength and physical performance.7,17,22,32 
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.33,34 Previous studies confirmed that nutritional 

score.25 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 (CI) 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 
I2 statistics to check between-study heterogeneity, 
and an I2 >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 D3 (> 
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 D3 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 
D3 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)14,15,26-31 (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 IU/day 
and vitamin D dosage <800 IU/day. Two studies were 
excluded due to either much lower (100 IU/day) or 
much higher dosage of vitamin D (2,800 IU/day) (Table 
1). With increasing threshold values for vitamin D 

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

Identification
Potentially relevant studies identified 
and screened for retrieval (N =269)

Studies excluded after 
abstract screening
- �Not a randomized controlled 

trial (RCT) (N=176)
- Non-human study (N=57)

RCTs excluded based on 
detailed review
- �Outcomes not of interest 

(Hip fracture, obesity…)
- �Both groups were taking 

vitamin D

RCTs retrieved for more detailed 
evaluation (N=36)

Studies included for meta-analysis 
(N=8)

Screening

Eligibility

Included
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muscle strength, the results of several studies were 
contradictory, with some showing positive for vitamin 
D7,9-11 whereas others showing null results even in 
the vitamin D deficiency status.12-16,30,44 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 

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.10 
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,10  muscle quality and fiber 
type morphology, especially in the elderly.8 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.28,31,35-41 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.42

However, some controversies exist about the 
optimal dose, mode of administration and duration 
o f  supplementat ion  to  in f luence  t reatment 
outcome.43 Regarding the effects of vitamin D on 

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

Figure 3. Subgroup analysis of the mean difference between vitamin D3 supplement and placebo group based on oral vitamin D3 dosage (> 
800 IU/day).
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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 D3 supplementation 
may not be significantly effective in increasing 
handgrip strength among older adults.  However, 
a daily dosage of vitamin D3 over 800 IU daily may 

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.45 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.46 
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.

Jadad Score items
Bauer JM, 

2015
(27) 

Cangussu 
LM, 2015

(28)

Verreijen 
AM, 2015

(26)

Rondanelli 
M, 2016 

(29)

Bislev LS, 
2018
(30)

Vaes AMM, 
2018
(14)

Grimnes G, 
2019
(15)

Bo Y, 
2019
(31)

Was the study described as 
randomized?

1 1 1 1 1 1 1 1

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

1 1 1 0 1 1 1 1

Was the study described as double 
blind?

1 1 1 1 1 1 1 1

Was the method of double blinding 
described and appropriate?

1 1 1 1 1 1 1 1

Was there a description of 
withdrawals and dropouts?

1 1 1 0 1 1 1 0

Deduct one point if the method 
used to generate the sequence of 
randomization was described and it 
was inappropriate.

0 0 0 0 0 0 0 0

Deduct one point if the study 
was described as double blind 
but the method of blinding was 
inappropriate.

0 0 0 0 0 0 0 0

Total 5 5 5 3 5 5 5 4
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randomized controlled clinical trial. J Clin Endocrinol Metab. 
2012;97(12): 4709-16. 

13. �Rosendahl-Riise H, Spielau U, Ranhoff AH, Gudbrandsen OA, 
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