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A B S T R A C T 
Background and Objectives: Sarcopenia is explained as the loss of muscle strength and muscle mass with 
aging‚ and is one of the major risk factors for metabolic diseases. Cross-sectional studies demonstrate that 
vitamin D is associated with sarcopenia in both men and women. The aim of this study was to investigate the 
effect of vitamin D supplement consumption on muscle strength, muscle function and body composition in 
middle-aged women. 

Materials and Methods: In this randomized double-blind placebo-controlled trial, 71 women aged 40-55 years 
old, with the serum 25(OH)-D <25 ng/ml, were divided in two groups randomly, and received a 1000 IU 
vitamin D tablet (n=37) or a placebo (n=34), daily for 12 weeks. At the beginning and at the end of the study, 
dietary intake, anthropometric indices, muscle strength and function, serum 25(OH)-D, physical activity level 
and sun exposure were assessed. Statistical analysis was performed with SPSS version 20. 

Results: A significant difference in serum 25(OH)-D was found between the intervention and placebo groups 
at the end of the study (P<0.001). In the vitamin D group, handgrip strength was improved, while hand grip 
strength (P=0.233) and knee extension strength (P=0.337) between the two groups did not differ significantly 
after 12 weeks. The mean of timed get up and go test, decreased significantly in the vitamin D group compared 
to the controls (P<0.001). Within the intervention group, body fat content decreased significantly after 12 
weeks (P<0.001), but did not result a significant difference between the two groups (P=0.051). 

Conclusions: It seems in this vitamin D-deficient middle-aged women group, 1000 IU vitamin D consumption 
daily for 12 weeks resulted in improvement of muscle function and body composition, but had no significant 
effect on muscle strength. 

Keywords: Vitamin D, Muscle strength, Muscle function, Middle-aged women 

 
Introduction 

Aging is related to the slow loss of muscle strength 
and muscle mass, resulting in functional 
impairements, disability, and metabolic disorders 
(1,2), and exert a notable burden on individuals and 
community. This age-related loss of muscle strength 
is more important public health concern for women 

because of earlier development of muscular 
weakness, long life, and exhibiting higher rates of 
disablements (3). Reducing in muscle strength in 
some degree is part of normal aging; however, it can 
be delayed or accelerated by some factors including 
nutritional status, overweight, and physical activity 
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(2). Different rates of decreasing in muscle strength in 
the population also established the important effects 
of modifiable behavioral factors on muscle strength 
(4). Existing studies, which are mainly observational, 
show the potential effects of dietary patterns (5), 
quality of diet, and especially intakes of protein, 
vitamin D, antioxidants, and nutrients on muscle 
strength (4).  

Vitamin D is a fat soluble vitamin that has an 
essential role in calcium homeostasis and keeping of 
normal bone metabolism (6). 25-hydroxyvitamin D is 
the major form in the circulation and is the primary 
index of vitamin D status in humans (6). Data propose 
that vitamin D status is important for the different 
organs such as pancreatic β-cells, vascular endothelial 
cells, neurons, immune cells, osteoblasts and 
myocytes; all of these contain vitamin D receptors 
(6). Moreover, vitamin D deficiency is associated 
with loss of skeletal muscle mass and function (6). In 
both a cross-sectional study and a prospective study, 
low serum levels of 25-hydroxyvitamin D was 
associated with an increased risk of sarcopenia, 
regardless of obesity (7,8).    

Vitamin D deficiency is related to muscular 
weakness, and is usual in elderly people (8,9). Older 
people are susceptible to develop vitamin D 
deficiency because of reduced dietary intake, 
diminished sun exposure, decreased skin thickness, 
reduced intestinal absorption, and impaired 
hydroxylation in the liver and kidneys (11-13). 

Vitamin D metabolites influence on muscle 
metabolism in three ways: 1)by mediating gene 
transcription, 2)quick pathways that not involving 
DNA synthesis, and 3)by the allelic variant of the 
vitamin receptor (15).  

Vitamin D supplementation induces fast changes in 
calcium metabolism of the muscle cells that cannot be 
explained by slow genetic pathways. Evidence 
demonstrates that 1,25(OH)D3, possibly through the 
vitamin D membrane receptor (15,16), influences 
directly on the muscle cell membrane. On 
1,25(OH)D3 binding, several second-messenger 
pathways were activated in the muscle cell, leading to 
raised calcium uptake (within minutes) that releases 
the activatad calcium channels through both voltage-
dependent calcium channels (17,18) and calcium (19). 

Also low serum 1,25(OH)-D level may lead to 
overweight because vitamin D is a major determinant 
of PTH level. Elevated PTH level promotes calcium 
influx into adipocytes (20), where intracellular 
calcium enhances lipogenesis; therefore, high PTH 
level may be associated with weight gain (20).  

Hence, the present study aimed to investigate the 
effect of vitamin D supplementation on body 
composition, muscle strength, and functional mobility 
in apparently healthy middle-aged women. 
Materials and Methods  

This study was a randomized, double-blinded and 
placebo-controlled trial. Participants were recruited 
from staff at Iran University of Medical Sciences 
(IUMS). Volunteers could participate in the study if 
they were female, aged 40-55 years with the serum 
25(OH)-D <25 ng/ml, had a body mass index (BMI) 
18.5-29.9 kg/m2, were not suffering from any chronic 
diseases, were not a smoker, non- pregnant or 
lactating or menopause, and were not taking vitamin 
D supplement, laxative, or hormone medications. We 
excluded the women who had less than 80% 
compliance with the treatment, and those who were 
participating in weight loss programmes or taking 
nutritional supplements. 

The number of participants calculated for each 
group was 31 at 80% power and α of 0.05 to defect a 
difference of 4 kg in handgrip strength between the 
groups with an SD of 5.6 kg (21). To allow for 
attrition, 37 participants were recruited for each 
group.   

The 74 participants, who met the criteria, were 
randomly allocated in to two groups: vitamin D group 
(n=37) had to take a vitamin D supplement tablet of 
1000 IU (Jalinous; made in Iran), and the placebo 
group (n=34) to take one placebo tablet daily with 
lunch. The placebo was made of maltodextrin 
("Roshd" Pharmaceutical Incubation Center of Tehran 
University of Medical Sciences) and had an 
appearance to the vitamin D tablet. The intervention 
was conducted for 12 weeks. The participants were 
asked not to change their routine dietary intake and 
physical activity during the intervention. 

The present study was approved by the Ethics 
Committee of the Iran University of Medical 
Sciences, and Iranian Registry of Clinical Trial 
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(registration no. IRCT 201112182365N6), and written 
informed consent and subject assent were obtained. 

The participants were allocated randomly using a 
random number table; for this, a person who was not 
involved in the study protocol created the 
randomization list and allotted the participants to the 
vitamin D or placebo group. Twenty eight vitamin D 
and placebo tablets were put in to unlabeled 
containers; the study leader labeled these containers 
with participant numbers using the randomization list. 
Three containers for each subject were provided for 
intervention during three 4-week periods. Compliance 
with the intervention was evaluated by pill counts. 
For this, all the participants returned their three 
containers at the end of the each 4-week period. 

At the beginning and at the end of the study, serum 
25(OH)-D, anthropometric, dietary intakes, sun 
exposure and physical activity variables were 
assessed. 

Blood samples were gathered after 10 h overnight 
fasting before and after the intervention, and serum 
was obtained by centrifugation at 800-1000 RPM for 
10 min; the serum samples were frozen and stored at -
800c. Serum 25(OH)-D was measured by ELISA 
(Micro plate Reader MPR4 Plus, Hiperion) and Euro 
Immune Kit.  

We assessed body weight to the nearest 0.1 kg 
while the participants were minimally clothed and 
without shoes by e-body (Beurer, Germany). Height 
was measured to the nearest 0.5 cm in standing 
position without shoes. Body mass index (BMI) was 
computed as body weight (kg) divided by height 
squared (m2). Body fat mass was taken by e-body 
(Beurer, Germany). 

Dietary intakes were evaluated with a 24-h food 
recall for 2 days (1 week day and 1 weekend day), 
and nutrient intakes were estimated using nutritionist 
4 software. Physical activity level was assessed by the 
short form of the International Physical Activity 
Questionnaire (IPAQ) and expressed in Met-
Min/week (22). Sun exposure was assessed 
quantitatively with the questionnaire. A sunshine 
exposure score was acquired based on (a) how often 
and what time of day the subjects were outside, (b) 
which parts of the body were exposed as a percentage 
of total body surface area, and (c) did the subjects use 
sun screen or not (23). 

Muscle Performance: We measured upper body 
strength and lower body strength by handgrip strength 
test and knee extension strength test, respectively, and 
muscle function was assessed quantitatively using 
Time Get Up and Go test (TGUG) before and after 
the intervention.  

Handgrip strength was evaluated in kg in dominant 
hand using a hand-held dynamometer (digital hand 
dynamometer “DIGI-ІІ,” Korea). The participants 
were seated on standard armchair with shoulder 
adducted and neutrally rotated, elbow bent to 900, and 
the forearm and wrist were in a neutral position (24).  

Isometric knee extension strength was assessed 
with a calibrated hand held dynamometer (Nicholas 
Manual Muscle Tester; Lafayette Inc) -in kg in 
dominant leg. The participants were seated on 
straight-back standard chair with their hips and knees 
bent 900. The dynamometer was put proximal to the 
ankle joint of subjects, and they were asked to raise 
their leg (25). During  the testing, the subjects were 
encouraged to raise the force to the greatest slowly 
while the tester was opposing. 

For TGUG test, the subjects were seated on the 
chair. They were asked to stand up and walk at 
normal step 3m, turn to chair, and sit down. Value in 
seconds (s) was used (26,27).  
Statistical analysis was performed with SPSS version 
20. Descriptive statistics were presented as mean±SD. 
We examined the normality of data with 
Kolmogorov-Smirnov test. All data had been 
normally distributed. Paired t-test was used to 
compare baseline and after 12 weeks values in each 
group. Differences between the two groups at 
baseline, at week 12, and its changes after 12 weeks 
were examined with independent t-test. P<0.05 were 
considered significant statistically. 
Results  

Of 74 participants primarily included in the study, 
three in the placebo group withdrew because of non-
compliance with the intervention, and personal 
reasons. Compliance with treatment was roughly 90% 
in each group. No significant differences between the 
groups were seen for age, weight, height, BMI, 
physical activity, and serum 25(OH)-D (Table 1). 
Moreover, no significant changes in weight, BMI, 
physical activity, and serum 25(OH)-D were observed 
within each group during the intervention. 
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Table 1. Characteristics of the participants in the vitamin D and placebo groups at baseline and after 12 weeks  

Placebo (n=34)  Vitamin D (n=37)  Variable  
45.73±3.08 

 
69.32±7.79 
70.30±7.37 

 
156.1±5.6 
156.1±5.6 

 
27.51±2.44 
27.68±2.52 

 
420 
383 
 

1504.44±1.98 
1551.64±1.94 

 
57.02±26.15 
57.82±25.64 

 
195.08±3.11 
188.69±2.97 

 
69.06±12.96 
68.14±12.12 

 
0.35±0.24 
0.29±0.17 

  
154.01±58.40 
150.61±49.80 

 
621.50±229.50 
601.00±191.40 

 
6.46±2.20 
5.70±2.20  

45.24±2.64 
 

67.71±7.13 
67.17±7.08 

 
157.7±6.5 
157.7±6.5 

 
27.22±2.53 
27.05±2.55 

 
438 
363 
 

1477.40±1.78 
1482.01±1.74 

 
52.13±10.23 
53.89±13.34 

 
198.54±2.79 
200.12±2.67 

 
62.89±13.69 
61.19±15.23 

 
0.23±0.16 
0.29±0.16 

 
158.11±61.9o 
157.20±55.61 

 
612.90±274.31 
628.20±241.50 

 
6.60±2.60 
6.80±2.60  

Age, years 
Weight, kg 

Baseline 
Week 12 

Height, cm 
Baseline 
Week 12 

BMI, kg/m2 
Baseline 
Week 12 

Physical activity, Met-min/week 
Baseline 
Week 12 

Energy intake, kcal/day 
Baseline 
Week 12 

Total fat intake, g/day 
Baseline 
Week 12 

Carbohydrate intake, g/day 
Baseline 
Week 12 

Protein intake, g/day 
Baseline 
Week 12 

Vitamin D intake, μg/day 
Baseline 
Week 12 

Mg, mg/day 
Baseline 
Week 12 

Ca, mg/day 
Baseline                            
Week 12 

Zinc, mg/day 
Baseline 
Week 12 

            Values are mean±SDs       
 
The mean dietary intake of energy, carbohydrate, 

protein, total fat, and vitamin D, calcium, magnesium 
was not significantly different between the two 
groups at baseline and end of the study (Table 1). 
These dietary intake items did not alter significantly 
within each group during the intervention. In addition, 
this study was done in winter, and the participants 
mostly used sun screen with SPF >10; therefore in 
both the vitamin D and placebo groups at baseline and 
also during the intervention, cutaneous synthesis of 
vitamin D was not considerable.   

Serum 25(OH)-D levels increased to 25.05±6.07 
vs. 13.33±6.22 ng/ml (P<0.001) respectively in 
vitamin D group, in comparison to the placebo group 
after 12 weeks (Table 2). Therefore, serum 25(OH)-D 

significantly increased in the intervention group 
compared to the placebo group.  

There was no significant difference between the 
groups in relation to handgrip strength and knee 
extension strength at baseline and after 12-week 
intervention. Handgrip strength increased from 
24.51±10.64 to 24.60±4.84 kg (P=0.960) in the 
vitamin D group and decreased from 24.05±5.86 to 
23.02±6.18 kg (P=0.009) in the control group at the 
end of week 12 compared to baseline, but the increase 
did not significantly different between the two groups 
(P=0.233). Knee extension strength rose from 
28.19±13.98 to 26.03±4.80 kg in the vitamin D group, 
and from 24.77±6.45 to 24.70±6.65 kg in the control 
group during the intervention, but none of these 
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changes reached significant. The mean TGUG test 
reduced from 9.75±2.07 to 8.27±1.74 s in the vitamin 
D group (P<0.001) as compared to baseline, while no 
significant change was observed in the placebo group 
(Table 2). A significant difference was observed in 
TGUG test between the two groups at week 12 
(P<0.001).  
There was no significant difference between the 
groups in fat mass at baseline. The body fat content 

significantly decreased from 26.00±4.96 to 
25.20±4.79 kg (P<0.001) in the intervention group, 
and increased from 26.94±4.57 to 27.57±5.04 kg 
(P=0.183) in the placebo group at the end of week 12. 
However, the changes did not reach significant 
compared with the placebo group (P=0.051).     
(Table 3).  

 
Table 2. Comparison of the baseline and post treatment values (Mean±SD) in the vitamin D and placebo groups; serum 
25(OH)-D, muscle strength and muscle function variablesa 

P valueb Week 12 P valueb Baseline Variable 
Placebo Vitamin D  Placebo Vitamin D 

<0.001* 13.33±6.22 25.05±6.07 0.710 16.85±5.98 15.72±6.68 25(OH)-D3(ng/ml) 
 

0.233  
 

23.02±6.18 24.60±4.84 0.824 24.05±5.86 24.51±10.64 Handgrip strength(kg) 

0.337 
 

24.70±6.65 26.03±4.80 0.197 24.77±6.45 28.19±13.98 Knee extension strength(kg) 
 

<0.001*  10.29±2.03 8.27±1.74 0.515 10.05±1.79 9.75±2.07 Time Get Up and Go test (s) 
aValues are shown as mean±SDs. 
bP value according to independent-t-test 
*Results are statistically significant at P<0.001.  
 

Table 3. Comparison of the baseline and post treatment values (Mean±SD) in the vitamin D and placebo groups; fat massa 

P value Placebo group P valueb Vitamin D group Variable 
Week 12 Baseline  Week 12 Baseline 

0.183  27.57±5.04 26.94±4.57 <0.001* 25.20±4.79 26.00±4.96 Fat 
mass(kg) 

aValues are shown as mean±SDs. 
bP value according to paired-t-test 
*Results are statistically significant at P<0.001.  

 
Discussion  

In the present study, daily intake of 1000 IU 
vitamin D for 12 weeks significantly increased serum 
25(OH)-D level in the vitamin D group as compared 
with the placebo group. But significantly improving 
vitamin D status in the intervention group did not 
result in significant difference in muscle strength 
between the two groups. In a study of 70 female 
geriatric patients >65 years of age with serum 25-
hydroxyvitamin D3 levels between 20 and 25 nmol/L, 
the clinical trial study to investigate cholecalciferol 
400 IU/day+calcium 500 mg/day (D/Cal group) or a 
placebo+calcium 500 mg/day (Plac/Cal group) for 6 
months led to significant improvement in vitamin D 
status in the D/Cal group compared with the Plac/Cal 
group; however, it did not result in a significant 
difference in muscle strength or muscle functional 
between the two groups (28). Evidence has found that 

vitamin D supplementation increased serum levels of 
25(OH)-D to normal levels, more than 30 ng/ml or 75 
nmol/L (29), which was related to improvement in 
muscle strength and balance; this may express the 
basis of fall prevention with higher doses of vitamin 
D. Optimal fall prevention has been found in trials in 
which mean serum levels achieved in 75 to 100 
nmol/L, whereas low doses of vitamin D ( <800 IU) 
or achieved serum 25(OH)-D levels less than 60 
nmol/L did not reduce falls (30). Vitamin D 
deficiency is reported to cause proximal muscle 
weakness with a reduction in type 2 muscle fibers 
(31). Type 2 fibers are fast twitch and are involved in 
activities with high intensity but short duration. 
Moreover, several vitamin D receptor polymorphism, 
which are defined as subtle variations in DNA 
sequence of vitamin D receptor gene, exist that are 
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associated with a range of biological features 
including muscle strength (31). Another barrier that 
leads to variability when attempting to describe the 
relationship between vitamin D and muscle strength 
in adults includes testing methods. Handgrip strength 
was one of the most common assessors for muscle 
strength but different equipments were utilized on 
different muscle groups to complete these 
measurements and possibly contribute to outcome 
variability (32).  

The TGUG test is the time required to complete a 
series of important functional performances including 
stand up from a standard chair, walk 3m, turn down, 
and sit down, and is a beneficial method for 
assessment of functional mobility (26,27). It caused a 
significant decrease in the intervention group as 
compared to the control group. Three possible 
mechanisms have demonstrated that vitamin D3 may 
affect muscle function (33,34). First, it may act by 
controlling ionized calcium concentrations; thus, 
calcium can have a direct and primary effect on 
muscle cell function. Second, it may have a direct 
effect on dividing myoblasts, and make differentiation 
to multinucleated non-dividing myotubes. Finally, it 
may have a direct effect on muscle cells to make 
expression of specific genes, i.e. a vitamin D-
dependent Ca-binding protein or specific Ca++ 
ATPase enzyme; therefore, changing calcium control 
of the muscle cells. Furthermore, vitamin D 
deficiency leads to myopathies and to disruptions of 
balance and neuromuscular coordination (35). An 
improvement in neuromuscular coordination 
impairment leads to nerve growth factor synthesis by 
vitamin D derivatives as shown in vitro in fibroblasts 
and astrocytes and in vivo in rat brain (36). This 
shows that vitamin D deficiency influences more 
coordinative muscle function than muscle strength.  

At the end of the intervention, fat mass decreased 
in the vitamin D group and increased in the placebo 
group, while no significant differences were seen 
between the two groups. In some cross-sectional 
studies (36-38), 25(OH)-D concentrations correlated 
negatively with sarcopenia. However, cross-sectional 
design could not demonstrate the causality of vitamin 
D and sarcopenia. It is possible that sarcopenia leads 
to low vitamin D status. Firstly, sarcopenia has 
proven to be a strong predictor of disablement and 

mortality in older persons (38). Declined physical 
activity and less time spent outdoors lead to vitamin 
D insufficiency. Secondly, sarcopenia is mainly 
observed in obese persons, who demonstrate 
significant muscle loss despite an elevated fat mass 
(37). Elevated body fat mass causes trapping of 
vitamin D in the adipose tissue, and lowers the serum 
concentration of vitamin D (38). Third, sarcopenia is 
associated with aging (37). Old age is a risk factor for 
vitamin D insufficiency because the cutaneous 
synthesis of vitamin D3 decreases with age (31). In 
addition, serum 25(OH)-D concentration is an 
important determinant of increased PTH level that 
promotes calcium influx in to the adipocytes (37), 
where intracellular calcium promotes lipogenesis. 
PTH excess may lead to weight gain, and may be 
associated with adiposity (37).  

There were some limitations in the present study; 
firstly, the duration of vitamin D supplementation was 
short, and secondly, serum PTH levels were not 
measured. The long term association between vitamin 
D intake and muscle strength regarding its 
relationship with PTH is also needed to be 
investigated. 

It seems that 1000 IU vitamin D consumption, in 
the vitamin D-deficient middle-aged women group 
daily for 12 weeks, resulted in improvement in 
muscle function and body composition; however, it 
had no significant effect on muscle strength.  
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