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 Abstract
 Context. Vitamin D is a steroid hormone that acts 
by binding to the vitamin D receptor (VDR) found in many 
tissues. According to the long-term mechanism, vitamin D 
causes the proliferation and differentiation of muscle cells by 
gene transcription. 
 Objective. We aimed to evaluate the relationship 
between muscle strength and serum vitamin D levels in 
elderly men. 
 Design. Cross-sectional study. 
 Subjects and Methods. Male patients over age 50 
were included in the study. Study population was divided 
into 2 groups with handgrip strength according to body mass 
index, either as subjects with weak or with normal handgrip 
strength test (HGST). Vitamin D levels and other variables 
compared between weak and normal groups.
 Results. Vitamin D level of weak and normal groups 
were 7.5 (3-19.9) µg/L, and 11.6 (11.6-34.9) µg/L, which 
means significant reduced vitamin D levels in weakness 
group (p=0.01). Vitamin D levels were significantly 
correlated with HGST levels (r:0.362, p=0.001). Vitamin 
D levels were found to be an independent predictor of 
weakness according to HGST in logistic regression analysis 
(OR: 0.453, 95% Cl:0.138-0.769, p=0.05). 
 Conclusions. Low vitamin D level is an 
independent risk factor for muscle weakness in men aged 
more than 50 years. Therefore, vitamin D levels should be 
screened and early replacement should be initiated for the 
sake of improvement of muscle strength in elderly subjects 
that vulnerable for frailty. 

 Keywords: vitamin D, muscle strength, handgrip 
stress test.

INTRODUCTION

 Vitamin D is a steroid hormone that acts by 
binding to the vitamin D receptor (VDR) found in 
many tissues (1). VDR has been shown to be present 
in skeletal muscle. Vitamin D causes proliferation and 
differentiation in muscle cells through VDR (2). Vitamin 

D acts on skeletal muscle by two different mechanisms, 
short and long-term effect (3). According to the long-
term mechanism, vitamin D causes the proliferation 
and differentiation of muscle cells by gene transcription 
(4). According to the short-term mechanism, it affects 
skeletal muscle contraction through regulation of 
calcium-mediated secondary messengers (5). It is 
assumed that gradual loss of muscle mass and loss of 
muscle function in the elderly may also be associated 
with decreased VDR expression in skeletal muscle cells 
(6). The incidence of vitamin D deficiency increases in 
the elderly with less sun exposure, decreased intake of 
vitamin D-containing nutrients, and decreased skin’s 
ability to synthesize vitamin D.
 Muscle weakness is associated with increased 
functional limitations, hospitalization and increased 
risk of death in older adults (7-9). Prospective studies 
among elderly adults have reported muscle strength 
loss rates of 1.5 to 3.6% per year in men and the elderly 
(10-12). The hand grip strength used to estimate the 
total muscle strength measures the strength of the hand 
muscles. It determines weakness according to the body 
mass index, for instance, HGST equal to or lower than 
29 kg in subjects with a BMI ≤24 kg/m2 is defined 
as weakness. Determination of muscle weakness by 
measuring hand grip strength, which is also a marker 
of nutritional status, is important in the diagnosis of 
sarcopenia. Therefore, hand grip strength test is an easy 
way to assess muscle weakness. 
 We aimed to evaluate the relationship between 
muscle strength and serum vitamin D levels in elderly 
men. We also aimed to evaluate the relationship of 
muscle strength with anthropometric measurements 
such as waist circumference, triceps and biceps skin 
thickness and calf circumference.

PATIENTS AND METHODS

 This cross-sectional study was performed 
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Figure 1. Light microscopic micrograph of testis in control group.

with male patients who presented to Abant Izzet 
Baysal University Medical Faculty Hospital, Internal 
Medicine Department. Ethics committee approval of 
the institution was obtained (Decision no: 2019/171). 
110 male patients over 50 years were included in 
the study with their consent forms. Active infection, 
rheumatoid arthritis and inflammatory disease, previous 
cerebrovascular event, acute coronary syndrome in 
the last 3 months, upper extremity deformity and 
malignancy were excluded from the study (22 patients). 
Patients on vitamin D supplements and subjects with 
peripheral neuropathy or peripheral vascular diseases 
were also excluded. The study group was divided into 
2 groups with handgrip strength according to body 
mass index (BMI) either as subjects with weak or 
normal HGST. Patients’ age, gender, chronic disease 
and medications, demographic characteristics (age, 
sex, height, waist circumference, weight, middle arm 
circumference, triceps and biceps skinfold thickness) 
and laboratory data were recorded. Height and weight 
of the patients were measured, and BMI was calculated 
by weight (kg)/ height (m2) formula. Hand grip tests 
were performed with CARMY brand electronic hand 
dynamometer in order to evaluate muscle strength. 
 Middle arm circumference (cm), Triceps 
skinfold thickness (mm), Weight (kg), Body mass 
index (kg/m2), serum vitamin D (µg/L), Albumin (mg/
dl), Height (cm), Diastolic blood pressure (mmHg), 
Systolic blood pressure (mmHg), Biceps skinfold 
thickness (mm), Waist circumference (cm), Age (year), 
Total protein (mg/dL), HGST (kg) and serum creatinine 
were recorded. 

 Measurements
 The patient was in sitting position, shoulder 
in adduction and neutral rotation, elbow in 90 degrees 
flexion, forearm in neutral rotation, wrist in neutral 
position. This process was repeated 3 times with 30 
second intervals and the average of 3 measurements 
was taken as a result. In addition, hand grip strength 
measurement was evaluated as weakness and normal 
strength according to BMI Weakness criteria are as 
follows; for HGST≤29 kg with BMI ≤24 kg/m2; for 
HGST≤30 kg with 24.1≤BMI≤26 kg/m2; for HGST≤30 
kg with 26.1≤BMI≤28 kg/m2; for HGST≤32 kg with 
BMI>28 kg/m2 (13). Skinfold thickness was measured 
with Body Fat Caliper.

 Statistical analysis
 All data were analyzed by SPSS software 
(IBM SPSS 16.0). Kolmogorov-Smirnov test was 

used to examine the distribution of study parameters 
between the groups. Comparison of homogeneous 
parameters was performed by independent samples t 
test (Mean±StD) and non-homogeneous parameters by 
Mann-Whitney U test (Median±{Min-max}). X2 test 
was used to compare categorical variables between 
the groups. The correlation of variables was evaluated 
by Pearson correlation analysis. Variables affecting 
HGST were evaluated in the linear regression analysis. 
These variables were vitamin D, albumin, height, 
waist circumference, middle arm circumference, 
biceps skinfold thickness, triceps skinfold thickness 
and weight. P <0.05 was determined as the level of 
statistical significance.

RESULTS

 A total of 88 male subjects; 45 (51%) weakness, 
and 43 (49%) in normal groups were included in the 
study after exclusion of the subjects that fall into 
exclusion criteria. The ages of weakness and normal 
groups were 66 (51-88) and 61 (51-71), respectively 
(p=0.001). Weakness group was significantly shorter 
than normal subjects (166.5 cm [142-179] in weakness 
group and 170 cm [150-183] in normal group) (p=0.02, 
Table 1). There were no significant differences 
between weakness and normal groups according to the 
waist circumference (p=0.6), and body weight (p=0.6). 
Similarly, systolic and diastolic blood pressures of the 
subjects are not statistically different (p=0.2 in both, 
Table 1). Middle arm circumference, biceps skinfold 
thickness and triceps skinfold thickness which all used 
for nutritional status were similar between study groups 
(Table 1, all p >0.05). Another nutritional parameter, 
albumin, was also similar in study groups (p>0.05). 
Vitamin D levels of weakness and normal groups were 
7.5 (3-19.9) µg/L, and 11.6 (11.6-34.9) µg/L, which 
means significant reduced vitamin D levels in weakness 
group (p=0.01). Body mass indexes of the weak and 
normal groups were 29.8±5.8 kg/m2 and 31.1±5.2 
kg/m2, respectively (p=0.6). Study parameters were 
summarized in Table 1. 
 HGST levels of weakness and normal 
groups were 23.4 (8.7-30.7) kg, and 38.6 (30.2-56.2) 
kg, respectively (p<0.001). Vitamin D levels were 
significantly correlated with HGST levels (r:0.362, 
p=0.001, Fig. 2). Vitamin D levels were found to be 
an independent predictor of weakness according to 
HGST in logistic regression analysis (OR: 0.453, 95% 
Cl:0.138-0.769, p=0.05, Table 2). 
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DISCUSSION

 The main finding of the present study is 
significantly lower vitamin D levels in weakness group 
compared to normal group. Another important finding 
of the present study was that patients in weakness 

group were significantly shorter and significantly older 
than the patients in normal group. Therefore, weakness 
could be related with the reduced vitamin D levels. 
 Frailty is a geriatric syndrome and its incidence 
increases by aging. Moreover, vitamin D producing 
capacity of the skin reduces in the elderly. Moreover, 

Table 1. General characteristics of the study groups according to the HGST

HGST: hand grip strength test.

Weakness to HGST Normal to HGST p
Mean ±St.D.

Middle arm circumference (cm) 28.6±4.2 29.9±3 0.8
Creatinine (mg/dL) 0.9±0.15 0.8±0.15 0.8
Triceps skinfold thickness (mm) 14.1±5.9 13.9±4.2 0.5
Weight (kg) 81.6±16.4 88.9±15.1 0.6
Body mass index (kg/m2) 29.8±5.8 31.1±5.2 0.6

Median (min-max)
Vitamin D (µg/L) 7.5 (3-19.9) 11.6 (11.6-34.9) 0.01*
Albumin (mg/dL) 4.3 (2.8-5) 4.3 (3.3-4.9) 0.07
Height (cm) 166.5 (142-179) 170 (150-183) 0.02*
Diastolic blood pressure (mmHg) 80 (70-100) 90 (60-100) 0.2
Systolic blood pressure (mmHg) 130 (100-180) 140 (100-180) 0.2
Biceps skinfold thickness (mm) 16 (8-45) 16 (6-45) 0.3
Waist circumference (cm) 110.5 (88-142) 115 (88-149) 0.9
Age (year) 66 (51-88) 61 (51-71) 0.001*
Total protein (mg/dL) 7.2 (5.2-8.2) 7.1 (5.7-8.6) 0.7
HGST (kg) 23.4 (8.7-30.7) 38.6 (30.2-56.2) <0.001*

Variable OR 95% Cl p
Vitamin D 0.453 0.138-0.769 0.049*
Albumin 3.06 -2.17- 8.29 0.25
Height -0.23 -0.393-0.348 0.9
Waist circumference -0.366 -0.732- (-0.001) 0.05
Middle arm circumference -0.051 -1.042-0.941 0.9
Biceps skinfold thickness 0.088 -0.238-0.415 0.59
Triceps skinfold thickness -0.205 -0.769-0.360 0.47
Weight 0.350 -0.064-0.765 0.09

Table 2. Variables that affect HGST in linear regression analysis

HGST: hand grip strength test.

Figure 1. Vitamin D levels in study groups. Figure 2. Correlation between vitamin D levels and Handgrip 
strength test (r:0.362, p=0.001).
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daylight exposure of the older population is lower than of 
younger individuals. These consequences contribute to 
lower vitamin D levels in older population. Low vitamin 
D levels are associated with bone and muscular disorders 
(2,6). Musculoskeletal disorders induce frailty in elderly. 
Frailty is a cause of low HGST in this population (14). 
 The HGST is a simple, non-invasive and useful 
diagnostic test in detection of upper extremity weakness. 
HGST reduces by aging (14). Accordingly, weakness 
group was older than normal group in the present study. 
 Reduced testosterone is an important cause 
of muscle weakness in men. Testosterone reduces 
by advanced age, therefore, muscle weakness is 
more prevalent in elderly men compared to younger 
counterparts. Higher testosterone levels were suggested 
to be correlated with elevated HGST levels in the 
literature (15). Lower HGST in the weak compared 
to normal group could be a consequence of lower 
testosterone levels, since the subjects in the weak group 
were older than their counterparts. However, we did not 
study serum levels of testosterone in the present study. 
 Muscle mass is strongly correlated with 
the serum levels of vitamin D in medical literature 
(2,4,6). On the other hand, low vitamin D levels were 
associated with reduced muscle mass (16). Similarly, 
we found that vitamin D levels of the weakness group 
were significantly lower than that of the normal group. 
Moreover, vitamin D was suggested to be a predictor of 
muscle weakness in the present study. 
 The association between vitamin D status 
and HGST is well established. Several studies stated 
the positive correlation between vitamin D and HGST 
(17,18). On the contrary, a study from Asia reported 
no association between these two parameters (19). We 
found a significant correlation between serum vitamin 
D and HGST in the present study. 
 Limitations of the present study are relatively 
small study population and lack of serum testosterone 
level measurements. However, results of present study 
that pointed out a significant correlation between 
muscle weakness and serum vitamin D levels are 
important for current medical literature. 
 In conclusion, low vitamin D level is an 
independent risk factor for muscle weakness in men 
aged more than 50 years. Therefore, vitamin D levels 
should be screened and early replacement should be 
initiated for the sake of improvement of muscle strength 
in elderly subjects that are vulnerable for frailty. 
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