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ABSTRACT 

 

Background: Vitamin D deficiency is considered a key contributor to impaired physical 

performance. However, many studies demonstrating this relationship were conducted in 

female-only populations, and recent studies investigating men specifically found no 

association. Nevertheless, evidence regarding an underlying gender-specific mechanism is 

lacking.  

Objectives: To investigate whether serum 25-hydroxy vitamin D [25(OH)D] is associated 

with physical performance in both men and women. 

Design: Cross-sectional. 

Setting: Community. 

Participants: 616 older adults who visited the Emergency Department due to a fall. 

Measurements: Physical performance was assessed with the Timed “Up & Go” test, the 

“Five Time Sit to Stand” test, handgrip strength, and the tandem stand test. Multivariate linear 

regression was used to assess the association between physical performance, and (log 

transformed) serum 25 (OH)D concentration, and adjust for potential confounders.  

Results: In men, the serum 25(OH)D concentration was significantly associated with better 

handgrip strength, with a regression coefficient (B) and [95% CI] of 3.86 [2.04; 5.69], faster 

TUG times -2.82 [-4.91; -0.73], and faster FTSS times  -3.39 [-5.67; -1.11]. In women, a 

higher serum 25(OH)D concentration was significantly associated with faster TUG times -

2.68 [-4.87; -0.49].  

Conclusion: In the present study, we found a positive association between vitamin D and 

physical performance in both men and women. Intervention studies are needed which include 

vitamin D deficient, older, community-dwelling men and women, to further investigate the 

effect of vitamin D supplementation in this particular group.  
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INTRODUCTION 

 

A decrease in physical performance, such as impaired mobility, reduced muscle strength or 

poor balance, predisposes to falls and related injuries (1-3). Furthermore, it results in loss of 

quality of life (4), threatens functional independence (5-7), and increases the risk of morbidity 

and mortality (8, 9). Therefore, identification of modifiable causes of physical impairment can 

aid in the prevention of decline of functional-independence, future falls, associated morbidity, 

and loss of quality of life (10). 

Muscle tissue is an important target tissue of vitamin D (11). Furthermore, vitamin D 

deficiency has been shown to be a key contributor to a decline in physical performance and 

increase in fall incidence (12-19). However, most studies demonstrating the relationship 

between vitamin D levels and physical performance were conducted in female-only 

populations (12, 15-18). In addition, recent studies investigating the relationship between 

serum 25(OH)D levels and physical performance in men found no significant associations 

(20, 21). However, these studies were conducted in a population of highly functional, younger 

men with a low prevalence of vitamin D deficiency. Furthermore, evidence regarding an 

underlying gender-specific mechanism is lacking.  

Therefore, we assessed whether serum 25(OH)D was associated with physical 

performance in community-dwelling older men and women who visited the emergency 

department (ED) after experiencing a fall. We hypothesized that this association is as strong 

in men as previously demonstrated in women.  
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METHODS 

 

Data collection 

For this study, baseline data of the IMPROveFALL study were used, a detailed description of 

the methods can be found elsewhere (22). In short, patients meeting the following inclusion 

criteria were eligible for enrolment: aged 65 years or older, visited the ED due to a fall, use of 

one or more fall-risk increasing drugs (22-26); Mini-Mental State Examination (MMSE) score 

of at least 21 out of 30 points (27), ability to walk independently, community dwelling, and 

provision of written informed consent by patient. Enrolment started in October 2008 and was 

completed in October 2011. The local Medical Research Ethics Committee approved the 

study protocol. 

 

Covariates 

A fall was defined as coming to rest unintentionally on the ground or a lower level with or 

without losing consciousness, but not induced by acute medical conditions, e.g. stroke, or 

exogenous factors such as a traffic accident (28). At the baseline assessment, a geriatric 

assessment was performed. Medical history, prescription medication, supplements and 

lifestyle factors (e.g., education, smoking, and alcohol intake) were documented. The number 

of comorbidities was derived from the following chronic comorbidities: any malignancy, 

diabetes mellitus, cardiac disease (i.e. hypertension, myocardial infarction, cardiomyopathy, 

congestive heart failure, arrhythmia, and valve disease), chronic obstructive pulmonary 

disease, stroke, neurological disorders (i.e. Parkinson’s disease, epilepsy, neuropathy, 

myopathy, spinal disc herniation, and multiple sclerosis), peripheral vascular disease, renal 

insufficiency, and arthritis. Collected data were verified with records from the patient’s 

general physician and local pharmacist. Height and weight were measured using standardized 
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equipment and procedure. Body mass index (BMI) was calculated as body weight (in 

kilograms) divided by height² (in meters). 

 

Biochemistry 

Non-fasting blood samples were collected at the baseline assessment. Serum 25(OH)D3 levels 

(in nmol/l) were measured using a radio-immuno-assay (DiaSorin, Saluggia (Vercelli) - Italy). 

Intra-assay and inter-assay coefficients of variation were <10%. Serum 25(OH)D groups were 

chosen based on levels of vitamin D deficiency as described in the literature (11, 29); i.e. 

severe vitamin D deficiency < 25 nmol/l, moderate vitamin D deficiency 25 – 49.9 nmol/L, 

and sufficient vitamin D levels, of 50-74.9 nmol/L, and ≥ 75 nmol/L. 

 

Physical performance 

Physical performance was assessed with handgrip strength measurements, the Timed “Up & 

Go” (TUG) test, the Five Time Sit to Stand (FTSS) test, and the tandem stand test. Handgrip 

strength (30), was measured in kilograms using a digital strain-gauged dynamometer (Takei 

TKK 5401, Takei Scientific Instruments Co, Ltd., Tokyo, Japan). The participant was asked 

to stand upright with arms hanging beside his or her body. Subsequently, grip strength was 

measured with the left and right hand. In the TUG test (32), time was measured while the 

participant stood up from a sitting position, walked three meters along a line, performed a 180 

degree turn, walked back to the chair and sat down, as fast as safely possible. In the FTSS test 

(3, 31), time was measured while the participant stood up and sat down five consecutive 

times, as fast as safely possible. The participant was not permitted to use their hands or the 

chair’s arm supports during standing up or sitting down. In the tandem stand test, the 

participant had to stand fully independent for 10 seconds with one foot in front of the other. 
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The test was scored as completed (1) or failed (0) (31). All tests were performed twice and the 

best score was recorded.  

 

Statistical analysis 

All analyses were performed using the Statistical Package of the Social Sciences (SPSS 

version 17.0, Chicago, Ill.). Baseline characteristics were compared using Student t-test 

analyses for continuous variables and chi-square analyses for dichotomous variables. Linear 

regression and binary logistic regression models were constructed to adjust for potential 

confounders. The crude model was solely age-adjusted. Potential confounders that were 

considered for inclusion in the multivariate model besides age, were number of comorbidities, 

degree of urbanization, marital status, level of education, current or past smoker, alcohol units 

p/day, MMSE, and BMI. Confounders that led to a change in the regression coefficient (B) of 

10% or more were retained in the multivariate-adjusted regression model. Participants with 

incomplete or missing performance test measures were excluded from related analyses, 

handgrip strength (n=7), TUG test (n=55), FTSS test (n=95), and the tandem stand test (n=4).  

Missing measures were mostly due to injuries following fall (e.g. upper or lower extremity 

fractures), or pre-existing conditions. Due to a right-skewed distribution, serum 25-(OH)D 

levels were log transformed (natural log) for the regression models. Furthermore, a general 

linear model (GLM) was used to multivariately compare all continuous outcomes, and chi-

square analyses to compare the tandem stand outcomes. All analyses were stratified by 

gender, and a p-value < 0.05 was considered statistically significant. 
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RESULTS 

 

In total, 616 participants were enrolled in the IMPROveFALL study. Serum 25(OH)D 

concentration was obtained from 600 participants, 230 (38%) men and 370 (62%) women 

respectively. The gender-specific baseline characteristics are shown in Table 1; the mean age 

was 76 years with a standard deviation (SD) of 7. The mean ± SD serum 25(OH)D 

concentration was 59 ± 29 nmol/L. Stratification according to vitamin D status is shown in 

Table 2. Of the participants, 55 (9%) had severe vitamin D deficiency (25(OH)D < 25 

nmol/L), 209 participants (35%) had moderate vitamin D deficiency (25(OH)D 25-49.9 

nmol/L), 172 participants (29%) were vitamin D-sufficient and had 25(OH)D levels of 50-

74.9 nmol/L, and 164 participants (27%) had 25(OH)D levels ≥ 75 nmol/L.  

Regression models of the physical performance according to log-transformed serum 

25(OH)D concentration were constructed (Table 3). The results for the men were as follows, 

in the fully adjusted model a higher serum 25(OH)D concentration was significantly 

associated with better handgrip strength, with a regression coefficient (B) and [95% CI] of 

3.86 [2.04; 5.69], faster TUG times -2.82 [-4.91; -0.73], and faster FTSS times  -3.39 [-5.67; -

1.11]. In women, a higher serum 25(OH)D concentration was significantly associated with 

faster TUG times -2.68 [-4.87; -0.49].  

A general linear model was used in order to compare the means of the handgrip 

strength, TUG, and FTSS (Figure 1 A, B and C) according to gender and vitamin D group. 

The percentage of completed tandem stands according to vitamin D group in men was 68%, 

59%, 64% and 86% respectively, p = 0.009. The percentage of completed tandem stands 

according to vitamin D group in women was 44%, 61%, 66% and 63% respectively, p = 

0.153.  
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DISCUSSION 

 

As was hypothesized, serum 25(OH)D levels were significantly associated with physical 

performance, not only in community-dwelling older women, but also in men.  

As mentioned in the introduction, there are several studies which have demonstrated 

the relationship between vitamin D and physical performance (15-21, 33, 34). Although most 

of these were conducted with female-only populations (15-18), some studies including both 

men and women had similar results (12, 33).This includes a 3-year follow-up study which 

reported poorer physical performance and a greater decline in physical performance in older 

vitamin D deficient men and women (19). However, recent studies investigating men 

specifically did not find an association between vitamin D levels and physical performance 

(20, 21, 34). Lack of an association in the previously mentioned populations may be due to 

the target population; young, healthy men, and the low prevalence of vitamin D deficiency 

(20, 21, 34). Our population consisted of older men with a mean age of 76 years, of which a 

large proportion was vitamin D deficient, 44% had 25(OH)D levels <50 nmol/L. Making it a 

particularly adequate population to investigate the relationship between vitamin D and 

physical performance. Furthermore, community-dwelling elderly who have recently 

experienced a fall are certainly part of the target group, which have the greatest need for fall 

prevention strategies. A recent meta-analysis assessing the effects of interventions designed to 

reduce the incidence of falls in older people living in the community observed that only trials 

recruiting participants with lower vitamin D levels at enrolment had a reduction in rate of falls 

and risk of falling (35).  

The following limitations should be taken into account when interpreting our results. 

First, the cross-sectional design of the study limits the ability to infer a causal relationship 

between serum 25(OH)D levels and physical performance, and does not dismiss the 
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possibility of reverse causality. Nevertheless, the comparable population characteristics argue 

against this, all participants had experienced a recent fall and were community-dwelling 

(similar frailty). Furthermore, similar to previous studies, the analyses were multivariately 

adjusted for a wide range of confounders including comorbidities and BMI (with the 

exception of nutrition and physical activity). Second, serum parathyroid hormone (PTH) 

levels were not determined. Vitamin D deficiency leads to an increase of serum PTH which 

increases bone turnover and bone loss, and is related to a decrease in muscle strength (36). 

Third, the use of the MMSE as an exclusion criterion could have resulted in the exclusion of 

the frailest persons. A major strength of this study is the substantial proportion of the 

participants deficient in vitamin D included in the study, which enabled analysis of the 

physical performance in both vitamin D deficient and sufficient men and women. 

In addition, it was striking to note how few of the older fallers in our study were 

prescribed vitamin D supplements, especially in the male population; though 44% of the men 

and women were deficient in vitamin D, only 6% of the men and 17% of the women used 

vitamin D supplements. The under-prescribing of vitamin D in this age group has previously 

been reported (37). Yet, despite evidence that vitamin D supplementation has been shown to 

increase muscle strength and reduce the risk of falls (38), vitamin D deficiency is still 

common in community-dwelling elderly, with a prevalence of 40-100% in U.S. and European 

older men and women (11). Furthermore, while we set the levels ≥50 nmol/L as vitamin D 

sufficient, another opinion is that optimal vitamin D levels should be ≥75 nmol/L (39). This is 

interesting to note when considering figure 1, where it seems levels closer to 75 nmol/L result 

in continued physical performance benefits, especially in men. 

In conclusion, in the present study higher serum 25(OH)D concentrations were associated 

with better strength and physical performance in community-dwelling older men and women. 
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Intervention studies are needed to further investigate the effect of vitamin D supplementation 

in this particular group.  
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Table 1. Baseline characteristics according to gender 

 Men 

(n=230) 

Women 

(n=370) 

 

p-value 

Age (years) 76.4 ± 6.7 76.5 ± 7.0 0.820 

Serum 25(OH)D  58.9 ± 30.9 58.7 ± 27.8 0.939 

Mini Mental State Examination score 27.0 ± 2.3 26.9 ± 2.4 0.716 

Body mass index (kg/m2) 27.1 ± 3.9 27.9 ± 4.9 0.027 

Level of education (secondary) 185 (80) 250 (68) <0.001 

Degree of urbanization (urban) 190 (83) 323 (87) 0.142 

Smoking    

                                       Current 28 (12) 40 (11) 0.609 

                                       Past 152 (66) 122 (33) <0.001 

                                       Never  76 (33) 245 (66) <0.001 

Alcohol units p/day   <0.001 

                                       0   92 (40) 212 (57)  

                                       <1 24 (10) 63 (17)  

                                       1-3 66 (29) 78 (21)  

                                       >3 48 (21) 17   (5)  

Vitamin D supplements 14   (6) 61 (17) <0.001 

Number of comorbidities 2.1 ± 1.2 2.1 ± 1.2 0.654 

Number of medications 5.9 ± 2.9 6.5 ± 3.5 0.027 

Number of FRIDs 2.5 ± 1.5 2.7 ± 1.6 0.378 

 

Data are given as mean values ± standard deviation, or as number (percentages). FRID: fall-

risk increasing drugs. 
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Table 2.   Serum 25 (OH)D groups stratified by gender 

 

 

 

 

 

 

 

Data are shown as number (percentage) 

 

 

 

Men 

(n=230) 

 Women 

(n=370) 

25(OH)D      < 25    nmol/L 19  (8)  36 (10) 

25(OH)D 25 – 49.9 nmol/L 83 (36)  126 (34) 

25(OH)D 50 – 74.9 nmol/L 72 (31)  100 (27) 

25(OH)D      ≥ 75    nmol/L 56 (24)  108 (29) 
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Table 3. Results of regression analysis of strength and physical performance according to log 

transformed serum 25 (OH)D concentration and gender 

 Model 1  Model 2  

Men (n = 230)     

Handgrip strength (n=228) 4.02  [2.30; 5.75]*** 3.86  [2.04; 5.69]*** 

Timed “Up & Go” (n=211) -3.02  [-5.03; -1.02]** -2.82  [-4.91; -0.73]** 

Five Time Sit to Stand (n=197) -3.11  [-5.27; -0.94]** -3.39  [-5.67; -1.11]** 

Tandem stand (n=230) 0.59 [1.05; 3.11]* 0.55 [0.93; 3.19] 

Women (n = 370)     

Handgrip strength (n=365) 0.80 [-0.13; 1.72] 0.67  [-0.26; 1.61] 

Timed “Up & Go” (n=334) -3.19  [-5.34; -1.04]** -2.68  [-4.87; -0.49]* 

Five Time Sit to Stand (n=308) -2.69  [-4.90; -0.49]* -2.13  [-4.30; 0.04] 

Tandem stand (n=366) 0.15 [0.77; 1.76] 0.04 [0.68; 1.59] 

 

Data are shown as B with the 95% confidence interval between square brackets. 

Model 1: adjusted for age. Model 2: adjusted for age, number of comorbidities, smoking, 

degree of urbanization, body mass index, and Mini Mental State Examination score. *p < 

0.05; **p < 0.01; ***p < 0.001. 
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FIGURE LEGENDS 

 

Figure 1. Strength and physical performance according to serum 25 (OH) D group and gender 

 

General linear model analysis of the handgrip strength (A), Timed “Up & Go” test (B), and 

Five Time Sit to Stand test (C) with mean ± standard error. Adjusted for age, number of 

comorbidities, smoking, degree of urbanization, body mass index, and Mini Mental State 

Examination score. 

 

 

 24 


	35. Gillespie LD, Robertson MC, Gillespie WJ, et al. Interventions for preventing falls in older people living in the community. Cochrane Database Syst Rev. 2012 Sep 12;9:CD007146. doi: 10.1002/14651858.CD007146.pub3.

