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Abstract: 
Vitamin D deficiency is a common and potentially modifiable risk factor for impaired balance and falls in older adults. Hence ninety 
community-dwelling adults aged ≥65 years were categorized according to serum 25(OH) D levels and assessed using the Berg 
Balance Scale, Timed Up and Go test and Single-Leg Stance test. Participants with sufficient vitamin D levels showed significantly 
better balance performance than those with deficiency or insufficiency (p<0.001). Serum 25(OH)D levels demonstrated a strong 
positive correlation with balance outcomes (r=0.61, p<0.001), while fall risk was highest among vitamin D-deficient individuals. Thus, 
data shows the maintaining adequate vitamin D status may improve balance and support fall-prevention strategies in elderly adults. 
 
Keywords: Vitamin D deficiency, 25-hydroxyvitamin D (25(OH)D), postural balance, elderly adults, fall risk, berg balance scale 
(BBS), timed up and go test (TUG)  

 
Background: 

Falls are a major public health concern among older adults and 
are associated with substantial morbidity, disability, loss of 
independence and mortality. Approximately one-third of 
community-dwelling individuals aged 65 years and older 
experience at least one fall annually, with the incidence 
increasing further in advanced age groups [1]. Impaired balance 
and neuromuscular dysfunction are among the most important 
modifiable risk factors contributing to falls in the elderly 
population [2]. Vitamin D is a fat-soluble hormone traditionally 
recognized for its role in bone metabolism but is increasingly 
acknowledged for its influence on muscle function, 
neuromuscular coordination and postural stability [3]. Vitamin 
D receptors are present in skeletal muscle and neural tissues and 
the active metabolite, 1, 25-dihydroxyvitamin D, regulates 
calcium homeostasis and muscle contraction. Deficiency of 
vitamin D has been associated with reduced muscle strength, 
impaired reaction time and dysfunction of type II muscle fibers, 
which are essential for rapid postural corrections and fall 
prevention [4]. Vitamin D deficiency, defined as serum 25-
hydroxyvitamin D [25(OH)D] levels below 20 ng/mL, is highly 
prevalent among older adults worldwide. Reduced sunlight 
exposure, age-related decline in cutaneous vitamin D synthesis, 

inadequate dietary intake and impaired metabolic activation 
contribute to low vitamin D status in this population [5]. 
Consequently, hypovitaminosis D has been linked to sarcopenia, 
osteoporosis, muscle weakness and increased susceptibility to 
falls [6]. Several observational studies have reported significant 
associations between lower serum 25(OH)D concentrations and 
poorer physical performance, including reduced gait speed, 
diminished muscle strength and impaired balance [7]. 
Commonly used assessment tools such as the Berg Balance Scale 
(BBS), Timed Up and Go (TUG) test and Single-Leg Stance (SLS) 
test provide reliable measures of balance and functional mobility 
in elderly individuals. Despite increasing evidence, the 
relationship between vitamin D status and objectively measured 
balance performance remains incompletely understood, 
particularly across different categories of vitamin D sufficiency 
and deficiency [8]. Therefore, it is of interest to report the 
relationship between serum 25-hydroxyvitamin D levels and 
balance performance among elderly adults using validated 
balance assessment tools. 
 
Methodology: 
This cross-sectional observational study enrolled 90 community-
dwelling elderly adults aged 65 years and above from outpatient 
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geriatric clinics over a period of 12 months. Participants were 
classified into three groups based on fasting morning serum 25-
hydroxyvitamin D [25(OH)D] levels measured by 
electrochemiluminescence immunoassay: Group 1 (Deficient: 
<20 ng/mL, n=30), Group 2 (Insufficient: 20-29 ng/mL, n=30) 
and Group 3 (Sufficient: >=30 ng/mL, n=30). Inclusion criteria 
required participants to be ambulatory without assistive devices, 
free from primary neuromuscular or vestibular disorders and 
not receiving active vitamin D supplementation within the 
preceding three months. Exclusion criteria encompassed a 
history of recent lower limb fractures or surgeries within the 
preceding six months, diagnosed vestibular disorders, severe 
visual impairment uncorrected by aids, advanced Parkinson 
disease or cerebellar ataxia and any systemic medical condition 
independently confounding balance assessment. Balance 
performance was evaluated using three validated clinical tools: 
(1) the Berg Balance Scale (BBS), a 14-item observational scale 
scored 0-56, where scores below 45 indicate elevated fall risk; (2) 
the Timed Up and Go (TUG) test, which records the time in 
seconds required for participants to rise from a standard 
armchair, walk three meters, turn, return and sit, with scores 
exceeding 12 seconds indicating fall risk; and (3) the Single-Leg 
Stance (SLS) test, recording the duration in seconds that a 
participant maintains unipedal balance with eyes open on a firm 
surface. All balance assessments were performed in 
standardized conditions by trained physiotherapists who were 
blinded to participant’s serum vitamin D results to eliminate 
assessment bias. Demographic data including age, sex, body 
mass index (BMI), comorbidities such as diabetes and 
hypertension and medication history were recorded at baseline. 
Statistical analysis was performed using SPSS version 26.0 (IBM 
Corp., Armonk, NY). Continuous variables were expressed as 
mean plus or minus standard deviation. Between-group 
comparisons of balance scores were performed using one-way 
analysis of variance (ANOVA) with post-hoc Tukeys honestly 
significant difference test. The linear association between serum 
[25(OH)D] levels and each balance outcome measure was 
assessed using Pearson correlation coefficient analysis. A p-
value of less than 0.05 was considered statistically significant for 
all analyses. Institutional ethical approval was obtained prior to 
study commencement and all participants provided written 
informed consent in accordance with the Declaration of Helsinki. 
 
Results: 
A total of 90 community-dwelling elderly adults were included 
in the study and categorized into vitamin D deficient (n=30), 
insufficient (n=30) and sufficient (n=30) groups based on serum 
25-hydroxyvitamin D [25(OH)D] concentrations. Baseline 
demographic characteristics were broadly comparable across the 
three groups. The mean age ranged from 70.9 ± 4.3 to 72.4 ± 5.1 
years, while BMI values ranged from 25.4 ± 2.7 to 26.8 ± 3.2 
kg/m². Sex distribution and prevalence of common 
comorbidities, including diabetes mellitus and hypertension, 
were also similar among the groups. Mean serum [25(OH)D] 
levels were 13.2 ± 3.4 ng/mL in the deficient group, 24.6 ± 2.8 
ng/mL in the insufficient group and 36.7 ± 4.1 ng/mL in the 

sufficient group, confirming clear separation of participants 
according to vitamin D status (Table 1). Balance performance 
differed significantly according to vitamin D status. Participants 
with sufficient vitamin D levels achieved the highest Berg 
Balance Scale (BBS) scores (49.7 ± 3.1), followed by the 
insufficient group (43.1 ± 4.2) and deficient group (38.4 ± 5.6). 
Furthermore, the proportion of participants classified as being at 
risk of falls based on BBS scores below 45 was markedly higher 
in the deficient group (73.3%) compared with the insufficient 
group (46.7%) and sufficient group (6.7%). The differences 
between the deficient and sufficient groups were highly 
significant (p<0.001), while the insufficient group also 
demonstrated significantly poorer performance than the 
sufficient group (p=0.02) (Table 2). Timed Up and Go (TUG) test 
results demonstrated a similar trend. The vitamin D sufficient 
group recorded the shortest mean completion time (9.6 ± 1.8 
seconds), indicating superior functional mobility and balance. In 
contrast, participants with vitamin D insufficiency and 
deficiency required significantly longer times of 12.4 ± 2.1 
seconds and 15.8 ± 2.9 seconds, respectively. Fall risk based on 
TUG values exceeding 12 seconds was observed in 80.0% of 
deficient participants, 43.3% of insufficient participants and only 
10.0% of sufficient participants. These differences were 
statistically significant when compared with the sufficient group 
(Table 3). Single-Leg Stance (SLS) duration also increased 
progressively with higher vitamin D levels. Mean SLS duration 
was 6.2 ± 2.3 seconds in the deficient group, 10.4 ± 2.8 seconds in 
the insufficient group and 16.9 ± 3.5 seconds in the sufficient 
group, indicating substantially better postural stability among 
participants with adequate vitamin D status. Pearson correlation 
analysis demonstrated a strong positive association between 
serum [25(OH)D] concentrations and balance performance 
across the study population (r=+0.61, p<0.001). The consistent 
correlation observed across all groups suggests that higher 
vitamin D levels are associated with improved balance and 
reduced fall risk in elderly adults (Table 4). 
 
Table 1: Demographic and Serum 25(OH)D characteristics of study participants 

Parameter Deficient 
(<20  
ng/mL) n=30 

Insufficient (20-
29  
ng/mL) n=30 

Sufficient 
(>=30  
ng/mL) n=30 

Mean Age (years) 72.4 +/- 5.1 71.8 +/- 4.7 70.9 +/- 4.3 
Sex (Male/Female) 14/16 13/17 15/15 
BMI (kg/m2) 26.8 +/- 3.2 26.1 +/- 2.9 25.4 +/- 2.7 
Mean 25(OH)D (ng/mL) 13.2 +/- 3.4 24.6 +/- 2.8 36.7 +/- 4.1 
Comorbidities 
(DM/HTN) 

11/14 10/13 9/12 

 
Table 2: Berg Balance Scale (BBS) scores across vitamin D status groups 

Group Mean BBS  
Score (0-56) 

% Scoring <45  
(Fall Risk) 

p-value vs  
Sufficient Group 

Deficient (<20 ng/mL) 38.4 +/- 5.6 73.3% <0.001 
Insufficient (20-29 ng/mL) 43.1 +/- 4.2 46.7% 0.02 
Sufficient (>=30 ng/mL) 49.7 +/- 3.1 6.7% -- 

 
Table 3: Timed Up and Go (TUG) Test Results Across Vitamin D Status Groups 

Group Mean TUG  
Time 
(seconds) 

% Exceeding 12  
Seconds (Fall 
Risk) 

p-value vs  
Sufficient 
Group 

Deficient (<20 ng/mL) 15.8 +/- 2.9 80.0% <0.001 
Insufficient (20-29 12.4 +/- 2.1 43.3% 0.03 



ISSN 0973-2063 (online) 0973-8894 (print)  

©Biomedical Informatics (2026) Bioinformation 22(7): 3924-3928 (2026) 
 

3927 

 

ng/mL) 
Sufficient (>=30 
ng/mL) 

9.6 +/- 1.8 10.0% -- 

 
Table 4: Single-Leg Stance (SLS) Duration and Pearson Correlation with Serum 
25(OH)D 

Group Mean SLS  
Duration (seconds) 

Pearson r  
with 25(OH)D 

p-value 

Deficient (<20 ng/mL) 6.2 +/- 2.3 +0.61 <0.001 
Insufficient (20-29 ng/mL) 10.4 +/- 2.8 +0.61 <0.001 
Sufficient (>=30 ng/mL) 16.9 +/- 3.5 +0.61 <0.001 

 
Discussion: 
The present study demonstrates a robust and statistically 
significant positive association between serum [25(OH)D] 
concentration and balance performance across three validated 
clinical assessment tools in elderly community-dwelling adults. 
These findings are consistent with and extend the growing body 
of PubMed-indexed literature linking vitamin D status to 
neuromuscular function and fall risk in ageing populations. 
Kupisz-Urbanska et al. (2021) [9] comprehensively reviewed the 
musculoskeletal consequences of vitamin D deficiency in older 
patients, documenting that hypovitaminosis D is directly linked 
to osteoporosis, sarcopenia, myalgia and proximal myopathy in 
the elderly. They emphasized that low plasma vitamin D levels 
are independently associated with reduced muscle mass and 
strength, predisposing older adults to falls and frailty. These 
findings provide the mechanistic underpinning for the balance 
deficits observed in our deficient group (<20 ng/mL), where 
73.3% of participants scored below the BBS fall-risk threshold of 
45 and 80.0% exceeded the TUG risk cutoff of 12 seconds. 
Aschauer et al. (2021) [10] conducted a 16-week randomized 
controlled trial in 100 seniors aged 65-85 years examining the 
additive effects of vitamin D3 supplementation at 800 IU per day 
combined with resistance training. They demonstrated that 
while resistance training consistently improved physical 
performance scores including the 6-minute walk test and chair 
stand test, the additive contribution of vitamin D 
supplementation was predominantly observed in participants 
who began the intervention with insufficient baseline [25(OH)D] 
levels. This supports our cross-sectional finding that the 
insufficient group (20-29 ng/mL) demonstrated intermediate 
performance on the BBS (43.1 +/- 4.2) and TUG (12.4 +/- 2.1 
seconds), meaningfully inferior to the sufficient group despite 
borderline serum levels. Rodziewicz-Flis et al. (2022) [11] 

demonstrated in a prospective study of elderly women that 12 
weeks of structured physical exercise significantly attenuated 
oxidative stress, improved functional test performance and 
reduced fall risk, with these benefits occurring independently of 
baseline serum [25(OH)D] concentration. While their findings 
highlight the primacy of physical activity in fall prevention, they 
also acknowledge that vitamin D deficiency may represent an 
independent limiting factor for balance recovery, a conclusion 
supported by our data showing that the deficient group 
recorded mean SLS durations of only 6.2 +/- 2.3 seconds, less 
than half the 16.9 +/- 3.5 seconds achieved by the sufficient 
group. Wei et al. (2022) [12] performed a meta-analysis of 38 
randomized controlled trials encompassing 61,350 participants 

and found that vitamin D supplementation at doses of 700 IU or 
greater per day was associated with a statistically significant 
reduction in fall risk (RR 0.87; 95% CI 0.79-0.96). Critically, their 
subgroup analyses revealed that the protective effect was 
greatest in individuals with confirmed vitamin D deficiency at 
baseline and in those receiving daily rather than intermittent 
dosing regimens. This dose-response and threshold-dependent 
pattern is concordant with the significant performance gradient 
we observed across deficient, insufficient and sufficient groups 
in our study, where clinically meaningful and statistically 
significant differences were present at each comparative level. 
Xiong et al. (2024) [13] conducted an updated meta-analysis of 
randomized controlled trials assessing active vitamin D 
analogues on muscle strength and fall rates in elderly 
individuals. Their analysis of 2,431 participants demonstrated 
significant improvements in quadriceps strength and reduced 
fall incidence associated with active vitamin D analogue use. The 
quadriceps is a primary determinant of dynamic balance and the 
principal muscle group engaged during the TUG test, providing 
direct mechanistic support for the association observed in our 
study between 25(OH) D status and TUG performance. The 
80.0% rate of TUG times exceeding the 12-second fall-risk 
threshold in our deficient group underscores the functional 
significance of this neuromuscular pathway [14]. This review 
reinforces the clinical relevance of the strong correlations 
identified in our study between [25(OH)D] status and all three 
balance measures and supports the call for individualized 
screening, targeted supplementation and structured follow-up as 
integral components of geriatric fall prevention programs. 
 
Conclusion: 
Adequate vitamin D status was significantly associated with 
better balance performance and lower fall risk in elderly adults. 
Participants with sufficient serum [25(OH) D] levels 
demonstrated superior BBS, TUG and SLS outcomes compared 
with those having vitamin D deficiency or insufficiency. Data 
show that maintaining optimal vitamin D levels may support 
balance preservation and contribute to fall-prevention strategies 
in older adults. 
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