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ABSTRACT 

Background. Previous studies showed that hypovitaminosis D was associated with poor physical 

and gait performances. The association between vitamin D concentration and muscle capacities 

remains controversial. We suggested that hypovitaminosis D may influence gait performances 

through an action on the central cognitive component of gait control and especially executive 

functions. The objective of the present study was to determine whether hypovitaminosis D was 

associated with increased (i.e. worse) stride time variability while dual-tasking among older 

adults. 

Methods. A subset of 1 566 subjects from the unicentric French ‘MERE’ cohort of 4865 subjects 

were used for this analysis. Serum 25OHD concentration was measured and stride-to-stride 

variability of stride time was defined by the coefficient of variation of stride time.  The dual task 

was a verbal fluency task when walking. Age, gender, Body Mass Index, disability assessed by 

Instrumental Activities of Daily Living, number of co-morbidities, polymedication, use of vitamin 

D and psychotropic drugs, and biologic covariables such as creatinine level, parathyroid hormone 

concentrations, albuminemia, calcemia were used as potential confounders.  

Results. Mean serum 25OHD concentration was 58.8±27.9nmol/L and the mean STV was 

11.73±14.30%. The stride time variability (STV) during dual task and serum 25OHD 

concentration were significantly and inversely associated (β=-0.034, 95%CI [-0.062;-0.006], 

p=0.0169) in the multivariate linear regression model,. 

Conclusions. Serum 25OHD concentration was inversely associated with STV during dual task 

walking as a marker of central cognitive component of gait control involving executive function. 

These results help to improve knowledge about the involvement of vitamin D in gai t brain motor 

control. 



  

INTRODUCTION 

At least one billion people experiences hypovitaminosis D worldwide (1), with increasing 

prevalence with aging and reaching 70-90% in older adults (2). The clinical relevance is linked 

to the onset of various adverse health manifestations accompanying hypovitaminosis D, whether 

skeletal or non-skeletal such as motor disorders. 

In particular, an association with gait performance has been reported repeatedly. Observational 

studies have shown that the lower the serum 25-hydroxyvitamin D (25OHD) concentration, the 

lower the gait velocity and the acceleration capacity (3,4). Interventional studies have reported 

a significant increase in walking distance after 6 months of vitamin D supplementation among 

older women with vitamin D deficiency at baseline (5,6). Several randomized clinical trials have 

also reported that such gait improvement in older adults resulted in a 15-20% reduction of the 

fall risk following vitamin D supplementation (5,7). The whole question is to understand how 

vitamin D, which is a secosteroid hormone classically involved in phosphocalcic bone metabolism 

(2,8), is able to influence gait performance. 

Common proposed explanation is based on possible muscular action of vitamin D (9). It is yet 

noticeable that an association between vitamin D and muscle strength remains controversial as 

it is inconstantly described; some studies having reported an association between 

hypovitaminosis D and muscle weakness (10,11), while others did not (12). Therefore, we 

suggested that vitamin D may actually influence gait through an action on the central cognitive 

component of gait control (13); an assumption consistent with the recent finding of neurosteroid 

properties of vitamin D (14). 

We hypothesized that hypovitaminosis D could be involved in impaired cognitive motor control, 

illustrated by gait disturbances while dual-tasking, a potent marker of cognitive motor control 

(15). We had the opportunity to examine the association of serum 25OHD concentration with 

gait variability under single- and dual-task in older participants with memory complaint from the 



  

French MERE cohort. Our objective was to determine whether hypovitaminosis D was associated 

with increased (i.e. worse) stride time variability while dual-tasking among older adults. 

 



  

MATERIALS AND METHODS 

1. Study population 

Data were collected from the 'Alzheimer's Disease and Related Disorders study' (MERE study) 

between December 2008 and March 2013 (ClinicalTrials.gov number, NCT01315704). The MERE 

study is an observational cohort study designed to examine gait changes in older adults with 

memory complaint visiting the University Memory Center of Angers, France. The sampling and 

data collection procedures have been described elsewhere in detail (16). In summary, subjective 

memory complaint was documented using the Subjective Memory Complaints Questionnai re 

(17), and the main exclusion criteria were Mini-Mental State Examination (MMSE) score ≤10 

(18), inability to walk independently, history of any acute medical illness in the preceding 3 

months, poor vision, inability to understand or answer the study questionnaires, and refusal to 

participate in research. Participants received a full medical examination, which consisted of 

structured questionnaires, a clinical examination, a blood test, and a gait analysis. 

2. Explanatory variable: Serum vitamin D concentration 

Blood samples were collected from resting participants. Serum 25OHD concentration, which 

effectively reflects the vitamin D status (3), was measured using radioimmunoassay (DiaSorin 

Inc., Stillwater, MN) in nmol/L (to convert in ng/mL, divide by 2.496) locally at Angers University 

Hospital. The intra- and interassay precision was 5.2% and 11.3% respectively. In contrary to 

other methods of analysis such as chromatography, with radioimmunoassay method of 25OHD 

concentration measuring, there is no lipids interference. 

3. Dependent variable: Stride-to-stride variability of 

stride time 

Stride time variability (STV, coefficient of variation of stride time = [mean/standard deviation] x 

100) were measured using a computerized walkway with embedded pressure sensors (GAITRite®, 



  

972 cm long, active electronic surface area 792x610 cm, with a total of 29,952 pressure sensors, 

scanning frequency 60 Hz, software version 3.8, CIR System, Havertown, PA). The GAITRite® 

system is a reliable tool for gait analysis that has been validated for several gait protocols, 

including gait variability assessment (19). Two walking conditions were successively measured 

in non-randomized order: walking at self-selected pace (i.e., single-task condition), and then 

walking while enumerating animal names (i.e., dual-task condition). Before each condition, a 

trained evaluator gave standardized verbal instructions to the participants. Participants walked 

in a quiet, well-lit room wearing their own footwear according to a validated protocol published 

elsewhere (19,20). To avoid acceleration and deceleration effects, participants started walking 

one meter before reaching the electronic walkway and completed their walk one meter beyond 

it. 

Standard STV in healthy population is defined by a threshold under 5 percent.(4) 

4. Covariates 

The following clinical variables were included as potential confounders in the statistical models: 

age, sex, nutrition status, disability, number of co-morbidities, polymedication, use of 

psychoactive drugs and use of vitamin D drugs. 

Nutrition status was evaluated with the Body Mass Index (BMI = weight in kg/size in m 2) using 

the same balance. Sub-groups were classified according to World Health Organization criteria. 

Disability was defined by Instrumental Activities of Daily Living (IADL) with a score ≤3/4 assessed 

at inclusion. Number of co-morbidities defined as diseases lasting ≥3months and running a course 

with minimal change, were recorded by the patient's history and using the computerized medical 

file. Polymedication (use of 5 medications or more) was recorded by independent investigator 

the same way as use of psychoactive drugs (use of antidepressants or benzodiazepines or 

neuroleptics or hypnotics) and the use of vitamin D drugs. 

Biological covariates were also assessed such as: calcemia (mmol/L), creatinine level (µmol/L), 

parathyroid hormone (PTH) concentrations (pg/mL). 



  

Executive functions were evaluated with the Frontal Assessment Battery (FAB) with a maximum 

score of 18. 

Stride time variability during walk in simple task, expressed in percentage, has been used as 

covariate. 

5. Statistical analysis 

Characteristics of participants were summarized using medians and standard deviation (SD) or 

frequencies and percentage as appropriate. First, simple linear regression was performed to 

identify whether 25OHD could be associated with STV during dual-task. Second, multiple linear 

regression analyses were performed to specify the association between STV during dual task and 

serum 25OHD after adjusting on covariates. P-values less than 0.05 were considered statistically 

significant. All statistics were performed using Statistical Package for Social Sciences (version 

15.0, IBM Corporation, Chicago, IL). 

6. Ethics 

Participants were included after having given their informed consent for research. The study was 

conducted in accordance with the ethical standards set forth in the Helsinki Declaration (1983). 

The study protocol was approved by the local Ethical Committee (2009/15). 

 

 



  

RESULTS 

4 865 patients were received in consultation at the Memory Center of Angers from September 

2009 to December 2018. One thousand five hundred and sixty-six patients were included in the 

present cohort after exclusion of patients with MMSE<10/30 or missing score (n=360) and 

exclusion of patients received in follow-up consultation (n=1 667), corresponding to exclusion 

criteria of the MERE protocol. Participants with one or more missing data were also excluded (n=1 

272). (Figure 1) Among the 1 566 included patients, mean age was 79.48±7.2years and 56.77% 

were women. In the whole cohort, the mean serum 25OHD concentration was 58.8±27.9nmol/L 

and the mean STV was 11.73±14.30%. (Table 1) 42.4% presented disability, 51.21% suffered 

from polymedication and 36.21% used psychotropic drugs, 24.9% were treated with vitamin D 

supplementation, and the average of comorbidities was 3.01±2.0.  

Calcemia was measured with an average concentration of 2.34±0.1mmol/L and mean serum 

25OHD concentration was 58.82±27.90nmol/L. (Table 1) 

As indicated in Table 2, the association between serum 25OHD concentration and STV during 

dual task in the univariate linear regression model was not significant but p-value was <0.2 (β=-

0.018, 95%CI [-0.043;0.008], p=0.1695). In univariate linear regression model, STV in dual 

task was significantly and positively associated with age (β=0.343, 95%CI [0.245;0.440], 

p<0.0001), disability (β=4.605, 95%CI [3.189;6.022], p<0.0001), polymedication (β=2.373, 

95%CI [0.959;3.786], p=0.0010), use of psychoactive drugs (β=2.666, 95%CI [1.197;4.136], 

p=0.0004), use of vitamin D drugs (β=2.253, 95%CI [0.618;3.889], p=0.0070) and number of 

comorbidities (β=0.947, 95%CI [0.596;1.298], p<0.0001). STV in dual task was higher in 

patient with undernutrition than patients with normal BMI (β=0.343, 95%CI [0.245;0.440], 

p<0.0001). STV during dual task was significantly and negatively associated with Frontal 

Assessment Battery (FAB) (β=-0.613, 95%CI [-0.823;-0.403], p<0.0001). 

In the multivariate linear regression model, STV during dual task and serum 25OHD concentration 

were significantly and inversely associated (β=-0.034, 95%CI [-0.062;-0.006], p=0.0169). 



  

(Table 2) STV during dual task was positively associated with age (β=0.134, 95%CI 

[0.013;0.255], p=0.0305), use of vitamin D drugs (β=2.330, 95%CI [0.530;4.130], p=0.0112), 

the number of comorbidities (β=0.482, 95%CI [0.102;0.863], p=0.0130), and STV during walk 

in simple task (β=0.602, 95%CI [0.459;0.745], p<0.0001). STV in dual task was higher in 

patient with undernutrition than patients with normal BMI (β=-2.936, 95%CI [-5.619;-0.254], 

p=0.0319). 

 

 



  

DISCUSSION AND CONCLUSION 

The main result of this study in 1 566 older people was the finding of an inverse association, after 

adjustment on potential confounding factors, between serum 25OHD concentration and STV while 

dual-tasking. Since STV is a potent marker of high-level gait control together with a marker of 

fall risk (22,23), the present finding suggests a link between vitamin D and gait control, with 

potential interesting clinical implications on fall and disability prevention. 

In the past decade, some previous studies have already found a relationship between vitamin D 

and gait performance (9,24). In animal studies, Kalueff et al. showed that vitamin D receptor 

knockout mice exhibited major motor control disorders (25). In humans, the most studied link is 

between vitamin D and gait velocity (26). Most studies have reported a positive association 

between serum 25OHD concentration and gait velocity (3,26), whether at usual or fast pace. 

These results were important because confirming vitamin D involvement in motor performance 

(27). Of note, an association was also retrieved between serum 25OHD concentration and STV 

(27), a marker of high-level gait control, confirming that vitamin D is associated not only with 

muscle power but also with brain motor control. However, to our knowledge, previous studies did 

not evaluate such link while dual-tasking. Thus, our results support new information by showing 

that vitamin D is associated with STV sensitized by the dual task, which highlights even more 

clearly the involvement of vitamin D in gait control at the cortical level. 

Exactly how vitamin D and cortical gait control are associated and if this association is causal 

remains not fully elucidated. On one hand, it can be assumed that gait disorders lead to a lack 

of sunlight exposure, which in turn result in low serum 25OHD concentrations. However, this first 

assumption needs to be mitigated by the fact that experimentation supports a role for vitamin D 

in Central Nervous System. Animal experiments have shown that vitamin D has neurotrophic, 

neuroprotective and immunomodulating properties and is involved in neurotransmitter 

metabolism and the synthesis of certain growth factors (14,28,29). A scenario of reverse 

causation is thus plausible and should be considered. Supporting this second assumption, 



  

previous studies have reported a link between hypovitaminosis D and incidental dysexecutive 

decline (18). Executive functions are cognitive processes that include heterogeneous afferents 

required to execute complex tasks such as walking (30). The dual-task solicits executive functions 

by recruiting additional attention capacities when a secondary task is added to a primary task 

such as gait control (22). Thus, finding an association between serum 25OHD and STV while 

dual-tasking in the present study is fully consistent with previous studies reporting associations 

between serum 25OHD and executive functioning, and reinforces the assumption that vitamin D 

influences the biology of gait control. Similarly, a previous study by Lopez et al. also reported a 

decline in the performance of the second task in the case of hypovitaminosis D (31). 

Our result also showed that dual-task STV was positively associated with advance in age, a 

greater number of comorbidities and with single-task STV, and was higher in the case of 

undernutrition. These results are consistent with previous literature (32), which strengthens the 

credibility of our primary result. 

However, our study has some limitations. First, it took place in one single memory center and 

included only community-dwellers with subjective memory complaint. Thus, the studied 

population may be not representative of the general population of older adults. Second, although 

we were able to control for many characteristics likely to modify the association between vitamin 

D and STV while dual-tasking, residual confounders might be still present, such as the listing of 

arthritic manifestations (33). Third, the cross-sectional design did not allow any causal 

inferences. For instance, higher dual-task STV may lead to a loss of independency with low dietary 

intakes of vitamin D and a lack of sunlight exposure, which in turn leads to low vitamin D status. 

Hence, further longitudinal studies are needed to follow up on our initial promising results to 

address issues of causality. Fourth, although we assessed the main components involved in gait 

control, residual components of gait control could be missed.  

Lower serum 25OHD concentrations were associated with higher dual-task STV, which is a potent 

measure of cortical gait control. Thus, older adults with gait disorders while dual-tasking should 



  

be checked for hypovitaminosis D and substituted if necessary. Our results add a new orientation 

of research into understanding how vitamin D affects motor coordination and locomotion.  
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Figure 1. Flow-Chart 



  

 

 

 

 

 

 

 

 

Table I. Clinical Characteristics of study participants (n=1 566) 

SD: Standard Deviation 

%: Percentage 

β: Coefficient of regression corresponding to an increase of stride time variability 

CI: Confidence interval 

BMI: Body mass index 

STV : stride time variability 

FAB: Frontal assessment battery 

*: Defined as IADL score ≤3/4 

†: Defined as the use of 5 medications or more 

‡: Use of antidepressants or benzodiazepines or neuroleptics or hypnotics  

||: Diseases lasting ≥3months and running a course with minimal change 

P-values <0.05 were considered statistically significant 

 Total cohort (n= 1 566) 

Age (years), mean±SD 79,48±7.147 

Gender 

Men, n (%) 

Women, n (%) 

 

677 (43.23) 

889 (56.77) 

BMI (ref. <21: undernutrition)* (kg/m2), n (%) 

Normal (BMI 21-25) 

Overweight (BMI 25-30) 

Obesity (BMI ≥30) 

127 (8.11) 

507 (32.38) 

621 (39.66) 

311 (19.56) 

Disability†, n (%) 

Number of comorbidities§, mean±SD  

902 (57.60) 

3,01±2.001 



  

 

Polymedication‡, n (%) 

Use of psychoactive drugs||, n (%) 

Use of vitamin D drugs, n (%) 

802 (51.21) 

567 (36.21) 

390 (24.90) 

Serum 25OHD concentration (nmol/L), mean±SD 

Serum calcium concentration (mmol/L), mean±SD 

Serum creatinine concentration (µmol/L), mean±SD 

Serum parathormone concentration (pg/mL), mean±SD 

FAB score, mean±SD 

STV during walk in simple task, mean±SD 

STV during walk and verbal fluency dual task, mean±SD 

58.82±27.89 

2.34±0.103 

83.90±30.37 

28.46±18.23 

13.19±3.34 

4.44±5.01 

11.73±14.30 



  

Table II. Multivariate linear regression model showing the association between stride-to-stride variability of stride time during walk and verbal 

fluency task (dependent variable) and serum 25OHD concentrations (independent variable) adjusted on clinical characteristics 

β: Coefficient of regression corresponding to an increase of stride time variability 

CI: Confidence interval 

BMI: Body mass index 

STV : stride time variability 

FAB: Frontal assessment battery 

*: Defined as IADL score ≤3/4 

†: Defined as the use of 5 medications or more 

‡: Use of antidepressants or benzodiazepines or neuroleptics or hypnotics  

||: Diseases lasting ≥3months and running a course with minimal change 

P-values <0.05 were considered statistically significant 

 

 

 

 

 

 

 



  

 

 STV during walk and verbal fluency dual task 

Univariate linear regression  Multivariate linear regression 

β 95%CI P-Value  β 95%CI P-Value 

Serum 25-hydroxyvitamin D concentration -0.018 -0.043;-0.008 0.1695  -0.034 -0.062 ;-0.006 0.0169 

Age 

Sex 

0.343 

-0.964 

0.245;0.440 

-2.394;0.467 

<0.0001 

0.1865 

 0.134 

1.001 

0.068;0.315 

-0.561;2.563 

0.0305 

0.2090 

BMI (ref. <21:   undernutrition) 

Normal (BMI 21-25) 

Overweight (BMI 25-30) 

Obesity (BMI ≥30) 

 

-3.541 

-1.783 

0.364 

 

-6.312;-0.770 

-4.503;0.936 

-2.577;3.305 

0.0008 

- 

- 

- 

  

-2.936 

-1.620 

-0.578 

 

-5.619;-0.254 

-4.276;1.036 

-3.485;2.329 

0.0465 

- 

- 

- 

Disability* 

Number of comorbidities|| 

Polymedication† 

Use psychoactive drugs‡ 

Use vitamin D supplements 

4.605 

0.947 

2.373 

2.666 

2.253 

3.189;6.022 

0.596;1.298 

0.959;3.786 

1.197;4.136 

0.618;3.889 

<0.0001 

<0.0001 

0.0010 

0.0004 

0.0070 

 1.168 

0.482 

-1.446 

1.293 

2.330 

-0.561;2.897 

0.102;0.863 

-3.129;0.236 

-0.273;2.858 

0.530;4.130 

0.1852 

0.0130 

0.0920 

0.1055 

0.0112 

Serum calcium concentration 3.829 -3.025;10.684 0.2734  5.485 -1.307;12.277 0.1134 

Serum creatinin concentration 0.019 -0.004;0.043 0.1064  0.021 -0.004;0.046 0.0988 

Serum parathormone concentration 0.021 -0.018;0.060 0.2852  -0.018 -0.058;0.023 0.3948 

FAB score -0.613 -0.823;-0.403 <0.0001  -0.113 -0.358;0.133 0.3679 

STV while single-tasking 0.717 0.580;0.854 <0.0001  0.602 0.459;0.745 <0.0001 
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 Introduction. De précédentes études ont montré que l’hypovitaminose D était associée à une altération des 
performances physiques et de marche. Une association entre concentration en vitamine D et capacité 

musculaire reste controversée. Nous avons émis l’hypothèse que l’hypovitaminose D puisse influencer les 
performances de marche à travers une composante cognitive centrale du contrôle de la marche, notamment 
les fonctions exécutives. L’objectif de notre étude était de déterminer si l’hypovitaminose D était associée à 
une augmentation (i.e une aggravation) de la variabilité du temps de pas en double tâche chez des patients 
âgés. 
Méthodes. Un échantillon de 1566 sujets issus de la cohorte monocentrique française ‘MERE’ de 4865 

patients ont été analysées. La concentration sérique de 25OHD a été mesurée et la variabilité du temps de 
pas a été définie par un coefficient de variation (STV) du temps de pas. La double tâche correspondait à un 
exercice de fluence verbale pendant la marche. L’âge, le sexe, l’Indice de Masse Corporelle, la dépendance 
mesurée par le score IADL, le nombre de comorbidités, la polymédication, la supplémentation en vitamine 
D, et l’usage de psychotropes ; ainsi que des covariables biologiques telles que la créatininémie, la 

concentration en PTH, l’albuminémie et la calcémie ont été utilisés comme potentiels facteurs de confusion. 
Résultats. La concentration sérique moyenne en 25OHD était de 58.8±27.9nmol/L et la STV moyenne de 
11.73±14.30%.  La STV en double tâche et la concentration en 25OHD étaient significativement et 
inversement associés β=-0.034, 95%CI [-0.062;-0.006], p=0.0169) lors de l’analyse en régression linéaire 
multivariée. 
Conclusions. La concentration sérique en 25OHD était inversement associée à la variabilité du pas lors de 

la marche en double tâche, mettant en évidence une composante cognitive centrale du contrôle de la marche 
impliquant les fonctions exécutives. Ces résultats permettent de mieux comprendre l’implication de la 
vitamine D dans le contrôle moteur cérébral de la marche. 
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 Background. Previous studies showed that hypovitaminosis D was associated with poor physical and gait 

performances. The association between vitamin D concentration and muscle capacities remains controversial. 
We suggested that hypovitaminosis D may influence gait performances through an action on the central 

cognitive component of gait control and especially executive functions. The objective of the present study 
was to determine whether hypovitaminosis D was associated with increased (i.e. worse) stride time variability 
while dual-tasking among older adults. 
Methods. A subset of 1 566 subjects from the unicentric French ‘MERE’ cohort of 4865 subjects were used 
for this analysis. Serum 25OHD concentration was measured and stride-to-stride variability of stride time 
was defined by the coefficient of variation of stride time (STV).  The dual task was a verbal fluency task when 

walking. Age, gender, Body Mass Index, disability assessed by Instrumental Activities of Daily Living, number 
of co-morbidities, polymedication, use of vitamin D and psychotropic drugs, and biologic covariables such as 
creatinine level, parathyroid hormone concentrations, albuminemia, calcemia were used as potential 
confounders. 
Results. Mean serum 25OHD concentration was 58.8±27.9nmol/L and the mean STV was 11.73±14.30%. 

The stride time variability during dual task and serum 25OHD concentration were significantly and inversely 
associated (β=-0.034, 95%CI [-0.062;-0.006], p=0.0169) in the multivariate linear regression model. 
Conclusions. Serum 25OHD concentration was inversely associated with STV during dual task walking as a 
marker of central cognitive component of gait control involving executive function. These results help to 
improve knowledge about the involvement of vitamin D in gait brain motor control. 
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