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Abstract

The purpose of the present study was to examine whether serum vitamin D status is associated with a
change in gait speed in young adults. In this cross-sectional study, 60 young adults aged > 19 years (36
female and 24 male participants) were recruited from the general population. Spatiotemporal
parameters of gait were assessed by using a validated wireless inertial sensing device. The blood vitamin
D status was classified as deficiency (<12.5 ng/ml), insufficiency (> 12.5 ng/ml to <20 ng/ml), and
sufficiency (> 20 ng/ml). Linear increases in physical performance parameters such as grip strength, gait
speed, stride length, and High-Density Lipoprotein Cholesterol (HDL-C) were found across the
incremental categories of serum 25-hydroxyvitamin D (25(OH)D). A significant positive association was
observed between serum 25(OH)D levels and HDL-C (r=0.759, P=0.001), grip strength (r=0.329,
P=0.011), gait speed (r=0.873, P=0.001), stride length (r=0.690, P=0.001), and swing phase (r=0.322,
P=0.013). A decline in gait speed was more likely to be associated with serum 25(OH)D deficiency (Odds
Ratio: (OR), 13.1; 95% Confidence Interval (CI), 3.84-45.02; adjusted OR, 13.9; 95% ClI, 3.61-53.7). To
our knowledge, this cross-sectional study is the first to report that higher serum 25(OH)D levels are
associated with gait ability and lipid parameters in young adults. Multiple regression analysis showed

that vitamin D status is an independent predictive factor for a decline in gait speed.

Keywords: Serum 25-hydroxy Vitamin D, Gait speed, Physical performance.

Introduction

The incidence of serum 25-hydroxyvitamin D (25(OH)D)
deficiency has gradually increased; vitamin D deficiency may
be a direct risk factor in various metabolic diseases including
obesity [1], diabetes [2], metabolic syndrome [3], and
cardiovascular disease [4]. Sunlight exposure, diet, and
supplements are well-known contributors to serum vitamin D
status. Most of the vitamin D in the body is produced by
cutaneous synthesis in response to sunlight exposure. However,
the increasingly sedentary lifestyles of young adults, with more
time spent indoors, lead to insufficient exposure to the sunlight
that is needed for adequate cutaneous production of vitamin D

[3].

Slow timed gait is a strong predictor of the onset of disability
involving basic activities of daily living [5] and may represent
an early stage in the process of progression of disability [6,7].
Moreover, a decline in gait speed is distinctly observed in those
>60 years of age [8] and is caused by a decrease in physical
function such as in the joint range of motion and a decrease in
muscle strength due to inactivity [9-11]. A previous study
reported that low serum vitamin D status is linked to a decline
in the aging-related mobility [12].

Furthermore, observational studies have demonstrated clinical
relationships between vitamin D serum status and physical
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performance. The InNCHIANTI (Invecchiare in Chianti) study
demonstrated a significant association between low levels of
vitamin D and poor physical performance as assessed through
handgrip strength and a short physical performance battery test
in 966 participants (435 men and 531 women) with a mean age
of 75 years [13]. Participants with serum vitamin D levels of
<25 nmol/L performed worse than those with a level >25
nmol/L. Muscle strength measured by means of a handgrip test
was also significantly greater in subjects with vitamin D levels
>50 nmol/L than in those with levels <50 nmol/L [13].
Although these studies showed an association between serum
vitamin D status and physical performance in older adults, it
remains unclear whether serum vitamin D status is associated
with gait speed in young adults. It is important to address this
issue because of the lifestyles of young adults involving
insufficient physical activity and deficient exposure to sunlight
due to insufficient outdoor activities.

Therefore, the purpose of the present study was to examine
whether serum vitamin D status is associated with a change in
gait speed in young adults.

Materials and Methods

A total of 69 young adults aged > 19 years (40 female and 29
male participants) provided their written informed consent to
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participate in this study. The participants were recruited from
the general population (i.e., none of them were trained athletes
competing in any sporting events, although some participants
were recreationally active) of a university community. To
support health promotion in the university community, we
accepted all participants who enrolled in this study if they met
the study criterion of having no difficulties in activities of daily
living. However, in this cross-sectional study, nine participants
were excluded from data analysis (but not for their feedback)
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for the following reasons: taking lipid- and/or glucose-
lowering medication (n=5) and performing strenuous physical
activities in the 48 h preceding the blood collection (n=4).
Thus, the data of 60 participants (36 female and 24 male
participants between the ages of 19 and 25 years) were
analysed and presented here. Approval was obtained from the
ethics review board of our university. By using post-hoc
sample size calculation, a minimum total sample size of 58 was
determined.

Table 1. Baseline characteristics of the participants by serum 25(OH)D categories.

Variables Serum vitamin D status

Deficiency (<12.5 ng/ml, n=19) Insufficiency (= 12.5 ~ <20 ng/ml, Sufficiency (= 20 ng/ml, n=19)

n=22)

Gender, male/female 5/14 8/14 11/8
Age (years) 20.8+1.9 19.7+£1.7 195+14
Body mass (kg) 59.8+10.2 62.8+10.5 63.3+12.5
Height (m) 1.67 £ 0.08 1.69 + 0.08 1.70+£0.10
BMI (kg/m?2) 213+24 21.9+25 217425
Body fat (%) 222+55 21.7+49 20.8+4.9
LBM (kg) 46.4+8.3 49397 50.1+£10.2
SBP (mmHg) 1M11.6+11.2 113.5+13.0 119.1 £17.3
DBP (mmHg) 65.1+6.7 69.4 £8.7 66.1+10.4
TC (mg/dl) 165.8 £ 16.5 164.3+9.1 1475+75"
TG (mg/dl) 88.7+4.9 71.0+8.6 63.7 £ 16.3"
HDL-C (mg/dl) 53.1+5.1 65.3+3.4 73.3+£10.2"
LDL-C (mg/dl) 79.3+11.9 779+78 69.8 +9.4"
Glucose (mg/dl) 67.2+9.2 71.1+10.5 68.9+10.9
Grip strength (kg) 19.6+4.8 71.1£10.5 68.9+10.9”
Gait speed (m/min) 68.1+3.2 75.9+23 79.6+2.9"
Stride length (m) 1.22+0.10 1.33+0.09 1.43+0.11
Stance phase (% of the gait cycle) 65.4+6.2 63.9+2.0 628+15
Swing phase (% of the gait cycle) 349+6.3 36.3+1.6 37.5+1.6

Values are mean + SD. BMI: Body Mass Index; LBM: Lean Body Mass; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; TC: Total Cholesterol; TG:
Triglyceride; HDL-C: High-Density Lipoprotein Cholesterol; LDL-C: Low-Density Lipoprotein Cholesterol.

Body weight and height were measured to the nearest 0.1 kg
and 0.1 cm, respectively, by using a Venus 5.5 body
composition analyser (Jawon Medical, Gyeongsan, Korea).
Body Mass Index (BMI) was calculated as weight in kilograms
divided by the square of height in meters. Waist circumference
was measured to the nearest 0.1 cm at the level of the
umbilicus, by using a flexible plastic tape while the
participants were in the standing position.

Arterial blood pressure was measured in the right arm in a
seated  position, by using a standard mercury
sphygmomanometer (605P; Yagami Co. Ltd., Nagoya, Japan).
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The participants sat on a chair for 5 min before measurement.
Two measurements were taken at each time point, and the
mean of these values was recorded.

Spatiotemporal parameters of gait were assessed by using a
validated [14] wireless inertial sensing device (BTS
Bioengineering, Milan, Italy) attached to the subject’s waist
with a semi-elastic belt, covering the L4-L5 intervertebral
space, in order to acquire acceleration values for three
anatomical axes: the anteroposterior, medial-lateral, and
vertical axes. The subjects were asked to walk along an 8§ m
pathway at a self-selected speed as naturally as possible. The
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collected data were transmitted via Bluetooth to a personal
computer and processed using dedicated software (BTS G-
Walk).

Grip strength was measured by using a dynamometer (Takei
TKK 5401; Takei Scientific Instruments Co. Ltd., Tokyo,
Japan). The maximum strength (in kg) in two attempts with the
dominant hand was used.

After a 48 h period of physical activity avoidance and fasting
(i.e., overnight fast of at least 10 h), venous blood samples
were taken from an antecubital vein. The blood samples were
analysed for glucose, serum Total Cholesterol (TC),
Triglyceride (TG), High-Density Lipoprotein Cholesterol
(HDL-C), and Low-Density Lipoprotein Cholesterol (LDL-C).
For TC, TG, HDL-C, and LDL-C, samples were collected in
tubes containing clotting activators for the isolation of serum.
Thereafter, samples were allowed to clot for 45 min at room
temperature and then centrifuged at 3000 rpm for 10 min at
4°C. After separation, serum was dispensed into plain micro-
tubes and stored at —80°C for later analysis. Concentrations of
serum TC, TG, HDL-C, LDL-C, and plasma glucose were
determined according to standard laboratory methods.

The serum vitamin D levels were determined by using a
LIAISON 25(0OH) vitamin D  direct competitive
chemiluminescence immunoassay on an automated analyser
(DiaSorin S.P.A, Saluggia, Italy). The blood vitamin D status
was classified as deficiency (<12.5 ng/ml), insufficiency
(>12.5 ng/ml to <20 ng/ml), and sufficiency (> 20 ng/ml) [3].

Data were analysed by using the IBM SPSS Statistics version
22.0 software package for Windows (SPSS Inc., Chicago, IL,
USA). Linear trends were assessed with the Kruskal-Wallis test
(two-tailed) for the median value in each category of serum
vitamin D status. Spearman correlation coefficients were
calculated between serum vitamin D and lipid parameters, and
between serum vitamin D and physical fitness parameters.
Partial correlation coefficients were also calculated between
serum vitamin D and both lipid and physical fitness
parameters, with adjustment for sex. Forced-entry adjusted
logistic regression was conducted to estimate the Odds Ratios
(ORs) for gait speed with no adjustment (Model 1) and with
other potential confounders such as sex and Lean Body Mass
(LBM) (Model 2). Statistical significance was accepted at the
5% level. The results are presented as mean + standard
deviation (SD).

Results

Table 1 shows the physical and biochemical characteristics and
the physical performance of the study participants. There were
linear decreases in TC, TG, and LDL-C, and a linear increase
in the HDL-C categories across serum 25(OH)D levels. Linear
increases in physical performance parameters such as grip
strength, gait speed, and stride length were found across the
incremental categories of serum 25(OH)D. There was also a
linear increase for HDL-C across the incremental serum
25(OH)D categories. No significant linear increases or
decreases were found in body mass, height, BMI, body fat,
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LBM, systolic blood pressure, and diastolic blood pressure
across the incremental serum 25(OH)D categories.

Table 2 shows the partial correlation coefficients between
serum 25(OH)D levels and the parameters measured in this
study. Serum 25(OH)D was significantly correlated with TC
(r=-0.656, P=0.001), TG (r=-0.654, P=0.001), HDL-C
(r=0.829, P=0.001), and LDL-C (r=-0.376, P=0.003). Serum
25(OH)D levels were also significantly correlated with grip
strength (r = 0.431, P = 0.001), gait speed (r=0.873, P=0.001),
and stride length (r=0.669, P=0.001). After adjusting for sex,
serum 25(OH)D remained inversely correlated with TC
(r=-0.582, P=0.001), TG (r=-0.599, P=0.001), LDL-C
(r=-0.407, P=0.001), and stance phase (r=-0.296, P=0.023). A
significant positive association was also observed between
serum 25(OH)D levels and HDL-C (r=0.759, P=0.001), grip
strength (r=0.329, P=0.011), gait speed (r=0.873, P=0.001),
stride length (r=0.690, P=0.001), and swing phase (r=0.322,
P=0.013).

Table 2. Correlations between serum 25(OH)D and both lipid and
physical fitness parameters.

Variable Unadjusted Adjusted
r r
TC (mg/dl) -0.656™ -0.582™
TG (mg/dl) -0.645™ -0.599"
HDL-C (mg/dI) 0.829" 0.759"
LDL-C (mg/dl) -0.376™ -0.407"
Glucose (mg/dl) 0.018 -0.039
Grip strength (kg) 0.933" 0.914™
Gait speed (m/min) 0.873" 0.873**
Stride length (m) 0.669™ 0.690™
Stance phase
(% of the gait cycle) -0.226 -0.296"
Swing phase
(% of the gait cycle) 0.206 0.322"

Spearman correlations were used to calculate coefficients of correlation
between vitamin D levels, and lipid and physical fitness parameters.

Statistical analysis was conducted by using partial correlations, with adjustment
for sex

Values are mean = SD. BMI: Body Mass Index; LBM: Lean Body Mass; SBP:
Systolic Blood Pressure; DBP: Diastolic Blood Pressure; TC: Total Cholesterol;
TG: Triglyceride; HDL-C: High-Density Lipoprotein Cholesterol; LDL-C: Low-
Density Lipoprotein Cholesterol.

The ORs for declines in gait speed are presented in Table 3
according to the serum 25(OH)D levels. In Model 1
(unadjusted), gait speed decline was more likely to be
associated with serum 25(OH)D deficiency (OR, 13.1; 95%
Confidence Interval [CI], 3.84-45.02). In Model 2 (adjusted for
sex and LBM), gait speed decline was still more likely to be

S§386

Special Section:Health Science and Bio Convergence Technology



associated with vitamin D deficiency (OR, 13.9; 95% CI,
3.61-53.7).

Table 3. OR (95% CI) of gait speed decline according to serum
25(OH)D level.

Gait speed

Model 1 Model 2

OR (95% ClI) OR (95% CI)
Vitamin D level
Sufficiency Ref. Ref.

Deficiency 13.1 (3.84-45.02) 13.9 (3.61-53.7)

OR: Odds Ratio; Cl: Confidence Interval.
Model 1 is not adjusted.

Model 2 is adjusted for gender and lean body mass.

Discussion

To the best of our knowledge, the present study is the first to
report the relationship between serum vitamin D status and gait
ability in young adults. The main finding of the present study is
that serum 25(OH)D levels were positively correlated with gait
speed, suggesting that physically active young individuals, at
least in our study population, had higher 25(OH)D levels.

In the present study, we observed that gait speed decline was
more likely to be associated with serum 25(OH)D deficiency in
young adults. This is significant because a gait speed <0.8 m/s
is an important predictor of survival [15,16]. Our findings are
consistent with the data from a previous study examining the
relationship between serum vitamin D and gait speed in older
adults [12]. However, our study is not consistent with a study
of elderly subjects that demonstrated that vitamin D
insufficiency was not related to physical performance, as
assessed on the basis of gait speed and handgrip strength [17].
This discrepancy may be due to differences in the age of
participants between the studies, as the serum vitamin D levels
were higher in the present study than in the previous study. We
also observed that serum 25(OH)D levels were positively
correlated with grip strength. In another study including young
women 19-29 years old, there was a correlation between
vitamin D level and handgrip strength in both the dominant and
nondominant arms [18]. Thus, it seems reasonable to speculate
that serum vitamin D sufficiency partially reflects the increased
risk of a decline in physical performance in young adults.

We also showed that the serum 25(OH)D level was negatively
correlated with serum TG and plasma TC concentrations.
Indeed, TC and TG are strong independent risk factors for
cardiovascular disease [19], suggesting that serum 25(OH)D
sufficiency might reduce the risk of cardiovascular disease by
keeping TC and TG concentrations low. The present study also
found that the serum 25(OH)D level was positively correlated
with the serum HDL-C concentration. These observations are
consistent with the data from a review article [20] indicating
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that individuals with higher vitamin D levels have significantly
higher concentrations of HDL-C than those with lower levels.

Because of the design of the present study, it was not possible
to determine the mechanisms by which the serum 25(OH)D
level affects gait ability and lipid parameters. Nonetheless, the
current understanding has highlighted the importance of a
direct effect of vitamin D on muscle strength and function in
explaining this association. Because vitamin D has an effect on
type 2 muscle fibers, it was tempting to postulate a protective
effect of vitamin D against falls through improvement in
muscle function [21,22]. Vitamin D also has some
antiatherogenic effects; inhibiting the formation of foam cells
and cholesterol uptake by macrophages and enabling HDL
transport [23]. Lower serum 25(OH)D was associated with the
metabolic syndrome and its components, especially the HDL-C
concentration [24]. In addition, the role of vitamin D
supplementation therapy in improving cardiovascular outcome
in patients with low levels of vitamin D remains to be
determined [25].

The present study had limitations. First, owing to its cross-
sectional design, the present findings are inherently limited in
their ability to eliminate causal relationships between serum
vitamin D status and gait ability. Second, the sample size was
small, which limits our ability to determine the significance of
the results. Therefore, additional studies with larger sample
sizes are required to clarify the relationships observed in this
study. Finally, the study lacks information about sunlight
exposure, indoor or outdoor activity patterns, dietary vitamin D
or calcium, and menstrual cycle for female participants.

Conclusions

In conclusion, the present cross-sectional study is the first to
report that higher serum 25(OH)D levels are associated with
gait ability and lipid parameters in young adults. Multiple
regression analysis showed that vitamin D status is an
independent predictive factor for a decline in gait speed. Our
data suggest that decline of gait ability may be prevented by
ensuring vitamin D sufficiency. It would be interesting to
investigate whether dietary interventions can be used to slow
the progression of frailty in adults.
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