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Abstract

Background and Objective: Vitamin D has been shown to improve muscle strength and bone health; consequently, be important for
maintaining good balance. Possible risk factors related to postural stability in young adults still underdetermined. However, this study
was designed to determine the effect of vitamin D status on postural stability. Materials and Methods: A cross-sectional study of
704 healthy young adult males were enrolled in this study. Dynamic balance was measured as overall stability index (OSI) using biodex
balance system (BBS). Vitamin D deficiency was defined when its serum level <20 ng mL~". The effect size was measured for vitamin D,
parathyroid hormone (PTH) and the interaction between vitamin D and PTH (VTD*PTH) with respect to the OSI values. Correlations
between variables were examined according to the beta standardised coefficient (B) and the effect size was measured using the partial
eta-squared (n?) test. Results: About 95, 3.8 and 1.2% of individuals had deficient, insufficient and normal vitamin D levels, respectively.
Vitamin D had no significant effect to OSI, but PTH exhibited a significant correlation with OSI (adjusted B =0.095, p = 0.038). A significant
effect size was observed between OSI and PTH (adjusted partial n>=0.012, p = 0.038) and between OSI and VTD*PTH (adjusted partial
n?=0.034, p<0.001). Conclusion: A significant interaction of vitamin D deficiency and high PTH on postural stability is detected among
healthy adult males.
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INTRODUCTION

The relationship between the physiological level of
vitamin D and postural stability is universally accepted’. It is
well established that vitamin D is an important physiological
determinant of bone mineralisation and muscle strength.
Furthermore, a low level of vitamin D is associated with poor
neuromuscular strength and poor physical performance,
which predispose individuals to falls2. Several observational
studies have reported associations between chronically low
circulating levels of 25-hydroxyvitamin D; (25-(OH)-D3) and
poor lower-extremity function3, muscle strength? contraction
speed and appendicular muscle mass°. Several lines of
evidence also support the association of hypovitaminosis D
with slower nerve conduction® and poorer executive
functions’.

Correspondingly, vitamin D supplementation was
associated with better muscle performance and higher muscle
mass in a group of elderly individuals after the vitamin D
serum level was corrected to higher than 75 nmol L™
(30 ng mL™") as compared to the control group®. Another
previous study showed that the positive effect of vitamin Don
fall prevention is even greater than its effect on muscle mass
and muscle performance®. In particular, Bischoff-Ferrari et a/®
demonstrated that fall prevention could be mediated by
vitamin D supplementation when postural and dynamic
balance are also modified. In this case, vitamin D plus calcium
supplementation was associated with a 60% reduction in the
rate of falls. Hence, the evidence reveals that vitamin D
deficiency may be associated with impaired postural control.

Emerging evidence also suggests an inverse association
between vitamin D status and motor imbalance'®, although
the mechanisms underlying this relationship have not been
completely elucidated. This might explain why
hypovitaminosis D is accompanied by various poor health
outcomes'™.

An independent relationship was additionally found
between postural instability and parathyroid hormone (PTH)
level in several previous cross-sectional studies' 2. In this
regard, Sambrook et a/'" demonstrated that serum baseline
levels of 25-(OH)-D3 and PTH were significantly associated
with falls among a large group of elderly individuals and that
the effect of PTH continued to be a significant predictor of falls
even after multivariate analysis adjusted for health status and
postural stability independently of 25-(OH)-D3 level. Similar
findings were also reported by Stein et al'?, who
demonstrated a direct positive association between PTH level
and predisposition to falls in a group of ambulant nursing
home and hostel residents.
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However, to our knowledge, no detailed research has
attempted to explain the physiological effect of vitamin D and
PTH levels on postural stability among healthy young adults.
Accordingly, the aim of the current study was to investigate
the effect of vitamin D, PTH and both on dynamic balance in
this group of individuals.

MATERIALS AND METHODS

Participants: Seven hundred and four young adult men aged
18-35 years old were participated in this study from
November, 2013 to April, 2014. Inclusion criteria for
participants were young adults males aged 18-35 years,
apparently healthy, normoglycemic, non-smokers and had
normotension. Exclusion criteria were any individual who
taking any drugs known to affect bone metabolism or to
interfere with balance stability or vitamin D supplementation
within the last six months.

The study was approved by the Ethics Committee of Umm
Al-Qura University (approval number ASE-21-2013). Before
starting the experimental work, all eligible participants gave
written informed consent.

Study design: In this observational cross-sectional study, the
postural stability of all participants was evaluated in the
laboratory and blood samples were taken. Participants
were categorized into 3 different groups according to
their vitamin D serum level. These groups corresponded' to
(i) Deficient: <20 ng mL™, (ii) Insufficient: >20-29 ng mL~' and
(iii) Normal: >30 ng mL™".

The overall stability index (OSI), which is an indicator of
dynamic balance, was measured for all participants using a
Biodex balance system (BBS-SD; model 950-441, Jan-2013,
Shirley, NY). The system was operated according to the Biodex
balance falls risk assessment. The stability level of the BBS
device was fixed at 8 and the other testing conditions were
previously described by Azzeh et a/'*. The reference OSl value
for the selected age group is 0.8-2.3.

Blood analysis: Blood test were performed as previously
published by Kensarah et a/'> research. Briefly, blood samples
were collected fromall participants afteran overnight fastand
serum was separated within 30 min of collection. The samples
were then stored at-20°Cuntil analysis. Serum concentrations
of both 25-(OH)-D3 and PTH were measured using a fully
automated Elecsys instrument (Hitachi-Roche-Elecsys,
Indianapolis, USA). Vitamin D and PTH tests were validated
and the inter-assay coefficients of variation were 1.59 and
0.91%, respectively. All other biochemical parameters,
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including serum alkaline phosphatase (ALP), calcium (Ca) and
phosphorus (P) were measured with commercially available
enzymatic and turbidimetric kits using a Dimension
instrument (Siemens Dimension RXL, Erlangen, Germany). All
analysis were performed at the clinical biochemistry
laboratory of Al-Noor Specialty Hospital (Makkah, Saudi
Arabia).

Statistical analysis: All statistical analysis were conducted in
SPSS version 20. The Kolmogorov-Smirnov normality test was
used to determine the normality of distribution. Continuous
variables with non-normal distribution were transformed to
normal distribution, then statistical analysis were performed.
Comparisons between groups were performed based on the
one-way Analysis of Variance (ANOVA) test. Relationships
between dependant and independent variables were
examined according to the beta standardised coefficient (B)
determined by linear regression tests. A p<0.05 was
considered statistically significant. The effect size was
measured using the partial eta-squared (n?) test by Univariate
General Linear Model and was determined for vitamin D, PTH
and the interaction between vitamin D and PTH (VTD*PTH)
with respect to the OSI values. The effect sizes were
interpreted to the criteria of Draper'® where partial
n?<0.01= negligible, 0.01-0.05 = small, 0.06-0.13 = medium
and >0.14 = large, respectively.

RESULTS

Characteristics of participants: Table 1 shows the
characteristics of participants according to their vitamin D
status. Overall, the average age was 19.91+0.09 years and the
average BMI was 25.58+0.33 kg m~2. The average values of
PTH, Ca, P and ALP of the whole sample were within the
normal value; only the mean vitamin D was below than the

Table 1: Characteristics of participants according to vitamin D status

normal range (11.8+0.29 ng mL™"). About 95% (n= 669) of
individuals had deficient vitamin D levels and 3.8% (n= 27)
had insufficient vitamin D levels. Only 1.2% (n= 8) had a
normal vitamin D level.

Vitamin D and parathyroid correlations with OSI: The
correlations between OSl and other biochemical parameters
are presented in Table 2. Only PTH exhibited a significant
correlation with OSI and this remained significant after
adjusting forage and BMI. Vitamin D showed a non-significant
and weakly negative correlation with OSI. The estimated effect
sizes of vitamin D, PTH and VTID*PTH on OSI values are
presented in Table 3. The adjusted partial n? values did not
show a significant effect between OSI and vitamin D. On the
otherhand, asignificant effect size was observed between OSI
and PTH (adjusted partial n? = 0.012, p = 0.038) and between
OSl and VTD*PTH (adjusted partial n? = 0.034, p<0.001).

DISCUSSION

This study is one of the few studies that have investigated
the effect of vitamin D deficiency on balance among young
adults. This research findings show that high serum PTH levels
were significantly associated with the results of the impaired
balance test. The interaction of hyperparathyroidism and
hypovitaminosis D had a significant correlation with poor
balance stability.

This study was hypothesized to determine the possible
negative effect of low vitamin D on balance stability through
its role on muscles and the central nervous system. It is well
known that 1,25-dihydroxyvitamin D3 (1,25-(OH)2D3), the
active vitamin D metabolite, binds to a vitamin-D-specific
nuclear receptor (VDR) in muscle tissue, leading to de novo
protein synthesis and muscle cell growth'”"°. Vitamin D may
improve muscle strength and function as well as balance as a

Vitamin D status

Parameters Deficient (n = 669) Insufficient (n = 27) Normal (n = 8) Total (n=704) p-value
Age (years) 19.99£0.09 19.79£04 20.00%+0.7 19.98£0.09 0.869
Weight (kg) 75.07%+1.06 68.82+3.96 73.00£6.75 74.811+1.03 0.384
Height (cm) 170.82£0.31 169.04£1.42 172.75£2.77 170.77£0.31 0.497
BMI (kg m~2) (normal; 18-25) 25.65+0.34 23.95+1.47 24.48+3.07 25.58+0.33 0.483
OSI (normal; 0.8-2.3) 0.91£0.02 0.98+0.19 1.03£0.37 0.91%+0.02 0.941
Vitamin D (ng mL™") (normal; >30) 10.98+0.19¢ 23.09+0.65° 4511+1.7° 11.81£0.29 <0.001
PTH (pg mL™") (normal; 14-65) 40.941+0.95 35.60%3.2 26.60+4.3 40.80£0.92 0.155
Ca (mg dL™") (normal; 8.8-10.8) 9.08+0.03 8.86+0.2 8.68+0.32 9.07%+0.03 0.347
P (mg dL™") (normal; 4.5-5.5) 3.81£0.09 3.69%0.19 3.78+0.43 3.80%+0.09 0.99
ALP (u L") (normal; 60-170) 102.38+2.24 111.93+8.71 96.75+7.65 102.68+2.2 0.932

Values are expressed as mean and standard error of mean, p-values were determined by ANOVA test, BMI: Body mass index, OSI: Overall stability index, PTH: Parathyroid

hormone, Ca: Calcium, P: Phosphorus, ALP: Alkaline phosphatase
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Table 2: Relationship between OSI and other parameters (n = 704)
Independent variables Unadjusted B (p-value) Adjusted B (p-value)

Vitamin D -0.026 (0.616) -0.06 (0.189)

PTH 0.158 (0.002) 0.095 (0.038)
Ca 0.015(0.77) 0.009 (0.852)
P -0.038 (0.468) -0.019(0.679)
ALP 0.033 (0.533) 0.039 (0.386)

Beta standardized coefficient (B) was determined by a linear regression test, the
dependentvariable is OSI, OSI: Overall stability index, PTH: Parathyroid hormone,
Ca: Calcium, P: Phosphorus, ALP: Alkaline phosphatase, Adjustment was
performed for age and BMI

Table 3: Estimates of effect size for the main studied parameters on OSI

Unadjusted Adjusted
Parameters Partial n? p-value Partial n? p-value
Vitamin D 0.001 0.616 0.005 0.189
PTH 0.025 0.002 0.012 0.038
VTD*PTH 0.019 0.007 0.034 <0.001

Partial eta squared (n?) test was performed by Univariate General Linear Model
Dependent variable is OSIl, VID*PTH: Interaction between vitamin D and
parathyroid hormone, PTH: Parathyroid hormone, VTD: Vitamin D as 25-(OH)-D3
adjustment was performed for age and BMI

result of improved strength. Additionally, VDRs have been
found in some parts of the brain, especially in the cortical,
subcortical and spinal motor zones®?'. According to this
evidence, vitamin D may also play a role in the cerebral
processes involved in postural balance. Study results found
that vitamin D alone had a non-significant effect on OSI, but
PTH had a significant and negative outcome to OSI.

It is well established that serum PTH is an independent
predictor of time to first fall among frail elderly individuals.
Elevated PTH levels are linked to sarcopenia in older men and
women and muscle function impairment and are also
associated with the loss of hip flexor and knee extensor
strength?2. Hence, in many studies on elderly individuals, a
clear relation has been demonstrated between vitamin D
deficiency and postural instability>?*?*, However, in one
observational study, low serum vitamin D levels did not
predict new onset of disability or loss of muscle strength in
older women?®. In another study, low serum vitamin D levels
were found to play a role in the development sarcopenia
among elderly men and women?. In any case, vitamin D
deficiency is only one factor contributing to muscle weakness
in the elderly®.

Furthermore, both vitamin D and PTH play key rolesin Ca
homeostasis. The pattern of PTH secretion and synthesis is
higherinindividuals with vitamin D deficiency than those with
normal vitamin D levels. In the kidneys, PTH stimulates the
hydroxylation of 25-(OH)-D3 to its active form, 1,25-(OH)2D3,
which facilitates intestinal absorption of Ca%. High levels of
PTH enhance osteoclast activity and the urinary excretion of P,
thus negatively impacting bone density. Accordingly, the
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interrelationships among low dietary Ca, skeletal muscle
wasting, primary or secondary hyperthyroidism, chronic
kidney disease and inadequate vitamin D status may influence
PTH concentration and these factors may independently or
jointly contribute to high serum PTH concentrations®. In the
current study, the effect sizes of PTH and vitamin D on OSI
were small, yet these effects might be clinically important.

It is well known that vitamin D deficiency/insufficiency
increases PTH serum levels. In the current study, the PTH
serum level was normal among most participants, yet 7.1% of
participants had hyperparathyroidism. Study results showed
that the effect size of vitamin D on PTH was 0.06 (p<0.001). In
different studies, the level of vitamin D shown to influence
PTH has been inconsistent, varying from 25-75 nmol L™
(10-30 ng mL")?. Differing definitions of vitamin D
deficiency/insufficiency may at least partially explain the
conflicting results of meta-analysis addressing vitamin D
status and outcomes. Additionally, while vitamin D
deficiency/insufficiency is highly prevalent, the magnitude of
hypovitaminosis D may vary depending on diet, the studied
population and regional and seasonal considerations?. Some
research has pointed to therole of genes in circulating vitamin
D levels and, accordingly, in differences in vitamin D levels
among distinct populations?*®*, In Saudi Arabia, the
prevalence of hypovitaminosis D is widespread and severe?,
Inthis case, genetic factors might play arole, as firstly reported
by Sadat-Ali et a/?'!, who found that individuals with the GG
allele in three SNPs, VDR rs2228570, CYP2R1 rs10741657 and
GC rs4588, had significantly lower levels of 25-(OH)-D3
compared to individuals with normal levels.

This study had several limitations. Only young adult men
were enrolled into the study, so study results cannot be
extrapolated to older individuals. Second, bone markers such
as serum osteocalcin and urine N-telopeptides were not
measured, which are influenced by vitamin D level. Third, BMI,
OSl, vitamin D and PTH cut-off points have not been set for the
Middle Eastern population; therefore, internationally adopted
ranges are used in this work.

CONCLUSION

In summary, this study showed that balance control in
healthy young adult males was affected by both low levels of
serum 25-(OH)-D3 and high PTH levels. This relationship
should be explored in larger and different populations by
national campaigns to enhance the awareness about balance
stability at young adults. The effectiveness of vitamin D
supplementation on postural stability for young adults should
be determined in further studies.
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SIGNIFICANCE STATEMENT

This study discovered the potential combination of low
vitamin D and high PTH in decreasing the postural stability in
young adult males. This study will help the researchers to
identify another possible mechanism affecting dynamic
balance. Thus, a new idea on the use of vitamin D
supplements to enhance postural stability in young adult
males may be achieved.
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