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Abstract

Background. Vitamin D plays an important role in muscle function and physical performance
and helps in maintaining the postural stability.

Aim. The aim of the present study is to evaluate the effect of vitamin D status on postural
stability using Motor Control Test.

Subjects and methods. Sixty apparently healthy male individuals with age 67 ± 5.03 years
were recruited for this study. They were divided according to vitamin D status into 31 subjects
with vitamin D deficiency and 29 age matched subjects with optimal vitamin D levels as control
group. All subjects were evaluated for postural stability using motor control test (MCT) (The
SMART Balance Master, NeuroCom International, Inc., Clackamas, OR, USA). The MCT
assesses the ability of  the motor control system to recover from an unpredictable forward
or backward perturbation. The composite latencies of the motor responses (in msec) were
estimated, and describe the overall level of performance during all the MCT trials.

Results. Composite latencies of the motor responses (193.7 ± 8.6 msec) are significantly
prolonged in vitamin D deficiency group in comparison with the control group (129.5 ± 10.01
msec). Also latency of the active motor response in medium and large backward and forward
translations are significantly prolonged in vitamin D deficiency group in comparison with the
control group. Moreover, serum 25(OH) D levels and serum PTH levels were significantly
correlated with BMI (r= -0.384 & r= 0.363), serum calcium (r= 0.302 & r= -0.303), composite
latencies of the motor responses (r= -0.944 & r= 0.942), and latency of the patient’s active
motor response in medium and large backward and forward translations in all studied subjects.

Conclusions. We concluded that prolonged latencies of motor responses in vitamin D
deficiency  are  likely to reflect a reduction of muscle strength of elderly subjects  which may
be the main cause for postural instability. Vitamin D was correlated with the parameters that
assess postural instability in the elderly using motor control test, that  may suggest a link that
may help in understanding the postural instability in vitamin D deficient individuals.We
recommend further studies to explore the hidden mechanisms that play a role in postural
instability in vitamin D deficient individuals.

Introduction
Vitamin D inadequacy is being increasingly

recognized worldwide (1). This shortcoming in vitamin
D status is most prevalent in the elderly population, but
affects people of all age groups(2). Serum vitamin D

concentrations are influenced by several modifiable
and non-modifiable factors such as diet, latitude,
season, time outdoors, skin pigmentation, clothing
and tanning habits (3).In addition to the well-estab-
lished role for vitamin D in calcium homeostasis,
recent data show that vitamin D is important for muscle
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function, and muscle vitamin D receptors decrease
with advancing age (4). Data from a cross-sectional
analysis of lower extremity function in older women
enrolled in the civilian United States National Health
and Nutrition Examination Survey (NHANES III) showed
an association between very low 25-hydroxyvitamin D
[25(OH)D] concentrations  and reduced ability to walk
8 feet and perform sit-to-stand tests (5).

Liability to falls and fractures in elderly people is
increased by many factors, including visual impair-
ment, neurological disorders, orthopedic disabilities,
and drug effects. It was reported that more than a third
of people aged over 65 fell each year; the main risk
factor was muscle weakness (6). Poor muscle strength
may be associated with vitamin D deficiency, which is
common among elderly people as the capacity of the
skin to synthesize the provitamin calcidiol (25-
hydroxycholecalciferol) decreases with age (7). The
Motor Control Test assesses the ability of the motor
control system to recover from an unpredictable for-
ward or backward perturbation.

The aim of the present study is to evaluate the
effect of vitamin D status on postural stability in elderly
using Motor Control Test.

Subjects and Methods

Subjects
Sixty apparently healthy male individuals with

age 67 ± 5.03 years were recruited for this study. A
complete medical history was recorded, and a thor-
ough physical examination was performed. They were
divided according to vitamin D status into 31 subjects
with vitamin D deficiency and 29 age matched subjects
with optimal vitamin D concentrations as control group.
We chose a cut point of 37.5 nmol/L to define the lower
limit of the normal range of 25 (OH) D concentrations
(8). The same cut point has been used as a criterion to
define low vitamin D status in other studies (9-11).
While 75-80 nmol/L are other common cut points for
optimal vitamin D concentrations with respect to a
variety of health outcomes (11, 12).

The inclusion criteria were: (1) ability to ambu-
late 25 feet independently; (2) good cognitive func-
tions; and (3) good visual field and acuity. The exclu-
sion criteria were: (1) those with vestibular abnormali-
ties; (2) those taking drugs that affect postural stabil-
ity; (3) those with musculoskeletal disorders that
contribute to postural instability; and (4) those with
cardiac, renal, liver diseases and alcohol abuse. The
patients gave their informed voluntary consent to par-

ticipate in the study according to the protocol approved
by the local ethics committee and in accordance with
the ethical standards of the Helsinki declaration.

Methods
Fasting Glucose (BG), calcium (Ca), Albumin

(ALB), phosphorus (Po4), magnesium (Mg) and alka-
line phosphatase were measured using a standard
autoanalyser (Hitachi, Ltd, Japan). Intact PTH was
assayed by a solid phase two site chemiluminescent
enzyme – labelled immunometric assay (DPC, 5700
West 96 street, los Angeles, CA 90045-5597, USA).
25(OH) D was assessed by liquid phase RIA after
extraction by NaOH and acetonitrite using IDS gamma-
beta 25 OH vit D kit (IDS Inc., 17029, Fountain Hills
A285268, USA).

All subjects were evaluated for  postural stability
using motor control test (MCT) (The SMART Balance
Master, NeuroCom International, Inc., Clackamas,
OR, USA).  The MCT assesses the ability of  the motor
control system to recover from an unpredictable for-
ward or backward perturbation. In this test, sequences
of small, medium, and large platform translations in
forward and backward elicit automatic postural re-
sponses that are quantified in term of response latency
(the time delay between the perturbation and the
initiation of a change in force for each leg in msec ). The
composite latencies of the motor responses were
calculated, and describe the overall level of perform-
ance during all the MCT trials.  This test provides useful
information in assessing the risk of a fall secondary to
unexpected external disturbances to postural control
(13).

Statistical analysis
The Statistical Package for Social Sciences

version 15.0 (SPSS Inc, Chicago, IL, USA) was used
for data processing. Quantitative data were presented
as mean and standard deviation and the Student t-test
was used for a comparison of the means. A correlation
between variables was done and the Pearson correla-
tion coefficient was calculated. All tests were two-
tailed and considered statistically significant at p <
0.05.

Results
Among the 60 age matched healthy male indi-

vidual in our sample, mean (SD) of the  age was 67
(5.03) years, and were either normal weight (21% with
body mass index less than 25 kg/m2) or overweight and
obese  (54% with body mass index less than 30 kg/m2
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and 25% with BMI more than 30 kg/m2). With respect
to vitamin D status, only 29 (48.3%) had vitamin D
deficiency, while 31 (51.7%) had optimal concentra-
tions of vitamin D. BMI was significantly higher in
vitamin D deficient group in comparison with control
group. Blood sugar, creatinine, phosphorus, Mg and
alkaline phosphatase showed non significant differ-
ence between the studied groups. However, Serum
PTH levels were significantly higher and serum cal-
cium was significantly lower in vitamin D deficiency
group when compared with control group (p <0.001).
With respect to motor control test (MCT), composite
latencies of the motor responses (msec) and latency
of the  active motor response in medium and large
backward and forward translations are significantly
prolonged in vitamin D deficiency group in comparison
with the control group (Table 1).

Moreover, serum 25(OH) D levels and serum
PTH levels were significantly correlated with BMI,
serum calcium, composite latencies of the motor
responses (msec) and latencies of the  active motor

response in medium and large backward and forward
translations in all subjects as shown in Table 2. Print
posturegrams of normal and abnormal motor control
tests were shown in Fig.1 & 2.

Table 1:  Clinical, laboratory data, parameters of motor
control test (MCT) in vitamin D deficient group and
control group.

* significant P <0.05 (S);  † Highly significant P <0.001 (HS);  BMI= Body mass index;  25(OH)
D = vitamin D; PTH = parathyroid hormone; PO4 = phosphorus; Mg = Magnesium.

Table 2: Correlation between serum vitamin D concen-
trations,  PTH and parameters  of motor control test
(MCT) in all subjects.

* significant P <0.05 (S);  † Highly significant P <0.001 (HS); BMI = Body mass index; 25(OH)
D = vitamin D; PTH = parathyroid hormone.

Figure 1: Normal motor control test with normal composite
latencies of the motor responses (msec) and latency of the
patient’s active motor response medium and large of backward
and forward translations.

Figure 2: Abnormal motor control test with prolonged composite
latencies of the motor responses (msec) and latency of the
patient’s active motor response medium and large of backward
and forward translations.

Discussion
To our knowledge and after reviewing the litera-

tures, this is the first study evaluating the relation
between vitamin D and physical performance using
motor control test.

Vitamin D plays an important role in muscle
function through its regulation of calcium transport,
uptake of inorganic phosphate for the production of
energy-rich Phosphate compounds, and protein syn-
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thesis in the muscle (14, 15). Also, it was reported that
the Performance speed and proximal muscle strength
were markedly improved when 25-hydroxyvitamin D
levels increased from 4 to 16 ng per milliliter (10 to 40
nmol per liter) and continued to improve as the levels
increased to more than 40 ng per milliliter (100 nmol per
liter) (12).

In the present study, serum PTH levels were
significantly higher and serum calcium was signifi-
cantly lower in vitamin D deficiency group when com-
pared with control group.

Also composite latencies of the motor responses
(msec) and latency of active motor response in me-
dium and large backward and forward translations are
significantly prolonged in the vitamin D deficiency
group in comparison with the control group. Moreover,
serum 25(OH) D levels and serum PTH levels were
significantly correlated with BMI, serum calcium, com-
posite latencies of the motor responses (msec) and
latency of  active motor response in medium and large
backward and forward translations in all subjects.

Cross-sectional associations between vitamin
D and muscle strength and physical performance have
been inconsistent (16-18). Among older adults in the
National Health and Nutrition Examination Survey
(NHANES) III study, serum 25OHD levels < 40 nmol/
L were associated with poor physical performance on
an 8-foot walk test and sit-to-stand test compared to
serum 25OHD levels > 40 nmol/L (5).

Randomized controlled trials have shown that
vitamin D supplementation can significantly improve
muscle function and physical performance among
older adults at high risk for vitamin D deficiency (19).
Others have also shown that supplemental vitamin D
may improve balance and reduce the incidence of falls
(20-24). Higher plasma concentrations of calcidiol are
associated with muscle strength, physical activity,
and ability to climb stairs and lower concentrations
with falls among elderly people (25).

In assessing faller individuals attending the fall
clinic using aggregate functional performance time and
isometric quadriceps strength and activation those
with 25OHD <12 μg/liter have slower functional per-
formance, weaker quadriceps, slower reaction times,
and worse stability compared with those with 25OHD
> 12 μg/liter (17). Mowe et al. (25) found a significant
correlation between 25OHD and lower limb muscle
strength in elderly subject.

In our study, the physical performance in the
term of automatic postural responses to recover from

an unpredictable forward or backward perturbation was
impaired in vitamin D deficiency group as manifested
by prolonged composite latencies of the motor re-
sponses (msec) and latency of active motor response
in medium and large backward and forward transla-
tions.

Although the relationship between PTH and
vitamin D is now well-defined, Dhesi et al found that,
PTH, but not 25OHD, to be an independent variable for
muscle strength. Because PTH reflects end-organ
response, it may be a better marker for vitamin D
resistance or deficiency than 25OHD (17).

Support for such a role is provided by documen-
tation of the effects of PTH on energy metabolism in
skeletal muscle (26,27) and by cohort studies showing
an improvement in muscle strength following parathy-
roidectomy for primary hyperparathyroidism (28,29)
and secondary hyperparathyroidism (30).

In our study, serum PTH levels were signifi-
cantly correlated with composite latencies of the motor
responses and latency of  active motor response in
medium and large backward and forward translations
in all studied subjects, we suggested that, the asso-
ciation between vitamin D and physical performance
may be mediated by PTH, which may augment the role
of PTH itself in poor physical performance.

Vitamin D deficiency is a recognized cause of
secondary hyperparathyroidism. In animal models,
administration of PTH has been shown to increase
protein catabolism and decrease the number of type 2
muscle fibers, intracellular energy-rich phosphate com-
pounds, and mitochondrial oxygen uptake (31, 32).
PTH also induces the production of IL-6 (33). Previous
studies have linked elevated IL-6 levels with lower
muscle strength (34) and poor physical performance
(35). PTH was associated with handgrip strength but
not SPPB scores. When examining the joint effect of
vitamin D and PTH, the associations between vitamin
D and physical performance were attenuated slightly
after adjusting for PTH, suggesting that the associa-
tion between low vitamin D and poor physical perform-
ance may be independent of PTH (36).

We concluded that prolonged latencies of motor
responses in vit D deficiency are likely to reflect a
reduction of muscle strength of elderly subjects, which
may be the main cause for postural instability. Motor
control test of computerized dynamic posturography
(CDP) has become an important tool for understanding
standing balance in clinical settings; it can predicate
postural instability in elderly people who are prone to
fall. Vitamin D was correlated with the parameters that
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assess postural instability in the elderly using Motor
control test that may suggest a link that may help in
understanding the postural instability in vitamin D
deficient individuals.  We recommend further studies to
explore the hidden mechanisms that play a role in
postural instability in vitamin D deficient individuals
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