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25(OH)D - 25-hydroxyvitamin D
BMD - bone mineral density
BMI - body mass index

CI - confidence interval

DNA - deoxyribonucleic acid
PCR - polymerase chain reaction
PTH - parathyroid hormone

r - correlation coefficient

SD - standard deviation

SPPB - short physical performance battery
VDR - vitamin D receptor



1. INTRODUCTION

Vitamin D is of great scientific interest over the last decade due to a wide
variety of its functions in the human body. Although vitamin D is known as
a “vitamin’, some scientists name it a steroid hormone due to its secosteroid
structure and its impact on the muscles, balance and neuromuscular
function, inflammation, immune processes, and gene activity. The vitamin
D receptors are found in the most human tissue cells. Skeletal muscle cells
also contain the vitamin D receptors, they are found both in cell membrane
and in nucleus. Vitamin D deficiency is associated with many diseases and
pathological conditions, e.g. cardiovascular diseases, diabetes, and cancer.

Vitamin D deficiency is a widespread problem throughout the world. In
elderly the prevalence of vitamin D deficiency may be up to 90%. The elderly
are at the risk for vitamin D deficiency for several reasons: tendency to avoid
the sun, decreased skin capacity to produce vitamin D, and diminished
intestinal absorbtion.

Until recently, studies investigating vitamin D have focused on its impact
on bone health and calcium homeostasis. Vitamin D influences the fracture
risk in two ways: by reducing the risk of falls and increasing the bone mineral
density. Even asymptomatic vitamin D deficiency is now considered as
one of the most important factors that influences integrity of bone tissue,
as it causes secondary hyperparathyroidism which increases rate of bone
remodelling. The relationship of vitamin D and bone mineral density
is influenced by numerous contributing factors, including geographic
location, racial and ethnic differences, sun exposure, and dietary vitamin D
consumption. Some authors do not found the association between vitamin
D and bone mineral density.

Evidence for vitamin D deficiency contribution to physical performance
and muscle mass is also conflicting. Some researchers have found that
vitamin D deficiency is significantly associated with muscle weakness,
loss of muscle mass, reduced physical performance, balance problems and
gait abnormalities, increased risk of falls and fractures in elderly, but other
do not point out to such results. Vitamin D influences muscle function
by regulating cellular calcium transport, use of inorganic phosphate for
formation of active phosphate derivatives, and protein synthesis in muscle.
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In the past decade performed scientific researches provided contradictory
conclusions about vitamin D and falls relationship.

The main risk factors of osteoporosis and its clinical manifestations -
low-trauma fractures - include age, hormonal, environmental, lifestyle
characteristics, and genetic factors may increase the influence of environ-
mental and hormonal factors. It was found that microstructure and bio-
chemical parameters of bone tissue, level of calcium in the bones, peak bone
mass, bone mineral density, and age-related bone loss are determined by
genetic factors. Twin and family studies suggest that 50-85% of the variance
in bone mineral density and microstructure and 40-60% of the variance in
biochemical markers of bone turnover could be genetically determined. It
was found that osteoporotic fracture risk doubles in individuals with pa-
rental hip fracture history. Over 100 candidate genes associated with bone
mineral density and the risk of osteoporosis have already been identified.
Vitamin D receptor (VDR) gene is a nuclear transcription factor that medi-
ates the action of 1,25(OH),D3 (the active metabolite of vitamin D), thus
affecting calcium absorption, bone remodeling and mineralization rate. The
sequence of VDR gene was revealed to be polymorphic for different indi-
viduals. Since the pioneering work of N.A. Morrison in 1994 demonstrating
the association of the VDR gene Bsml polymorphism with bone mineral
density, numerous subsequent papers have been published on that topic.
Their results have been inconclusive; still there is no clear answer whether
specific VDR genotype is associated with lower bone mineral density and
higher fracture risk.

1.1. The aim of the research

The aim of this study was to analyze associations between vitamin D, bone
mineral density and physical performance in the elderly, and to evaluate the
relationship of VDR gene Bsml polymorphism with severe postmenopausal
osteoporosis.

1.2. The objectives of the research

1. To evaluate vitamin D, bone mineral density, muscle mass, and physical
performance features in elderly according to age and gender.
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2. To analyze the associations between vitamin D, bone mineral density,
physical performance, muscle mass and falls.

3. To investigate the relationship of VDR gene Bsml polymorphism with
severe postmenopausal osteoporosis.

1.3. Scientific novelty

In this scientific research still contraversial associations between vitamin D,
bone mineral density, falls, muscle mass and physical performance have
been analysed. The links we have found between vitamin D and bone
mineral density contribute to numerous scientific studies supporting this
connection. Also, in our study we observed the positive association between
vitamin D and physical performance. We believe that it is appropriate to
investigate vitamin D levels in the blood in the elderly persons, especially
those over the age of 80, and in person with low bone mineral density, as
well as in those experienced falls. We have found that low muscle mass and
strength, low gait speed significantly associated with falls in elderly.

Results of this research revealed association between VDR gene
Bsml polymorphism and bone mineral density in women with severe
postmenopausal osteoporosis. Currently, the studies of human populations’
gene pools in different geographical regions are relevant and are already
carried out in many countries. It is believed that the human genotype studies
in the future will be used for assessment of individual risk of bone fractures
and in selection the optimal treatment for osteoporosis.



2. SUBJECTS AND METHODS

2.1. Study population

The sample size was calculated by SAS Power and Sample Size 12.1 statistical
program. Persons who have applied to the National Osteoporosis Center were
invited to participate in the study. Inclusion criteria were: the age of 60 years
and older, voluntary consent to participate in the study. Exclusion criteria
were: an objection to any procedure, large dose of radiation received over the
past 12 months, conditions and diseases known to affect muscle metabolism
and muscle strength, malignant tumours of various localizations, mental
disorders, current/past using of any medications likely to affect muscle and
bone metabolism or taking any vitamin D supplements. Written informed
consent was obtained from each participant. The study was approved by the
Regional Biomedical Research Ethics Committee (Approval No. 158200-04-
291-76, issued on 6 April 2011).

2.2. Methods

Each subject was interviewed by the investigator. The demographic and
social data, lifestyle factors were recorded in the questionnaire, as well as
the medical history about past/current diseases, using of any medications
was taken from each subject. The subjects were asked about falls — whether
or not they had fallen during the past year, and, if so how many times. Falls
were defined as “landing on the floor or ground without violent causes from
standing height”.

Antropometry. The height and body weight were measured barefoot and
in light indoor clothes with a stadiometer and an electronical medical scale
to the nearest 0.1 cm and 0.05 kg, respectively. Body mass index (BMI) was
calculated as weight in kilograms divided by the height in meters squared
(kg/m?).

Measurement of vitamin D and parathyroid hormone. Blood sampling was
performed after fasting for at least 12 hours. Serum 25-hydroxyvitamin D
(25(OH)D) and parathyroid hormone (PTH) were measured by automated
immunoassay (Cobas E411, Roche Diagnostic). After the blood had clotted
at room temperature but not more than 1 hour after the collection of serum
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samples for 15 min. were centrifuged at room temperature and 1500 rev./
min. with Labofuge centrifuge. Immediately after the separation of serum,
the samples were stored at -20° C till examination, but no more than a
week. After thawing, samples were immediately examined for the vitamin
D and PTH. Analysis was carried out by fully automated electrochemical
luminescence immunoassay method using the original reagents, and in
accordance with the manufacturer’s instructions, regular calibration and
quality control applied on a daily basis.

Subjects were divided into two groups by vitamin D level, according to
the recommendations of the Institute of Medicine of National Academies:
vitamin D deficiency group (vitamin D levels in blood less than 20 ng/ml),
an individuals with serum concentration >of 20 ng/ml were considered as
vitamin D sufficient. Also the cohort was divided into four vitamin D level
in blood groups using quartiles.

Assessment of physical performance. A short physical performance
battery (SPPB) based on the lower-extremity performance tests, was used to
assess physical performance. The SPPB consisted of walking speed, ability
to stand up a chair, and ability to maintain balance in progressively more
challenging positions. Walking speed was defined in time (seconds) of 4 m
walk at usual pace. Participants were allowed to use canes. For the standing
balance test, participants were asked to stand in three progressively more
difficult positions for 10 seconds each: a side-by-side position, a semi-
tandem position, and a full-tandem position. To test the ability to stand up
a chair, participants were asked to stand up and sit down a chair as quickly
as possible in five times with their hands folded across their chest; time (in
seconds) to complete the test was recorded.

Muscle strength measurement. Handgrip strength was measured using a
handheld dynamometer (,,Presision®, Druck, Germany). Participants were
asked to perform the task three times with the dominant hand. The average
of all results obtained was used for the analysis.

Bone mineral density, muscle mass measurement. Bone mineral content,
bone mineral density, lean mass, regional muscle mass were measured by
dual-energy x-ray absorptiometry (iDXA, GE Lunar, USA). Appendicular
skeletal muscle mass calculation was based on the sum of muscle mass in
all four limbs. Bone mineral density (BMD) was measured in the total body,
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lumbar spine (L,-L,, in the anterior-posterior direction), and in the left hip.
BMD was expressed in absolute numbers (g/cm?), as well as by the T-score.

Genotyping. For genetic analyses venous blood sample was taken from
cubital vein using Vacutainer system (Beckton-Dickinson, Franklin Lakes,
NJ, USA). Deoxyribonucleic acid (DNA) was isolated from bloodspots
dried on special NucleoSafe cards (Macherey-Nagel, Germany) using
standard proteinase K digestion, phenol-chloroform extraction and
ethanol precipitation. The DNA solution was extracted with a phenol
chloroform isoamyl alcohol mixture to remove protein contaminants,
and then precipitated with 100% ethanol. The DNA was pelleted after the
precipitation step, washed with 70% ethanol to remove salts and small
organic molecules, and resuspended in buffer at a concentration suitable for
further investigation. Bsml, polymorphism of VDR gene was determined
using polymerase chain reaction (PCR) analysis using specially designed
primers.

2.3. Statistical methods

Statistical analysis was performed using Windows software package SPSS
18.0. Mean of variables, standard deviation (SD) were calculated. To assess
normality of distribution of interval variables Kolmogorov-Smirnov test was
applied. Mean differences of interval variables were compared using Student
t-test. The one-way analysis of variance (ANOVA) was used to determine
whether there were any significant differences between the means of three
or more independent groups and the difference between these groups was
established by Bonferroni test. Spearman correlation coeflicient was used
to calculate relations between the interval variables. For the assessment of
effect of independent factors to the evaluation of dependent variable and
prediction of the values of the dependent variable stepwise multivariate
linear regression and logistic regression analysis was used. For the assesment
of falls relation with other variables cluster analysis was used. The differences
were considered statistically significant if a error probability (p value) was
less than 0.05.
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3. RESULTS

3.1 Vitamin D, bone mineral density, muscle mass, and physical
performance features in elderly according to age and gender

A total of 392 individuals, 151 (38.5%) men (from 60 to 95 years) and
241 (61.5%) women (from 60 to 89 years) were included in this study. We
compared anthropometric parameters, vitamin D, parathyroid hormone,
bone mass, bone mineral density, muscle mass and physical performance in
the elderly men and women. The results are presented in Table 1.

Table 1. Anthropometric, vitamin D, parathyroid hormone, bone mass, bone mineral density,
muscle mass and physical performance characteristics according to gender

Men Women
(n=151) (n=241)
Parameters 95% CI 95% CI p
Mean+SD for mean Mean+SD for mean
Age, years 72.86+£8.01  71.58-74.15  72.67+7.52  71.71-73.62 0.803
Height, cm 172.53+6.81 171.43-173.62 158.13+6.66 157.28-158.97 <0.001
Body mass, kg 81.69+13.92  79.45-83.93 70.72+13.38  69.02-72.42  <0.001
BMLI, kg/m? 27.40+4.12  26.73-28.06  28.33+5.28 27.65-29 0.067
Vitamin D, ng/ml 16.74+10.14 15.11-18.37  16.34+8.14 15.22-17.47 0.685
PTH, ug/ml 52.69+25.55 48.58-56.79  54.59+30.46  50.62-58.55 0.527
Lean mass, kg 54.0£6.65 52.93-55.08  40.22+523  39.53-4091  <0.001
Appendicular muscle mass, kg~ 24.39+3.69  23.79-24.98  18.14+32  17.69-18.58  <0.001
Leg muscle mass, kg 17.63£2.69  17.19-18.06  13.43+2.23  13.14-13.73  <0.001
Arm muscle mass, kg 6.76+1.13 6.57-6.94 4.54+1.12 4.39-4.69 <0.001
Bone mineral content, kg 2.99+0.47 2.92-3.07 2.04+0.38 1.99-2.09 <0.001
Total body BMD, g/ cm? 1.185+0.172  1.157-1.213  1.005+0.183  0.979-1.03 <0.001
Lumbar BMD, g/cm? 1.215+0.229  1.179-1.252 1.016+0.191  0.991-1.04  <0.001
Total hip BMD, g/cm? 1.015+£0.163  0.988-1.041 0.868+0.183  0.845-0.891  <0.001
Femur neck BMD, g/cm? 0.926+0.154  0.901-0.95  0.825+0.141  0.807-0.843  <0.001
Handgrip strength, kg 31.22+10.63  29.49-32.95 14.58+6.59  13.66-1551  <0.001
Balance test, s 9.58+1.12 9.39-9.76 9.58+1.34 9.39-9.77 0.98
Walking test, s 4.99+2.22 4.62-5.35 6.86+7.09 5.86-7.85 0.002

Five repeated chair stand test, s 15.08+5.56 14.17-15.99 19.56+8.44 18.37-20.75 <0.001

p-value was calculated using Student t test.
SD - standard deviation; CI - confidence interval; BMI - body mass index; PTH - parathyroid
hormone; BMD - bone mineral density.
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It was found that age did not differ statistically significantly between men
and women, but men’s height and body weight were higher than womens.
We haven't found significant differences of serum vitamin D and PTH
values between men and women. It was found that lean mass, arm and leg
muscle mass was significantly higher of men, comparing with women. Bone
density parameters, measured in all areas, were higher in the group of men,
comparing with women. Handgrip strength, gait speed, time of five repeated
chair stand test was also significantly higher in men. We have not found
significant differences in balance between men and women.

When performing analysis of differences in vitamin D and parathyroid
hormone levels in the different age groups we recorded the following trends:
with age increase, vitamin D levels in blood have decreased, and parathyroid
hormone levels have increased (Fig. 1).

Gender

men
25,00 — women 80,00

20,00

20,00

S
>
=]
S

Vitamin D, ng/ml
PTH, pg/ml

5,00

0,00
60-64  65-69  70-74  75-79 80+ 60-64  65-69  70-74  75-79 80+
Age groups, years Age groups, years

Figure 1. Vitamin D and parathyroid hormone levels in different groups of age in elderly
persons

It was found that vitamin D levels differed significantly between the age
groups of both men (p=0.002) and women (p<0.001) groups. Parathyroid
hormone levels also differed significantly between the different age groups
(men, p<0.001, women p=0.014). The vitamin D levels of women aged
80 years and older were the lowest (10.07+4.88 ng/ml), and significantly
differed from the 75-79 year old women (15.69+4.78 ng/ml, p=0.001),
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70-74 year old women (16.44+7.48 ng/ml, p<0.001), 65-69 year old women
(18.53+6.32 ng/ml, p<0.001), and 60-64 year old women (18.96+7.54 ng/ml,
p<0.001).

It was observed that vitamin D levels of men aged 80 years and older
(12.65+8.63 ng/ml) significantly differed from men aged 70-74 years
(18.4£8.43 ng/ml, p=0.006), and 60-64 year old men (20.31+8.87 ng/ml,
p<0.001).

We compared bone mineral mass and density and parameters between
two vitamin D level groups, separately for men and women. The results are
presented in Table 2.

Table 2. Bone mineral mass and density according to gender and vitamin D level

Men Women
Parameters Vit. D level  Vit. D level Vit. D level  Vit. D level
<20ng/ml ~ 220ng/ml p  <20ng/ml  >20ng/ml p
(n=99) (n=52) (n=174) (n=67)

Bone mineral content, kg 2.924+0.45 3.13+0.48 0.01 2.06+0.4 2.12+0.3 0.17
Total body BMD, g/ cm? 1.161+0.13  1.229+0.22 0.05 0.989+0.201 1.043+0.133 0.03
Lumbar BMD, g/cm? 1.183+£0.223 1.277+0.24 0.02 1.039+0.191 1.053+0.165 0.61
Total hip BMD, g/cm? 0.994+0.164 1.055+0.16 0.03 0.88+0.221 0.924+0.124 0.05
Femur neck BMD, g/cm?  0.908+0.151 0.958+0.16 0.06 0.834+0.151 0.862+0.11  0.16

Results are expressed as mean+standard deviation; p-value was calculated using Mann-Whitney
test.
BMD - bone mineral density.

It was found that bone mineral content (2.92+0.45 kg), total body BMD
(1.161+0.13 g/cm?), lumbar BMD (1.183+0.223 g/cm?), and total hip BMD
(0.994+0.164 g/cm’) was significantly lower in men with vitamin D defi-
ciency, comparing with men whose vitamin D levels were >20 ng/ml. There
was no significantly difference in femoral neck BMD between vitamin D
level groups. It was observed that total body BMD (0.989+0.201 g/cm?) and
total hip BMD (0.88+0.221 g/cm?) was significantly lower of women with
vitamin D deficiency, comparing with women whose vitamin D levels were
220 ng/ml. There was no significantly difference in bone mineral content,
lumbar BMD and femoral neck BMD between vitamin D level groups.
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We compared muscle mass and performance parameters between two
vitamin D level groups, separately for men and women. The results are
presented in Table 3.

Table 3. Skeletal muscle mass and physical performance according to gender and vitamin D
level

Men Women
Parameters Vit. D level Vit. D level Vit. D level Vit. D level
<20ng/ml  >20ng/ml p <20ng/ml >20ng/ml p
(n=99) (n=52) (n=174) (n=67)
Age, years 74.09£7.96 70.25%£7.32 0.004 73.49%7.67 69.08+7.67 <0.001
BMI, kg/m? 27.37+4.38  27.54+3.6 0.8  28.61+5.29 28.48+529 0.87
Vitamin D, ng/ml 11.11+4.21  27.55+9.3 <0.001 12.52+4.56 26.38+4.56 <0.001
PTH, pg/ml 54.94+21.78 44.81+15.79 0.004 56.98+33.69 46.54+33.6 0.03
Lean mass, kg 53.56+6.77 54.86+6.45 026  40.63+5.5 39.92+47 0.39
Appendicular muscle mass, kg  23.99+3.64 25.18+3.73  0.06 18.24+3.42 17.87+3.42 0.46
Arm muscle mass, kg 6.67+1.15  6.92+1.11 021 4.62£1.29 4.5+129 053
Leg muscle mass, kg 17.32+2.6  18.26+2.78 0.04 13.62+2.35 13.37+2.35 047
Handgrip strength, kg 30.62+10.63 32.66+10.58 0.27 14.11+6.98 15.79+6.98 0.11
Balance test, s 9.5+1.2 9.70+0.88  0.19 9.43+1.49 9.96+149 0.01
Walking test, s 5.1+1.9 4.95+2.78  0.89 7284822 5.75£8.22 0.17

Five repeated chair stand test,s  15.17+6.16 ~ 14.82+4.2 072 19.9249.52 18.66+9.52 0.35

Results are expressed as meantstandard deviation; p-value was calculated using Mann-Whitney
test.
BMI - body mass index; PTH - parathyroid hormone.

Our findings indicate that handgrip strength, lean mass, appendicular
muscle mass, and arm muscle mass did not differ statistically significantly
among men of different vitamin D groups. We found that leg muscle mass
was lower in vitamin D deficiency group (<20 ng/ml) men (17.32+2.6,
p=0.04), comparing with men whose vitamin D levels were higher or equal
to 20 ng/ml. Muscle strength and muscle mass parameters did not differ
statistically significantly between women of two vitamin D groups. We also
found that for women in vitamin D deficiency group the balance test time
was shorter (9.43£1.49 s), compared with women, whose vitamin D levels
were higher than 20 ng/ml (p=0.01).
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For a closer analysis of the differences in bone mineral density, muscle
mass and strength, physical performance with regard to vitamin D levels, we
divided the cohort into four vitamin D level in blood groups using quartiles
(the results are presented in Tables 4 and 5).

Table 4. Bone mineral mass and density according to gender and vitamin D level quartiles

Vitamin D level quartiles

Parameters P
1 2 3 4
Men
Sample n=39 n=37 n=38 n=37 -
Bone mineral content, kg 2.77+0.51 3.1+0.41 2.99+0.45 3.13+0.46  0.004
Total body BMD, g/ cm? 1.107+£0.145  1.202+0.118 1.223+£0.13 1.210+£0.246  0.013
Lumbar BMD, g/cm? 1.167+0.255 1.23+0.21 1.196+0.206  1.275+0.239  0.204
Total hip BMD, g/cm? 0.93+0.177 1.049+0.146  1.039+0.153  1.046+0.151  0.002
Femur neck BMD, g/cm?  0.847+0.159  0.968+0.142  0.942+0.147  0.948+0.146 0.003
Women

Sample n=61 n=60 n=59 n=61 -
Bone mineral content, kg 1.97+0.39 2.10+0.4 2.08+0.39 2.15+0.3 0.101
Total body BMD, g/ cm? ~ 0.939+0.238  1.032+0.134  1.000+0.189  1.049+0.133 0.013
Lumbar BMD, g/cm? 1.042+0.23 1.062+0.188  1.014+0.155  1.055+0.161 0.587
Total hip BMD, g/cm? 0.862+0.141  0.914+0.155  0.861+0.273  0.932+0.125 0.118

Femur neck BMD, g/cm? 0.81+0.141 0.859+0.173  0.829+0.128  0.871+£0.112  0.11

Data are presented as meanz+standard deviation; p-values were calculated by using ANOVA test.
BMD - bone mineral density.

Analysis of variance (ANOVA) showed that bone mineral content, total
body BMD, total hip, femoral neck bone mineral density were significantly
different in groups of men obtained using quartiles of vitamin D levels,
however BMD in the lumbar spine area did not differ. Post hoc analysis using
the Bonferroni criterion showed that men’s bone mineral content in the first
quartile of vitamin D level was the lowest (2.77+0.51 kg) and significantly
differed from bone mineral mass in the second (p=0.013) and fourth
quartile men (p=0.006). Total hip BMD was the lowest in the first vitamin D
quartile men (0.93+0.177 g/cm?) and significantly differed from the second
(p=0.008), third (p=0.018) and fourth (p=0.01) quartiles men. Femoral
neck BMD was lowest in first vitamin D quartile men (0.847+0.159 g/cm?)
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and differed significantly from the second (p=0.004), third (p=0.042), and
fourth (p=0.025) quartiles men.

Table 5. Skeletal muscle mass and physical performance according to gender and vitamin D
level quartiles

Vitamin D level quartiles

Parameters P
1 2 3 4
Men
Sample n=39 n=37 n=38 n=37 -
Vitamin D, ng/ml 6.57+1.24  12.27+1.27 18.32+2.26 30.32+9.75 <0.001
PTH, pg/ml 60.84+22.7 53.84+22.04 46.77+17.61 44.15+14.75 0.001
Lean mass, kg 51.24+6.73  55.95£6.09 54.23+6.59 54.62+6.61 0.018
Appendicular muscle mass, kg~ 22.68+3.58  25.16+3.3  24.67+3.74  25.1+3.76  0.01
Arm muscle mass, kg 6.25+1.1 7.07£1.04  6.84+1.18  6.86£1.09  0.013
Leg muscle mass, kg 16.43+2.58  18.09+2.39  17.84+2.68 18.23+2.82 0.014
Handgrip strength, kg 28.+11.53  32.22+9.38 32.89+10.18 32.28+10.95 0.166
Balance test, s 9.49+1.04 9.64+1.09  9.43*1.49  9.79+0.77  0.559
Walking test, s 5.16+1.84 4.79+1.84 5.38+3.45 4.57£0.93 0419
Five repeated chair stand test, s 15.77+6.16 15.1+5.68 14.27+6.37 15.04+3.58 0.718
Women

Sample n=61 n=60 n=59 n=61 -
Vitamin D, ng/ml 7.32+1.85 13+1.37 18.2+1.64  27.07+6.92 <0.001
PTH, pg/ml 58.66+25.14 55.03+23.94 49.16+26.61 47.98+16.18 0.074
Lean mass, kg 40.174#5.61  41.03+5.12  40.19+5.9  40.31+4.67 0.829
Appendicular muscle mass, kg~ 17.96+3.81  18.23+3.08  18.27+3.32 18.07+2.53  0.96
Arm muscle mass, kg 4,62+1.51 4.46+.83 4.68+1.4 4,58+0.69 0.796
Leg muscle mass, kg 13.34+2.5 13.77+42.35  13.59+£2.19 13.49+1.97 0.81
Handgrip strength, kg 12.69+6.44  13.66+8.06 16.03+5.57 15.95+5.45 0.023
Balance test, s 9.45+0.92 9.19+42.03  9.74+1.14  9.95+¥9.75  0.024
Walking test, s 7.37+4.68 8.29+12.74  5.93%2.34 5.78+2.24  0.234

Five repeated chair stand test,s ~ 21.18+11.78  20.07+9.05  18.62+6.61 18.4+4.6 0.324

Data are presented as meanztstandard deviation; p-values were calculated by using ANOVA test.

PTH - parathyroid hormone.

Our study revealed that lean mass, appendicular muscle mass, leg muscle
mass, arm muscle mass statistically significantly differed between men in
vitamin D level quartiles. Hand muscle strength, balance, 4-meter walking
test, sit-and-stand from a chair test statistically did not significantly differ
between vitamin D quartiles in men. Post hoc analysis showed that lean mass
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was the lowest in the first quartile of vitamin D level in men (51.24+6.73 kg)
and it was significantly different for the second (p=0.013) quartile.
Appendicular muscle mass was the lowest in the first quartile of vitamin D
in men (22.68+3.58 kg) and differed from the second (p=0.021) and fourth
(p=0.029) quartiles. Chair test results do not differ significantly between
vitamin D quartiles. Arm muscle mass was the lowest in the first quartile
of vitamin D level in men (6.25+1.1 kg) and was significantly different for
the second (p=0.011) quartile. Leg muscle mass was the lowest in the first
quartile of vitamin D in men (16.43+2.58 kg) and was significantly different
from the second (p=0.043), and fourth (p=0.023) men’s quartiles.

Women lean mass, appendicular muscle mass, leg muscle mass, and arm
muscle mass did not differ statistically significantly in vitamin D level groups.
We observed differences of handgrip strength and balance test in vitamin D
quartiles in women. Balance test time in the fourth quartile (9.95+9.75 s)
was significantly longer than in the second quartile (9.19+2.03 s, p=0.015).

Total body bone mineral density differences in the vitamin D level
quartiles for men and women are provided in Figure 2.
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Figure 2. Total body mineral density according to vitamin D quartiles and gender

Total body BMD was significantly different in vitamin D quartiles both
for studied men and women. When applying a post hoc Bonferroni criterion
for univariate analysis of variance (ANOVA), we have found that total body
BMD in the first quartile of vitamin D level in men (1.107+0.145 g/cm?)

— 18—



was significantly lower compared to the third vitamin D men’s quartile
(p=0.019). Total body BMD (0.939+0.238 g/cm?) was significantly lower
in first vitamin D quartile women, comparing with the fourth vitamin D
quartile women (1.049+0.133 g/cm?, p=0.015).

Summarising these results we can conclude, that vitamin D deficiency
has been found in most of the investigated elderly people: 72.2% of women
and 65.6% of men. The lowest vitamin D level was observed in persons
aged 80 years and older. We observed significant bone mass, bone mineral
density, muscle mass and physical performance differences in vitamin D
levels groups.

3.2. The associations between vitamin D, bone mineral density,
muscle mass, physical performance and falls in elderly

In order to analyse associations between vitamin D, bone mineral density,

muscle mass and physical performance, correlation analysis was performed
(Table 6).

Table 6. Correlations between vitamin D, bone mineral density, skeletal muscle mass, strength
and physical performance

Vitamin D
Parameters Men Women
r p r p
PTH -0.29 0.001 -0.24 0.001
Bone mineral content 0.25 0.002 0.13 0.06
Total body BMD 0.34 0.001 0.16 0.03
Lumbar BMD 0.16 0.04 0.11 0.94
Total hip BMD 0.28 0.001 0.14 0.04
Femur neck BMD 0.26 0.002 0.14 0.04
Lean mass 0.16 0.04 0.08 0.91
Appendicular muscle mass 0.22 0.007 0.04 0.57
Arm muscle mass 0.17 0.03 0.05 0.5
Leg muscle mass 0.25 0.002 0.03 0.67
Handgrip strength 0.15 0.07 0.24 0.001
Balance test 0.16 0.06 0.25 <0.001
Walking test -0.1 0.21 -0.15 0.03
Five repeated chair stand test -0.78 0.35 -0.13 0.06

r — Spearman correlation coefficient.
BMD - bone mineral density; PTH - parathyroid hormone.
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The results of this analysis showed that vitamin D level was statistically
significantly negatively associated with parathyroid hormone of men
and women. Significant correlations between vitamin D and bone
mineral density were detected in men; however there were no significant
relationships between vitamin D and lumbar BMD in women. A weak
positive correlations of vitamin D with total BMD (r=0.16, p=0.03), femoral
neck BMD (r=0.14, p=0.04) and hip BMD (r=0.14, p=0.04) were observed
in women. Significant positive associations between vitamin D and muscle
mass in the all measured regions (appendicular muscle mass, lean mass, arm
muscle strength, leg muscle mass) were found in men. These relations were
not significant in women.

Handgrip strength did not correlate statistically significantly with vitamin
D in men. When analysing the women’s data, we observed a significant
correlation between handgrip strength and vitamin D. Vitamin D levels
significantly negatively correlated with parathyroid hormone (p=0.001). It
was found positive relationship of vitamin D and bone mineral density in
men; the strongest correlation was found between vitamin D levels and total
body BMD. A significant positive correlation between vitamin D and total
body BMD was also observed in women (Figure 3).
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Figure 3. Correlations between vitamin D level and total body BMD of men and women
We also analysed relation between falls and vitamin D levels, muscle
mass and physical performance for elderly men and women. We determined

that 22 (14.8%) men fell once, twice a year fell one man (0.7%), three or
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more times - four (2.6%) men, and 122 (81.9%) men never fell during the
past year. Once per year fell 54 (27.4%) women, 7 women (3.6%) fell twice a
year, while 11 (5.5%) women fell three or more times; 125 (63.5%) women
have not fell during the past year.

There was no statistically significant difference between the age of fallers
and non-fallers. Associations between vitamin D, muscle mass, physical
performance and falls are described in Table 7.

Table 7. Bone mineral density, vitamin D, skeletal muscle mass, strength and physical
performance in fallers and non - fallers

Fallers Non-fallers

Parameters (n=99) (n=247) p

Bone mineral content, kg 2.32+0.53 2.53+0.64 0.004
Total body BMD, g/cm? 1.085+0.204 1.133+0.229 0.072
Lumbar BMD, g/cm? 0.873+0.149 0.883+.154 0.576
Total hip BMD, g/cm? 0.929+0.14 0.954+0.202 0.256
Femur neck BMD, g/cm? 1.061+0.189 1.096+.191 0.125
Vitamin D, ng/ml 16.01+7.81 16.07+8.04 0.945
PTH, pg/ml 59.13+38.36 51.43+23.24 0.023
Age, years 72.85+7.31 72.43+8.02 0.652
Lean mass, kg 43.64+7.8 47.35£9.21 0.001
Appendicular muscle mass, kg 20.02+4.35 21.16+4.68 0.04

Arm muscle mass, kg 5.26%1.67 5.63+1.53 0.05

Leg muscle mass, kg 14.77+2.89 15.53+3.26 0.045
Handgrip strength, kg 17.96+10.74 23.23+12.01 <0.001
Balance test, s 9.60+1.18 9.57+1.28 0.832
Walking test, s 7.4049.5 5.52+2.7 0.005
Five repeated chair stand test, s 18.4+7.76 17.36+7.65 0.257

Data are presented as mean + standard deviation; p- value was calculated using Student t test.
BMD - bone mineral density; PTH - parathyroid hormone.

We have found that bone mineral mass, lean mass, arms, legs, and
appendicular muscle mass were significantly lower of people who
experienced falls, comparing to non-fallers. Vitamin D levels did not differ
statistically significantly between the groups, but parathyroid hormone
levels (51.43+23.24 pg/ml) was statistically significantly higher of fallers
comparing with group in patients that did not experience falls during the
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past year (59.13+38.36 pg/ml, p=0.023). It was found that handgrip strength
(23.23£12.01 kg) was significantly higher of non-fallers, comparing with
persons, who experienced falls (17.96+10.74 kg, p<0.001). For the people
who experienced falls, it was also reported a significantly longer the 4-meter
walking test performance time (7.40+9.5 s) compared to the people who did
not fall during the past year (5.524+2.70 s, p=0.005).

In order to distinguish the groups of the studied patients we employed
two-step cluster analysis. With its aid the subjects were divided into the
7 following clusters (results are presented in Table 8).

Table 8. Falls cluster analysis

Clusters
Parameters
1 2 3 4 5 6 7

Sample (%) 40 (11.7) 59 (17.3) 54(15.8) 54 (15.8) 64 (18.7) 35 (10.2) 36 (10.5)
Falls +

Gender women women women women — men men men
Appendicular muscle mass, kg~ 18.27 17.09 17.88 2021 2348 2756 2394
Total hip BMD, g/cm? 0.842 0.873 0.935 0.935 0.994 1.097 1.031
Vitamin D, ng/ml 12.2 12.82 26.39 11.61 10.88 17.72 28.65
PTH, ng/ml 73.02 50.55 46.81 57.49 52.78 49.82 45.19

Quantitative characteristics are presented as mean.
BMD - bone mineral density; PTH- parathyroid hormone.

After analysing the research results, two groups (the first and the
seventh) of patients were distinguished. Into the first group (n = 40) fell the
most (95%) number of people. Most of them (70%) were women, which
were characterized as having lower appendicular muscle mass (18.27 kg),
lower hip BMD (0.842 g/cm?), lower vitamin D levels (12.2 ng/ml), and
the highest parathyroid hormone levels in blood (73.02 ng/ml) in formed
groups. The majority of the seventh group were men who did not experience
fall during the past year (80% did not experience falls), whose vitamin D
levels were the highest (28.65 ng/ml), and parathyroid hormone levels were
the lowest (45.19 ng/ml). Hip BMD (1.031 g/cm?), and appendicular muscle
mass was highest of these men, compared with other groups.
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Our study results showed, that vitamin D was significantly positively
associated with handgrip strength of women and with muscle mass of men,
as well with BMD in elderly people of both gender. Muscle mass, handgrip
strength and gait speed were associated with falls of elderly people. Cluster
analysis showed that the group of the most frequent fallers consisted of women,
whose vitamin D levels in the blood were low (12.2 ng/ml), they also featured
low muscle mass and low total hip bone mineral density (0.842 g/cm?).
The non-faller group consisted mainly of men, whose vitamin D levels in
blood were close to optimal (28.65 ng/ml), they also had high muscle mass
and hip bone mineral density (1.031 g/cm?).

3.3. The relationship of VDR gene Bsml polymorphism
with severe postmenopausal osteoporosis

In this study two groups of participants — women with severe osteoporosis
and control women group was analyzed.

Table 9. Studied parameters differences in severe osteoporosis women and control women
group

Severe osteoporosis women group  Control group

Parameters (n=56) (n=83)

Age, years 74.12+6.43 72.9+5.95 0.424
Body mass, kg 64.28+11.75 75.15+10.48 <0.001
Height, cm 155.49+6.23 159.0+5.5 0.003
Vitamin D, ng/ml 12.62+5.34 16.02+7.39 0.026
PTH, pg/ml 57.44+24.81 47.32+16.27 0.08
Lumbar BMD, g/cm? 0.878+0.146 1.095+0.119 <0.001
Total hip BMD, g/cm? 0.741+0.101 0.869+0.085 <0.001
Femur neck BMD, g/cm? 0.745%0.097 0.949+0.099 <0.001

Data are presented as meanz+standard deviation; p- value was calculated using Student t test.
BMD - bone mineral density; PTH - parathyroid hormone.

There was no statistically significant difference of age between women
with severe osteoporosis and control group women. Lumbar, total hip and
femoral neck BMD were significantly lower in severe osteoporotic women
compared to controls.

_23_



The frequency of VDR BsmI genotypes in women with severe osteoporosis
and group of control women are shown in table 10.

Table 10. The frequency of VDR Bsml genotypes in women with severe osteoporosis and
group of control women

Severe osteoporosis

Vle)foBsn:I women group Cor(lltlr(_)lfsr)o P X2 p OR (95 % CI)
8 tYp (n - 28) -
bb 9(32.1%) 22 (48.9%) 1.29 (0.87-1.91)
Bb 14 (50%) 17 (37.8%) 1095 0371 1.01 (0.53-1.88)
BB 5(17.9%) 6(13.3%) 1.31 (0.72-2.33)

VDR - vitamin D receptor gene; OR - odds ratio; CI - confidence interval.

It was found that 9 (32.1%) women with severe osteoporosis and
22 (48.9%) control women have VDR Bsml bb genotype. VDR Bsml Bb
genotype was evaluated in 14 (50%) women with severe osteoporosis and 17
(37.8%) control group women. The data revealed that only 5 (17.9%) women
with severe osteoporosis and 6 (13.3%) control group women have VDR
Bsml BB genotype. There was no statistically significant difference of VDR
Bsml genotypes between women with severe osteoporosis and controls.

It was found that total hip and femoral neck BMD are not significantly
different between BsmlI genotypes of women with severe osteoporosis and
controls. However, lumbar
BMD is significantly higher in
- Lt the BB genotype to compare

P with the bb genotype and
Bb genotype of women with

1,200

1,000

0,800
severe osteoporosis (Figure 4).
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depending on VDR Bsml genotypes in women with severe osteoporosis and
control women. Data are presented in table 11.

Table 11. Correlation between vitamin D, parathyroid hormone and bone mineral density
depending on VDR BsmI genotypes

Severe osteoporosis

women group Cor(ltrolf;;) up
Parameters (n=28) §
Vitamin D PTH Vitamin D PTH
r p r p r P r p
bb (n=9) bb (n=22)
Vitamin D - - -0.76  0.02 - - 0.02 0.92
Lumbar BMD, g/cm? -0.23  0.55 0.18 064 0.22 0.36 0.11 0.62
Total hip BMD, g/cm? 0.55 0.13 -0.58 0.1 0.09 0.72 0.02 0.94
Femur neck BMD, g/cm?  0.66 0.05 -0.33 038 022 0.36 -0.1 0.65
Bb (n=14) Bb (n=17)
Vitamin D - - 0.4 0.6 - - -0.18 0.51
Lumbar BMD, g/cm? 0.63 0.37 -0.73  0.83 057 0.20 0.3 0.25
Total hip BMD, g/cm? 0.4 0.6 0.11 0.75  0.01 0.98 0.23 0.37

Femur neck BMD, g/cm? 0.2 0.8 0.19 058 0.24 0.36 0.04 0.88

r - Spearman correlation coefficient;

BMD - bone mineral density; PTH - parathyroid hormone.

The table shows that women in severe osteoporosis VDR Bsml bb
genotype group vitamin D concentration moderately negatively related to
PTH, also vitamin D is moderately positively related to femoral neck BMD.
There were no statistically significant correlations between vitamin D and
lumbar BMD or total hip BMD parameters in bb or Bb genotypes in either
women with severe osteoporosis or control women.

In concluding we can state, that total hip and femoral neck BMD
are not significantly different between Bsml genotypes of women with
severe osteoporosis and controls. In women with severe postmenopausal
osteoporosis, the bone mineral density of lumbar spine was significantly
higher in the VDR BsmlI gene BB genotype bearers comparing to the bb and
Bb genotype bearers. The moderate positive correlation was found between
the femoral neck BMD and vitamin D in women with severe postmenopausal
osteoporosis bearing VDR Bsml gene BB genotype.
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4. CONCLUSIONS

1. Vitamin D deficiency has been found in most of the investigated elderly
people: 72.2% of women and 65.6% of men. The lowest vitamin D level
was observed in persons aged 80 years and older. It was found that bone
mineral density of men and women, muscle mass in men and physical
performance in women were significantly lower in those with vitamin D
level less than 20 ng/ml, comparing with vitamin D sufficiency group.

2. Vitamin D statistically significantly positively associated with handgrip
strength of women and with muscle mass of men, as well with BMD
in elderly people of both gender. Muscle mass, handgrip strength and
gait speed were associated with falls of elderly people. Cluster analysis
showed that the most frequent fallers group consisted of women, whose
vitamin D levels in the blood were low (12.2 ng/ml), they also featured
low muscle mass and low total hip bone mineral density (0.842 g/cm?).
The non-faller group consisted mainly of men, whose vitamin D levels
in blood were close to optimal (28.65 ng/ml), they also had high muscle
mass and hip bone mineral density (1.031 g/cm?).

3. In women with severe postmenopausal osteoporosis, the bone mineral
density of lumbar spine was significantly higher in the VDR Bsml gene
BB genotype bearers comparing to the bb and Bb genotype bearers. The
moderate positive correlation was found between the femoral neck BMD
and vitamin D in women with severe postmenopausal osteoporosis
bearing VDR Bsml gene BB genotype.
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SUMMARY IN LITHUANIAN

Ivadas

Pastargjj desimtmetj vitaminas D kelia didelj mokslininky susidoméjima
dél jvairiy jo funkcijy Zzmogaus organizme. Nors vitaminas D vadinamas
wvitaminu®, dél jo sekosteroidinés struktiiros ir poveikio j raumenis, neuro-
raumenine funkcija ir pusiausvyra, imuninius procesus, uzdegima ir geno-
minj poveikj kurie mokslininkai jj vadina steroidiniu hormonu. Zmogaus
organizme vitamino D receptoriai yra randami daugelio audiniy lastelése.
Skeleto raumeny lgstelése taip pat yra nustatyta esant vitamino D recepto-
riy, jie randami ir lastelés membranoje, ir branduolyje. Vitamino D traku-
mas siejamas su daugeliu ligy ir patologiniy bukliy - Sirdies ir kraujagysliy
ligomis, cukriniu diabetu, onkologiniais susirgimais. Vitamino D trakumas
kraujyje nustatomas daugelio $aliy gyventojams ir yra ypatingai paplites nuo
pusiaujo nutolusiose teritorijose. Net iki 90 proc. senyvo amziaus asmeny
vitamino D koncentracija kraujyje nepakankama. Senstant vitamino D ima
trakti dél per trumpo buvimo sauléje, sumenkusio odos sugebéjimo gaminti
vitaming D ir prastesnio jo pasisavinimo i$ Zarnyno.

Iki $iol atliktuose moksliniuose darbuose, analizuojanciuose vitamino D
funkcijas Zmogaus organizme, daugiausiai buvo istirtas vitamino D rysys su
kauly “sveikata” ir kalcio homeostaze. Vitaminas D kauly laziy rizika vei-
kia dvejopai: sumazindamas griuvimy rizika ir didindamas kauly mineraly
tankj. Net ir besimptominis vitamino D trakumas $iuo metu laikomas vienu
i$ svarbiausiy kaulinio audinio vientisumg lemianciy veiksniy, kadangi su-
kelia antrine hiperparatiroze, kuri didina kaulinio audinio remodeliacijos
greitj. Taciau vitamino D koncentracijos kraujyje ir kauly mineraly tankio
rysio stiprumg jtakoja ir daugybé kity veiksniy: geografiné padétis, rasiniai
ir etniniai skirtumai, saulés ekspozicija, su maistu gaunamo vitamino D kie-
kis. Kai kuriems tyréjams sgsajy tarp vitamino D koncentracijos kraujyje ir
kauly mineraly tankio nepavyko nustatyti.

Moksliniy tyrimy, kuriuose buvo analizuotos vitamino D ir fizinio pajé-
gumo bei raumeny masés sgsajos, rezultatai taip pat nevienareik$miai. Dalis
tyréjy teigia, kad senyvo amziaus asmenims vitamino D trakumas yra reiks-
mingai susijes su raumeny silpnumu, raumeny masés sumazéjimu, suma-
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zé&jusiu fiziniu aktyvumu, pusiausvyros ir eisenos sutrikimais, didinanciais
griuvimy ir laziy rizika, taciau kiti mokslininkai tokiy rezultaty nenurodo.
Vitaminas D veikia raumeny funkcijg reguliuodamas kalcio transporta las-
teléje, neorganinio fosfato panaudojima aktyviy fosfatiniy dariniy susida-
rymui, ir baltymy sinteze raumenyse. Yra atlikta moksliniy tyrimy, kuriais
nustatytos tiesioginés vitamino D sgsajos su raumeny mase, taciau jrodyta,
kad anabolinis poveikis yra tik esant vitamino D trakumui. Pastaraisiais
desimtmeciais mokslininkai, atliekantys mokslinius tyrimus, kuriose buvo
vertinamos vitamino D ir griuvimy sgsajos, pateikdavo priestaringas i$va-
das.

Osteoporozés ir jos klinikinés iSraiskos — mazos traumos sukelty kauly
laziy - pagrindiniai rizikos veiksniai yra amzius, hormoniniai, aplinkos ir
gyvenimo bado ypatumai, ta¢iau genetiniai veiksniai gali padidinti aplinkos
veiksniy ir hormony jtaks. Nustatyta, kad genetiniai veiksniai lemia kauli-
nio audinio mikrostruktirg ir biocheminius parametrus, kalcio kiekj kau-
luose, kauly masés piko susidarymg, kauly mineraly tankj ir su amziumi
susijusj kauly masés netekima. Slaunikaulio liZis, jvykes tévams, padvigu-
bina osteoporozinio lazio tikimybe palikuonims. Tiriant dvynius ir Seimas
jrodyta, kad genetiniai veiksniai jtakoja kauly dydj, $launikaulio geometri-
nius parametrus, apie 50-85 proc. kauly mineraly tankio bei kauly mikro-
architekttiros poky¢iy, 40-60 proc. kaulinio audinio apykaitos biocheminiy
zymeny koncentracijos poky¢iy. Nustatyta daugiau nei 100 kandidatiniy
geny, susijusiy su kauly mineraly tankiu ir osteoporozés rizika.

Vitamino D receptoriaus (VDR) genas yra branduolio transkripcijos
faktorius, kuris reguliuoja 1,25(OH),D3, aktyviosios vitamino D formos,
veikima, ir jtakoja kalcio absorbcijg, kauly remodeliacijos ir mineralizacijos
procesus. Buvo atskleista, kad skirtingy asmeny VDR geno deoksiribonu-
kleorugsties sekos varijuoja, yra polimorfiskos. N. A. Morison su bendra-
autoriais 1994 metais pirmasis atliko tyrimg, kuriame buvo nustatytos vita-
mino D receptoriaus geno Bsml polimorfizmo ir kauly mineraly tankio sa-
sajos. Véliau atlikty moksliniy tyrimy iSvados apie osteoporozés genetinius
veiksnius yra nevienareik§més; vis dar néra aisku, ar kuris nors konkretus
VDR genotipas yra susijes su mazesniu kauly mineraly tankiu ir didesne
laziy rizika.
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Darbo tikslas

I$analizuoti senyvo amziaus Zmoniy vitamino D koncentracijos kraujyje sa-
sajas su kauly mineraly tankiu ir fiziniu pajégumu bei jvertinti VDR geno
Bsml polimorfizmo rysj su sunkia pomenopauzine osteoporoze.

Darbo uzdaviniai

1. Nustatyti senyvo amziaus Zmoniy vitamino D koncentracijos kraujyje,
kauly mineraly tankio, raumeny masés ir fizinio pajégumo ypatumus
atsizvelgiant j amziy ir lytj.

2. ISanalizuoti senyvo amziaus Zmoniy vitamino D koncentracijos kraujy-
je, kauly mineraly tankio, fizinio pajégumo, raumeny masés ir griuvimy
tarpusavio sgsajas.

3. Ivertinti vitamino D receptoriaus geno BsmlI polimorfizmo rysj su sun-
kia pomenopauzine osteoporoze.

Mokslinis darbo naujumas ir aktualumas
Atliekant §j mokslinj tyrimg buvo vertinamos iki $iol pilnai neistirtos vita-
mino D koncentracijos sasajos su kauly mineraly tankiu, griuvimais, taip
pat analizuojamos sgsajos su raumeny mases ir fizinio pajégumo rodikliais.
Atlikus §j tyrimg nustatytos vitamino D receptoriaus geno Bsml polimor-
fizmo sasajos su kauly mineraly tankiu esant sunkiai pomenopauzinei os-
teoporozei. Siuo metu atskiry geografiniy regiony populiacijy genofondo
tyrimai yra aktuals ir jau atliekami daugelyje Saliy. Misy Ziniomis, Lietu-
voje iki $iol nebuvo atlikta osteoporozés genetiniy tyrimy, todél $io tyrimo
rezultatai papildys Europos $alyse atliekamy tyrimy, kuriuose tiriami atski-
ry regiony ir etniniy grupiy genetinius osteoporozés veiksnius, rezultatus.
Manoma, kad Zmogaus genotipo tyrimai ateityje bus naudojami vertinant
individualig kauly laziy rizikg ir parenkant optimaly osteoporozés gydyma.
Misy nustatytos sgsajos tarp vitamino D koncentracijos ir kauly mine-
raly tankio prisideda prie daugybés moksliniy darby, patvirtinanciy §j rysj.
Taip pat nustatéme teigiamg vitamino D koncentracijos koreliacijg su fiziniu
pajégumu. Todél manome, kad vitamino D koncentracijg kraujyje tikslinga
tirti senyvo amZiaus asmenims, ypac vyresniems nei 80-ies mety, taip pat pa-
tyrusiems griuvimus Zmonéms bei tiems, kuriy mazas kauly mineraly tankis.
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Tirti asmenys ir tyrimo metodai

Imties ttris skai¢iuotas naudojant statistiniy programy paketa SAS Power
and Sample Size 12.1. Tyrime dalyvauti buvo pasitlyta asmenims, kurie
kreipési j Nacionalinj osteoporozés centra. Jtraukimo j tyrimg kriterijai: 60
mety ir vyresnis amzius; savanori$kas sutikimas dalyvauti tyrime. Nejtrau-
kimo j tyrima kriterijai: Nesutikimas atlikti kurios nors tyrimo proceduros;
per pastaruosius 12 ménesiy gauta didelé jonizuojanciosios apsvitos dozé;
atramos-judéjimo sistemos ir nervy ligos, sutrikdancios judéjimo funkcijas;
bet kurios lokalizacijos véziniai susirgimai; psichikos ligos; vaisty, veikian-
¢iy raumeninio, riebalinio ir kaulinio audiniy apykaita, vartojimas; vitami-
no D papildy vartojimas.

Vilniaus regioninis biomedicininiy tyrimy etikos komitetas 2011-04-06
isdavé leidimg atlikti biomedicininj tyrima, leidimo Nr. 158200-04-291-76.

Tiriamyjy apklausa buvo vykdoma tiesiogiai, tyréjui apklausos rezulta-
tus fiksuojant anketoje. Joje buvo registruojami demografiniai duomenys,
socialiniai ir gyvensenos veiksniai, medicininé anamnezé. Taip pat buvo
klausiama, ar tiriamasis per praéjusius kalendorinius metus buvo griuves,
jei griuvo - kiek karty.

Tiriamyjy Ggis, kiino masé buvo matuojami tiriamiesiems nusiren-
gus vir$utinius rabus, nusiavus batus. Apskaic¢iuotas kiitno masés indeksas
(KMI), kiino mase kilogramais padalijus i$ igio metrais, pakelto kvadratu.

Ranky raumeny jéga matuota dominuojancioje rankoje, naudojant me-
chaninj dinamometrg. Analizei buvo naudotas trijy matavimy rezultaty vi-
durkis. Fizinis pajégumas buvo vertinamas atliekant trumpajj fizinio pajégu-
mo testy rinkinj (angl. short physical performance battery; santrumpa SPPB).
S testy rinkinj sudaro eisenos grei¢io, gebéjimo atsistoti nuo kédeés, gebéjimo
islaikyti pusiauvyra vis daugiau jégy reikalaujanciose padétyse jvertinimai.

Kauly mineraly tankis (KMT), kauly mineraly masé, raumeny masé
tirta dvisrautés radioabsorbciometrijos (angl. dual-energy x-ray absorptio-
metry; DXA) metodu GE Lunar firmos (JAV) kauly mineraly tankio ma-
tuokliu iDXA. KMT buvo isreikstas absoliuciais skaiciais (g/cm?), vertintas
T-lygmuo, kurio apskaic¢iavimui naudoti gamintojo pateikti referentiniai
KMT duomenys. I$matavus kiitno sudétines dalis, galiniy raumeny masé
apskaidiuota pagal formule: abiejy ranky liesoji masé (kg) + abiejy kojy lie-
soji masé (kg).
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Tiriamiesiems kraujo meéginys buvo imamas ryte, pries tai nevalgius
dvylika valandy. Vitamino D (250H)D) ir parathormono koncentraci-
ja serume tirta pilnai automatizuotu elektrocheminés liuminescencinés
imuninés analizés metodu, Roche Diagnostic imunologiniu analizatoriumi
Cobas E411.

Genetiniams tyrimams kraujo méginiai buvo imami i$ alk@ninés venos.
Per 5 min. po kraujo paémimo kraujo éminys (apie 2 ml) buvo uzlasinamas
ant specialiy NucleoSafe korteliy (Macherey-Nagel, Germany). Genetiniai
tyrimai buvo atlikti Baltarusijos nacionalinés moksly akademijos Geneti-
kos ir citologijos instituto molekulinés genetikos laboratorijoje. Tiriamy
asmeny deoksiribonukleininé r. (DNR) buvo i$skirta i§ periferinio kraujo,
isdziovinto ant specialiy korteliy standartiniu proteinazés K skaidymo, fe-
nolio—chloroformo-etanolio alkoholio precipitacijos metodu.

Statistiné duomeny analizé atlikta naudojant SPSS 18.0 for Windows
programy paketa. Pateikiant aprasomajg statistika intervaliniams kintamie-
siems buvo skaiciuoti vidurkiai ir standartiniai nuokrypiai, kokybiniams -
dazniai. Dviejy grupiy intervaliniy kintamyjy vidurkiy skirtumai buvo pa-
lyginti naudojant Stjudento t kriterijy. Trijy grupiy vidurkiai ir jy dispersijos
lygintos naudojant vienfaktorine dispersine analize (ANOVA). Esant reiks-
mingiems skirtumams tarp grupiy buvo atliekami poriniai post hoc paly-
ginimai, naudojant Bonferroni kriterijy. Tiesiniams rysiams tarp intervali-
niy kintamuyjy nustatyti skaic¢iuoti Spearman‘o koreliacijos koeficientai (r).
Siekiant jvertinti nepriklausomy kintamuyjy poveikj priklausomiems kinta-
miesiems, sudarinéti jvairas daugialypés tiesinés ir logistinés regresijos mo-
deliai. Tiriant griuvimy rys$j su kitais rodikliais, naudotas dvipakopés klas-
terinés analizés metodas. Skirtumai laikyti statisti$kai reik$émingais, jeigu
palyginimui naudoto kriterijaus p reik§mé buvo mazesné uz 0,05 (p<0,05).
Visur pateikiamos dvipusés p reik§més.

Rezultatai

Istirti 392 asmenys, i$ jy - 151 (38,5 proc.) vyras (nuo 60 iki 95 mety am-
ziaus) ir 241 (61,5 proc.) moteris (nuo 60 iki 89 mety amziaus). Nustatyta,
kad vyry ir motery amzius statistiSkai reik$mingai nesiskyré, taciau vyry
ugis ir kilno masé buvo didesni negu motery. Kino masés indeksas tarp
ly¢iy reik§mingai nesiskyré. Vitamino D ir parathormono koncentracija
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kraujyje vyrams ir moterims taip pat reik§mingai nesiskyré. Vyry viso kiino
liesoji masé, ranky bei kojy raumeny masés buvo statistiskai reikSmingai
didesnés nei motery; kauly tankio rodikliai, matuoti visose srityse buvo
reik§mingai didesni vyry grupéje. Ranky raumeny jéga, eisenos greitis, atsi-
sédimy - atsistojimy nuo kédés testo laikas taip pat buvo reik§mingai dides-
ni vyrams, nei moterims, taciau reik§mingo skirtumo tarp ly¢iy, lygindami
pusiausvyra, nenustatéme.

Analizuojant vitamino D ir parathormono koncentracijos skirtumus
amziaus grupése stebéjome tokias tendencijas: didéjant amziui vitamino D
koncentracija kraujyje mazéjo, o parathormono - didéjo. Taikydami disper-
sinés analizés post hoc Bonferroni kriterijy nustatéme, kad 80 mety ir vyres-
nio amziaus motery vitamino D koncentracija buvo maziausia (10,07+4,88
ng/ml) lyginant su kitomis amziaus grupiy moterimis, ir reik§mingai sky-
rési nuo 75-79 mety motery (15,69+4,78 ng/ml; p=0,001), 70-74 mety
amziaus motery (16,44+7,48 ng/ml; p<0,001), 65-69 mety amziaus mote-
ry (18,53£6,32 ng/ml; p<0,001) ir 60-64 mety motery (18,96+7,54 ng/ml;
p<0,001). Vitamino D koncentracija 80 mety ir vyresnio amziaus vyrams
(12,65+8,63 ng/ml) reik§mingai skyrési nuo 70-74 mety amziaus vyry
(18,4%8,43 ng/ml; p=0,006) ir 60-64 mety vyry (20,31+8,87 ng/ml; p<0,001),
nors reik§mingo skirtumo nuo 65-69 mety amziaus (13,98+7,37 ng/ml;
p=0,519) ir 75-79 mety vyry (17,12+9,21; p=0,065) nestebéjome.

Analizavome kauly mineraly masés, kauly mineraly tankio rodikliy ypa-
tumus atsizvelgiant j vitamino D koncentracija kraujyje. Vyrams, kuriy vita-
mino D koncentracija buvo mazesné nei 20 ng/ml, buvo nustatyta statistiskai
reik$mingai mazesné kauly mineraly masé (2,92+0,45 kg), viso kino KMT
(1,161+0,13 g/cm®), KMT stuburo slanksteliy srityje (1,183+0,223 g/cm?),
bendro $launikaulio KMT (0,994+0,164 g/cm?) lyginant su vyrais, kuriy
vitamino D koncentracija didesné arba lygi 20 ng/ml. Slaunikaulio kaklo
KMT statisti$kai reik§mingai tarp tiriamyjy vitamino D koncentracijos gru-
piy nesiskyreé.

Moterims, kuriy vitamino D koncentracija buvo mazesné nei 20 ng/ml,
buvo nustatytas statistiSkai reik§mingai mazesnis viso kino KMT
(0,989+0,201 g/cm?), bendras $launikaulio KMT (0,88+0,221 g/cm?), ly-
ginant su moterimis, kuriy vitamino D koncentracija didesné arba lygi
20 ng/ml. Statisti$kai reikémingo skirtumo tarp vitamino D koncentracijos
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grupiy nebuvo lyginant kauly mineraly masés, stuburo KMT ir §launikaulio
kaklo KMT rodiklius. Misy tyrimo rezultatai rodo, kad vyry ranky raumeny
jéga, liesoji masé, galiniy raumeny masé, ranky raumeny masé statistiskai
reik§mingai tarp tirty vitamino D koncentracijos kraujyje grupiy nesiskiria.
Analizuojant duomenis, nustatéme, kad vyry vitamino D trakumo (<20 ng/ml)
kojy raumeny masé yra mazesné (17,32+2,6 kg, p=0,04), lyginant su vyrais,
vyrais, kuriy vitamino D koncentracija didesné arba lygi 20 ng/ml.

Motery raumeny jégos ir masés rodikliai vitamino D grupése statististiskai
reik§mingai nesiskyré. Nustatéme, kad moterims vitamino D trikumo gru-
péje pusiausvyros testo laikas buvo trumpesnis (9,43+1,49 s), lyginant su mo-
terimis, kuriy vitamino D koncentracija kraujyje buvo didesné nei 20 ng/ml
(p=0,01).

Norédami i$analizuoti sgsajas tarp vitamino D koncentracijos, kauly
mineraly tankio, raumeny masés ir fizinio pajégumo, atlikome koreliacine
analize. Sios analizés rezultatai parodé, kad vitamino D koncentracija krau-
jyje statistiskai reik§mingai neigiamai siejosi su parathormono koncentra-
cija kraujyje tiek vyrams, tiek moterims. Vyrams nustatytos reiksmingos
sgsajos tarp vitamino D ir visy kauly tankio rodikliy. Moterims nustaty-
ta silpna teigiama vitamino D koncentracijos kraujyje koreliacija su viso
kiano KMT (r=0,16, p=0,03), su $launikaulio kaklo KMT (r=0,14, p=0,04)
ir $launikaulio vir$utinés dalies KMT (r=0,14, p=0,04). Vyrams buvo nu-
statytos reik§mingos sasajos tarp vitaminos D ir raumeny masés rodikliy
visose matuotose srityse: galiniy raumeny masé, liesoji masé, ranky rau-
meny jéga, kojy raumeny masé teigiamai, silpnai koreliuoja su vitamino D
koncentracija kraujyje. Moterims $ios sgsajos buvo nereik§mingos - galiniy
raumeny masg, liesoji masé, ranky raumeny jéga, kojy raumeny masé su vi-
tamino D koncentracija kraujyje reik§mingai nekoreliavo. Ranky raumeny
jéga vyrams su vitamino D koncentracija statisti$kai reik$mingai nesisiejo.
Analizuojant motery duomenis, stebéjome reik§mingas sasajas tarp ranky
raumeny jégos ir vitamino D koncentracijos kraujyje. Vitamino D koncen-
tracija reikSmingai neigiamai siejosi su parathormono koncentracija kraujy-
je (p=0,001). Vyrams nustatytos statistiskai reik§mingos koreliacijos visose
analizuotose kauly mineraly tankio srityse, stipriausia koreliacija buvo nu-
statyta tarp vitamino D ir viso kiino KMT. Moterims taip pat stebéta reiks-
minga teigiama koreliacija tarp vitamino D ir viso kiino KMT.
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Analizavome tyrime dalyvavusiy senyvo amziaus vyry ir motery griu-
vimy sasajas su vitamino D koncentracija kraujyje, raumeny masés ir fizi-
nio pajégumo parametrais. Siekdami iSskirti charakteringas tirty pacienty
grupes, pasitelkéme dviejy pakopy klasterine analize. Jos pagalba tiriamieji
buvo suskirstyti j 7 klasterius. I$ visy tirty grupiy issiskyré dvi (pirmoji ir
septintoji). ] pirma grupe (n=40) pateko daugiausia (95 proc.) griuvimus
patyrusiy asmeny. Dauguma jy (70 proc.) sudaré moterys, kurios pasizymé-
jo mazesne galiniy raumeny mase (18,27 kg), mazesniu KMT $launikaulio
srityje (0,840 g/cm?), mazesne vitamino D koncentracija kraujyje (12,2 ng/ml)
ir didziausia i§ suformuoty grupiy parathormono koncentracija kraujyje
(73,02 ng/ml). Septintos grupés dauguma sudaré negriuve per pastaruosius
metus vyrai (80 proc. nepatyrusiy griuvimy), kuriy vitamino D koncentra-
cija kraujyje buvo didziausia (28,65 ng/ml), o parathormono - maziausia
(45,19 ng/ml). Siy vyry KMT $launikaulio srityje (1,031 g/cm?), galiniy
raumeny masé buvo vieni i§ didziausiy, lyginant su kitomis grupémis.

Genetiniai tyrimai buvo atlikti 73 moterims, i$ kuriy 28 moterys sirgo
sunkia osteoporoze po menopauzés (amziaus vidurkis 74,12+6,43 mety).
Kontroling grupe sudaré 45 moterys, nesergancios osteoporoze ir atitin-
kancios pagrinding grupe pagal amziy (amziaus vidurkis 72,9+5,95 mety,
p=0,424). Nustatyta, kad 9 (32,1 proc.) motery serganciy sunkia osteoporo-
ze ir 22 (48,9 proc.) kontrolinés grupés motery turéjo VDR Bsml bb geno-
tipa. VDR Bsml Bb genotipas buvo nustatytas 14 (50 proc.) motery sergan-
¢iy sunkia osteoporoze ir 17 (37,8 proc.) kontrolinés grupés motery. Masy
tyrimo duomenimis VDR Bsml BB genotipas nustatytas tik 5 (17,9 proc.)
sunkios osteoporozés grupés motery ir 6 (13,3 proc.) kontrolinés grupés
motery. VDR Bsml genotipai statistiskai reik§mingai nesiskyré tarp motery
serganciy sunkia osteoporoze ir kontrolinés grupés motery.

Nustatéme, kad serganciy sunkia pomenopauzine osteoporoze motery
stuburo juosmeninés srities kauly mineraly tankis buvo didesnis esant VDR
geno Bsml BB genotipui, nei esant bb ar Bb genotipams. Esant VDR geno
Bsml bb genotipui, sunkia pomenopauzine osteoporoze serganciy motery
$launikaulio kaklo kauly mineraly tankis vidutini$kai stipriai koreliavo su
vitamino D koncentracija kraujyje.
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ISvados

1. Vitamino D trikumas nustatytas daugumai tirty senyvo amziaus Zzmo-
niy: 72,2 proc. motery ir 65,6 proc. vyry. Maziausia vitamino D kon-
centracija kraujyje nustatyta 80 mety ir vyresniems vyrams ir moterims.
Esant vitamino D koncentracijai kraujyje mazesnei nei 20 ng/ml abiejy
ly¢iy asmeny kauly mineraly tankis, vyry raumeny masé ir motery fizi-
nis pajégumas yra mazesni, negu esant pakankamai vitamino D koncen-
tracijai.

2. Senyvame amziuje vitamino D koncentracija kraujyje statistiskai reiks-
mingai vidutiniskai koreliuoja su ranky raumeny jéga moterims, su rau-
meny mase vyrams ir su viso kino kauly mineraly tankiu abiejy lyc¢iy
asmenims. Maza raumeny masé ir jéga, mazas eisenos greitis yra reiks-
mingai susije su griuvimais. Klasterinés analizés rezultatai parodé, kad
daugiausiai griuvusiyjy grupéje yra moterys, kuriy vitamino D koncen-
tracija kraujyje yra maza (12,2 ng/ml), maza galaniy raumeny masé ir
mazas $launikaulio bendras kauly mineraly tankis (0,842 g/cm?). Ma-
Ziausiai griuvusiyjy grupéje yra vyrai, kuriy vitamino D koncentracija
kraujyje yra artima optimaliai (28,65 ng/ml), didelé galaniy raumeny
masé ir didelis §launikaulio kauly mineraly tankis (1,031 g/cm?).

3. Sergandiy sunkia pomenopauzine osteoporoze motery stuburo juosme-
ninés srities kauly mineraly tankis yra didesnis esant VDR geno BsmI
BB genotipui, nei esant bb ar Bb genotipams. Esant VDR geno Bsml bb
genotipui, sunkia pomenopauzine osteoporoze serganciy motery $lau-
nikaulio kaklo kauly mineraly tankis vidutiniskai stipriai koreliuoja su
vitamino D koncentracija kraujyje.
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