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ARTICLE INFO ABSTRACT
Articlf? history: Objective: The purpose of our study was to investigate the relationship between bone mineral density
Received 26 June 2014 (BMD) and postural stability and the fear of falling in a 50- to 65-year-old postmenopausal population.
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Study design: A cross-sectional, observational study was conducted on 118 postmenopausal women.
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According to their BMD values, participants were divided into two groups: BMD > —-2.0SD (n=95) and
<-2.0SD (n=23).

Main outcome measures: Postural stability, assessed with a resistive multi-sensor platform, fear of falling
(FoF) and the history of falls in the last 12 months were investigated.

Results: Women with BMD < —2.0SD reported a significantly increased FoF when compared to women
with BMD >—2.0SD (P=0.024, %> =0.045, 1 — 8=0.624). In the postural stability analysis, the group with
BMD < —2.0SD showed, under the eyes-open condition, statistically significantly higher values for the
velocity (VEO) (P=0.040, n*>=0.037, 1 —8=0.539) and the anteroposterior mean displacement of the
center of pressure (YEO; P=0.017, n? =0.049, 1 — 8=0.669). No significant differences between groups
were observed in the history of falls or in the rest of the stabilometric analyses.

Conclusions: In Spanish postmenopausal women under 65 years, a BMD < —2.0SD is significantly asso-
ciated with postural instability (elevated VEO and XEO) and an increased FoF, which are two highly
influential factors in the risk of falling.
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1. Introduction

Loss of bone mineral density (BMD) has been proven to be
related to hormonal imbalance, aging, several environmental fac-
tors, life style, and genetic predisposition [1]. BMD reduction and
structural integrity deterioration result in an increased risk of
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osteoporosis and fractures in women [2], of which one-third of
those older than 60 years fall at least once a year [3]. The high
morbidity and mortality associated with these diseases can inten-
sify both individual and governmental financial burdens [4]. Loss of
BMD in women accelerates with the onset of menopause [5]. This
rapid process is estrogen-dependent, lasts from 5 to 10 years and
it is followed by a constant stage that is age-related [1,6].

Factors such as increased fear of falling (FoF) or postural change
present a great impact on the fall risk in women with osteoporosis,
although potential fall risk factors unique to low BMD have not
been identified [7]. FoF refers to the lack of self-confidence that
normal activities can be performed without falling [8] and has been
described to be associated with a history of falls in postmenopausal
women [9], butis also presentin older people without previous falls
[10]. Apart of being a risk factor of falls, FoF is a common sequel
to falls [11], and may lead to secondary degeneration of postural
control, thus completing a vicious loop [12]. Individuals with bone
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density of below-normal values appear to be related to increased
FoF and subsequent function [7,13].

Postural instability, frequently evaluated by a measurement of
the center of pressure (CoP) with force platforms, is directly related
to the risk of falling [14,15], and Cheng et al. [16] described how
balance deteriorates during the transition through menopause.
Several opinions coexist regarding the relation between BMD and
postural balance. While some authors have shown that elderly
women with osteoporosis have greater postural imbalance and a
greater predisposition to falls [17,18], other studies did not find a
direct relation between bone mineral density and postural stability
[19,20]. Most of these studies have been carried out on an elderly
population, which is why the very influence of age itself on bal-
ance may play an important role, aside from BMD values, but to
our knowledge, not many studies have been conducted in a young
postmenopausal population[21,22]. The goal of our research was to
analyze the relation between BMD and postural balance, as mea-
sured with a stabilometric platform, and the fear of falling, two
important fall risk factors, in postmenopausal women under 65.
We hypothesized that low BMD levels are linked to deteriorated
postural balance and an increased fear of falling, which lead to a
greater risk of falling.

2. Methods
2.1. Participants

For this analytical, cross-sectional research, 133 post-
menopausal women from Eastern Andalusia were initially
contacted, of which 118 finally took part in this study. They were
recruited by contacting the staff of a local community health
program for postmenopausal women supported by the University
of Granada and the Spanish Menopause Society. A flow diagram of
the participants is presented in Fig. 1. Data collection took place
from February to May 2013. All participants signed a written
informed consent before the beginning of the study, which was
conducted in accordance with the Declaration of Helsinki, good
clinical practices, and applicable laws and regulations.

Ambulant women with at least 12 months of amenorrhea, and
aged between 50 and 65 years were included in the protocol. Exclu-
sion criteria were as follows: current hormone therapy, conditions
that limit balance and physical activity, functional blindness (acuity
level worse than 20/200), severe auditory or vestibular alterations,
and central or peripheral neurological disease. Those who were
undergoing treatment with vestibular sedatives or other central
nervous system depressants were also excluded from the study.

2.2. Study parameters

All women were interviewed by well-trained interviewers, who
collected demographic, morphologic, and clinical data such as
age, weight, height, marital status, academic education, age of
menopause, smoking habits, history of falls in previous 12 months,
physical activity, and fear of falling.

Falls were defined as “an unexpected event in which the partic-
ipants come to rest on the ground, floor, or lower level” [23]. The
question “have you experienced a fall to the ground in the last 12
months?” was used for collecting the women’s history of falls. To
assess self-reported FoF, the question “are you afraid of falling?”
was used. It has been shown that a single question regarding FoF
has a high validity with continuous measures of FoF [24]. Physical
activity was defined as weekly energy expenditure in leisure-time
physical activity only [25] (given the similar origin of the partic-
ipants, activities like house chores and gardening are considered
similar to all them, and therefore not accounted). Weight was

measured with a 100 g-130 kg precision digital weight scale (Tefal)
and height was obtained with a T201-T4, Asimed adult height scale.
Body mass index (BMI) was calculated by dividing the individual’s
weight (kg) by her height squared (m?2). A BMI<25kg/m? indi-
cates normal weight, 25 <BMI>30kg/m? shows overweight and
BMI > 30 kg/m? is a sign of obesity [26].

BMD was measured through dual-energy X-ray absorptiometry
(central DXA) [27]. A Norland Xr 26 Densitometer (Norland Corp.,
WI, USA) was used to assess BMD at the lumbar spine (L1-L4) and
the femoral neck. Participants with total spine and/or femoral-neck
T-score values <—2.0SD were considered to have low BMD [28].

Stabilometric measures were performed with a resistive multi-
sensor platform (Sensor Medica, Rome, Italy) with an active surface
of 400 mm x 400 mm and an acquisition frequency of 30Hz. The
reliability of this platform has been proven in previous studies
[29]. Calculations of center-of-pressure (CoP) movements were
performed with the FreeStep® Standard 3.0 (Italy) software. The
Romberg test was performed under both-eyes-open (EO) and eyes-
closed (EC) conditions. Participants stood barefoot and as still as
possible, with arms on their sides, feet separated at a 30° angle,
and heels placed 2 cm apart. Each session lasted 52's, with a 1-min
interval between tests.

The stabilometry test measured the following parameters
related to the participants’ CoP under each condition: mediolat-
eral (X) and anteroposterior (Y) mean displacements of CoP (mm),
the length covered by the CoP (Length, in mm) and the velocity of
CoP movement (Velocity, in mm/s).

2.3. Statistical analyses

The differences in BMD levels were analyzed using Student’s ¢
for the continuous variables and the chi-squared test for the cate-
gorical variables. In order to find out about the differences in the
number of falls, FoF, and the quality of life of participants an analy-
sis of covariance (ANCOVA) was performed, with the dichotomized
bone density (BMD < —2.0SD vs. BMD >—-2.0SD) as a fixed value
and age, BMI, and education level as covariates. Not-normal vari-
ables (Kolmogorov-Smirnov test) were transformed. All analyses
were carried out separately for each variable. Results were con-
sidered statistically significant at a p value <0.05. Percentage of
change between groups of high and low bone density ((high density
measurement — low density measurement)/low density measure-
ment x 100) was calculated. Statistical analyses were performed
using the Statistical Package for Social Sciences version 19.0 for
Windows (SPSS Inc., Chicago, IL, USA).

3. Results

Descriptive characteristics of the sample group and the mean
and SD for all variables split by BMD>-2.0SD (n=95) and
<-2.0SD (n=23) are presented in Table 1. The mean+SD age
was 60.16+3.80 years and the mean+SD BMI of the sample
was 28.14+5.01 kg/m2. No statistical differences were detected
between these two groups, although some almost significant dif-
ferences were found between body weight and BMI (P=0.050 and
P=0.051 respectively).

Regarding the analysis of falls, 24.58% (n=29) of all partici-
pants and 34.79% (n=8) of those with BMD < —2.0SD declared
having fallen at least once in the last year, although no signifi-
cant differences appeared when these were compared with the
BMD > —2.0SD group (P=0.075; Fig. 2). In relation with FoF, 33.90%
(n=40) of the sample declared being afraid of falling, and in the
by-group analysis women with low BMD were significantly more
afraid of falling (52.18%, n=12) than those with BMD >-2.0 SD
(P=0.024, n%=0.045, 1 — B=0.624; Fig. 2).
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133 postimenopausal women were approached for study participation

> | Declined to participate (n=10)
123 consented to be screened
o | Notmeeting inclusion criteria
T
n=2)
\ 2
121 screened woinen were eligible and included in the final sample

> Schedule problems (1=3)

\ 2

118 women were enrolled and includedin the final sample

Fig. 1. Flow diagram of the participants.

Fig. 3 displays the results of the ANCOVA analysis in which each
result of the X and Y stabilometric variables (with eyes open and
closed)was used as a dependent variable. No significant differences
between groups appeared in the comparison of CoP movement in
the mediolateral axis, either with eyes open (XEO) or closed (XEC).
The same can be said of the anteroposterior axis with eyes closed
(YEC; P=0.269, P=0.357, and P=0.607, respectively). However,
when testing CoP movement on the anteroposterior axis with eyes
open (YEO), the BMD < -2 SD group showed significantly larger
values (P=0.017, n2=0.049, 1 — 8=0.669).

Finally, results pertaining to length and speed are displayed
in Fig. 4. No significant differences were found for length in the

eyes-open test (LEO), in the eyes-closed test (LEC), or for veloc-
ity with eyes closed (VEC; P>0.05). However, the velocity for
women with low density levels was significantly higher with eyes
open (VEO) than in the case of the BMD > —2.0 SD group (P=0.040,
n?=0.037,1— B=0.539).

4. Discussion
The goal of our research was to determine whether bone mineral

density could be associated with postural stability and the fear of
falling in a 50-65 year-old Spanish postmenopausal population.

Table 1
Morphological and demographic characteristics of the sample and groups.
All(N=118) BMD < —2SD (N=23) BMD>—25D (N=95) P
Mean (SD) Mean (SD) Mean (SD)
Age (year) 60.16 (3.80) 60.30 (3.26) 60.13 (3.93) 0.823
Weight (kg) 70.07 (12.91) 65.34 (8.84) 71.21(13.50) 0.050
Height (m) 1.57 (0.06) 1.57 (.06) 1.57 (.05) 0.862
BMI (kg/m?) 28.14(5.01) 26.31(3.68) 28.58 (5.19) 0.051
Age of menopause (year) 53.75(3.29) 54.00 (3.19) 53.68 (3.32) 0.685
Time since menopause, (year) 6.19(3.85) 5.74 (2.76) 6.31(4.08) 0.530
Physical activity, days/week 2.60(1.18) 2.70(1.57) 2.58 (1.34) 0.718
Lumbar spine T-score —-0.65(1.41) —2.44 (43) —.22(1.21) <0.001"
Femoral neck T-score —0.84(0.89) —1.73 (47) —.62 (.84) <0.001°
Occupational status (%)
Working 55(46.6) 10 (43.5) 45(47.4) 0.944
Unemployed 53(44.9) 11 (47.8) 42(44.2)
Retired 10(8.5) 2(8.7) 8(8.4)
Educational status (%)
Not finished 5(4.2) 2(8.7) 3(3.2) 0.402
Primary 30(25.4) 4(17.4) 26(27.4)
Secondary 27(22.9) 4(17.4) 23(24.2)
University 56(47.5) 13(56.5) 43(45.3)
Marital status (%)
Single 7(5.9) 2(8.7) 5(5.3) 0.908
Married/cohabiting 92(78) 18(78.3) 74(77.9)
Divorced/separated 12(10.2) 2(8.7) 10(10.5)
Widowed 7(5.9) 1(4.3) 6(6.37)5.9
Smoker
No 98(83.8) 20(87) 78(83) 0.459
Yes 19(16.2) 3(13) 16(17)

BMD, bone mineral density; BMI, body mass index.
2 Student’s t analysis for continuous variables and x? test for categorical variables.
b p<0.001.
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Fig. 2. Analysis of number of falls in the last year and FoF according to BMD groups. FoF: fear of falling. BMD: bone mineral density.

In our study, 24.58% of the participants and a 34.79% of women
with low mineral density reported one or more falls in the last 12
months. These results are similar to those described by Sukhee et al.
[30] and Pua et al. [31] respectively. Da Silva et al. proposed that
a greater percentage of women with postmenopausal osteoporosis
had a history of one or more falls within the previous year [32]. The
analysis of results showed that women with low mineral density
reported a higher number of falls in the by-group comparison, but
these differences were not statistically significant, matching the
conclusions of Ersoy et al. [20] and Cangussu et al. [21].

Several authors have proven that women with low BMD levels
showed increased FoF [20,33], which has been associated with falls
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and activity restrictions in this population [7,20,34]. Our findings
match with these observations, as participants in our study who
had BMD < —-2.0reported a significantly higher FoF than those with
BMD > —2.0. It has been hypothesized that previous knowledge of
BMD levels may have a direct influence on FoF [36]. In our study,
participants were aware of the results of their densitometry tests,
and it could be therefore argued that, as stated by Park et al. [35], the
difference in their FoF might be more related with such awareness
than with their actual condition.

It has been described that people diagnosed with osteoporo-
sis show vertebra height decrease, spinal deformities and muscle
weakness, which may be related to the development of postural
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Fig. 3. Stabilometric analysis. Anteroposterior and mediolateral displacements of the CoP according to BMD groups. CoP: center of pressure. BMD: bone mineral density.
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Fig. 4. Stabilometric analysis. Length and velocity of the CoP movements according to BMD groups. CoP: center of pressure. BMD: bone mineral density.

deformity (kyphosis), with a shift of the CoP and a poor alignment
of the joints that may lead to impaired balance [17,36]. The associ-
ation between postural instability, assessed by force platform, and
low BMD is documented in the literature [17,18,37], and increased
postural sway and imbalance have been reported to be important
predictors of falls and fractures in individuals with osteoporo-
sis [38]. Other authors, however, have reported that older adults
with osteoporosis did not experience any less balance confidence,
assessed by the short ABC-questionnaire [39], or worse postural
control as measured with the timed up and go test (TUG) and the
Berg balance scale (BBS) [40].

Posturography, considered to be the gold standard for postu-
ral balance evaluation, has been has been used to assess postural
balance in postmenopausal women [22,41], and some of the most
widely used parameters are sway length/velocity and the displace-
ment of the COP mean location on the X and Y axes [42]. The
stabilometric results yielded by our study showed that women with
BMD below —2.0SD had greater length and velocity values than
those with BMD over —2.0SD, although said values only reached
significance for sway velocity, which is considered as the most
precise measure for assessing postural balance [43], under the eyes-
open condition. With regard to this, Burke et al. [44] observed that
women with osteoporosis swayed at higher velocity than non-
osteoporotic women in an eyes-open test, whereas other recent
studies did not find significant differences in velocity sway accord-
ing to BMD, under both eyes-open and eyes-closed conditions, in
a population of age similar to that of our participants [22] and also
in older women [45].

As for CoP movements, previous studies could not find
any significant difference between women with and without

osteoporosis in studies on a population of similar age to that of ours
[21,22]. Our results showed that all the CoP dispersion parameters
were greater for the group with BMD < 2.0SD, although statisti-
cal significance was only reached in the anteroposterior CoP shifts
under eyes closed condition. These findings are consistent with
those of some studies carried out on an elderly postmenopausal
population, in which women with osteoporosis exhibited greater
anteroposterior COP displacement [44,45]. This anteroposterior
CoP displacement may be related to postural abnormalities such
as kyphotic posture, that displaces the center of gravity in this
axis [17] or to muscle control problem, mainly in ankle plantar
flexor muscles, which play a significant role in postural correc-
tions in the antero-posterior plane [46]. Further research with
strength and biomechanical assessment could help to clarify this
point.

Regarding the limitations of this work, in the first place the
number of falls during the last year was retrospectively collected
through questions in an interview, which may lead to a recall bias
that might in turn distort the estimation of the number of falls the
participants suffered. Secondly, this study was performed on post-
menopausal women under 65, and therefore our results cannot be
extended to older postmenopausal women. In the third place, the
participants had access to the results of their densitometric anal-
yses, which might have influenced their perception of their FoF
and thus condition their stabilometric tests. Future studies on an
older postmenopausal population should be conducted, employ-
ing a diary to collect falling experiences in a periodical way and
having participants not know their BMD values in order to avoid
any potential influence on their fear of falling and their postural
stability.
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5. Conclusions

Our study in a postmenopausal population aged 50-65 showed
that, compared with women with BMD>2.0, participants with
BMD < 2.0 had a significantly higher fear of falling, as well as greater
sway velocity in the eyes-open test and greater anteroposterior dis-
placements under the eyes-closed condition. A higher percentage
of falls was reported by women with BMD < 2.0, but differences
were not significant. In the rest of the stabilometric analysis, no
significant differences between groups were observed.
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