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Abstract: Objective — The goal of our study was to compare mobility vs. cognitive function and quality of life in middle-aged and older
women, both fallers and non-fallers.

Material and Methods — A total of 246 healthy community-dwelling women 55-74 YO participated in this study. They were distributed
among two subgroups: (1) fallers (n=95) and (2) non-fallers (n=151). Fallers had falls in the past 12 months, while non-fallers did not.
Walking tests were performed using Balance Master® posturography system. Trait anxiety and state anxiety were assessed by Spielberger-
Hanin test; health state and quality of life (QoL) were evaluated from SF-36 health survey questionnaire; subjectively experienced age (SEA)
and the rate of aging were also estimated.

Results — In Walk Across test, the average speed was lower in fallers (p=0.020), as compared with non-fallers. In Tandem Walking test,
step width (p=0.016) and endpoint sway velocity (p=0.029) were higher, while speed (p=0.030) was lower in fallers vs. non-fallers. Step-
Quick-Turn test time (p=0.016) was longer and sway (p=0.011) was higher in fallers in the course of turning both to the left and to the right.
SEA in female non-fallers was less (p=0.033) than in female fallers of the same age. Trait anxiety was higher in female fallers (p=0.012) with
a lower QoL level (p<0.001).

Conclusion — Our results validated the need for early assessment of the postural control dynamic components in order to prevent the
development of falls as a geriatric syndrome.
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strength and mass; reduction in bone density. As a consequence,
we observe a decline in postural control functions, which is a clear
manifestation of reduced mobility, resulting in possibility of falls
[7-8].

The Kellogg International Work Group on the Prevention of
Falls by the Elderly defined fall as an incident, in which an
individual suddenly finds himself or herself on the ground or other
low surface, except in cases arising from strokes, loss of
consciousness, sudden paralysis or epileptic seizures [9]. It is well-

Introduction

It is acknowledged that age-related changes in postural control
are common among older people, causing their falls. The latter
represent danger at older age and can result in serious injuries,
loss of social independence, and even premature death [1-2].
Recent studies of this issue demonstrated aging peculiarities in
elderly and senile people, particularly falls as a geriatric syndrome.
Similar scientific research identified the characteristics of static
and dynamic components in a postural control as typical concerns

in geriatric medicine, and measured the parameters of these
changes in predicting the development of falls as a geriatric
syndrome [3-6]. The aging of human body is a very individual
process, since it is influenced by multiple factors. There are several
important events occurring with age: development of
cardiovascular diseases; decrease in the number of acute illnesses
and increase in the number of ailments associated with
progression of chronic pathological processes; decline in muscle

known that 50 to 70% of the falls in elderly and senile age people
occur during walking. Gait posturography is used to investigate the
balance in the vertical body position. It is the method of detecting
the posture and projection of a gravity center displacement onto
the base of a posturography support platform. The position of a
gravity center projection; characteristics of vibrations, such as
their amplitude, frequency and direction; and the average posture
in the projection onto the base of a support platform are sensitive
parameters reflecting the status of various systems involved in the
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process of maintaining the balance [10-11]. Studies of gait
parameters in elderly people are becoming an increasingly
practical application in gerontology and geriatrics, since they
facilitate predicting the risk of falls and degree of mobility
deterioration [11]. It was noted that rehabilitation programs
aimed at preserving the dynamic components of postural control
in the patients with postural instability had a positive impact on
reducing the risk of falls and subsequent safeguarding of mobility
[12].

Walk Across, Tandem Walking, and Step-Quick-Turn tests are
customary used for identifying the parameters of a walking gait,
which allows predicting the risk of falls and reduced mobility, as
well as for quality assessment and correction of rehabilitation
programs related to the changes in a postural control. In addition,
participation in sports and recreational activities for people aged
65 and older with a “falls syndrome” helps preserving their
abilities to complex coordination movements and complex motor
acts, has a positive impact on their mobility and social
independence, and reduces the risk of further falls. All of the
above prolong their longevity and improve the quality of their lives
[2, 13]. The objective of our study was to compare mobility and
cognitive characteristics among middle-aged and older women,
who had falls during the last 12 months, and non-fallers serving as
a gender-matched control.

Material and Methods

Participants

The study enrolled 246 healthy community-dwelling women
55-74 YO who volunteered to participate. The participants were
informed of the goal and potential risks of the study and signed
written informed consent in accordance with the outlines of the
Declaration of Helsinki by the World Medical Association, Ethical
Principles for Medical Research Involving Human Subjects. This
subject pool was split into two groups: fallers (n=95, mean age:
64.7 yo, SD: 5.28 yr) and non-fallers (n=151, mean age: 64.5 yo,
SD: 4.08 yr) (Table 1). Fallers had two or more falls during the last
12 months prior to examination. The study criteria excluded
women with mental disabilities, stroke in anamnesis, cognitive
impairment, chronic traumas and those residing in nursing homes.
In addition, all women at the time of survey were mobile and able
to walk without assistance. The research was conducted during
2016-2017. Informed consent was obtained from all individual
participants included in the study.

Table 1 Data on female fallers and non-fallers, mean (SD)

Parameters Fallers (n=95)  Non-fallers (n=151) P

Age (YO) 64.7 (5.3) 64.5 (4.1) 0.787
Height (cm) 157.4 (5.8) 157.4 (5.7) 0.918
Body mass (kg) 75.6 (13.7) 74.0 (13.5) 0.360
BMI (kg/m”) 30.6 (5.2) 29.9 (4.9) 0.322
Falls (times per 12 months) 1.1(0.2) - -

SEA (yr.) 60.9 (6.6) 59.0 (6.4)* 0.033
Rate of aging (yr.) -6.2 -8.4%* 0.005
State anxiety (pts) 41.2 (10.1) 40.1(8.5) 0.366
Trait anxiety (pts) 49.5 (7.6) 47.0 (7.7)* 0.012
PhHCQOL (pts) 59.9 (19.5) 69.8 (16.7)*** 0.000
PSHCQOL (pts) 61.7 (19.9) 71.0 (17.9)*** 0.000
MCQOL (pts) 60.8 (19.7) 70.4 (17.3)*** 0.000

SEA, subjectively experienced age; BMI, body mass index; PhHCQOL,
physical health quality of life component; PsHCQOL, psychological health
quality of life component; MCQOL, mean quality of life component. Fallers
had two or more falls in the last 12 months prior to examination.

* p<0.05; ** p<0.01; *** p<0.001 compared to fallers.

Experimental setup

Mobility assessment. The Balance Master® computerized
posturography system (USA) including a fixed 45.72 cm x 152.4 cm
force plate was used to measure the forces, exerted through the
patient’s feet, and to calculate the center of gravity (COG) position
and postural control characteristics. The long force plate allowed
enhancing assessment capabilities. In order to assess postural
control in older women, sit-to-stand test and different walking
tests were conducted.

Sit-to-stand (STS) assessment quantifies the patient’s ability to
rise from a seated mode to a standing position. Key components of
this task included shifting the body COG forward from an initial
position over the seat to a location centered over the base of
support, followed by body extension into upright position, while
maintaining centered COG position. The measured parameters
were weight transfer time, rising index (the vertical force exerted
by the legs during the rising phase), sway velocity during the rising
phase, and left/right symmetry of the rising force.

Walking tests assessment. The following tests were used:

Walk Across (WA) test quantified characteristics of gait while
patients walked across the length of the force plate. The test
characterized steady state gait by having the patient begin well
behind and continuing beyond the force plate. Measured
parameters were average step width, average step length, speed,
and step length symmetry.

Tandem Walking (TW) test characterized numerically the gait
traits as the patient walked heel to toe from one end of the force
plate to another. Measured parameters were step width, speed,
and endpoint sway velocity.

Step-Quick-Turn (SQT) test was measuring turn performance
characteristics, as the patients were taking two forward steps,
quickly turning 180°, and returning to the starting point. Measured
parameters were: the time necessary to execute the turn, and
sway velocity during the turn execution.

Step-Up-and-Over (SUO) test calculated motor control
characteristics, as the patient stepped up onto a curb with one
foot, swung the other foot over the curb while lifting the body
through upright standing position as quickly as possible, and then
lowered the body weight to land the swing leg on the force plate
as gently as possible. Measured parameters were lift-up index
(force to rise), movement time, and impact index (control of
impact force descending onto the swing leg).

Anxiety assessment. Anxiety is among major factors
contributing to the development of human mental and physical
ailments, which could lead to the “falls syndrome”. The anxiety
level has been studied by self-assessment scales of both state
anxiety and trait anxiety sensu Spielberger-Hanin [7; 14]. The
following levels of anxiety were numerically specified by the score
(total points): low (<30), medium (31-44) and high (>45).

Quality of life assessment. To assess the quality of life (QoL),
the SF-36 health survey questionnaire was used. The questionnaire
was designed to study all components of QolL, including those
related to health and not specific to age groups, certain ailments
or treatment programs. For convenience, all QoL components
assessed by SF-36 scales were grouped into two indicators:

(1) The physical health component of quality of life
(PhHCQOL). The scale includes scoring for physical functioning,
overall state of health, role functioning based on physical
condition, and pain intensity;
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(2) The psychological health component of quality of life
(PsHCQOL). The scale includes scoring for mental health, life
activity, social functioning, and role functioning based on
emotional state.

We have also calculated the mean component of quality of life
(MCQOL) by computing the average of PhAHCQOL and PsHCQOL.

Assessment of subjectively experienced age and rate of aging.
Subjectively experienced age (SEA) in middle-aged and older
women was determined by asking the respondents about how old
did they feel they were. This parameter values depended on the
patients’ life intensity, eventfullness and satisfaction; experience,
perceived degree of self-realization and socio-economic status. For
calculating the rate of aging, we used the algorithms for
determining the biological age (BA) and appropriate biological age
(ABA) via V.P. Voitenko techniques. The magnitude of the rate of
aging (RA) was determined according to the formula: RA=BA—ABA
[8].

Statistical analysis

The analyses were performed using IBM® SPSS® Statistics
version 23.0 (USA). The normal distribution of the measured
variables was assessed using the Shapiro-Wilk test. Standard
statistical methods were employed for calculation of means and
standard deviations of the mean (+SD). Differences between the
study subjects were examined using a Student’s t-test. Statistical
significance was set at p<0.05.

Results

Data of anthropometry, anxiety, RA and QoL are presented in
Table 1.

There were no significant differences in age and measured
anthropometric traits between fallers and non-fallers. In both
groups of women, SEA was lower than their actual age. However,
this indicator was lower in non-fallers compared to fallers
(p=0.033). Comparative evaluation of the RA showed that in
female fallers this parameter was lower than in non-fallers
(p=0.005). The analysis of state anxiety by Spielberger — Hanin
method did not find statistically significant differences between
the groups (p=0.366). Comparative characteristics of trait anxiety
by Spielberger—Hanin yielded lower values in fallers, as compared
with non-fallers (p=0.012). While analyzing QolL, we found that
values of PhHCQOL (p<0.001), PsHCQOL (p<0.001) and MCQOL
(p<0.001) were lower in fallers vs. non-fallers.

Characteristics of mobility in female fallers and non-fallers are
given in Table 2. No significant differences between measured
groups were implied by STS test parameters, as well as by SUO test
movement time and impact index (Table 2).

Also, we did not discover significant differences in step widths
and lengths in WA test between fallers and non-fallers. The
walking speed in WA test was lower in fallers (p=0.026) compared
with non-fallers. TW test showed statistically significant higher
step width (p=0.016) and endpoint sway (p=0.029), and
significantly lower speed (p=0.030) between the measured groups.
The results of SQT test suggested that, in fallers, time (p=0.016)
was longer and sway value during turning left or right was higher
(p=0.011), compared with non-fallers. At the same time, SUO test
revealed that lift-up index values were higher in non-fallers than in
fallers (p=0.008).

Table 2 Characteristics of mobility in female fallers and non-fallers, mean

(sD)

Parameters Fallers (n=95)  Non-fallers (n=151) P

Weight transfer time, STS (s) 0.5(0.2) 0.5(0.2) 0.416
Rising index, STS (cm/s) 17.7 (6.8) 18.3(6.7) 0.541
Sway velocity, STS (cm/s) 3.8 (1.0) 3.6 (1.1) 0.058
Step width, WA (cm) 13.2(3.1) 13.2(3.2) 0.993
Step length, WA (cm) 55.8(12.1) 58.3(9.8) 0.077
Speed, WA (cm/s) 82.1(14.3) 85.9 (12.2)* 0.026
Step width, TW (cm) 8.3(2.6) 7.6 (1.9)* 0.016
Speed, TW (cm/s) 28.6(7.9) 30.9 (8.1)* 0.030
Endpoint sway, TW (cm/s) 5.8 (1.8) 5.3(1.8)* 0.029
Time, SQT (s) 1.7 (0.8) 1.5 (0.9)* 0.011
Sway, SQT (cm/s) 29.8(9.5) 26.4 (10.5)* 0.016
Lift-up index, SUO (cm/s) 39.5(11.1) 43.8 (11.8)** 0.008
Movement time, SUO (s) 1.6%0.5) 1.5+0.4 0.136
Impact index, SUO (cm/s) 61.0+24.2) 60.3+23.1 0.833

STS, Sit-to-stand test; WA, Walk Across test; TW, Tandem Walking test;
SQT, Step-Quick-Turn test; SUO, Step-Up-and-Over test.

* p<0.05; ** p<0.01; *** p<0.001 compared to fallers.

Discussion

The main findings of our study were: (1) temporal and spatial
characteristics of gait in female fallers 55-74 YO were markedly
lower compared with female non-fallers of the same age; (2) STS
results did not differ significantly between female fallers and non-
fallers; (3) female fallers demonstrated higher trait anxiety and a
lower score of QoL, as compared with non-fallers.

The trend in STS test sway velocity suggested that changes in
neurophysiological mechanisms for holding the posture in the
conditions of a rapid rising from a sitting position would lead to
the development of the geriatric “falls syndrome” in older women.
Having analyzed the results of WA test, we observed the reduction
in the walking rate of the fallers, which should be seen as a
process of adaptive rearrangement in monotonous walking
parameters, leading to the “falls syndrome”. Our data suggested
that significant changes in the components of a monotonous walk
(speed, step length and width) in middle-aged and older women
can be predictors of falls and reduced mobility.

Based on the data of TW test, we detected the changes in
neurophysiological mechanisms for complex coordination
movements in older female fallers. It was found that the changes
in the TW test were a useful tool to identify older people
predisposed to falls [5]. Thus, the results indicated the possibility
of using this test for forecasting the development of the “falls
syndrome” in older and senile patients with postural instability.

Analysis of SQT test results designated a decline in the
capability to complex movements in older female fallers and
changes of neurophysiological mechanisms responsible for
complex motor acts in the elderly. Both are the factors of the “falls
syndrome”. Changes in the parameters of this test in middle-aged
and older women may also be the consequence of reduction in
their visual and vestibular information about controlling the
balance; the ineffectiveness of the head and body stabilization in
the course of walking, especially during fast turns; and dysfunction
of the musculoskeletal system. Lee and Choi-Kwon [15] noted that
vestibular changes in people 60 YO and above were accompanied
by decrease in QoL and increase in their anxiety level. Reduced
muscle strength and extensor mechanism of the knee and feet
increase the risk of falls. In order to prevent the development of
geriatric “falls syndrome” and the risk of mobility deterioration in
the elderly, health and fitness programs must be widely
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introduced, first of all, in order to strengthen their joints along
with leg and back muscles [9].

Our study, results suggested no significant difference in state
anxiety sensu Spielberger-Hanin between fallers and non-fallers.
At the same time, the average values of these parameters in both
groups were above 45 points, implying high level of anxiety. This
finding indicated the presence of surveyed women with
moderately reactive (state) anxiety, including female fallers. We
also discovered aggravated trait anxiety in older female fallers.
This means that development of high trait anxiety is a serious issue
in older women living in the North of European Russia [7, 16-18].
Apparently, the prevalence of PsHCQOL and medium state anxiety
in fallers showed that they had no indications of fearing the
likelihood of falls. The results suggested that development of the
“falls syndrome” in older women signposted a risk of their
psychoemotional problems, promoting an emergence of
depression and mental disorders.

The study proved that the loss of a postural stability function,
along with increased risk of falls in middle-aged and older women
have led to significant reduction in both PhAHCQOL and MCQOL,
thus having negative impact on health-related QoL [9, 19]. It is
known that development of falls in elderly women leads to a
significant deterioration of their QoL.

Comparative analysis of SEA proved that, with age, in middle-
aged and older women, against the background of an objective
assessment, the role of subjective assessment of their health
status at a higher value would have a positive impact on their
treatment and rehabilitation [7]. We established age-related
disintegration of self-esteem in female fallers. It is known that SEA
perception is a reflection of both human health state and life
satisfaction, which essentially represent the quality of life. In
addition, this indicator can be considered a criterion for evaluating
the success of aging in people [4]. Successful aging is a physical,
mental, social, psychological and socio-economic well-being,
related to various factors. The latter include: low probability of
disease or disability; the ability to learn; preservation of physical
activity and fitness; continuing to work in retirement; active
participation in a social life. All of these would help maintaining
high QoL in the elderly people. Thus, the development of the “falls
syndrome” among women 55-74 YO would negatively affect the
process of successful aging.

On the basis of analyzing the RA, it can be concluded that an
increase in RA in women 55-74 YO leads to reduced function of
postural stability and development of a geriatric “falls syndrome”.
Thus, we revealed an RA increase in older fallers vs. non-fallers.
Based on the characteristics of human RA, it can be concluded that
development of the “falls syndrome” in elderly people should be
considered an indicator of functional disorders and adaptive
capability of the aging organism, leading to decrease in QoL [4,
20]. In addition, the results proved the need for creating the
programs aimed at prevention of age-related conditions and
accelerated aging in the elderly, specifically those living in the
North of European Russia. Such programs would be beneficial to
longevity and QoL [4, 19].

A reduction in the lift-up index (lifting the legs) in female
fallers during the performance of complex movements, involving
lifting and stepping over barrier was discovered. The results
suggested that increased time of complex movements, being the
first sign of problems with the balancing function, increased the
risk of developing geriatric “falls syndrome” [9]. Also, a decrease in

gait velocity among female fallers negatively affected their SEA
perception.

Another implication of our results is that fallers decrease the
speed of a monotonous walk with age. We found the connection
between speed-time performance in the course of simple and
complex gaits and SEA perception in older women predisposed to
falls. The increased step width and reduced monotonous walk rate
in female fallers, as well as decreased speed of the complex
movement acts and adaptive capabilities, adversely affected SEA
in this study. The results suggested that development of geriatric
“falls syndrome” in women, who were overweight, have adversely
affected the parameters of both monotonous and complex
walking [20], and have significantly increased the risk of losing
mobility and social independence.

Older women established the connection between the
parameters of a monotonous walking and state anxiety, as well as
the parameters of complex movement acts and trait anxiety. It
could be assumed that development of higher levels of both state
anxiety and trait anxiety would increase the risk of falls in older
female fallers, and thereby increase the risk of losing mobility and
social independence. Our study proved that an oscillating person’s
COG correlates with his or her mental and emotional state [3, 16].

The present study suggested that inflated state anxiety could
lead to reduction in STS test lift-up index in fallers, as well as to
increase in the WA test step width in the course of walking or
performing complex coordination movements. These findings
suggested that emergence of high trait anxiety could impair
complex movement acts parameters in older women. The results
showed that decreased functions of the knee joint extensor
mechanism, along with decreased monotonous walk and complex
movement acts, would adversely affect the QoL parameters [8,
14]. The parameters of walking in old and senile age would affect
psychoemotional state and QoL [19]. Besides, the decline in
muscle strength would adversely affect SEA perception in middle-
aged and older people. Thus, reduced SEA perception among older
women has a negative impact on the process of successful aging. It
should be considered the first sign of neurophysiological disorders
and coping with aging.

It is well known that reducing complex coordination
movements and complex motor acts in middle-aged and older
women would increase environmental role as a risk factor for falls
[12]. Thus, the development of a geriatric “falls syndrome” in
elderly women should be seen as a paramount influence of
environmental factors on human postural control, thereby having
a negative impact on QoL and successful aging process. Our
findings suggested that living environment and lifestyles have a
significant impact on the conservation mechanisms of postural
control in the course of aging. Furthermore, in the elderly,
environmental role, as a factor of developing high trait anxiety,
increases. Thus, it is vital to develop the measures aimed at
creating a safe living environment for people of middle and old
ages, which would favorably affect their QoL and the process of
successful aging. Our findings reinforced an importance and
effectiveness of exercise to strengthen leg muscles and joints, as
well as back muscles, in older adults predisposed to falls as a
criterion for QoL and successful aging process [14]. We established
the relations between the speed-time performance of
monotonous and complex modes of walking, and SEA perception
in the elderly women with falls. Our study confirmed that
parameters of walking in elderly and senile age women affected

© 2020, LLC Science and Innovations, Saratov, Russia

Www.romj.org



ISSN 2304-3415, Russian Open Medical Journal

RO

DOI: 10.15275/rusomj.2020.0212

2020. Volume 9. Issue 2 (June). Article CID e0212

50f 6

Mental Health

their psychoemotional state and QoL. In addition, the results
showed that decline in muscle strength adversely affected SEA
perception in middle-aged and older people [4, 16].

Conclusion

Majority of mobility parameters, measured in the study, were
lower in the group of female fallers compared with non-fallers.
Middle-aged and older female fallers showed slower walking
speed, while moving straight forward or during U-turns, and a
wider step width in Tandem Walking. Fallers had higher levels of
anxiety and more deteriorated mobility. We found no significant
differences in STS test performance between the measured
groups.

Limitations

Our study had some limitations that should be disclosed and
discussed. The study participants were women living in the North
of European Russia. Thus, it is necessary to compare our results
with similar studies conducted in other regions, which are not
subjected to extreme environmental conditions. All subjects in our
study were relatively healthy, well-functioning older women 55-74
YO. Therefore, we recommend carrying out an analogous study on
a group of younger and elderly women, and also comparing our
results with the results of some prospective study conducted on
both men and women.
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