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The impact of obesity and age on the risk of falls
in elderly women
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Purpose: The aim of this study was to examine the effect of obesity and age on body balance disorders in women over 60, especially
whether obesity increases the FR in older females and whether age and obesity affect the same stabilographic parameters when it comes
to the FR. Methods: The study consisted of 56 inactive females aged 71.77 + 7.43 (SD). They were divided into groups according to age
and obesity. Results: Obesity separately affects FRI12-6, static indicators with eyes closed (OSI EC, APSI EC, MLSI EC), and age af-
fects FRI12-6 and static indices with eyes open (OSI EO, APSI EO). After considering design factors (age and obesity), there were sta-
tistically significant differences in OSI EO (p = 0.027), APSI EO (p = 0.034), FRI12-6 (p = 0.0002) between obese and non-obese
participants in the age groups. There were no statistical differences between non-obese old and obese-young participants (p = 0.863).
The interaction between obesity and age in the FR in static indices and in FRI12-6 ( p = 0.73047) was not significant. Conclusions: Age
and obesity affect the stabilographic parameters individually, but there is no interaction effect between them. The presence of only one of
the above risk factors may increase the FR. Obesity affects stability, while age depends on other factors. If older people are not obese or
fit, involutional changes could be reversed. The type of obesity and the location of the fat tissue should be taken into account in FR as-

sessment.
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1. Introduction

It is quite evident that the ageing process involves
physiological changes, which manifest in increases in
body weight, muscular mass loss, or body balance disor-
ders [9]. The Word Health Organization (WHO) predicts
that, between 2015-2050, the proportion of people over
60 globally may increase to 22% [27]. Moreover, the
number of obese individuals is constantly increasing.
Currently, more than 300 million people around the
world are obese [8]. This state of affairs is a result of
economic development and changes in lifestyle [6].

The risk of falls (FR) is one of the most serious
problems among people aged 65 and over [11]. Falls are
a consequence of many factors: degenerative changes in
the vestibular and visual systems, deterioration of mo-
tor control, reduced muscle strength, the side effects

of drugs taken, changes in body posture, and envi-
ronmental factors [13], [34]. All this causes damage to
receptors, neuronal pathways, and centres responsible
for cognitive and equivalent functions. There is an
abnormal flow of information between the central and
peripheral nervous system [33].

Obesity is a disease characterized by increased
fatty tissue, which has a negative impact on a person’s
health condition in various fields of medicine [3],
[21]. The simplest method of assessing obesity is to
determine a person’s BMI value. Obesity is associated
with many geriatric syndromes and it is connected
with: a reduction in physical activity and performance
[13], metabolic syndromes and type 2 diabetes [2],
cardiovascular diseases and hypertension [9], and pos-
tural balance disorders, that result in falls [10]. Obesity
plays a major role in elderly disability and falls [14].
Obesity and excess weight do not only increase the
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FR, but fear of falling also. Furthermore, obese indi-
viduals are more likely to suffer from reduced quality
of life following a fall [10], [17]. They also have
lower muscle mass, functional parameters, and higher
risk of frailty developing [2], [4], [17].

Body balance disorders can be assessed function-
ally or stabilographically. Stabilographic platform allow
for the measurement of body balance from a biome-
chanical perspective. Perraca et al. [23] conclude that
Biodex Balance System (BBS) SD (USA) platform
measures are reliable and may be useful for measuring
FR in older people. BBS allows to determine fall risk
indicators in static and dynamic environments.
Among other things, they showed that FRI index had
high ICC (ICC = 0.80). This platform has been used
to assess balance in neurological patients [31], or-
thopaedic patients [25], and women with vision im-
pairments [33].

Increasing age and weight are associated with the
presence of various chronic conditions [20]. It is well-
known that the FR is still one of the most common
causes of injury among obese elderly individuals,
something which is rarely taken into account by medi-
cal staff [7], [19]. Furthermore, some studies show
that obese older people fall almost twice as often as
their lean counterparts [18]. On the other hand, a lot of
studies fail to report any associations between in-
creased weight or excessive mass and falls in the eld-
erly [24]. There are still doubts as to the impact of
obesity and age as FR factors. The aim of this study
was to examine the effect of obesity and age on body
balance disorders in women over 60 verte.

2. Materials and methods

The research received approval from the Bioethical
Commission in Poland. Qualification consisted of two
stages. The first stage was based on an interview con-
ducted by a physiotherapist. Inclusion criteria were:
female gender, age above 60, good mental condition,
low level of physical activity declared by participants,
and a willingness to participate in a research project.
The second stage involved: a cardiac interview, an
examination and electrocardiography carried out by
a doctor of medicine. Exclusion criteria were: bad
mental condition, communication problems, medica-
tions that may cause balance disorders, various chronic
diseases due to imbalance, e.g., Parkinson’s disease,
multiple sclerosis, labyrinth disease, advanced coro-
nary disease, and a high risk of heart attack. The last
stage took place in a laboratory at the Jozef Pilsudski

University of Physical Education in Warsaw. Two par-
ticipants dropped out prior to this part because of dete-
riorating health and sudden injury. All participants
whose physical and psychological status allowed them
to participate in the study gave their written consent.

All participants had their height and weight meas-
ured according to the same study protocol, carried out
by one person. Body Mass Index (BMI) was calculated
as weight[kg]/heightm?]. Participants were divided
into two groups according to the BMI results. The
non-obese group consisted of participants with a BMI
below 30 kg/m’ (normal weight, overweight). The
obese group comprised participants with a BMI above
30 kg/m” (obese). The body weight classification of
adults based on BMI was carried out according to
WHO guidelines [30].

Three protocols were prepared on the Biodex Bal-
ance System SD (BBS) platform, from Biodex, to as-
sess postural balance. Each of them lasted 20 seconds.
BBS enables testing on a stable and unstable platform
at 12 levels. The degree of instability of the platform
increases from 12 to 1 (the most stable platform being
level 12). A postural stability test (PST) was per-
formed on a stationary platform with eyes open (EO)
and eyes closed (EC). This enabled the researchers to
determinate values of various parameters: the OSI
(overall stability index), APSI (anterior-posterior sta-
bility index) and MLSI (medial-lateral stability in-
dex). High values of these indices suggested a high
FR. A fall risk test was also carried out with eyes open
on an unstable platform at a level from 12 to 6. On
this basis, the FRI (Fall Risk Index) parameter was
determined.

Participants were divided into two groups accord-
ing to age. The division was carried out in accordance
with WHO guidelines [29]. The younger group was
formed of participants between 60 and 74 years old,
and the older one contained subjects between 75 and
90 years old.

The recorded data were analysed with the use of
STATISTICA (v.13), StatSoft USA. The normality of
the distribution was analysed using the Shapiro—Wilk
test. Each parameter was described using descriptive
statistics (means and standard deviations). In addition,
Brown-Forsythe homogeneity of variance test was
performed. An analysis of variance (ANOVA) was
carried out and post-hoc tests (an NIR test) were per-
formed. The correlation of the results was evaluated
with the Pearson’s rank correlation and an NIR test.
The effects and interactions between variables were
verified using the ANOVA test for main effects and
factorial designs. All tests were performed at the sig-
nificance level of 0.05.
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This work was supported by the Ministry of Sci-
ence and Higher Education in 2020-2022 under Re-
search Group no. 3 at Jozef Pilsudski University of
Physical Education in Warsaw “Motor system diag-
nostics in selected dysfunctions as a basis for planning
the rehabilitation process”.

3. Results

The study consisted of 56 inactive females aged
71.77 £ 7.43 (SD). The characteristics of the somatic
parameters of the participants can be found in Table 1.

Table 1. Participants’ anthropometrics

min max mean = SD
Body mass [kg] 48.50 95.10 70.15+11.43
Body height [cm] 143.00 170.00 157.44 £ 6.67
BMI 21.16 42.55 28.34+4.70
WHR 0.699 1.147 0.861 = 0.085

BMI — body mass index, WHR — waist-hip ratio.
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The Pearson’s rank correlation was performed.
There were statistically significant correlations be-
tween age and OSI EO (» = 0.370), APSI EO (r =
0.392), and FRI12-6 (» = 0.389). Statistically signifi-
cant correlations was also found between BMI and
OSI EC (r = 0.392), APSI EC (» = 0.312), and
FRI12-6 (r = 0.455).

Participants were divided into two groups accord-
ing to their BMI values. There were no differences
between groups in the test of variance. High variabil-
ity was found in almost all groups. There were statis-
tically significant differences between obese and non-
obese individuals in: OSI EC, APSI EC, MLSI EC,
and FRI 12-6 parameters. The results of the above
analysis are presented in Table 2.

Participants were also divided into two groups ac-
cording to their age. There were no differences be-
tween groups in the test of variance. High variability
was found in almost all groups. There were statistically
significant differences between older and younger par-
ticipants in: OSI EO, APSI EO, and FRI 12-6 parame-
ters. The results of the above analysis can be found in
Table 3.

Table 2. Differences in the stabilographic parameters between obese and non- obese groups

Stabilographic obese CV% non-obese CV% effect p-value
parameters group group size
n 22 34
OSI EO 0.55+0.25 | 4545 | 0.48+0.37 | 77.08 | 0.226 0.463
APSI EO 0.39+0.23 | 5897 | 0.36+0.20 | 55.56 | 0.140 0.579
MLSI EO 027+0.14 | 51.85 | 0.25+0.32 | 128.0 | 0.087 0.835
OSIEC 1.51£0.61 40.40 1.13£0.52 46.02 0.673 0.016*
APSI EC 1.11+0.50 | 4505 | 0.84+0.41 | 4881 | 0.593 | 0.035*
MLSI EC 0.79+0.48 | 60.76 | 0.53+0.44 | 83.02 | 0.565 | 0.041*
FRI 12-6 1.82+0.72 | 39.56 | 1.25+0.57 45.6 0.884 | 0.005*

OSI — Overall Stability Index; APSI — Anterior—Posterior Stability Index; MLSI — Me-
dial-lateral Stability Index; FRI — Fall Risk Index; EO — Eyes Open; EC — Eyes Closed,
obese group — participants with a BMI above 30 kg/m?; non- obese group — participants with

a BMI below 30 kg/m?;

Table 3. Differences in the stabilographic parameters between Older and Younger groups

Stabilographic Older CV% Younger CV% Effect p-value
parameters group group size
n 20 36 - -
OSI EO 0.66+0.42 | 63.63 | 042+0.22 | 52.38 | 0.750 | 0.009*
APSI EO 048 +0.22 | 45.83 | 0.31+0.18 58.0 0.850 | 0.005*
MLSI EO 035+0.39 | 11143 | 0.21+0.14 | 66.67 | 0.528 0.069
OSIEC 1.29 £0.55 42.64 1.28 £0.61 47.66 0.017 0.903
APSIEC 098+0.42 | 42.86 | 0.93+0.49 | 53.69 | 0.110 0.750
MLSI EC 0.64 £0.40 62.5 0.63 £0.51 80.95 | 0.220 0.973
FRI 12-6 1.87+0.85 | 4545 | 1.26+0.49 | 38.89 | 0.910 | 0.003*

OSI — Overall Stability Index; APSI — Anterior—Posterior Stability Index; MLSI — Me-
dial-lateral Stability Index; FRI — Fall Risk Index; EO — Eyes Open; EC — Eyes Closed;
older group — participants between 60 and 74 years old; younger group — participants

between 75 and 90 years old.
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Furthermore, an analysis of variance and post-hoc
tests (NIR test) were performed (obesity, age). There
were statistically significant differences in OSI EO (p =
0.027), APSI EO (p = 0.034), and FRI 12-6 (p =
0.0002) values between obese and non-obese partici-
pants in the age groups. The OSI EO parameter
showed there was a difference between non-obese
young and non-obese old (p = 0.0043) participants.
The APSI EO parameter, meanwhile, revealed that there
were differences between: non-obese old and non-obese
young (p = 0.009), and obese old and non-obese
young (p = 0.0402) individuals. There was a statisti-
cally significant difference in FRI 12-6 values be-
tween: non-obese young and non-obese old, non-
obese young and obese young, non-obese young and
obese old, obese old and non-obese old, obese-old,
and obese young subjects. There was no statistical
difference between non-obese old and obese young
participants. The results of the above analysis are set
out in Table 4.

Table 4. Differences in FRI 12-6 parameter between obese
and non-obese participants in age groups

Participant’s Young Young old old
groups non-obese | obese |non-obese | obese
young non-obese 0.0110* | 0.0099* | 0.00005*
young obese 0.0110* 0.86377 | 0.02218*
old non-obese 0.0099* | 0.86377 0.0355*
old obese 0.00005* | 0.0222* | 0.0355*

The ANOVA test for the main effects and factorial
designs was performed for static stabilographic pa-
rameters in the age groups. There was no significant
impact of obesity and non-obesity on the mean values
of static stabilographic parameters in the age groups.
Age and obesity affect the dependent variable (stabi-
lographic parameters) individually, but there is no
interaction effect between these variables. The results
are shown in Fig. 1.

Furthermore, the ANOVA test for factorial designs
and main effects of the dynamic stabilographic pa-
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Fig. 1. Differences in static stabilographic parameters between obese and non-obese participants in age groups.
OSI — Overall Stability Index, APSI — Anterior—Posterior Stability Index, MLSI — Medial-lateral Stability Index,
FRI — Fall Risk Index, EO — Eyes Open, EC — Eyes Closed
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F(7, 37)=0,23454, p=0,97403
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Fig. 2. Differences in FRI 12-6 parameter between obese and non-obese participants in age groups

rameter in age groups was performed. As shown above,
age and obesity affect the FRI 12-6 value individually,
but there is no interaction effect between these vari-
ables. The results of the above analysis are presented
in Fig. 2.

4. Discussion

Unfortunately, older people tend to weigh more
due to various changes in modern society, lower lev-
els of physical activity, and inappropriate eating habits
[9], [13]. Moreover, older people have impaired bal-
ance control as a result of senility-related processes
[10], [11]. Falls result in injury, a heightened fear of
falling, and decreased levels of physical activity in the
elderly. Around 10% of falls may result in serious
injuries [12]. Moreover, females are more likely to fall
than men [11]. Yi et al. [34] checked the sex-specific
association between body mass index (BMI) and falls
in Korean adults. They concluded that obesity was asso-
ciated with a greater risk of falls in females, whereas
underweight seemed to be associated with a greater
risk of falls in males. Numerous studies have shown
that there is a relationship between obesity, age and

falls. The results of previous studies have shown that
high body mass (BMI) has a negative impact on body
balance control [5], [14], [18]. This means that obesity
reduces the level of physical activity in the elderly
[13],[17].

In the above study, there were statistically signifi-
cant differences in stabilographic parameters in certain
age and obese groups in women over 60. It follows,
therefore, that obesity and age have an impact on the
risk of falls, but they occur with different stabilographic
parameters. Age affects FRI 12-6 and static indices
with eyes open (OSI EO, APSI EO) and obesity af-
fects FRI 12-6 and static indicators with eyes closed
(OSI EC, APSI EC, MLSI EC). Based on the above
results, both age and obesity may be the causes of
falls.

Lockhart et al. [18] also investigated whether obe-
sity has an influence on the quiet postural stance and
gait stability when walking 10 m. Unfortunately, all
measurements were performed with eyes open and only
changes in linear parameters were presented. They
divided participants according to falls history over the
previous two years, and they formed fallers and non-
fallers groups. Statistically significant differences
were noted between fallers and non-fallers, as well as
between obese and non-obese participants. They con-
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cluded that BMI is a risk factor for falls in the elderly
as measured by gait and postural stability parameters.
It is worth mentioning that Himes and Reynolds also
proved that obesity appears to be associated with FR
among older people. They concluded that being un-
derweight is not related to FR [14]. Ercan et al. [§]
showed that obesity is also one of the many risk fac-
tors for falls. Interestingly, they conducted research on
a group of middle-aged people, which proves that obe-
sity as a risk factor for falling is not necessarily related
to age. Moreover, Kejonen et al. [16] compared various
anthropometric characteristics with stabilographic pa-
rameters which were performed with eyes open and
closed. They revealed in their study that obesity is
associated with anterior displacement of the centre of
mass (COM). This state influences trunk posture and
body balance while standing and walking. They also
showed differences between the male and female
groups in the correlations. Interestingly, age did not
lead to any remarkable differences [16]-[18].

On the other hand, Byoung-Jin [5] has suggested
that the FR increased for obese people, because postural
stability was compromised, thereby limiting movement.
He assessed the body balance of the participants, us-
ing functional tests with eyes open (Time Up and
Go, one-leg standing test). He showed a relationship
between age, obesity, and the FR. There was a nega-
tive correlation between BMI, gender, and falls effi-
cacy. Moreover, he suggested that a lower BMI leads
to a higher risk of severe injury. Actually, this study
showed that obesity not only affects the risk of fal-
ling but also the consequences of falls. Mitchell
et al. [20] also demonstrated a relationship between
BMI, age and risk of falls. They also concluded that
older obese people have an increased risk of falls.
There was no significant association between fall
injuries and increasing BMI. Unfortunately, they did
not conduct any stabilographic tests, only an inter-
view. Moreover, obese women aged 55 years and
older may not be at an overall increased risk of fal-
ling, but may experience a greater rate of trip-related
falls [24].

Obesity affects indicators with eyes closed and the
dynamic stabilographic parameter (FRI 12-6). These
results relate to the fact that obese individuals proba-
bly have problems mainly with how the propriocep-
tive system works, because of reduced plantar sensi-
tivity. The continuous pressure of supporting a large
mass causes hyperactivation of the plantar mechano-
receptors [10], [15]. Moreover, a greater mechanical
demand due to their large body mass causes a greater
gravitational torque. This gravitational torque acceler-
ates the body and must be countered by muscular tor-

ques [26]. The above studies imply a need to take into
account the type of obesity, the distribution of adipose
tissue, and the hip and waist circumferences when as-
sessing fall risk in obese individuals [18]. Neri et al.
[21] in their study examined the association between
gynoid and android obesity in falls risk in women
aged 60 and over. This study showed, that gynoid
obesity is associated with an increased risk of falls
in older women. Gonzalez et al. [10] claimed that in-
creased BMI, in absence of comorbidities or clinically
functional impairments, may not influence balance
during walking.

It is well known that musculoskeletal conditions
are associated with age, obesity, and affect postural
stability [17]. Low muscle strength in lower limbs
is associated with body balance disorders [17], [28].
It worth mentioning that some obese people, at the
same time, may also experience low muscle mass [4],
[28]. This state, characterised by high adiposity and
low muscle mass and strength, is called sarcopenic
obesity (SO). On the other hand, some obese indi-
viduals may have increased muscle mass due to
maintaining a large body mass [3]. Oztiirk et al.
[22] have proved that sarcopenically obese individuals
have the highest risk of falls.

After considering a two-factor design (age and
obesity), there were statistically significant differ-
ences between Obese and Non-obese participants in
the age groups (OSI EO, APSI EO, FRI 12-6). It is
known from experience that the most important of
these parameters is FRI 12-6, because fall risk as-
sessment should take place in dynamic environ-
ments, not in static ones. Although the statistically
significant differences in the NIR test were in almost
all age and obesity combinations, there were no sta-
tistical differences between non-obese old and obese
young groups (0.863). This study shows that non-
obese people have better stability because there is
a lack of differences between younger and obese
people. This shows that obesity has a bad effect on
stability, while age depends on other factors as well.
If older people are non-obese or fit, involutional
changes can be reversed through an active life and
a balanced diet. This indicates that both obese young
and non-obese old individuals may have body bal-
ance disorders due to the presence of one of the risk
factors.

In our case, the question was whether there is an
interaction between obesity and age in the risk of
falling. There is no evidence of any interaction be-
tween age and obesity in variable stabilographic pa-
rameters. It is worth mentioning that Himes and
Reynolds examined the effect of the interaction be-
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tween age, sex, body size and falls risk. They only
mentioned these analyses and did not publish their
results in their study. As with the above study, none
of the interactions were significant [14]. It is well
known, that the risk of falls increase with age.
Wisniewska-Szurlej et al. [32] assessed the stability
of older women and men receiving institutional care.
They concluded that age presented the strongest cor-
relation with an increase in stabilometric parameters.
On the other hand, Lee et al. [17] tried to determine
whether BMI-based obesity is associated with de-
creased body balance and whether instability has
relationships with the main risk factors for falls.
They showed that older people with obesity have
poorer balance abilities and it is associated with the
decreased strength of the lower limbs. Moreover,
they concluded, that BMI-based obesity can be an
independent fall risk as well as age.

5. Conclusions

The worse results seen for various parameters
may be the result of a failure of various elements
leading to a reduced adaptive capacity in the balance
control system (feedback control, impaired proprio-
ception/vision/vestibular system). There is no doubt
that all of these systems deteriorate with age, which
increases the risk of falls in the elderly. Obese people
also show an increased risk of falling compared to
non-obese people. In this case, the type of obesity,
and the location of the fat tissue, must be taken into
account in falls risk assessment. Moreover, there was
no interaction between age and obesity. Age and
obesity affect the stabilographic parameters indi-
vidually, but there is no interaction effect between
them. If older people are non-obese or fit, involu-
tional changes could be reversed through an active
life and a balanced diet. This indicates that both
obese young and non-obese old individuals may have
body balance disorders due to the presence of one of
the risk factors.

Limitations of the study

Participants declared that their falls could have had differ-
ent background reasons. Some are caused by balance disorders,
while the others were uncontrollable due to environmental
factors. Moreover, participants who did not fall could have
shown increased vigilance connected to a fear of falling. Ac-
cordingly, the research should be continued on the bigger
number of participants.
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