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Abstract

Objective The aim of the study is to assess whether
obesity affects balance in elderly patients with postural
instability.

Study design It is a case—control study, with cases defined
by BMI >30 kg/m?, and developed in a third level uni-
versity hospital.

Methods We included 135 patients aged 65 years old or
more who presented postural instability. Balance assess-
ment was through the sensory organisation test (SOT),
limits of stability (LOS) and rhythmic weight shift (RWS)
of computerised dynamic posturography (CDP) and the
modified timed up-and-go (TUG) test. The patients also
completed the Dizziness Handicap Inventory and short
Falls Efficacy Scale-International questionnaire.

Results Patients with obesity took longer to perform the
modified TUG and required more steps. Also these patients
had poorer scores in the subjective tests. In the CDP there
were no significant differences in the SOT nor the LOS,
and only there was a statistical significant difference in the
anterior-posterior directional control of the RWS. Obese
patients have a higher risk of fallings compared to non-
obese patients.
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Conclusion In essence, our results indicate that obesity
interferes in the balance of elderly patients with postural
instability, putting them at a greater risk of fallings, per-
forming worse dynamic tasks and feeling more disabled.
Although continued education on training balance may be
useful in older population, since the obese group shows
more rate of fallers, rehabilitation programmes focus on
dynamic tasks in these patients could be useful to reduce
their fall risk and improve their quality of life.
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Introduction

Balance becomes more precarious with age and balance
disorders become more common. In the published studies,
balance disorders among the elderly patients who require
medical care, need pharmacological treatment or limit
activity show a prevalence ranging from 4 to 29 % [1-3].
When considering the prevalence of balance disorders in
elderly patients in general, it rises to 37-61 % [4, 5], and is
greater among women [4].

Accidental falls, especially in such elderly patients,
represent one of the main social-healthcare problems in
ageing western societies [6]. Nearly a third of all people
who fall three or more times a year are hospitalised,
admitted to a residential facility or die in the following year
[7]. Repeated falls are therefore a prognostic factor for
greater morbidity-mortality.

With ageing several inputs of balance, especially the use
of visual and vestibular information, are deteriorating [8].
This fact implies a worse postural control even in healthy
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patients. In addition balance function could be different
according to gender [9, 10].

Also we know that excessive body weight is associated
with postural instability [11, 12]. However it has been
suggested that this may not be true in elderly, because in
these patients an increased body weight tended to reduce
the risk of falling and consequently the risk of hip fractures
[13]. But these findings are not consistent with recent
studies showing that obesity has been associated with an
increased risk of falls among older people [14].

Several devices exist in order to facilitate an objective
evaluation of balance. Computerised dynamic posturogra-
phy (CDP) platform allows independent evaluation of the
contributions of vestibular, visual and proprioceptive inputs
to the maintenance of balance [15]. CDP has already proven
useful for the evaluation of balance and fall risk of elderly
patients [16]. In addition there are clinical tests to determine
the risk of falls in elderly population, one of the most widely
used is the timed up-and-go (TUG) test [17, 18].

The aim of the present study is to assess with clinical
and instrumental examination whether obesity affects bal-
ance in elderly patients with postural instability, and if
obesity increases risk of falling in this population.

Materials and methods

This study forms part of a research project funded by the
National Institute of Health Carlos III (National R&D&I
Plan, dossier PI11/01328) entitled “Reduction in falls by
the elderly by the use of vestibular rehabilitation to
improve balance”. It is cross-sectional and was conducted
in a tertiary university hospital.

Study population: inclusion and exclusion criteria

The age of the study subjects was 65 years or more, and
they presented balance disorders solely due to age. An
otoneurological examination was performed to rule out
other causes, including assessment for the absence of
spontaneous or induced nystagmus with the head shake
test, and the absence of saccades by the Halmagy test. The
study was completed with videonystagmography or imag-
ing tests when necessary. They also presented a high risk of
falling, fulfilling at least one of the following inclusion
criteria [19]:

— Have fallen at least once in the last twelve months.

— Taking more than 15s, or needing support, in the
modified timed up-and-go (TUG) test.

— Obtaining a score of less than 68 in the average score of
the sensory organisation test (SOT) of the computerised
dynamic posturography (CDP).
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— Have fallen at least once during the SOT.
The study’s exclusion criteria were:

— Cognitive decline that prevents the patient from
understanding the examinations.

— Balance disorders caused by conditions other than age
(neurologic, vestibular, etc.).

— Organic conditions that prevent standing, which is
necessary for a complete postural assessment.

Sample

The study sample comprised 135 people aged 65 years or
more, who met the above criteria and were seen because of
balance disorders in the Neurotology Department of a third
level hospital. 104 of the patients were women and 31 were
men. Their mean age was 77.15 & 6.72 years, their mean
height was 154.46 £ 8.34 cm and their mean body mass
index (BMI) was 30.32 & 4.15 kg/m>.

Study variables

We collected data about age, gender, the number of falls
referred by the patients and the numbers of admissions to
hospital for fall-related injuries during the 12 months prior
to inclusion in the study. The presence or absence of
obesity was defined as BMI >30 kg/m?. Postural assess-
ment was performed by the following tests:

— CDP. We used the Neurocom® Smart Equitest platform
to perform the following tests:
(A) Sensory organisation test (SOT). This posturograph
consists of a moveable platform and screen, which can
remain fixed or move in proportion to the force of the
patient’s feet; the patient stands on the platform and
attempts to maintain his or her balance in the Romberg
position when sensorial conditions change [15]. The
test assesses centre of gravity stability in 6 different
sensorial conditions:

— Condition 1: fixed surface and visual surround, eyes
open.

— Condition 2: fixed surface, eyes closed.

— Condition 3: fixed surface, eyes open, moving
surround.

— Condition 4: moving surface, eyes open, fixed
surround.

— Condition 5: moving surface, eyes closed.
— Condition 6: moving surface, eyes open, moving
surround.

Each of these six conditions is repeated three times in
order to calculate the average results obtained in each
condition. The duration of each record is 20 s.
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Analysing and comparing the responses to the different
sensorial conditions, we can quantify the contribution of
sensorial receptors to maintaining balance. The study
analysed the following variables:

— Average balance score, obtained by weighting the
means scores of each sensorial condition.

— Somatosensory input, which is the percentage value
that results from the following formula: (mean score of
condition 2/mean score of condition 1) x 100.

— Visual input, calculated as the result of (mean score of
condition 4/mean score of condition 1) x 100.

— Vestibular input, calculated as (mean score of condi-
tion 5/mean score of condition 1) x 100.

— Visual preference, calculated as [(mean scores of

conditions 3 + 6)/(mean scores of condi-
tions 2 4+ 5] x 100. It is a measure of the patient’s
reliance of visual information, even when that infor-
mation is incorrect.
(B) Stability limits: the patient’s ability to move his or
her centre of gravity (CoG) to eight positions in a circle
at a distance of 100 % of the theoretical greatest for the
patient’s age of the space represented on the posturo-
graph’s screen [15]. We analysed the following
parameters:

— Reaction time: time from signal movement to start of
patient movement.

— Mean velocity: mean speed of CoG movement as
degrees per second.

— Endpoint excursion: distance travelled by CoG in first
attempt to attain the target.

— Maximum excursion: longest distance travelled by CoG
during the test. It can differ from the above if corrective
movements are attempted because the first attempt fell
short.

— Directional control: comparison between quantity of
movement in the object’s direction and the quantity of
movement in another direction.

— (C) Rhythmic weight shift (RWS): this test quantifies
the patient’s ability to move their COG from left to
right (lateral) and forward to backward (anterior/pos-
terior) between two targets at three different speeds
(slow, medium and fast). The test outcome variables
were the mean speed of COG movement in the desired
direction and the directional control.

— Modified TUG. In the standard test [17], the subject
rises from a chair (without arm support), walks 3 m
towards a wall, turns around and returns to sit on the
chair. In the modified test [20], when the patient returns
to the chair, he or she has to walk around it once before
sitting (an additional 180° turn). We analyse the time
taken to perform the test and the number of steps
required.

All  the patients
questionnaires:

— The Spanish version of the DHI [21]. It assesses the
disability induced by balance disorders in daily life
activities. It comprises 25 questions divided into three
groups (9 on the functional scale, 9 on the emotional
scale and 7 on the physical scale), with three possible
answers: yes (4 points), sometimes (2 points) and no
(0 points). The highest score (representing the greatest
disability) is therefore 100.

— Short falls efficacy scale-international (FES-I) [22]. It
is a shortened version to assess fear of falling during
seven activities with four possible answers (we use a
modification in the score): not at all concerned (0
points), somewhat concerned (1 point), fairly con-
cerned (2 points) and very concerned (3 points). The
highest score (severe concern about falling) is therefore
21.

completed the following

Statistical analysis

The analysis was carried out performing Student’s 7 test or
Mann—Whitney (data distribution was tested by Kol-
mogorov—Smirnoff test) to examine mean differences
between obese and non-obese on continuous variables.
Fisher’s exact test was used to assess associations between
categorical variables (fallers vs. non-fallers, previous
admissions to hospital for fall-related injuries vs. non-
previous admissions, gender). Level of statistical signifi-
cance in all the tests applied was p < 0.05. All analyses
were carried out with SPSS version 22.0 (IBM, Armonk,
NY) for Windows.

Ethical aspects

The study was conducted according to the Declaration of
Helsinki and all the patients granted their consent to par-
ticipate in the study in writing. The study protocol was
approved by our regional committee on research ethics.

Results

The patients presented a mean of 8.16 & 33.39 falls in the
last 12 months (96 of them presented at least one or more
falls in the period) and a mean of 0.40 £ 1.29 numbers of
admissions to hospital for fall-related injuries (29 of them
presented at least one or more in the period).

69 of the patients were included in the obese group
(>30 kg/m?) and 66 in the non-obese group
(BMI < 30 kg/m2). The obese group comprised 56 females
and 13 males with a mean age of 76.57 £ 5.62 years. The
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Table 1 Comparison of clinical assessment for the non-obese group
and the obese group

Variable Non-obese (n = 66) Obese (n = 69) p value

Time (s) (TUG) 19.76 &+ 5.83 22.95 £ 10.37 0.048

Steps (TUG) 26.06 £ 8.11 27.81 £ 8.97 0.027
Short FES-I 8.06 + 5.55 10.23 £ 5.32 0.019
DHI (total) 47.85 &+ 23.59 60.17 &= 21.20 0.002
DHIp 16.18 £ 7.66 17.39 £ 7.15 0.420
DHIe 12.52 £9.35 18.03 £ 8.61 <0.001
DHIf 19.27 £ 991 24.75 £ 9.21 0.001

Statistical significant differences are in bold
s seconds

non-obese group was made up of 48 females and 18 males
with a mean age of 77.76 £ 7.05 years. There were no
statistical differences between the groups by gender
(Fisher’s exact test) or age (Student’s 7 test).

Results of clinical assessment are summarised in
Table 1. Patients with obesity took longer to perform the
modified TUG and required more steps. Also these patients
had poorer scores in the subjective tests (unless physical
scale of DHI).

In the CDP there were no significant differences in the
SOT nor the LOS, only there was a statistical significant
difference in the antero-posterior directional control of the
RWS (Table 2).

Figure 1 shows the number of fallers in each group,
there was a statistically significant difference between the
groups (p = 0.013, Fisher’s exact test). In the obese group

16 of the 69 patients presented at least one or more
admissions to hospital for fall-related injuries in the last
12 months and in the non-obese group 13 of the 66
patients; there was not a statistical significant difference
(p > 0.05, Fisher’s exact test).

Discussion

Our present study shows that obesity interferes in the
balance of elderly patients with postural instability putting
them at a greater risk of fallings compared to non-obese
patients. However, there is no significant difference in the
proportion of patients who required hospital admission for
fall-related injuries. Previous research has shown incon-
sistent findings for the association between obesity and
falls [13, 14, 23], and not necessarily a higher risk of fall-
related injury [14, 23, 24]. One of these studies also
highlighted sedentary behaviour, chronic health conditions
and medication as mediators for the association between
obesity and falls in community living older people [14].
CDP is a promising study to assess postural instability in
elderly patients [16]. Previous work had hypothesise that
obese individuals could rely more on visual and vestibular
to control their balance [25], but we have found that inte-
gration of relevant sensory information that contributes to
postural control is not affected in obese patients. SOT has
the disadvantage that it only measures the ability to per-
form volitional, quiet stance during a series of six specific
conditions. On the other hand, the ability to voluntarily

Table 2 Mean values of the

different posturography Obese group (n = 69) Non-obese group (n = 66) p value
parameters in the obese group SOT of CDP
and non-obese group
Average balance 56.41 + 13.17 54.62 + 11.04 0.396
Somatosensorial input 95.42 £ 5.02 94.68 £+ 7.04 0.582
Visual input 66.90 £ 24.58 65.61 £+ 16.21 0.071
Vestibular input 32.69 £ 26.32 30.08 + 23.86 0.669
Visual conflict 97.35 +£ 15.50 95.53 £+ 19.80 0.116
RWS of CDP
A-P speed 2.17 £ 0.79 237 £0.87 0.175
A-P directional control 57.37 £ 18.92 65.62 + 16.15 0.006
Lateral speed 4.89 £+ 1.21 497 £ 1.18 0.705
Lateral directional control 82.85 + 4.63 82.34 + 7.17 0.667
Limits of stability of the CDP
Reaction time 1.13 £ 0.37 1.11 £ 0.34 0.918
Movement velocity 2.17 £ 0.65 243 £ 0.85 0.109
Endpoint excursion 47.14 £+ 12.41 48.65 + 12.41 0.482
Maximum excursion 63.52 £ 11.98 65.12 £ 13.17 0.213
Directional control 62.78 £ 12.80 65.12 + 13.17 0.233

Statistical significant differences are in bold
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Fig. 1 Number of fallers and
non-fallers in the obese group
and non-obese group 60

50

W Fallers
m Non-fallers

move the COG to positions within the LOS is crucial to
mobility tasks such as reaching for objects. Our obese
patients have not reduced limits of body stability so they are
not more likely to fall as a result of their diminished base of
support. Only there is a difference in the anterior-posterior
directional control (between the amounts of movement in
the intended direction to the amount of extraneous move-
ment) of the RWS. A previous study [26] has found an
anterior displacement of the centre mass and a significantly
greater ankle torque required to stabilise the body in these
patients, so this fact may interfere their directional control
too. Functional consequences of an impaired RWS include
an inability to meet the timing demands of the environment,
such as crossing the street, stepping onto elevators/escala-
tors, and so on. Instability may result when performing
activities that require rapid movement speeds, variability in
speeds, or changing directions.

Compared with non-obese patients, elderly patients with
obesity exhibit slower walking velocity and required a
higher numbers of steps. These slower response may be
used in an effort to facilitate dynamic postural stability. It
is known that a longer TUG time implies greater risk of
falling in impaired elderly patients [27] and also a higher
number of steps [28].

Obese patients also feel more disabled in performing
their daily-activities (specifically in functional and emo-
tional tasks) and their fear of falling is higher.

These findings could be related to the fact that this group
has a higher proportion of fallers, and previous studies have
shown that falls are associated with significant social and
psychological consequences, because patients lose confi-
dence in themselves and thus restrict their physical activity
[29].

In essence, our results indicate that obesity interferes in
the balance of elderly patients with postural instability,

Obese Group
56 40

13 26

Non-obese group

M Fallers m Non-fallers

putting them at a greater risk of fallings, performing worse
dynamic tasks and feeling more disabled. Although con-
tinued education on training balance may be useful in older
population, since the obese group shows more rate of
fallers, rehabilitation programmes focus on dynamic tasks
in these patients could be useful to reduce their fall risk and
improve their quality of life.
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